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1.0 Introduction 
 

1.0 Anhinga Project 

The Anhinga Project is a research effort being conducted at the Rochester Institute of Technology’s 

Department of Computer Science.  The objective of the Anhinga project is to develop an 

infrastructure to support collaborative applications such as chat, multiplayer games, etc. for running 

on an ad -hoc wireless network of mobile devices. The Anhinga infrastructure comprises of the 

Many-to-Many Invocation (M2MI) and the Many-to-Many Protocol (M2MP) libraries. M2MI is an 

application level API that makes available a new approach to developing collaborative applications. 

M2MI is based on object oriented design methodology and has many advantages over existing 

design methodologies such as no central servers, ease of application development and maintenance 

and is suitable for an ad-hoc wireless network. M2MP is a new broadcast messaging protocol that 

has been developed to support M2MI. M2MI uses the M2MP to send and receive messages in a 

wireless network of mobile devices with no device addresses [5][6][7].  

 

1.1 Overview of this Study 

M2MP has been developed to support M2MI applications in a mostly reliable wireless network. 

Currently, most M2MI/M2MP applications have been developed and tested in a reliable wired 

network [6][7]. There has been a requirement to test the M2MP in a real world environment i.e. an 

unreliable proximal ad-hoc wireless network of mobile devices, where devices are constantly joining 

and leaving the network. Also, M2MP provides unreliable multicast service. There is a requirement 

to build and integrate a reliable multicast layer to the M2MP implementation to provide reliable 

multicast service. This Master’s project aims to satisfy the requirements by building a framework to 

test a reliable M2MP implementation in a simulated unreliable network. 

 

2.0 Project Objectives 
The objectives of this project are summarized as follows 

?? A simple Lightweight Sender-based Reliable Multicast Protocol (LSMP) API will be 

designed, developed and implemented. The LSMP service will be built on top of the existing 

M2M protocol stack. The LSMP API will provide reliable service to applications running on 
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a M2MP network. The LSMP API will support many-to-many communication between 

senders and receivers. In addition, an approach to implement a Receiver-based reliable 

multicast protocol will be presented. 

?? A M2MP Drop Packet layer would be designed, developed and implemented. The Drop 

Packet layer would be integrated into the existing M2M protocol stack. The Drop Packet 

layer would be used to simulate an unreliable network. It would provide an ability to drop 

packets being sent from senders to receivers and vice versa. 

?? The existing M2MP throughput layer would be modified and integrated into the M2M 

protocol stack. The throughput layer provides an ability to control the send and receive rate 

of data packets by senders and receivers. 

?? The existing Remote Control application will be modified to provide an ability to set the drop 

packet rate for the data packets using a GUI interface. 

?? Tests would be carried out to analyze the maximum throughput achieved in simulated 

reliable and unreliable network conditions. The test would be conducted for one-to-many and 

many-to-many senders and receivers. 

?? Design considerations for the multicast protocols will be reviewed and presented. 

Implementation of some of the standard existing multicast protocols will be discussed. 

 

3.0 Literature Review 

3.0 Introduction 

 This section provides an overview of some of features of a multicast protocol. The design 

consideration for each of the features is presented. In addition, design of some of the standard 

existing multicast protocols are discussed. 

3.1 Multicast Protocol Design Considerations  

A design approach to Multicast protocol development could be, to develop a generic protocol, which 

would be able to support a large number of varied applications. Another design approach would be 

to develop a protocol with limited set of features, suitable for a given type of application. The 

deciding factor for a given approach is ease of development and the type of applications supported.  
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The following is an overview of the features of a multicast protocol. In addition, existing protocols 

such as Log Based Receiver-Reliable Multicast (LBRM), Tree-Based Reliable Multicast (TRAM) 

and Scalable Reliable Multicast (SRM) are reviewed for each of the features. 

3.1.1 Reliable 

Reliable service in a multicast protocol can be either sender-based or receiver-based. In a basic 

sender-based reliability scheme, the sender is responsible for the providing the reliability service. 

The sender transmits data packets and the receivers send an ACK for each of the data packet. The 

sender maintains state information for all the receivers and tracks the receivers that have successfully 

received the data packets. If any of the receivers does not send an ACK in a given amount of time, 

the sender retransmits the data packets to all the receivers.  

 

In a basic receiver-based reliability scheme, the receiver is responsible for providing the reliability 

service. The receiver detects lost or missing packets and notifies the sender. The sender then re-

transmits the packets to the receiver. 

 

Log Based Receiver-Reliable Multicast (LBRM) protocol implements receiver-based reliability 

using logging servers [4]. In this approach, the sender transmits data packets to a logging server and 

to the multicast group. The transmission of the data packets to the logging server from the sender is 

reliable i.e. the sender does not delete the data packets from its cache until it receives an ACK from 

the logging server. When the receiver determines that it has lost some packets, it requests the packets 

from the logging server instead of the sender. The logging server then retransmits the packets to the 

receiver.  

 

Tree-based Reliable Multicast (TRAM) protocol also implements receiver based reliability [1]. 

TRAM organizes the sender and receivers in a hierarchical tree organization with the sender as the 

root of the tree. The sender forms a repair group by accepting receivers as members of the group. 

The receivers in turn form additional repair groups at the next level in the hierarchy by accepting 

other receivers as members. The receivers that form repair groups are designated as group heads for 

that group. The process continues until all receivers are part of a repair group. Data is cached at the 

sender and all the repair group heads. TRAM supports both, a top-down or a bottoms-up approach to 
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the tree formation. In the top-down approach the receiver has to be part of a tree before it can form 

its own repair group. In the bottoms-up approach, the receiver can form a repair group before joining 

the tree. 

 

The sender transmits packets to all the receivers in its group. The receivers in turn cache the data and 

re-transmit the packets to all the members of their groups. Each member of the repair group sends an 

ACK to the group head for every data packet received. The group head in turn send an ACK up the 

chain, all the way up to the sender. The acknowledgements sent by the members of the group to the 

group head contain a bitmap of received and missing packets [1]. The group head retransmits the 

missing packets from its cache to the members and purges the packets, which have been successfully 

delivered, from its cache.  

 

The Scalable Reliable Multicast (SRM) protocol is suitable for shared distributed applications [2]. In 

SRM all the participants are senders and receivers i.e. all participants send and receive data unlike 

the LBRM and TRAM protocols. Having said that, SRM also implements receiver-based reliability. 

The participant that receives data detects lost data and initiates recovery. When a receiver detects a 

lost packet, it sends a request for a repair packet to all the participants in the session. This is unlike 

the case in LBRM and TRAM where an acknowledgement is sent only to the sender or to a repair 

head. Also, one of the assumptions in SRM is that all data is persistently named. Thus the receiver 

requests the repair packets by its name instead of indicating missing sequence numbers. The request 

for the repair packet can be serviced by any other participant, which has the data. SRM implements 

optimization mechanisms to prevent duplicate repair requests and repair responses. 

3.1.2 Scalable 

In unicast transport protocols such as TCP/IP, there is a dedicated connection established between 

the sender and the receiver. The receiver sends control information to the sender indicating 

successful or unsuccessful transmission of each packet i.e. ACKS or NACKS. In a multicast setup 

where the number of receivers could scale up to thousands, the sending of control information 

(ACKS or NACKS) to the sender could result in the Implosion Problem i.e. flooding of the sender 

with control packets from the receivers. To avoid the Implosion Problem and make the multicast 

protocol scalable, the amount of control information sent to the sender needs to be reduced. 
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LBRM implements a “Statistical Acknowledgement” scheme to make the protocol scalable [4]. The 

idea is for the sender to statistically select a control group of secondary servers to act as Designated 

Ackers as opposed to receiving control information from all the receivers. If the sender receives an 

ACK from all the secondary servers in the Designated Ackers group, it does not multicast the 

retransmission of a given data packet. Then, if any individual receivers require the data packet to be 

retransmitted, the receivers would need to send a request directly to the sender. The sender would 

then unicast the packet directly to the receiver. If the sender does not receive an ACK from all the 

secondary servers in the Designated Ackers control group, it determines that sufficient number of 

receivers have not received the data packets and multicasts the data packet. Statistical 

Acknowledgement helps in scalability of the protocol by preventing NACK implosion in certain 

cases [4].   

 

TRAM avoids the implosion problem at the sender, by designating the group heads in the tree 

formation, as the repair heads. The repair heads provide localized repair service to the members in 

their group. The members request missing data from the group head instead of the sender. The 

implosion problem at the group heads is prevented by limiting the number of members that a group 

can have. Another advantage of repair groups is the proximity of the group members to the group 

head. Repair packets can be sent with a small time-to-live (TTL) value resulting in network 

bandwidth consumption efficiency and also ensur ing that repair packets are not sent to receivers in 

other repair groups that do not need them [1]. TRAM also minimizes the control information 

generated by aggregating the information at each level in the hierarchy and propagating it up the 

chain. 

 

In SRM, the implosion problem can be a request implosion i.e. when all participants in a session 

detect a lost packet and transmit a repair packet request or a response implosion i.e. when all 

participants in a session receive a repair request and re-transmit a repair packet. When a receiver in 

an SRM session detects a lost packet, it waits for a random time determined by a function (request 

function) and sends out a repair packet request [2]. This function is based on the distance of the 

receiver from the source of the data packet.  When a participant receives a repair request, it waits for 

a random time determined by a function (response function) and transmits the repair packet to all the 
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receivers. This function is based on the distance of the participant send ing the repair packet to the 

participant requesting the repair packet [2]. These request and response functions are optimized for 

different network topologies such as chain, star and tree. The goal of the optimization is to limit 

duplicate generation of repair requests and to reduce the recovery delay. Based on simulation studies 

of the request / repair algorithm in the SRM protocol for different network topologies done by [2], 

the protocol is scalable i.e. one request and one repair packet is generated on loss detection and the 

recovery delay is consistent for different session sizes, in a chain topology and tree topology where 

all nodes are participants in the multicast session but does scale well in a sparsely populated tree 

topology. In addition, SRM limits the amount of bandwidth that the control packets can consume to 

a small percentage of the total available bandwidth. 

3.1.3 Loss Detection Mechanism 

In a basic receiver-reliable protocol, the receiver detects lost or missing packets.  The sender 

periodically sends data packets to the receivers. Each of the data packets references an incrementing 

sequence number. In addition to the sequence number, the sender also specifies a Maximum Idle 

Time (MaxIT) in each packet [4]. The sender guarantees the receivers that it will transmit a packet 

every MaxIT. In the case where no more application data is available to be sent, the sender transmits 

“heartbeat packets”. These heartbeat packets contain the sequence number of the last data packet 

sent by the sender and the MaxIT value. The receiver determines that it is has not received all the 

data packets i.e. loss detection, if the sequence number in the data packet is not the next expected 

sequence number or if no data or heartbeat packet is received for MaxIT time. 

 

LBRM optimizes on the above approach and implements a variable heartbeat scheme to detect loss 

packets in a multicast transmission. In a variable heartbeat scheme, the time interval to transmit 

heartbeat packets after a data packet transmission is bounded by a minimum and maximum time 

interval (hmin, hmax) [4]. The idea is to send a heartbeat packet hmin time after the data packet 

transmission and then continue to send the heartbeat packet at twice the current hmin value until the 

interval reaches the hmax value. At the point the heartbeat packet is sent at hmax interval. In a fixed 

heartbeat scheme, this time interval is set to a constant value (hmax). Based on performance analysis 

of a variable and fixed heartbeat scheme [4], the variable heartbeat scheme results in faster loss 

detection and lower number of transmitted heartbeat packets. 



 
_________________________________________________________________________________ 

 
 
_________________________________________________________________________________

 
Page 13 of 82 

 

Senders in a TRAM protocol include a sequence number in very data packets. The receivers in the 

repair groups detect lost or missing packets when there is a gap in the sequence number of the 

received packets. In a TRAM protocol the sender does not transmit heartbeat or keep alive packets 

[1]. 

 

In an SRM application session, the data packets sent by all the participants include a unique host 

identifier and a locally generated sequence number [2]. The receivers detect a lost or missing packet 

when there is a gap in the sequence number from that particular host. In addition, every host 

periodically broadcasts session messages indicating the highest sequence number sent by that host so 

far. The receivers detects lost packets by looking at the sequence numbers in the session messages 

and comparing it to the sequence number of the data packets received so far from that particular 

host. 

3.1.4 Retransmission Mechanism 

LBRM uses distributed logging for retransmission of lost packets [4]. Each client site with multiple 

receivers has a secondary logging server. The receivers at the site request a lost packet from this 

secondary server, which in turn sends the request to the primary logging server. Using distributed 

logging for retransmission results in lower retransmission bandwidth as fewer retransmission 

requests are sent to the primary logging server. It also results in lower retransmission latency, as it 

would be faster to get a retransmitted packet from a secondary server at the local site than from a 

primary server. 

 

In TRAM, the receivers send an acknowledgement to the group head for a given number of packets 

at a time. This number is configurable and is called the ACK window size. The acknowledgment 

contains the sequence number and a bitmap [1]. The bitmap indicates missing data packets if any, 

which triggers a retransmission from the group head. The retransmission scheme in TRAM is 

optimized to avoid duplicate retransmission of data packets. 
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In SRM protocol, the receivers do not send an ACK unlike LBRM and TRAM. On detection of lost 

packets, the receivers request the data by sending a repair request. Any host that has a copy of the 

requested data responds to the repair request by retransmitting the data [4]. 

3.1.5 Cache Strategy 

The sender caches transmitted data packets. An important design consideration is at what point to 

purge the data from the sender’s cache. Some of the cache strategies [3] are 

?? Caching with Spatial Persistence – In this scheme a given number of most recent packets are 

cached.  

?? Caching with Temporal Persistence – In this scheme, transmitted packets are cached only for 

a certain amount of time. 

?? Caching with Logical Persistence – In this scheme, the amount of time packets are cached at 

the sender, is set dynamically. 

 

In LBRM the sender purges any data from its cache, on receiving an ACK from the primary logging 

server. The amount of time the data is cached at the logging servers is application specific. Some 

applications might require data to be cached at the logging servers for a certain amount of time 

where as some other applications might require the data to be persistently stored by writing it to a 

disk. 

 

In TRAM protocols, the packets are cached at the sender and repair heads. The data is purged on 

receiving an ACK from the members in the repair group indication the successful transmission of the 

packets. In the case of SRM, the caching strategy is application specific. The data can be cached 

persistently onto a disk or the most recent data is cached.  

3.1.6 Packet Delivery Mechanism 

Packet Delivery mechanism relates the order in which the packets were transmitted by the sender to 

the order in which the packets were received by the receiver. The different ordering strategies [3] are 

?? Unordered – A multicast protocol implementing an Unordered packet delivery mechanism 

does not guarantee that the order in which packets are received at the receiver is the same 

order in which the packets were transmitted by the sender. 
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?? Source Ordered – A multicast protocol implementing a Source ordered packet delivery 

mechanism guarantees that the order of packets received at the receiver are in the same order 

as were transmitted by a particular sender. 

?? Totally Ordered – A multicast protocol implementing a To tally Ordered packet delivery 

mechanism guarantees that the order of packets received at all receivers are in the same order 

as were transmitted by all senders. 

 

LBRM does not implement any particular Packet Delivery mechanism. It is the responsibility of the 

application layer to implement a suitable delivery mechanism. Based on the fact that the he sender in 

TRAM protocol uses sequence numbers in the data packets, it would be reasonable to assume that 

TRAM implements the ordered packet delivery mechanism. SRM supports the unordered packet 

delivery model. It only guarantees eventual delivery of all the data to all the participants in the 

session [2]. If required by the application, a source or total ordered delivery mechanism can be built 

on top of the SRM protocol. 

3.1.7 Late Join 

Protocols supporting Late Join allow clients to connect to a multicast session after data transmission 

has already started and still be able to retrieve all the data that had been transmitted since the session 

began. In order to support Late Joins, there must be at least one host which has all the data cached 

since the session began [].  

 

In TRAM protocol based system, Late Join clients are supported partially. Only partial previously 

sent data is available for recovery [1]. SRM by itself does not support Late Joins. But Late Join can 

be supported at the Application Level by pursuing a persistent data caching strategy at all the hosts 

in the SRM session. But this approach might lead to performance issues in the case of long- lived 

SRM session with a large number of participants. 

3.1.8 Flow and Congestion Control 

Multicast protocols should be able to detect network congestion and control the data transmission 

rate. TRAM implements flow control in two phases – slow start and congestion control [1]. In slow 

start phase, the initial data rate is a small percentage of the maximum data rate. The data rate is then 

increased gradually until it reaches the maximum data rate. The idea behind the slow start phase is to 
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test the network and detect network congestion. In the congestion control phase, congestion is 

detected at the receivers; repair heads or the sender and congestion reports are generated. Congestion 

is detected at the receivers, when the number of missing packets increases with every ACK window 

size of packets received. The repair head and sender detect congestion and generate congestion 

reports when the data cache grows beyond a set high watermark. On receiving the congestion 

reports, the sender decreases the data rate by a given percentage.  In the absence of congestion 

reports, the sender gradually increases the data rate based on the historically highest achieved rate 

[1]. 

 

SRM does not have any flow and congestion control mechanisms. The argument is that SRM 

provides the basic scalable, reliable functionality that can be used for a large number of applications. 

As different applications have varying flow and congestion control requirements, this feature should 

be application specific and build on top of the reliable and scalable service. 

3.1.9 Repair Scheduling 

Repair scheduling determines the priority with which data packets, acknowledgements, 

retransmissions and control packets are transmitted over the network. 

The possible approaches are [3]. 

?? Retransmissions are sent with higher priority than new data packets. 

?? Retransmissions are sent with lower priority than new data packets. 

?? Retransmissions and new data packets are sent on first-come-first-serve basis. 

 

In the case of SRM, retransmissions for current data is given the highest priority, next comes new 

data packets and lowest priority is given to retransmissions for old data [2]. In TRAM, 

retransmissions are given higher priority over new data packets. 

3.1.10 Network Topologies 

Multicast protocols should adapt to varying network topologies. TRAM dynamically creates the 

hierarchical trees based on whether the nodes in the network are sparsely populated or densely 

populated. SRM supports chain, start and tree network topologies. 
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3.1.11 Types of Application 

There are many different kind of applications for which a multicast protocol would be applicable. 

The applications can be one-to-many or many-to-many applications such as stock ticker or a chat 

application. In addition, some applications have a requirement for unordered or ordered delivery of 

data [1]. Some applications require fast detection of data loss [] while others require time bound 

delivery of data [1]. Given the varying requirements, it might not be possible to develop a generic 

multicast protocol suitable for all applications. A design consideration would be to determine the 

suitability of the different multicast protocols. 

 

LBRM is suitable for applications, which require real time information and for applications, which 

require notification or dissemination of large amount of information such as Traffic Report and 

Stock Quote Dissemination [4]. TRAM is suitable for applications with a single sender and multiple 

receivers. They are designed to support bulk data transfers [1]. Some examples are File Transfer 

Protocol (FTP) applications, Stick Ticker program, etc. SRM is suitable for shared data applications 

with multiple senders and receivers such as whiteboard application. 

 

4.0 Design 

4.0 Architecture  

The architecture of the current version of the M2M protocol is as shown in Figure 1. An application 

interfaces with the M2M protocol layer. The M2M protocol layer then uses a channel to send and 

receive messages from the underlying communication medium such as Ethernet. There are different 

channel implementations available such as IPMulticastChannel and IPUnicastChannel, to name two 

and any one of these different channel implementations can be used. 
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Figure 1: Current Architecture of M2M Protocol 

 

 

As part of this work, the M2M protocol architecture will be modified as shown in Figure 2. The 

Drop Packet Layer and Throughput Layer will be integrated into the M2M protocol stack. The 

exiting M2M protocol internals will not be modified.  The Drop Packet Layer will be implemented 

as an additional channel in the M2MP channel pipeline. In future, this would enable bypassing of the 

Drop Packet Layer in the M2MP channel pipeline, if required. 

 

In addition, a LSMP API will be built on top of modified M2M protocol stack. This framework will 

provide the ability to replace the LSMP API with newer or additional reliable service in the future. 

 

A M2MP application will be use the LSMP API to transmit and receive packets over the M2MP 

network. The Remote Control application will enable setting the drop packet rate and data packets 

send and receive delay to simulate an unreliable network. 
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Figure 2: Proposed Architecture  

 

4.1 Reliable Multicast API Layer 

4.1.1 Approach 
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A reliable multicast layer will be built on top of the M2M protocol stack to provide reliable service  

to M2M applications as shown in Figure 3. The application will send application messages to the  

Reliable Multicast layer. The Reliable Multicast layer would then ensure that the application 

messages are reliable transmitted from the senders to the receivers.  

 

Figure 3: Reliable Multicast Layer 

 

The Reliable Multicast Layer would have the following features 

?? Support many-to-many communication 

?? Lightweight 

?? Implemented as an API  

 

As discussed in Section 3.2.1, the reliable service in a multicast protocol can be sender-based or 

receiver-based.  

4.2.1.1 Sender-Based Reliability 

In the Sender-based reliability approach, the sender is responsible for keeping track of the receivers 

and ensuring that all receivers have successfully received the data packets. A simple Sender-based 

reliable approach is described as follows [11].  The sequence of events at the sender are described on 

the left. The sequence of events at the receiver are described on the right. The sequence of events 

take place in the given order from top to bottom. 

Application

M2MP Protocol Stack

Reliable Multicast Layer

Messages

Packets
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Sender  Receiver 
Sender receives packets from the 

Application. 

 Receiver joins the session and registers 

with the Senders. 
 
Sender buffers the packets. 

  
Receiver receives packet from the 
Sender. It checks for the Sequence 

number.  
 
Sender creates an ACKPending list 

of all Receivers 

  
If no gap is detected, the packet is 

passed on to the Application and ACK 
is sent to the sender. 

 

Sender multicasts the packets and 
waits for an ACK from all the 
receivers in ACKPending list. 

  

If a gap is detected, the packet is 
ignored and the ACK is sent for the 
last correctly received sequence 
number. 

 
Sender periodically keeps 
multicasting the packets until ACK 

is received from all the receivers. 

  

 
On receiving ACK from a Receiver, 

the Receiver is removed from the 
ACKPending list. 

  

 
When ACKPending = 0, Sender 

sends the next packet from the 
buffer. 
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Figure 4: Sender-Oriented Protocol 

 

4.2.1.2 Receiver-Based Reliability 

In the Receiver-based reliability approach, the receiver is responsible for ensuring that all receivers 

have successfully received the data packets. A receiver may choose to retrieve the lost data packets 

or may ignore them. A simple Receiver-based reliable approach is described as follows [7]. The 

sequence of events at the sender are described on the left. The sequence of events at the receiver are 

described on the right. The sequence of events take place in the given order from top to bottom. 

 

Sender  Receiver 
Sender receives packets from the 

Application. 

 Receiver receives packets from the 

Sender. 
 
Sender buffers packets.  The 
number of packets buffered is 

equivalent to the Send Window 
size. 

  
Receiver buffers packets. The number 
of packets buffered is equivalent to the 

Receive Window size. 
   

 

Sender sends packets to Receiver at 
a given transmission rate R (1 
packet / second) 

  

 If no gap is detected the packet is 
passed on the Application. 

 
On receiving a NACK, the Sender 
calculates the difference between 

  
If a gap is detected a NACK is 
multicast to the Sender. 
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calculates the difference between 
the current Sequence Number in 

transmission and the Sequence 
Number in the NACK packet. If the 
difference is greater than half the 
Send Window size, the transmission 

rate is reduced to 0.25R. 

multicast to the Sender. 

 
On receiving a NACK, the Sender 

multicasts the corresponding repair 
packet from the buffer. 

  
Duplicate data packets are ignored 

 

On receiving a NACK, a Timer is 
started. If no further NACKS are 
received during that time, the 
transmission rate is reset to R (1 

packet / second). 

  

 
Duplicate NACK packets are 

ignored. 

  

 

4.1.2 Design Description 

The sender-based reliability service Lightweight Sender-based Reliable Protocol (LSMP) was 

implemented as part of this work.  

 

LBRM, TRAM and SRM are suitable for large number of multicast applications. But they would not 

be suitable for reliable multicasting in an ad hoc mobile network. The main characteristic of an ad 

hoc mobile network is high number of transient nodes i.e. nodes joining and leaving the network or 

moving from one multicast group to the other. The above -mentioned protocols would not be able to 

adapt to this highly dynamic network. [11] proposes a reliable multicast algorithm for ad hoc 

networks.  As per this approach, a group of senders service the receiver nodes in a given service 

area. The sender transmits data packets to the receivers. The receivers in a given service send an 
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ACK for every packet received. The sender is aware of the all the receivers in its group and keeps 

retransmitting the data packets until it has received an ACK from all the receivers in its group. If the 

receiver moves from the service area of one sender to another sender, the old sender does a handoff 

of the receiver, to the new sender. This ensures that the receiver still is able to receive all the data 

packets. LSMP is a simplified version of the algorithm proposed by [11]. LSMP senders and 

receivers interact as per the approach described above. But LSMP does not implement group 

maintenance. At the start of the session, the senders are aware of the number of receivers 

participating in the session. This enables the senders to ensure that they have received ACK 

messages from all the receivers. But this approach has certain limitations. A receiver cannot late-join 

a session as the sender would not be aware of it. The receiver would receive the data packets from 

the sender but sender would not process any ACK packets from this receiver. But a sender could 

late-join a session and send packets and process ACK from receivers. Additionally, if a receiver 

participating in a session were to disengage or become unavailable, the senders would keep re-

transmitting the same data packet, as the unavailable receiver would no longer be transmitting ACK 

packets. But if a participating sender were to become unavailable, the session would still be active, 

as the receivers would continue to receive data from the other senders. 

 

LSMP has two design components – Reliable Send and Reliable Receive as described below. 

4.1.2.1 Reliable Send 

The design for reliably sending data from the senders to the receivers is as shown below in Figure 5.  

The M2MP application uses the LSMP API to pass the Application Messages to the Reliable layer.  
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Figure 5: Reliable Send Design 

 

The application messages are buffered in the LSMP send queue. A LSMP sender thread is 

synchronized on the send queue and is notified when application messages are added to the send 

queue. The sender thread retrieves the message from the front of the queue and encapsulates the 

application message into an LSMP message object. In addition, the sender thread creates a list, 

called the ACKPending list, of the number of receivers that are currently part of the multicast group 

and will be receiving the LSMP message object. The sender is provided the information on the 

number of receivers participating in the session at the start of the session. The LSMP message object 

is then passed to the M2MP layer, which transmits the message object over the network to the 
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receivers. The sender thread then waits to receive an acknowledgement (ACK) from all the receivers 

that are members of the multicast group. 

 

On receiving an ACK from a receiver, the sender thread removes the receiver reference from the 

ACKPending list. When an ACK have been received from all the receivers, all receiver references 

are removed from the ACKPending list. When the ACKPending list is empty, the sender thread 

retrieves the next application message from the sender queue to pass on to the M2MP layer. 

 

In addition to the primary sender thread, another asynchronous sender thread is started to 

periodically resend the message object until an ACK has been received from all the receivers. 

 

4.1.2.2 Reliable Receive  

The design for reliably receiving data is as shown below in Figure 6. A receiver thread in the LSMP 

layer constantly listens for incoming messages. If the sequence number in the incoming message is 

not the expected sequence number or if the message is a duplicate, the receiver thread ignores the 

message. If the message is valid and has the correct expected sequence number, the message is put 

into a receive queue. In addition, an ACK for the message is sent to the sender.  
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Figure 6: Reliable Receive Design 

 

A different receiver thread is synchronized on the receive queue object and is notified when 

messages are added to the queue. The message is then retrieved from the receive queue and passed 

on to the Application. 

4.1.3 Communication Sequence 

The following is a brief description of all the classes that make up the LSMP API layer. 

LSMPPacket – The LSMPPacket class contains the send and receive methods that the M2MP 

application uses to send and receive messages. The send methods add application messages to the 

send queue and the receive method retrieves application messages from the receive queue. In the 

future, any other reliable API can substitute the LSMP protocol API, if it has a class that implements 

a send and receive method. In addition, the LSMPPacket class instantiates the LSMPController 

class. It also instantiates the LSMPSender or LSMPReceiver class depending on whether the M2MP 

application is a sender or a receiver. 
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LSMPController – The LSMPController class sets the M2MP Channel and the M2MP Message 

Notifier.  It implements the send and receive message method to send and receive messages using 

the M2MP API. 

 

LSMPSender – This class implements the Reliable Send as described in Section 4.2.2.1. It retrieves 

the messages from the send queue, creates the ACKPending list and transmits the message using the 

LSMPController send method. It also listens for incoming ACK messages from the receivers using 

the LSMPController receive method. 

 

LSMPReceiver – This class implements the Reliable Receive as described in Section 4.2.2.2. It 

listens for incoming messages from the senders using the LSMPController receive method. It detects 

and ignores missing or duplicate messages. For valid messages having the right sequence number, it 

sends an ACK using the LSMPController send method. 

 

LSMPAsyncSender – This class has an asynchronous thread that is used to resend the current 

message being sent by the LSMP Sender, at periodic interval.  

 

LSMPDatagramQueue – This class implements the data structure for the send and receive queue. 

 

LSMPMessage – This is the LSMP Message object that is transmitted from the sender and receivers. 

It has set and get methods to specify and retrieve sender, receiver, sequence number and message 

originator information. 

 

MessageInterface  - This interface is extended by the LSMPMessage and the Application Message 

objects. 

4.1.3.1 Send Communication Sequence 

The high level sequence of events for sending a message by the Reliable layer is as follows 
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?? The Sender application uses the LSMPPacket.send() method to pass the message to the 

Reliable layer. The message is then inserted into the send queue. 

?? The LSMPSender thread waits on the send queue.  When a message is available in the send 

queue, the LSMPSender threads is notified. It retrieves and buffers the message and calls the 

LSMPController.sendMessage() method to send the message over the network. The 

LSMPSender thread then waits to receive an acknowledgement from all the know receivers. 

?? The LSMPController thread is constantly listening from ACK messages and passes the 

messages to the LSMPSender class. 

?? The LSMPAsyncSender periodically resends the message currently in the buffer. 

 

The sequence diagram for the send communication is show below in Figure 7. 

Sender LSMPPacket LSMPDatagramQueue

sendMessage()

LSMPSender LSMPAsyncSender LSMPController M2MP Layer

notify()

sendQueue.getFront()

wait on Queue()

createACKPendingList()

sendMessage()

insertMessage()

Message()

sendMessage()

getMessageFromBuffer()

resendMessage()

sendMessage()

receiveACK()

receiveACK()

updACKPendingList()
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Figure 7: Reliable Send Communication Sequenc 

 

4.1.3.2 Receive Communication Sequence 

The high level sequence of events for receiving a message by the Reliable Layer is as follows. 

?? The LSMPController class is constantly listening for messages and on receiving messages, 

passes them on to the LSMPReceiver class. 

?? The LSMPReceiver  class validates the message and inserts them into the receive queue. It 

also sends an acknowledgement of the message using the LSMPController.sendMessage 

method. 

?? The LSMPPacket class waits on the receiver queue and on being notified of an available 

message, retrieves the message and passes it to the Receiver. 

 

The sequence diagram for the receive communication is show below in Figure 8. 

Receiver LSMPPacket LSMPReceiver LSMPController M2MP LayerLSMPDatagramQueue

receiveMessage()

receiveMessage()

insert()

wait on ReceiveQueue()

receiveQueue.getFront()

Message()

Message()

sendACK()

sendACK()

notify()

 

Figure 8: Reliable Receive Communication Sequence 
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4.2 Drop Packet Layer 

4.2.1 Approach 

The Drop Packet layer provides an ability to simulate an unreliable network. Based on the drop rate, 

which can be specified at runtime using a GUI interface, packets can be prevented from being sent to 

the members in the multicast group. The Drop Packet layer is implemented as a channel on top of 

the M2MP channel as shown in Figure 9. An advantage of the Channel implantation approach is that 

an application can choose to implement or not implement the Drop Packet layer [10]. 
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Figure 9: Drop Packet Layer Channel 

4.2.2 Design Description 

The design for the Drop Packet layer is as shown the below in Figure 10. 

 

A packet is passed on from the Application layer to the Drop Packet layer. If the number of packets 

to be dropped is set to a non-zero number, the packet is not multicast to the members of the multicast 

group. This simulates a packet dropped on an unreliable network. The number of packets is set at 

runtime using a GUI interface and is rate based i.e. it specifies a given number of packets to be 

dropped over an interval of time. The design approach is independent of whether an application is a 

sender or receiver. 
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Figure 10: Drop Packet Layer Design 

 

4.2.3 Communication Sequence 

The following is a brief description of all the classes that make up the Drop Packet layer. 

 

DPChannel – This class implements the Channel interface. It implements the transmitPacket and 

receivePacket methods. It transmits the packet if the value of number of packets to be dropped is set 

to zero. 

 

DPManger – This class implements the Observable interface. It processes the packet received as a 

result of a change in the value of the number of packets to be dropped, which is set using the GUI 

interface. It also periodically sends the number of packets that have been dropped over a given 

interval of time, to the Remote Control application. 
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DPController  - This class keeps track of the number of packets that need to be dropped. As the 

number set through the GUI interface is a drop packet rate, a timer keeps tracks of the time interval 

and resets the number of packets to be dropped to the initial value. It also keeps a count of packets 

that have been dropped over a given interval of time 

 

DPException – This is an Exception class. 

The sequence diagram for the Drop Packet layer is as shown below in Figure 11. 

DPChannel DPManager DPController Channel

packetToBeDropped()

packetToBeDropped()

return false()

return false()

transmitPacket()

reset DropPacketNum()

 

Figure 11: Drop Packet Layer Communication Sequence 

 

 

The DPChannel class polls to see if the value of the number of packets to be dropped is zero or non-

zero. If the value is zero, the DPChannel transmits the packet to the next Channel in the pipeline. 
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4.3 Throughput Layer 

The Throughput layer was designed and implemented as part of an earlier work [10]. Please refer to 

[10] for a detailed description of the design and implementation of the Throughput Layer. 

 

As part of this work the Throughput layer was integrated with the Drop Packet layer. 

 

4.4 Remote Control Application 

The Remote Control Application was designed and implemented as part of an earlier work [10]. 

Please refer to [10] for a detailed description of the design and implementation of the Remote 

Control Application. This section discusses the modification made to the Remote Control 

Application to support communication with the Drop Packet layer. 

 

The Remote Control is a server process running on a known host and a port. For each client 

connecting to the server, the server creates a RemoteService thread [10] as shown below in Figure 

12. The RemoteService Thread provides a GUI interface to set the send and receive delay and the 

drop packet rate and communicate the delay and drop rate information to the Throughput and Drop 

Packet layer. 
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Figure 12: Remote Control Application 
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4.4.1 Design Description 

The communication between the Remote Control Service and the M2M protocol layer is two ways – 

sending new delay and drop packet rate information to M2MP layer and receiving control 

information from the M2MP layer. 

4.4.1.1 Remote Control Service Send 

The design for the enhanced Remote Control application for sending packets to the M2MP layer is 

as shown below in Figure 13. 

 

The send and receive delay and the drop packet rate is set using a GUI interface provided by the 

Remote Control Service. The information is encapsulated into a Message and sent across the 

network to the Communicator object. The Communicator object transmits and receives serialized 

messages from the Remote Control Service. In order for the Drop Packet layer and Throughput layer 

to be notified of new messages, the Observer design pattern was implemented. The DPManager and 

TPManager subscribe to the Communicator object and are notified when the Communicator receives 

new message. The message is processed by the DPManager class in the Drop Packet layer and the 

TPManager class in the Throughput layer, to retrieve the new delay and drop rate information. 

 



 

 
 
 
 

Figure 13: Remote Control Send Design 
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4.4.1.2 Remote Control Service Receive 

 

The design for the enhanced Remote Control application for receiving packets from the M2MP layer 

is as shown below in Figure 14. 

 

The Remote Control Service periodically receives information from M2MP layer. The Drop Packet 

layer keeps track of the number of packets dropped over a given period of time i.e. 10 seconds and 

sends a message to the Remote Control Service every 10 seconds. The Throughput Layer keeps track 

of the total number of packets sent and received over a given period of time i.e. 10 seconds and 

sends the message to the Remote Control Service every 10 seconds. The Remote Control Service 

processes the message received and plots the information on the GUI interface. The plot is updated 

every 10 seconds. It keeps track of the number of packets sent, received and dropped.  



 

 

 

 

Figure 14: Remote Control Receive Design 
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4.4.1.3 GUI Interface 

The GUI interface is as shown in below in Figure 15. The GUI Interface was modified to enable 

setting the drop packet rate and to plot receive and drop packet information, in addition to the send 

information.  

 

The send and receiver delay and drop packet rate are set in the text boxes at the bottom of the GUI 

interface. As shown in the example in Figure 15, the receive delay is set to 100 milliseconds and the 

drop rate is set to 3 packets every 10 seconds. The GUI interface also plots the number of packets 

sent (blue), received (red) and dropped (green) at the sender. The plot is updated every 10 seconds. 

From the plot in example in Figure 15, the sender is sending about 16 packets every 10 seconds, 

receiving 20 packets every 10 seconds and about 3 packets every 10 seconds are being dropped on 

the network. 

 

 

Figure 15: GUI Interface 
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4.4.2 Communication Sequence 

4.4.2.1 Send Communication Sequence 

The communication between the Remote Control Service and the M2MP layer is as shown below in 

Figure 16. 

Remote Control Service Communicator DPManger TPManager

sendMessage()

notifyObserver()

notifyObserver()

set NumDropPackets() set Delay()

 

Figure 16: Remote Control Send Sequence 

 

4.4.2.2 Receive Communication Sequence 

The Remote Control Service Receive communication sequence is as shown below in Figure 17. 
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Remote Control Service DPManger TPManager

Timer.wait()

Timer.wait()
numOfPacketsDropped()

totalNumOfPackets sent / received()

update Plot()

 

Figure 17: Remote Control Receive Sequence 

 

5.0 Results 
The aim of this study was to provide a framework for measuring and analyzing the performance of a 

reliable multicast service built on top of the M2M protocol stack. It was required to be able to 

conduct the analysis in reliable and unreliable network conditions. 

 

In order to conduct the analysis, an existing M2MP application [10] was modified to use the LSMP 

service to send and receive packets. The Remote Service GUI interface was used to set the drop 

packet rate and the send/receive delay. The Remote Service then communicated the information to 

the Drop Packet and Throughput layer service to simulate unreliable network conditions. 

 

Test data was collected by having each of the layers - Application, LSMP, Drop Packet and the 

Throughput layer – keep track of the number of packets processed in the respective layer and write 

the information to a log file. The information was written to the log file every 10 seconds. 
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Tests were conducted to measure the following for the LSMP service in reliable and simulated 

unreliable network conditions for one sender-to-many receivers and many senders-to-many receivers 

communication. 

?? Throughput 

?? Number of redundant and resent packets.  

 

The tests were run in the RIT CS Computer Lab. The three machines used for the tests were 

holly.cs.rit.edu, hilly.cs.rit.edu and queer.cs.rit.edu. The setup for the test runs is detailed in the 

following section. 

 

5.0 Reliable Network Conditions  

The following tests were conducted under reliable network conditions. 

5.0.1 Throughput 

The maximum throughput attained by the LSMP sender was measured for one sender-to-one 

receiver, one sender-to-two receivers and two senders-to-two receivers scenarios. In addition, the 

number of application messages sent from the application layer to the LSMP layer, were also 

measured. In this study, one application message sent from the application layer to the LSMP layer 

corresponds to one LSMP packet sent from the LSMP layer to the M2MP layer. 

 

The results of the test run for one sender-to-one receiver are as shown in Figure 18. The remote 

control server was running on hilly.cs.rit.edu. The sender was running on holly.cs.rit.edu and the 

receiver was running on queer.cs.rit.edu. The output of the test run is tabulated in Appendix A. 

 

The results of the test run for one sender-to-two receivers are as shown in Figure 19. The remote 

control server was running on hilly.cs.rit.edu. The sender was running on hilly.cs.rit.edu and the 

receivers were running on queer.cs.rit.edu and holly.cs.rit.edu. The output of the test run is tabulated 

in Appendix B. 
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The results of the test run for two senders-to-two receivers are as shown in Figure 20. The remote  

control server was running on hilly.cs.rit.edu. The senders were running on hilly.cs.rit.edu and 

queer.cs.rit.edu. The receivers were running on queer.cs.rit.edu and holly.cs.rit.edu. The output of 

the test run is tabulated in Appendix C.  

 

From the results in Figure 18, 19 and 20, the throughput of the Application layer for sending 

messages to the LSMP layer was consistent at 100 messages / second with minor dips for the one 

sender-to-one receiver and the one sender-to-two receivers scenario. For the two senders-to-two 

receivers scenario, the throughput still averaged 100 messages / second though the dips were little 

more pronounced, dropping to 95 messages / second. 

 

The throughput of the LSMP layer did not change when the number of receivers increased from one 

to two. In the one sender-to-one receiver and the one sender-to-two receiver scenarios the throughput 

averaged about 100 packets / second. But when the number of senders increased from one to two, 

the throughput decreased by about 30 percent to around 70 packets / second.  

 

From above, the LSMP layer was able to keep up with the number of the Application messages 

being sent by the Application in the one sender scenario but not in the case of two senders. 

 

In addition, the throughput results of the LSMP layer showed significant fluctuations in the number 

of packets sent - a drop in the number of packets sent, followed immediately by a peak. This 

behavior was observed in all three test scenarios, though in the case of two senders-to-two receivers 

the frequency of the fluctuations was much higher than in the case of one sender scenarios. The 

fluctuations can be attributed to the fact that the Application and the LSMP layer are writing to and 

retrieving messages from the same send queue structure. As access to the send queue is 

synchronized, the LSMP layer would have to wait while the Application layer was writing messages 

to the send queue.  This would result in a drop in the number of LSMP packets sent. After the 

Application layer is done writing to the send queue, the LSMP layer would immediately be able to 

process all the packets in the send queue. This would result in immediate increase or peak in the 

number of packets sent by the LSMP layer. The behavior can also be observed by reviewing the 

output of the test run in Appendix A, B and C, specifically the value of the column LSMP-App. 
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The reason for the higher frequency of the fluctuations in the case of two senders-to-two receivers 

scenario could be due to the size of the send queue. In this scenario, the LSMP layer was unable to 

keep up with the number of Application messages being sent by the Application. As a result the send 

queue increased in size over time. With the increase in the size of the send queue, the time to write to 

and retrieve from the send queue would increase incrementally resulting in higher frequency of 

fluctuations. 

 

In Figure 19, for the one sender-to-two receivers scenario, initially the throughput was zero, and then 

peaked to high value of around 150 packets / second. This was because there was a small delay in 

starting the receiver applications. As a result, the sender application was not able to receive 

acknowledgement for packets sent and the throughput was zero. When the receiver applications 

came online, the sender was immediately able to process all the saved packets in the sender queue, 

resulting in the high throughput. This was expected behavior. The behavior can also be observed by 

reviewing the output of the test run in Appendix B. 
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Figure 18:  Max Throughput for App Messages and LSMP Packets for 1 sender - 1 receiver in reliable network 
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Figure 19:  Max Throughput for App Messages and LSMP Packets for 1 sender - 2 receivers in reliable network 
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Figure 20:  Max Throughput for App Messages and LSMP Packets for 2 senders - 2 receivers in reliable network 

  

5.0.2 Resent Messages  

The sender periodically resends messages to the receivers if the receivers fail to acknowledge the 

message in a given interval of time. A high number of resent messages might indicate an unreliable 

network link. The results for the number of resent messages are as shown in Figure 21. The number 

of resent messages were the same for all the scenarios at 50 packets / second. The resend interval for 

the tests in reliable conditions was 1 packet / 10 milliseconds.  
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Based on the design of the application the default behavior of the LSMP layer is to resend about 50 

packets / second. As all the scenarios were run in reliable network conditions, it is to be expected 

that the number of resent packet rate is 50 packets / second in all cases. 

 

Resent Packets

0
10

20
30

40
50

60

0 10 20 30 40
Time (minutes)

N
um

be
r o

f P
ac

ke
ts

 (p
ac

ke
ts

 / 
se

co
nd

) 1 S - 1 R
1 S - 2 R
2 S - 2 R

 

Figure 21: Resent messages in a reliable network 

 

5.1 Simulated Unreliable Network Conditions  

The maximum throughput attained by the LSMP sender was measured for one sender-to-one 

receiver, one sender-to-two receivers and two senders-to-two receivers scenarios. In addition, the 

number of application messages sent from the application layer to the LSMP layer, were also 

measured. In this study, one application message sent from the application layer to the LSMP layer 

corresponds to one LSMP packet sent from the LSMP layer to the M2MP layer 

 

In order to simulate unreliable network conditions, the drop rate was specified using the GUI 

interface.   
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5.1.1 Throughput 

The results of the test run for one sender -to-one receiver are as shown in Figure 22. The remote 

control server was running on hilly.cs.rit.edu. The sender was running on holly.cs.rit.edu and the 

receiver was running on queer.cs.rit.edu. The output of the test run is tabulated in Appendix D. 

 

The results of the test run for one sender-to-two receivers are as shown in Figure 23. The remote 

control server was running on hilly.cs.rit.edu. The sender was running on hilly.cs.rit.edu and the 

receivers were running on queer.cs.rit.edu and holly.cs.rit.edu. The output of the test run is tabulated 

in Appendix E. 

 

The results of the test run for two senders-to-two receivers are as shown in Figure 24. The remote  

control server was running on hilly.cs.rit.edu. The senders were running on hilly.cs.rit.edu and 

queer.cs.rit.edu. The receivers were running on queer.cs.rit.edu and holly.cs.rit.edu. The output of 

the test run is tabulated in Appendix F. 

 

The drop rate for all the test runs was set to 10 packets / second. Also, the interval of time for 

resending the packets asynchronously was set to 10 milliseconds.  

 

From the results in Figure 22, 23 and 24, the throughput of the Application layer was similar to the 

throughput observed in reliable network conditions. This was expected behavior as dropping of 

packets on the network would not have any impact on the ability of the Application layer to send 

messages to the LSMP layer.  

 

The results of the throughput of the LSMP layer in the one sender-to-one receiver scenario as shown 

in Figure 22 indicated that for the most part, the LSMP layer was able to keep up with the number of 

application messages being sent by the Application layer. But due to dropping of packets on the 

network, the LSMP layer had to resend messages resulting in the increase in the size of the send 

queue. As a result, a higher frequency of fluctuations was noticed corresponding to increase and then 

a drop in the size of the send queue. 
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In the case of the one sender-to-two receivers scenario as shown in Figure 23, the LSMP layer was 

not able to keep up with the number of application messages being sent by the Application layer, due 

to dropping of packets on the network. As a result the size of the send queue increased with time 

resulting in the higher frequency of fluctuations when compared to the one sender-to-two receiver 

scenarios in the reliable network conditions. 

 

In case of the two senders-to-two receivers scenario as shown in Figure 24, the LSMP layer could 

not keep up with the number of messages being sent by the Application. The throughput of the 

LSMP layer dropped to about 55 packets / seconds i.e. a drop of about 45 percent. After about 14 

minutes into the test run, the throughput increased to a little above 100 packets / second as shown in 

Appendix F. The reason for this was that the second sender application failed with an Out-of-

Memory error. The caused the scenario to be similar to the one sender-to-two receivers scenario and 

hence the increase in the throughput.  

 

The test run for the two sender-to-two receiver scenario was run twice and demonstrated the same 

behavior both the times.  
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Figure 22: Max Throughput for App Messages and LSMP Packets for 1 sender - 1 receiver in unreliable network 
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Figure 23: Max Throughput for App Messages and LSMP Packets for 1 sender - 2 receivers in unreliable 

network 
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Figure 24: Max Throughput for App Messages and LSMP Packets for 2 sender - 2 receivers in unreliable 

network 

 

5.1.2 Resent Messages 

The results for the number of resent messages in unreliable network for all the scenarios are as 

shown in Figure 25. The number of resent messages were the same for all the scenarios at 50 packets 

/ second. The resend interval for the tests in reliable conditions was 1 packet / 10 milliseconds. This 

would indicate that in even in unreliable network conditions where the drop rate was 10 packets / 

second, the number of packets resent by the LSMP layer was not greater than the default resent rate 

of 50 packets / seconds for the all the scenarios. 
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Figure 25: Resent message in unreliable network 

 

6.0 Conclusions  

6.0 LSMP In Reliable Network 

The LSMP layer was able to keep up with the number of messages being sent by the Application 

layer in the case of one sender-to-one receiver and one sender-to-two receiver scenario. With the 

addition of a sender in the two senders-to-two receivers scenario, the maximum throughput attained 

by the LSMP layer decreased.  

 

The above can be attributed to the fact that for additional receivers, the sender had to keep state 

information for each receiver and process acknowledgements from each receiver. In the case where 

there were multiple senders, each sender had also to process and discard the packets sent from other 

senders. The LSMP senders are single threaded. They process the packets received in a sequential 

order. With the increase in the number of senders and receivers, the workload fo r a given sender 

increases resulting in decreasing throughput. In addition, a high frequency of fluctuations in the 

throughput was observed with increase in senders and receivers. 

 

This would indicate that for long running sessions and for sessions with a large number of 

participants, the LSMP layer would not scale well. 
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The number of packets resent by the LSMP layer was the default application resent rate. This was 

expected in reliable network conditions where, there was no send / receives delay or loss of packets.   

 

6.1 LSMP In Unreliable Network 

The maximum throughput attained in unreliable network showed a trend similar to the trend 

observed in the reliable network. The throughput decreased with the addition of senders and 

receivers. The application required higher computing resources for running in simulated unreliable 

network conditions as is evident from the Out-of-Memory error observed while running in the two 

sender-to-two receivers scenario. 

 

On comparing the output of the test run in reliable and unreliable network conditions, the throughput 

attained in unreliable network conditions was lower than the throughput in reliable network 

conditions. Also, as result of lower throughput and the corresponding increase in send queue size, 

the frequency of throughput fluctuation was much higher in unreliable network conditions. This was 

expected behavior. 

 

The number of packets resent by the LSMP layer in unreliable network conditions was the default 

application resent rate. Unreliable network conditions did not cause an increase in the number of 

resent packets when compared to reliable network conditions. This might not be the case if the 

number of dropped packets is increased from 10 packets / second to a higher drop rate.  

 

7.0 Limitations 
The LSMP sender requires the information on the number of receivers participating in a session in 

order to create the ACK pending list. This limits the ability of receivers to late-join in a session. 

Also, the number of receivers cannot be changed dynamically. 

 

There was no upper limit set on the Send and Receive queues. This has a potential for memory 

contention in long running or large sessions. This was evident in the two senders-to-two receivers 

scenario in unreliable network conditions. 
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8.0 Future Work 
As part of this study, a simple sender-based reliable protocol was implemented. For future work, a 

receiver-based reliable protocol can be designed and implemented.  

 

The LSM protocol supported late-join partially. Senders could join anytime during the session. The 

protocol can be updated to allow late-join for receivers.  LSMP does not cache data persistently. The 

protocol can be modified to allow persistent storage of data. 

 

The LSM protocol can be updated to support fault tolerance. In its current implementation, if the 

receiver disengages or become unavailable, the senders would not transmit any new data packets to 

the receivers. 

 

The LSMP layer supported sender to receiver communication along the lines of LBRM and TRAM. 

The protocol can be updated to support collaborative applications where all participants can be both 

senders and receivers. 
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Appendix A - Output for Reliable One Sender-to-One Receiver Test Run 
 

Time(Minutes) 
App 

Messages 
LSMP 

Packets LSMP-App 
Throughput 

Packets 
Resent 
Packets 

0.17 26 29 2 71 42 
0.33 97 98 1 147 49 
0.50 98 97 0 147 50 
0.67 100 98 -2 149 51 
0.83 100 102 2 151 49 
1.00 100 100 0 152 51 
1.17 100 98 -2 148 50 
1.33 100 102 2 153 51 
1.50 100 99 -1 150 51 
1.67 99 100 0 150 51 
1.83 100 101 2 151 50 
2.00 100 99 -2 148 50 
2.17 100 100 0 151 50 
2.33 98 99 1 149 50 
2.50 100 100 -1 152 52 
2.67 100 100 0 151 51 
2.83 100 100 0 150 50 
3.00 99 96 -4 145 49 
3.17 100 103 3 154 51 
3.33 100 93 -7 144 51 
3.50 99 106 7 156 49 
3.67 100 95 -4 146 51 
3.83 99 102 3 149 48 
4.00 99 100 1 152 52 
4.17 99 85 -14 135 50 
4.33 98 113 14 162 50 
4.50 100 88 -12 139 51 
4.67 98 99 1 148 49 
4.83 98 101 3 150 50 
5.00 98 106 8 156 50 
5.17 100 100 0 150 50 
5.33 100 100 0 151 51 
5.50 100 100 0 149 50 
5.67 99 99 0 149 50 
5.83 100 99 -1 149 50 
6.00 100 99 -1 149 49 
6.17 100 99 -1 150 51 
6.33 99 81 -18 131 51 
6.50 97 118 21 166 49 
6.67 100 100 0 151 50 
6.83 99 99 0 149 50 
7.00 99 99 0 149 50 
7.17 100 99 0 150 50 
7.33 100 100 0 150 50 
7.50 99 99 0 147 49 
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7.67 99 96 -4 147 51 
7.83 99 103 4 153 50 
8.00 100 100 0 149 49 
8.17 100 100 0 150 50 
8.33 99 98 -1 148 50 
8.50 100 100 1 151 50 
8.67 100 100 0 150 50 
8.83 99 99 0 148 50 
9.00 100 99 0 150 51 
9.17 100 100 0 150 50 
9.33 100 101 1 151 50 
9.50 100 100 0 151 51 
9.67 100 97 -3 147 50 
9.83 100 103 3 153 50 

10.00 100 100 0 151 51 
10.17 100 100 0 151 51 
10.33 100 100 0 150 50 
10.50 100 100 0 150 50 
10.67 100 94 -6 144 50 
10.83 100 106 6 156 50 
11.00 100 100 0 150 50 
11.17 100 100 0 151 50 
11.33 100 100 0 150 50 
11.50 100 100 0 150 50 
11.67 100 100 0 150 50 
11.83 100 100 0 150 50 
12.00 100 97 -4 148 51 
12.17 100 103 2 152 50 
12.33 100 100 0 151 51 
12.50 100 101 1 151 50 
12.67 100 100 0 150 50 
12.83 100 100 0 151 51 
13.00 98 98 0 148 50 
13.17 100 100 0 151 51 
13.33 100 100 0 150 50 
13.50 100 100 0 151 51 
13.67 100 100 0 150 51 
13.83 100 100 0 151 51 
14.00 100 100 0 151 51 
14.17 100 100 0 150 51 
14.33 100 100 0 150 50 
14.50 100 100 0 151 51 
14.67 100 98 -2 149 51 
14.83 100 102 2 152 50 
15.00 100 98 -2 149 51 
15.17 100 103 3 153 50 
15.33 100 100 0 150 51 
15.50 100 100 0 151 50 
15.67 100 100 0 150 51 
15.83 100 100 0 151 51 
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16.00 100 99 -1 150 51 
16.17 100 100 0 150 50 
16.33 100 96 -4 147 50 
16.50 100 104 4 154 50 
16.67 100 100 0 151 50 
16.83 100 100 -1 151 51 
17.00 100 101 1 150 50 
17.17 100 100 0 151 51 
17.33 100 100 0 150 51 
17.50 100 99 -1 149 50 
17.67 100 83 -17 134 51 
17.83 100 117 17 166 49 
18.00 99 100 1 151 51 
18.17 100 96 -4 146 50 
18.33 100 104 4 154 50 
18.50 100 101 0 151 51 
18.67 100 100 0 151 50 
18.83 100 100 0 151 51 
19.00 100 99 -1 149 50 
19.17 100 102 2 152 50 
19.33 100 100 0 151 51 
19.50 100 100 0 150 50 
19.67 100 100 0 150 50 
19.83 100 100 0 150 50 
20.00 100 100 0 150 50 
20.17 100 100 0 151 51 
20.33 100 100 0 150 50 
20.50 100 100 0 151 51 
20.67 100 99 -1 150 50 
20.83 100 99 -2 149 50 
21.00 100 102 2 153 51 
21.17 100 100 0 150 50 
21.33 100 100 -1 149 50 
21.50 100 99 -1 149 50 
21.67 100 102 1 152 51 
21.83 100 100 0 150 50 
22.00 100 100 -1 150 51 
22.17 100 101 1 151 50 
22.33 100 100 0 151 51 
22.50 100 100 0 150 50 
22.67 100 100 0 150 50 
22.83 100 100 0 150 50 
23.00 99 99 0 149 50 
23.17 99 99 0 149 51 
23.33 100 99 -2 149 51 
23.50 100 95 -5 145 50 
23.67 99 105 7 155 50 
23.83 97 97 0 146 49 
24.00 100 101 1 151 50 
24.17 100 97 -3 147 50 
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24.33 98 89 -9 139 50 
24.50 100 112 12 162 50 
24.67 99 99 0 149 50 
24.83 99 99 0 150 51 
25.00 100 100 0 151 50 
25.17 100 100 0 150 50 
25.33 100 100 0 151 50 
25.50 100 100 0 150 50 
25.67 100 100 0 150 50 
25.83 100 100 0 151 51 
26.00 100 100 0 151 50 
26.17 100 91 -9 141 50 
26.33 99 108 9 158 50 
26.50 100 99 -1 150 51 
26.67 99 94 -5 143 49 
26.83 100 106 6 157 51 
27.00 100 100 0 151 50 
27.17 100 100 0 151 50 
27.33 100 100 0 151 51 
27.50 100 100 0 150 51 
27.67 100 100 0 150 50 
27.83 100 100 0 150 50 
28.00 100 100 0 150 50 
28.17 100 100 0 150 50 
28.33 100 100 0 151 51 
28.50 100 100 0 150 50 
28.67 100 100 0 150 50 
28.83 100 100 0 150 50 
29.00 100 100 -1 149 50 
29.17 100 101 1 152 51 
29.33 98 92 -6 142 50 
29.50 100 105 5 155 50 
29.67 100 101 1 151 50 
29.83 100 100 0 151 51 
30.00 100 100 0 151 50 
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Appendix B - Output for Reliable One Sender-to-Two Receivers Test Run 
 

Time(Minutes) 
App 

Messages 
LSMP 

Packets 
LSMP-

App 
Throughput 

Packets 
Resent 
Packets 

0.00 0.90 0 -1 44.1 44 
0.17 85.90 0 -86 49.9 50 
0.33 99.90 0 -100 50.1 50 
0.50 100.00 0 -100 50.3 50 
0.67 100.10 0 -100 50.2 50 
0.83 100.10 115 15 164 49 
1.00 100.10 148 48 197.8 50 
1.17 100.10 158 58 207.9 50 
1.33 100.00 127 27 178.2 52 
1.50 100.10 156 55 205.2 50 
1.67 100.10 143 43 193.8 51 
1.83 100.10 156 56 206 50 
2.00 100.10 146 46 197.2 51 
2.17 100.10 140 40 190.5 50 
2.33 100.10 103 3 152.2 50 
2.50 100.10 100 0 150.6 51 
2.67 100.10 100 0 150.3 50 
2.83 100.10 100 0 150.7 51 
3.00 100.10 100 -1 150 50 
3.17 100.10 101 1 150.5 50 
3.33 100.10 100 -1 150.1 51 
3.50 100.10 100 -1 149.9 50 
3.67 98.80 100 1 149.3 50 
3.83 99.90 100 0 150.5 51 
4.00 100.10 100 0 150.3 50 
4.17 100.10 100 0 150.4 50 
4.33 100.10 100 0 150.5 50 
4.50 100.10 100 0 150.2 50 
4.67 100.10 100 0 150.4 50 
4.83 100.10 100 0 150.4 50 
5.00 100.10 100 0 150.5 50 
5.17 100.00 100 0 150.5 51 
5.33 100.10 100 0 150.2 50 
5.50 100.10 98 -2 148.5 51 
5.67 100.10 102 2 152.5 50 
5.83 100.10 100 0 150.5 50 
6.00 100.10 100 0 150.4 50 
6.17 100.10 100 0 150.3 50 
6.33 100.10 100 0 150.3 50 
6.50 100.10 100 0 150.2 50 
6.67 100.10 100 0 150.3 51 
6.83 100.10 100 0 150.2 50 
7.00 100.10 101 1 150.5 50 
7.17 100.10 95 -5 146 51 
7.33 100.10 105 5 154.9 50 
7.50 100.10 100 0 150.4 51 
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7.67 100.00 100 0 150.5 50 
7.83 100.10 77 -23 126.9 50 
8.00 100.10 123 23 173.4 51 
8.17 100.10 100 0 150.7 51 
8.33 100.10 100 -1 149.2 50 
8.50 100.10 98 -2 148.9 51 
8.67 100.10 102 2 153.4 51 
8.83 100.10 97 -3 147.7 51 
9.00 100.10 103 3 153 50 
9.17 100.10 100 0 150.3 50 
9.33 100.10 100 0 150.4 50 
9.50 100.10 100 0 149.7 50 
9.67 100.10 100 0 151 51 
9.83 100.10 100 0 150.4 50 

10.00 100.10 100 0 150.3 50 
10.17 100.10 100 0 150.5 50 
10.33 99.90 100 0 150 50 
10.50 100.10 100 0 150.3 50 
10.67 100.00 100 0 150.4 51 
10.83 99.20 99 0 149 50 
11.00 100.00 100 0 150.3 50 
11.17 100.10 100 0 150.3 50 
11.33 100.10 100 0 150.7 51 
11.50 100.10 100 0 150.4 50 
11.67 100.10 100 0 150.4 50 
11.83 100.10 100 0 150.4 50 
12.00 100.10 100 0 150.4 50 
12.17 100.10 100 0 150.4 51 
12.33 99.70 100 0 150 50 
12.50 100.10 100 0 150.4 50 
12.67 100.10 100 0 149.7 50 
12.83 100.10 100 0 150.9 51 
13.00 100.10 100 0 150 50 
13.17 100.10 97 -4 147.8 51 
13.33 100.10 104 3 153.1 50 
13.50 100.00 100 0 150.2 50 
13.67 100.00 100 0 150.5 51 
13.83 100.10 100 0 150.4 50 
14.00 100.00 100 0 150.8 51 
14.17 100.10 100 0 150.2 50 
14.33 100.00 100 0 150.4 50 
14.50 100.10 100 0 149.7 50 
14.67 100.10 100 0 151.1 51 
14.83 100.10 100 0 150.6 51 
15.00 100.10 100 0 150.2 50 
15.17 100.10 100 0 150.5 50 
15.33 100.10 100 0 150.7 51 
15.50 100.10 100 0 150.5 50 
15.67 100.10 100 0 150.3 50 
15.83 100.00 100 0 150.6 51 
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16.00 100.10 100 0 150.1 50 
16.17 100.10 100 0 150.4 50 
16.33 98.80 99 0 148.5 50 
16.50 100.00 100 0 150.6 51 
16.67 100.10 100 0 150.2 50 
16.83 100.10 100 0 150.5 51 
17.00 100.00 100 0 150.2 50 
17.17 100.10 100 0 151 51 
17.33 100.10 100 0 150.4 50 
17.50 100.10 100 0 150.4 50 
17.67 100.00 100 0 150.3 50 
17.83 100.10 100 0 150.3 50 
18.00 100.10 100 0 150.5 50 
18.17 100.00 100 0 150.8 51 
18.33 100.10 96 -4 146.5 51 
18.50 100.10 104 4 154 50 
18.67 100.10 100 0 150.3 50 
18.83 100.00 100 0 150.1 50 
19.00 100.10 100 0 150.9 51 
19.17 100.10 90 -10 139.7 49 
19.33 100.10 110 10 161.2 52 
19.50 100.10 100 0 150.1 50 
19.67 100.10 100 0 150.1 50 
19.83 100.00 100 0 150.2 50 
20.00 100.10 93 -7 143.8 51 
20.17 100.10 100 0 150 50 
20.33 99.90 105 5 155.2 50 
20.50 100.00 89 -11 139.4 51 
20.67 100.10 109 8 158.6 50 
20.83 100.10 105 5 155.3 50 

21.00 100.10 100 0 150.7 51 
21.17 100.10 77 -23 127.9 51 
21.33 100.10 121 21 170.5 50 
21.50 100.10 102 2 152.5 50 
21.67 100.10 100 0 150.2 50 
21.83 100.10 100 0 150.2 50 
22.00 100.10 100 0 150.2 50 
22.17 100.10 96 -4 146.7 51 
22.33 99.60 101 1 151 50 
22.50 98.60 101 2 150.9 50 
22.67 100.10 100 0 150 50 
22.83 100.10 95 -5 145.3 51 
23.00 100.10 105 5 155.1 50 
23.17 100.00 76 -25 126.3 51 
23.33 100.20 62 -38 112 50 
23.50 100.10 117 17 166.6 49 
23.67 100.00 137 37 187.1 51 
23.83 100.00 102 2 152.7 51 
24.00 100.10 108 8 157.6 50 
24.17 100.00 88 -12 138.2 50 
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24.33 99.60 100 1 151.1 51 
24.50 100.10 111 11 161.1 50 
24.67 100.10 100 -1 150.1 51 
24.83 100.10 101 1 150.4 50 
25.00 100.00 99 -1 150.5 51 
25.17 100.10 101 1 150.6 50 
25.33 100.10 99 -1 149.3 50 
25.50 100.10 91 -9 141.4 50 
25.67 100.10 110 10 160.8 51 
25.83 100.10 100 0 150.5 50 
26.00 100.10 100 0 149.9 50 
26.17 100.10 100 0 151 51 
26.33 100.10 99 -1 149.8 51 
26.50 99.90 97 -3 147.3 51 
26.67 100.10 104 4 154.2 50 
26.83 100.10 100 0 150.6 51 
27.00 100.10 99 -1 149.1 50 
27.17 100.00 101 1 151.1 50 
27.33 100.10 100 0 150.6 51 
27.50 100.10 100 0 150.4 50 
27.67 100.10 100 0 150.3 50 
27.83 100.10 100 0 150.2 50 
28.00 100.00 100 0 150.5 51 
28.17 98.00 93 -5 143 50 
28.33 99.90 104 4 153.6 50 
28.50 100.00 98 -2 149.1 51 
28.67 100.10 100 0 148.7 49 
28.83 100.00 103 3 154.7 52 
29.00 100.10 96 -4 146.5 50 
29.17 100.10 105 5 154.6 50 
29.33 100.10 98 -2 147.8 50 
29.50 100.10 102 2 153.2 51 
29.67 100.10 100 0 150.5 50 
29.83 100.10 100 0 150.3 50 
30.00 100.10 100 0 150.5 51 
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Appendix C - Output for Reliable Two Sender-to-Two Receiver Test Run 
 
 

Time(Minutes) 
App 

Messages 
LSMP 

Packets 
LSMP-

App 
Throughput 

Packets 
Resent 
Packets 

0.00 22.1 13.9 -8.2 27.4 13.5 
0.17 94.8 64.8 -30 111.7 46.9 
0.33 98.8 68.4 -30.4 117.6 49.2 
0.50 98.6 65.3 -33.3 116 50.7 
0.67 99.1 68.9 -30.2 119 50.1 
0.83 99.7 68.7 -31 118.8 50.1 
1.00 100.1 66.7 -33.4 118.2 51.5 
1.17 99.8 61.2 -38.6 110.7 49.5 
1.33 99.7 71.9 -27.8 124 52.1 
1.50 99.6 70.3 -29.3 120.3 50 
1.67 94.8 66 -28.8 114.2 48.2 
1.83 96 73.1 -22.9 122.5 49.4 
2.00 96.7 70 -26.7 118.4 48.4 
2.17 95.6 63.2 -32.4 112.2 49 
2.33 98.8 69.1 -29.7 119.7 50.6 
2.50 99.4 71.4 -28 122.4 51 
2.67 100 73.1 -26.9 123.7 50.6 
2.83 99.8 65.2 -34.6 116.3 51.1 
3.00 99.9 77.4 -22.5 127.8 50.4 
3.17 99.7 65.9 -33.8 116.2 50.3 
3.33 100 66.8 -33.2 117.2 50.4 
3.50 99.9 75.7 -24.2 126.7 51 
3.67 100 69.7 -30.3 121 51.3 
3.83 100 70.8 -29.2 121.2 50.4 
4.00 100.1 80.5 -19.6 131.3 50.8 
4.17 98.5 70.4 -28.1 120.4 50 
4.33 100 76.4 -23.6 127 50.6 
4.50 100 70 -30 120.4 50.4 
4.67 100.1 71 -29.1 122.1 51.1 
4.83 100.1 75.1 -25 125.6 50.5 
5.00 100.1 61.7 -38.4 112.5 50.8 
5.17 99.9 52.6 -47.3 105 52.4 
5.33 99.9 61.4 -38.5 110.3 48.9 
5.50 99.9 70.8 -29.1 121.2 50.4 
5.67 100 70.7 -29.3 121.5 50.8 
5.83 99.9 63.9 -36 115.4 51.5 
6.00 99.1 70 -29.1 120.1 50.1 
6.17 95 60 -35 108.5 48.5 
6.33 95.8 65.2 -30.6 113.3 48.1 
6.50 96.3 71.4 -24.9 120.6 49.2 
6.67 94 59.3 -34.7 107.1 47.8 
6.83 99.8 62 -37.8 111.7 49.7 
7.00 100 71.5 -28.5 122.2 50.7 
7.17 100.1 58.6 -41.5 109.8 51.2 
7.33 99.7 75 -24.7 124.3 49.3 
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7.50 100.1 70.6 -29.5 123.6 53 
7.67 100.1 34.7 -65.4 83.4 48.7 
7.83 99.7 75.1 -24.6 125.4 50.3 
8.00 99.7 75 -24.7 125.9 50.9 
8.17 100.1 67.6 -32.5 117.7 50.1 
8.33 99.7 71.4 -28.3 122.5 51.1 
8.50 100 35.7 -64.3 85.8 50.1 
8.67 99.8 67.1 -32.7 118.7 51.6 
8.83 100 77 -23 126.2 49.2 
9.00 97 61.8 -35.2 110.8 49 
9.17 96 64.4 -31.6 115.3 50.9 
9.33 96.4 35.2 -61.2 82.8 47.6 
9.50 95 65.7 -29.3 114.7 49 
9.67 95.3 68.8 -26.5 117 48.2 
9.83 99.8 67.1 -32.7 116.8 49.7 

10.00 99.7 64.6 -35.1 116 51.4 
10.17 99.5 67 -32.5 117.3 50.3 
10.33 100 69.4 -30.6 118.9 49.5 
10.50 100.1 72.3 -27.8 124 51.7 
10.67 99.9 79.6 -20.3 130.8 51.2 
10.83 100.1 67.9 -32.2 118.6 50.7 
11.00 100.1 72.3 -27.8 123 50.7 
11.17 100.1 58.3 -41.8 109.9 51.6 
11.33 100 54 -46 103.8 49.8 
11.50 100 74.3 -25.7 125 50.7 
11.67 99.2 65.4 -33.8 116.3 50.9 
11.83 95.9 66.8 -29.1 114.7 47.9 
12.00 96 67.5 -28.5 116.6 49.1 
12.17 96 64.3 -31.7 114.5 50.2 
12.33 94.2 60.9 -33.3 108.8 47.9 
12.50 99.7 71 -28.7 121.3 50.3 
12.67 100 69.2 -30.8 120.3 51.1 
12.83 99.9 68.5 -31.4 118.9 50.4 
13.00 100 72.1 -27.9 123.5 51.4 
13.17 99.9 60.6 -39.3 111.2 50.6 
13.33 100.1 68.6 -31.5 118.5 49.9 
13.50 100.1 70.1 -30 120.4 50.3 
13.67 100 73.1 -26.9 123.5 50.4 
13.83 99.9 66.9 -33 118.1 51.2 
14.00 100.1 70.9 -29.2 121.3 50.4 
14.17 99.1 70.8 -28.3 122.4 51.6 
14.33 100 69.5 -30.5 119.4 49.9 
14.50 99.6 68.4 -31.2 119.5 51.1 
14.67 99.9 74.1 -25.8 124.7 50.6 
14.83 99.8 74.7 -25.1 125.8 51.1 
15.00 100.1 70.9 -29.2 121.1 50.2 
15.17 99.7 71.8 -27.9 122.3 50.5 
15.33 96.2 72.3 -23.9 121.1 48.8 
15.50 95 64.5 -30.5 113.5 49 
15.67 95.5 68.8 -26.7 116.7 47.9 
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15.83 95.5 65.3 -30.2 114.6 49.3 
16.00 96.8 64.7 -32.1 113.7 49 
16.17 95.8 72.1 -23.7 120.6 48.5 
16.33 99.9 75.3 -24.6 125.7 50.4 
16.50 100 63.5 -36.5 114.3 50.8 
16.67 100.1 68.7 -31.4 119.4 50.7 
16.83 100.1 69.8 -30.3 119.7 49.9 
17.00 99.9 77.2 -22.7 128.5 51.3 
17.17 99.9 49.8 -50.1 100.3 50.5 
17.33 99.5 65.6 -33.9 116.6 51 
17.50 99.7 71.8 -27.9 121.8 50 
17.67 99.9 72.8 -27.1 124.3 51.5 
17.83 100.1 73.8 -26.3 124.4 50.6 
18.00 100 74.7 -25.3 125 50.3 
18.17 99.8 69.8 -30 121.1 51.3 
18.33 97.9 77.2 -20.7 126.1 48.9 
18.50 99.9 72.8 -27.1 124.6 51.8 
18.67 99.7 72 -27.7 122.7 50.7 
18.83 100.1 71.5 -28.6 121.9 50.4 
19.00 100.1 70.2 -29.9 120.6 50.4 
19.17 99.8 70.3 -29.5 121.8 51.5 
19.33 100 70.1 -29.9 119.9 49.8 
19.50 99.5 77.4 -22.1 127.9 50.5 
19.67 99.4 69.4 -30 120 50.6 
19.83 99.5 70.2 -29.3 120.8 50.6 
20.00 100.1 70.3 -29.8 120.9 50.6 
20.17 100.1 71.7 -28.4 122.8 51.1 
20.33 99.9 64.6 -35.3 115.6 51 
20.50 99.9 60.8 -39.1 111.8 51 
20.67 99.7 79.4 -20.3 129.9 50.5 
20.83 100.1 71.5 -28.6 122.2 50.7 
21.00 99.9 67 -32.9 118.2 51.2 
21.17 99.8 67.8 -32 118.3 50.5 
21.33 98.1 72 -26.1 121.8 49.8 
21.50 100.1 73.3 -26.8 124.5 51.2 
21.67 100.1 66.1 -34 116.9 50.8 
21.83 99.8 70.3 -29.5 120.2 49.9 
22.00 100.1 71.6 -28.5 121.6 50 
22.17 99 75.1 -23.9 126.8 51.7 
22.33 99.9 65.3 -34.6 114.9 49.6 
22.50 100 70.9 -29.1 121.9 51 
22.67 100 76.3 -23.7 126.7 50.4 
22.83 99.8 69.1 -30.7 120.6 51.5 
23.00 100 69.1 -30.9 118.9 49.8 
23.17 99.9 78.8 -21.1 130.7 51.9 
23.33 100.1 62.3 -37.8 112.2 49.9 
23.50 100 70.9 -29.1 120.4 49.5 
23.67 99.9 72.3 -27.6 124.1 51.8 
23.83 100.1 73.7 -26.4 124.4 50.7 
24.00 100 71.1 -28.9 121.5 50.4 
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24.17 99.5 72.6 -26.9 123.1 50.5 
24.33 100 71.3 -28.7 121.3 50 
24.50 100 67.5 -32.5 117.8 50.3 
24.67 99.8 76.7 -23.1 128.4 51.7 
24.83 100 68.6 -31.4 119.7 51.1 
25.00 99.8 69 -30.8 118.9 49.9 
25.17 97.5 67.7 -29.8 117.4 49.7 
25.33 100 70.6 -29.4 121.2 50.6 
25.50 100 74.3 -25.7 125 50.7 
25.67 100.1 69.5 -30.6 120.2 50.7 
25.83 100 67.4 -32.6 118.1 50.7 
26.00 100 76 -24 127.3 51.3 
26.17 99.5 67.9 -31.6 118.6 50.7 
26.33 100.1 66.5 -33.6 117.1 50.6 
26.50 100.1 81.5 -18.6 132 50.5 
26.67 99.9 69.1 -30.8 119.9 50.8 
26.83 100.1 73.5 -26.6 125 51.5 
27.00 100.1 71.6 -28.5 121.2 49.6 
27.17 99.8 67.1 -32.7 117.6 50.5 
27.33 100 62.7 -37.3 113.2 50.5 
27.50 100.1 69 -31.1 119.4 50.4 
27.67 99.7 72 -27.7 122.6 50.6 
27.83 99.8 74.5 -25.3 125.1 50.6 
28.00 100.1 72.3 -27.8 123.4 51.1 
28.17 100 77 -23 128.8 51.8 
28.33 100.1 70.6 -29.5 120.2 49.6 
28.50 100 73 -27 123.7 50.7 
28.67 100 69.6 -30.4 121 51.4 
28.83 100 75.4 -24.6 125.9 50.5 
29.00 100.1 71.3 -28.8 122.1 50.8 
29.17 100.1 58.6 -41.5 109.2 50.6 
29.33 99.5 74.3 -25.2 124.8 50.5 
29.50 100 69.1 -30.9 119.8 50.7 
29.67 100 67.7 -32.3 118 50.3 
29.83 99.7 73.8 -25.9 124 50.2 
30.00 100 69.9 -30.1 121.5 51.6 
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Appendix D - Output for Unreliable One Sender-to-One Receivers Test Run 
 
 

Time(Minutes) 
App 

Messages 
LSMP 

Packets LSMP-App 
Throughput 

Packets 
Resent 
Packets 

Drop 
Packets  

0.17 1 1 0 38 37 0 
0.33 82 89 7 132 44 0 
0.50 96 86 -10 139 53 4 
0.67 100 102 2 152 50 10 
0.83 100 105 5 155 50 10 
1.00 94 69 -25 117 48 10 
1.17 99 105 6 155 50 10 
1.33 99 83 -16 132 50 10 
1.50 98 121 23 170 49 10 
1.67 98 110 12 159 50 10 
1.83 99 99 1 149 50 10 
2.00 98 96 -2 145 49 10 
2.17 93 94 2 141 47 10 
2.33 91 89 -3 135 47 10 
2.50 97 100 3 150 49 10 
2.67 99 90 -8 140 49 10 
2.83 99 105 6 154 49 10 
3.00 97 99 2 148 49 10 
3.17 98 98 0 148 50 10 
3.33 99 99 0 148 50 10 
3.50 99 100 0 150 50 10 
3.67 98 98 0 147 50 10 
3.83 99 99 0 149 50 10 
4.00 98 96 -2 144 49 10 
4.17 90 92 2 140 48 10 
4.33 98 97 -1 146 49 10 
4.50 99 101 1 151 50 10 
4.67 100 100 0 150 50 10 
4.83 100 95 -5 145 50 10 
5.00 100 100 0 150 50 10 
5.17 100 104 4 153 50 10 
5.33 90 87 -3 134 47 10 
5.50 99 103 4 153 50 10 
5.67 100 96 -4 147 51 10 
5.83 100 82 -18 133 51 10 
6.00 100 98 -3 148 50 10 
6.17 100 108 8 159 50 10 
6.33 100 88 -12 139 51 10 
6.50 96 119 23 168 48 10 
6.67 96 101 5 151 50 10 
6.83 100 101 1 151 50 10 
7.00 100 100 0 150 50 10 
7.17 100 101 1 151 50 10 
7.33 93 93 0 140 48 10 
7.50 98 98 0 148 50 10 
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7.67 100 100 0 150 50 10 
7.83 92 91 -1 139 47 10 
8.00 92 93 2 140 47 10 
8.17 100 100 0 150 50 10 
8.33 100 99 -1 150 51 10 
8.50 100 97 -3 147 50 10 
8.67 95 99 4 148 49 10 
8.83 100 97 -3 147 50 10 
9.00 99 102 3 152 50 10 
9.17 100 98 -3 148 50 10 
9.33 100 103 3 153 50 10 
9.50 100 100 0 150 50 10 
9.67 100 100 0 150 50 10 
9.83 100 100 0 151 50 10 

10.00 92 88 -4 135 47 10 
10.17 99 102 4 152 50 10 
10.33 99 100 1 150 50 10 
10.50 100 100 -1 150 51 10 
10.67 100 101 1 151 50 10 
10.83 100 88 -12 139 50 10 
11.00 100 107 7 158 50 10 
11.17 100 105 5 155 50 10 
11.33 93 92 -1 139 48 10 
11.50 100 101 1 151 50 10 
11.67 99 99 0 149 50 10 
11.83 100 100 0 151 50 10 
12.00 100 100 0 150 50 10 
12.17 100 100 0 151 50 10 
12.33 100 100 0 150 50 10 
12.50 100 97 -4 147 50 10 
12.67 100 104 4 154 50 10 
12.83 100 99 -1 150 51 10 
13.00 100 96 -4 147 51 10 
13.17 100 105 5 155 50 10 
13.33 100 91 -9 141 51 10 
13.50 100 102 2 153 51 10 
13.67 100 93 -8 143 51 10 
13.83 100 114 14 165 50 10 
14.00 100 102 2 152 50 10 
14.17 100 96 -4 147 50 10 
14.33 100 82 -18 132 50 10 
14.50 100 120 20 170 50 10 
14.67 99 100 2 150 50 10 
14.83 100 98 -2 148 50 10 
15.00 93 79 -14 127 48 10 
15.17 100 87 -12 138 50 10 
15.33 93 90 -3 139 49 10 
15.50 100 110 10 160 50 10 
15.67 100 106 7 157 50 10 
15.83 100 97 -3 147 50 10 
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16.00 100 116 16 167 50 10 
16.17 100 102 2 153 50 10 
16.33 100 100 0 151 50 10 
16.50 100 100 0 150 50 10 
16.67 100 99 -1 149 50 10 
16.83 100 101 1 151 50 10 
17.00 100 101 1 151 50 10 
17.17 100 100 0 150 50 10 
17.33 100 100 -1 150 50 10 
17.50 100 95 -5 145 51 10 
17.67 100 89 -11 139 50 10 
17.83 100 113 13 163 50 10 
18.00 100 104 4 155 51 10 
18.17 99 99 0 148 50 10 
18.33 100 100 0 151 50 10 
18.50 100 100 0 150 50 10 
18.67 100 100 0 150 50 10 
18.83 100 100 -1 150 51 10 
19.00 100 101 1 151 50 10 
19.17 100 100 0 151 50 10 
19.33 100 99 -1 149 50 10 
19.50 100 99 -1 150 51 10 
19.67 100 102 1 152 50 10 
19.83 100 100 -1 150 51 10 
20.00 100 100 0 151 50 10 
20.17 100 101 1 151 50 10 
20.33 100 100 0 151 51 10 
20.50 100 100 0 150 50 10 
20.67 100 100 0 151 51 10 
20.83 100 100 0 150 50 10 
21.00 100 100 0 151 50 10 
21.17 100 100 0 150 50 10 
21.33 100 100 0 151 50 10 
21.50 100 100 0 150 50 10 
21.67 99 100 0 150 50 10 
21.83 100 100 0 150 50 10 
22.00 100 100 0 151 51 10 
22.17 100 100 0 150 50 10 
22.33 100 100 0 150 50 10 
22.50 100 92 -9 142 50 10 
22.67 99 108 9 157 49 10 
22.83 100 101 1 151 51 10 
23.00 100 100 0 150 50 10 
23.17 100 100 0 150 50 10 
23.33 100 100 0 151 50 10 
23.50 100 100 0 150 50 10 
23.67 100 100 0 150 50 10 
23.83 100 100 0 150 50 10 
24.00 100 98 -2 148 50 10 
24.17 92 94 2 141 47 10 
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24.33 100 100 0 151 50 10 
24.50 100 87 -13 137 50 10 
24.67 95 94 -1 143 49 10 
24.83 100 112 12 163 50 10 
25.00 100 82 -18 132 50 10 
25.17 100 99 0 150 50 10 
25.33 100 118 18 169 50 10 
25.50 100 102 2 152 50 10 
25.67 100 100 0 150 50 10 
25.83 100 78 -23 128 50 10 
26.00 100 103 3 154 51 10 
26.17 99 118 19 168 50 10 
26.33 100 100 0 151 51 10 
26.50 100 100 0 151 51 10 
26.67 100 100 0 151 50 10 
26.83 100 100 0 150 50 10 
27.00 100 100 0 150 50 10 
27.17 100 90 -10 140 50 10 
27.33 100 97 -3 147 50 10 
27.50 100 113 13 164 50 10 
27.67 100 100 0 150 50 10 
27.83 100 97 -3 148 50 10 
28.00 100 91 -9 141 50 10 
28.17 100 110 10 160 50 10 
28.33 100 97 -3 147 50 10 
28.50 99 105 5 154 50 10 
28.67 100 100 0 150 50 10 
28.83 100 100 0 150 50 10 
29.00 95 95 0 144 48 10 
29.17 100 100 0 150 50 10 
29.33 100 101 1 151 50 10 
29.50 100 100 0 150 50 10 
29.67 100 100 0 151 51 10 
29.83 100 98 -2 148 50 10 
30.00 100 88 -12 138 50 10 
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Appendix E - Output for Unreliable One Sender-to-Two Receivers Test Run 
 
 

Time(Minutes) 
App 

Messages 
LSMP 

Packets 
LSMP-

App 
Throughput 

Packets 
Resent 
Packets 

Drop 
Packets 

0.17 99.60 85 -15 134.8 50 10 
0.33 98.60 100 1 149.4 50 10.1 
0.50 99.00 110 11 159.6 50 9.8 
0.67 98.50 80 -18 130.1 50 10.2 
0.83 98.60 88 -11 137.4 50 9.9 
1.00 98.60 62 -37 111.3 50 10 
1.17 98.90 67 -32 117.3 50 10 
1.33 97.80 107 9 156.3 50 10 
1.50 100.00 113 13 163.6 50 10.1 
1.67 100.10 102 2 151.9 50 9.9 
1.83 100.10 66 -34 116.4 50 10 
2.00 100.10 102 2 152.4 50 10 
2.17 100.10 109 8 158.8 50 10.1 
2.33 100.10 103 3 153.1 50 9.9 
2.50 100.10 59 -41 109.7 50 10 
2.67 100.10 41 -59 91.3 50 10 
2.83 100.00 109 9 159.6 50 10 
3.00 97.00 107 10 156 49 10 
3.17 99.60 70 -30 120.3 50 10 
3.33 98.50 102 4 151.7 50 10 
3.50 98.40 93 -6 142.3 50 10.1 
3.67 98.10 116 17 164.7 49 10 
3.83 97.80 80 -17 129.6 49 9.9 
4.00 99.10 111 12 160.9 50 10 
4.17 99.10 109 10 158.7 50 10.1 
4.33 98.20 86 -13 135.3 50 9.9 
4.50 98.50 109 11 158.9 50 10.1 
4.67 94.60 109 14 157.3 49 9.9 
4.83 99.10 103 4 153 50 10 
5.00 99.10 90 -9 139.9 50 10 
5.17 100.10 116 16 166.2 50 10 
5.33 100.00 82 -18 132.7 50 10.1 
5.50 100.00 108 8 158.5 51 10 
5.67 100.10 123 23 173.5 51 9.9 
5.83 100.10 112 11 161.9 50 10 
6.00 99.80 120 20 170.3 50 10 
6.17 100.10 109 8 158.8 50 10 
6.33 100.10 96 -5 145.7 50 10.1 
6.50 100.10 118 18 167.8 50 9.9 
6.67 100.00 65 -35 115.2 50 10.1 
6.83 99.90 99 -1 149.5 50 9.9 
7.00 100.00 98 -2 148.2 51 10 
7.17 99.90 118 18 168.1 50 10 
7.33 100.10 114 14 164.3 51 10.1 
7.50 100.10 122 22 172.3 51 10 
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7.67 97.80 107 9 155.7 49 9.9 
7.83 99.90 115 15 164.8 50 10 
8.00 100.10 98 -2 147.9 50 10.1 
8.17 100.10 124 24 173.9 50 9.9 
8.33 99.90 122 22 172 50 10.1 
8.50 100.10 106 6 156.1 50 10 
8.67 100.00 95 -5 145.3 50 9.9 
8.83 100.10 111 10 160.8 50 10 
9.00 100.00 112 12 162.2 50 10 
9.17 99.80 102 2 151.9 50 10.1 
9.33 100.10 119 19 169.6 50 9.9 
9.50 99.90 120 20 169.7 50 9.9 
9.67 99.90 110 11 160.6 50 10.1 
9.83 99.90 119 19 169 50 9.9 

10.00 99.50 113 14 163.4 50 10.1 
10.17 100.10 113 13 163.6 50 10 
10.33 100.10 136 36 186.8 50 9.9 
10.50 100.00 123 23 173.5 50 10.2 
10.67 100.00 122 22 172.2 50 9.9 
10.83 100.10 94 -6 144.3 50 9.9 
11.00 100.10 82 -18 132.3 51 10.1 
11.17 100.10 108 8 158.9 51 9.9 
11.33 100.10 120 20 169.9 50 10.2 
11.50 100.10 113 13 163.4 50 9.9 
11.67 100.10 114 14 164.3 50 10 
11.83 99.80 98 -2 148.2 50 10 
12.00 100.00 118 18 168 50 10.1 
12.17 100.10 113 13 163.1 50 9.9 
12.33 100.10 59 -41 109.2 50 9.9 
12.50 100.10 101 1 151.4 50 10.1 
12.67 100.00 92 -8 142.2 50 10 
12.83 99.50 91 -9 141.1 50 9.9 
13.00 99.60 120 20 170.2 50 10.1 
13.17 99.50 110 10 160.3 50 10.1 
13.33 100.00 108 8 157.9 50 10 
13.50 100.00 119 19 169 50 9.9 
13.67 100.10 118 18 168 50 10.1 
13.83 100.10 116 16 165.9 50 9.9 
14.00 100.10 124 24 174.5 50 10 
14.17 100.10 87 -13 137.2 50 10 
14.33 100.10 103 3 153.3 50 10 
14.50 100.10 60 -41 110 50 9.9 
14.67 98.30 75 -23 124.7 49 10.1 
14.83 100.10 98 -3 148 50 10.1 
15.00 100.10 107 7 157.5 50 10 
15.17 100.10 118 18 168.2 51 10 
15.33 100.10 71 -29 121.4 50 9.8 
15.50 99.90 64 -36 114.7 51 10.1 
15.67 100.00 102 2 152.1 50 10 
15.83 100.00 102 2 152.9 51 10 
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16.00 99.80 104 4 154.3 50 10 
16.17 100.10 107 7 157.1 50 9.9 
16.33 100.00 98 -2 148.6 50 10.1 
16.50 100.10 97 -4 146.7 50 10 
16.67 100.10 115 15 165.8 50 10 
16.83 100.10 101 1 150.9 50 10 
17.00 100.10 89 -12 138.8 50 10 
17.17 100.10 76 -24 126.1 50 9.9 
17.33 100.10 50 -50 100.4 50 10.1 
17.50 99.20 115 16 165.4 50 10 
17.67 100.00 104 4 154 51 10 
17.83 99.90 72 -28 122.2 50 10 
18.00 100.00 56 -44 106 50 9.9 
18.17 100.10 109 9 159.5 51 10.1 
18.33 100.10 101 1 151.8 51 10 
18.50 100.10 114 14 163.8 50 10 
18.67 100.10 92 -8 142.1 50 10 
18.83 100.00 79 -21 129.1 50 9.9 
19.00 100.10 106 6 156.4 51 10.2 
19.17 100.10 95 -6 144.9 50 9.8 
19.33 100.10 109 9 159.1 50 10.1 
19.50 100.10 96 -4 146.2 50 10.1 
19.67 100.10 116 16 166.6 50 10 
19.83 100.00 86 -14 136.1 51 9.9 
20.00 100.10 66 -34 116.6 50 10 
20.17 99.70 102 3 152.7 51 10.1 
20.33 100.10 84 -17 133.7 50 10 
20.50 100.00 109 9 159.2 50 9.8 
20.67 100.10 99 -2 149.1 51 10.1 
20.83 100.00 104 4 154.8 51 10 
21.00 100.10 87 -14 137 50 10 

21.17 100.10 112 12 162.6 50 10.1 
21.33 100.10 115 15 164.8 50 9.9 
21.50 100.10 111 11 161.5 50 10.1 
21.67 98.00 107 9 156.4 49 9.9 
21.83 100.10 117 17 167.3 50 10 
22.00 99.40 114 14 164.5 51 10.1 
22.17 100.10 101 1 151.5 50 10 
22.33 100.10 102 2 152.4 51 9.9 
22.50 100.10 112 12 162.5 50 10 
22.67 100.10 105 5 155.4 50 10.1 
22.83 100.10 67 -34 116.7 50 9.9 
23.00 100.10 115 15 165.2 50 10 
23.17 100.10 87 -14 136.7 50 10.1 
23.33 99.90 113 13 163.3 50 9.8 
23.50 100.10 111 11 161.7 50 10.1 
23.67 100.00 114 14 164.5 50 10 
23.83 100.00 96 -4 145.7 50 9.9 
24.00 100.00 120 20 170 50 10.2 
24.17 100.00 112 12 162.1 50 9.9 
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24.33 100.10 119 19 168.8 50 10 
24.50 100.10 128 28 178.7 51 10 
24.67 100.10 118 18 168.2 50 10 
24.83 100.00 99 -2 148.8 50 10 
25.00 99.90 64 -36 114 50 9.9 
25.17 100.10 98 -3 148.1 51 10.2 
25.33 100.10 115 15 165.1 51 9.9 
25.50 100.00 120 20 170.6 51 10.1 
25.67 100.10 121 21 171.6 50 9.9 
25.83 100.00 126 26 176.7 50 10 
26.00 100.10 106 6 156.7 50 10.1 
26.17 100.10 117 17 167 50 10 
26.33 100.10 110 10 159.9 50 10 
26.50 100.00 117 17 167.4 50 9.9 
26.67 100.00 122 22 172.1 50 10 
26.83 100.00 91 -9 140.8 50 10 
27.00 100.10 119 18 168.5 50 10 
27.17 100.10 113 13 162.9 50 10 
27.33 100.00 125 25 175 51 10 
27.50 99.20 126 27 176.6 50 10 
27.67 100.10 118 18 168.2 50 10 
27.83 99.70 126 26 176.4 50 10.1 
28.00 100.10 99 -1 149.7 50 9.8 
28.17 100.00 119 19 169.2 50 10.1 
28.33 100.10 114 14 164.6 50 10.1 
28.50 100.10 97 -4 147 50 9.9 
28.67 98.40 111 12 160.2 50 9.9 
28.83 100.10 106 6 156.7 50 10.1 
29.00 100.00 123 23 173.5 50 10.1 
29.17 100.10 126 26 176.1 50 9.9 
29.33 99.90 107 7 157 50 9.9 
29.50 100.10 129 29 178.9 50 10.1 
29.67 100.10 87 -13 137.1 50 10 
29.83 100.10 110 10 160.1 50 10.1 
30.00 100.00 111 11 160.9 50 10 
30.17 100.00 89 -11 140 51 9.9 
30.33 100.00 103 3 153.3 50 10 
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Appendix F - Output for Unreliable Two Sender-to-Two Receivers Test Run 
 
 

Time(Minutes) 
App 

Messages 
LSMP 

Packets 
LSMP-

App 
Throughput 

Packets 
Resent 
Packets 

0.00 0.9 0.9 0 3.6 2.7 
0.17 93.2 45.1 -48.1 93.1 48 
0.33 98.8 59.8 -39 109.4 49.6 
0.50 99.7 69.4 -30.3 120.4 51 
0.67 99.7 79.2 -20.5 130.3 51.1 
0.83 99.6 69.8 -29.8 120.9 51.1 
1.00 98.5 69.3 -29.2 119.9 50.6 
1.17 99.9 67.7 -32.2 118.7 51 
1.33 99.9 69.5 -30.4 120.1 50.6 
1.50 99.7 76.5 -23.2 127.5 51 
1.67 97.9 70.5 -27.4 120.5 50 
1.83 99.8 54.6 -45.2 106 51.4 
2.00 99.6 59.6 -40 110.5 50.9 
2.17 98.8 42.3 -56.5 92.8 50.5 
2.33 99.7 51.6 -48.1 102.4 50.8 
2.50 100 52.2 -47.8 103 50.8 
2.67 100 54.3 -45.7 105.1 50.8 
2.83 99.9 56 -43.9 106.7 50.7 
3.00 100 58 -42 109.2 51.2 
3.17 99.3 53.9 -45.4 104.6 50.7 
3.33 98.9 58.3 -40.6 108.4 50.1 
3.50 100 53.2 -46.8 104.4 51.2 
3.67 99.9 56.9 -43 107.7 50.8 
3.83 100 56.8 -43.2 107.5 50.7 
4.00 99.8 62.2 -37.6 112.7 50.5 
4.17 99.3 57.4 -41.9 108.3 50.9 
4.33 98.5 60.4 -38.1 111.6 51.2 
4.50 99.3 60.9 -38.4 111.2 50.3 
4.67 96.5 54.1 -42.4 104.5 50.4 
4.83 99.8 55.7 -44.1 106.1 50.4 
5.00 99.2 49.1 -50.1 99.7 50.6 
5.17 98.9 51.1 -47.8 101.7 50.6 
5.33 99.2 56.6 -42.6 107.4 50.8 
5.50 99.8 62.1 -37.7 112.8 50.7 
5.67 98 49 -49 99.4 50.4 
5.83 100 33.2 -66.8 83.6 50.4 
6.00 100 53 -47 103.8 50.8 
6.17 99.7 57.1 -42.6 107.8 50.7 
6.33 99.8 54.4 -45.4 105.4 51 
6.50 100 57.8 -42.2 108.8 51 
6.67 99.9 53.4 -46.5 104 50.6 
6.83 99.8 66 -33.8 116.9 50.9 
7.00 99.8 55.9 -43.9 106.6 50.7 
7.17 99.9 53.3 -46.6 104.3 51 
7.33 99 43.4 -55.6 93.7 50.3 
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7.50 99 55.1 -43.9 105.4 50.3 
7.67 98.8 60.7 -38.1 111 50.3 
7.83 99.4 55.8 -43.6 106.4 50.6 
8.00 98.7 46.7 -52 97.2 50.5 
8.17 98.3 57.7 -40.6 108 50.3 
8.33 99.5 59.6 -39.9 110.1 50.5 
8.50 98.9 59.6 -39.3 109.7 50.1 
8.67 98.5 53.9 -44.6 104.2 50.3 
8.83 97.5 63.3 -34.2 113.3 50 
9.00 99.8 60.7 -39.1 111.3 50.6 
9.17 99.5 56.2 -43.3 106.9 50.7 
9.33 100.1 56 -44.1 106.6 50.6 
9.50 100.1 62.3 -37.8 113 50.7 
9.67 99.9 57.9 -42 108.9 51 
9.83 100.1 54.6 -45.5 105.1 50.5 

10.00 100.1 60.1 -40 110.9 50.8 
10.17 99.8 52.9 -46.9 103.7 50.8 
10.33 99.8 61 -38.8 112 51 
10.50 99.9 50.3 -49.6 100.9 50.6 
10.67 99.4 59.1 -40.3 109.8 50.7 
10.83 99.4 49.2 -50.2 99.5 50.3 
11.00 98.9 43.4 -55.5 93.2 49.8 
11.17 99.6 47.9 -51.7 98.4 50.5 
11.33 99.1 55.3 -43.8 105.9 50.6 
11.50 98.7 61.4 -37.3 111.9 50.5 
11.67 99.3 59.2 -40.1 110.1 50.9 
11.83 98.7 49.8 -48.9 99.9 50.1 
12.00 97.8 57.3 -40.5 107 49.7 
12.17 99.3 51.4 -47.9 101.8 50.4 
12.33 100.1 46.7 -53.4 97.8 51.1 
12.50 99.9 58.7 -41.2 110 51.3 
12.67 99.8 52.9 -46.9 104 51.1 
12.83 99.8 63.3 -36.5 113.9 50.6 
13.00 100 59.9 -40.1 110.4 50.5 
13.17 100 46.7 -53.3 97.2 50.5 
13.33 99.9 55.2 -44.7 105.9 50.7 
13.50 99.8 53.9 -45.9 104.5 50.6 
13.67 100 61.2 -38.8 112.4 51.2 
13.83 99.7 56.4 -43.3 107.5 51.1 
14.00 98.7 59 -39.7 109.4 50.4 
14.17 99.5 104.7 5.2 155.2 50.5 
14.33 98.9 102.2 3.3 152.4 50.2 
14.50 99 100.9 1.9 151 50.1 
14.67 98.5 110.6 12.1 160.5 49.9 
14.83 99.6 108.4 8.8 158.7 50.3 
15.00 98.9 113.9 15 163.8 49.9 
15.17 99.5 83.7 -15.8 133.9 50.2 
15.33 98.9 105.4 6.5 155.6 50.2 
15.50 99.6 106.4 6.8 156.9 50.5 
15.67 99.5 106.7 7.2 156.8 50.1 
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15.83 99.1 107.7 8.6 157.8 50.1 
16.00 97.4 102.6 5.2 152.3 49.7 
16.17 97.9 103.2 5.3 152.9 49.7 
16.33 98.9 113.1 14.2 163.4 50.3 
16.50 98 72.1 -25.9 121.6 49.5 
16.67 97.5 97 -0.5 146.5 49.5 
16.83 97.9 111.9 14 161.5 49.6 
17.00 98 109.3 11.3 158.7 49.4 
17.17 98 87.1 -10.9 136.9 49.8 
17.33 98.4 102.9 4.5 153 50.1 
17.50 97.8 111.5 13.7 161.3 49.8 
17.67 97.9 105.6 7.7 155.5 49.9 
17.83 98 111.3 13.3 160.6 49.3 
18.00 98.5 108.3 9.8 158 49.7 
18.17 98.4 104.8 6.4 154.7 49.9 
18.33 97.7 107.8 10.1 156.7 48.9 
18.50 99.6 107.1 7.5 157.8 50.7 
18.67 99.8 104 4.2 154.6 50.6 
18.83 99.7 110.3 10.6 161.1 50.8 
19.00 100 107 7 157.3 50.3 
19.17 99.9 108.1 8.2 158.7 50.6 
19.33 99.9 109 9.1 159.5 50.5 
19.50 100 103.8 3.8 154.4 50.6 
19.67 100 99.9 -0.1 150.5 50.6 
19.83 100 105.4 5.4 156 50.6 
20.00 99.9 114.2 14.3 165 50.8 
20.17 99.9 107.3 7.4 157.7 50.4 
20.33 100 106.8 6.8 157.7 50.9 
20.50 100 112.4 12.4 162.9 50.5 
20.67 100 103.8 3.8 154.2 50.4 
20.83 100 101.9 1.9 152.7 50.8 
21.00 100 101.3 1.3 152 50.7 
21.17 100 102.4 2.4 153.2 50.8 
21.33 100 104.2 4.2 154.7 50.5 
21.50 99.8 80.6 -19.2 131 50.4 
21.67 100 103.9 3.9 154.8 50.9 
21.83 100 105.9 5.9 156.5 50.6 
22.00 100 109.6 9.6 160.3 50.7 
22.17 100 115.6 15.6 166.6 51 
22.33 100 105.2 5.2 156 50.8 
22.50 99.9 109.1 9.2 159.4 50.3 
22.67 100 116.9 16.9 167.4 50.5 
22.83 100 103.2 3.2 153.9 50.7 
23.00 100 115.1 15.1 165.7 50.6 
23.17 100 92.8 -7.2 143.5 50.7 
23.33 99.9 117.2 17.3 167.8 50.6 
23.50 100 109 9 159.5 50.5 
23.67 100 120.1 20.1 171 50.9 
23.83 100 115.4 15.4 166.1 50.7 
24.00 100 107.9 7.9 158.4 50.5 
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24.17 99.3 107.1 7.8 158.1 51 
24.33 99.9 109.2 9.3 159.9 50.7 
24.50 99.9 106.5 6.6 157 50.5 
24.67 99.9 112.6 12.7 163 50.4 
24.83 98.5 91.9 -6.6 141.9 50 
25.00 99.9 103.3 3.4 154 50.7 
25.17 99.6 99.3 -0.3 149.7 50.4 
25.33 100 78.5 -21.5 129.1 50.6 
25.50 99.9 111 11.1 162.2 51.2 
25.67 100 105.8 5.8 156.1 50.3 
25.83 99.9 98.8 -1.1 149.4 50.6 
26.00 100 103.6 3.6 154.4 50.8 
26.17 98.2 97.5 -0.7 147 49.5 
26.33 100 85.8 -14.2 136.7 50.9 
26.50 100 107.6 7.6 158.4 50.8 
26.67 100 113.7 13.7 164.2 50.5 
26.83 100 117.4 17.4 168.1 50.7 
27.00 100 108 8 158.8 50.8 
27.17 99.9 86.8 -13.1 137.2 50.4 
27.33 100 93.5 -6.5 144.2 50.7 
27.50 100 81.4 -18.6 131.8 50.4 
27.67 100 103.1 3.1 153.9 50.8 
27.83 99.9 106.9 7 157.4 50.5 
28.00 100 109.1 9.1 159.6 50.5 
28.17 99 114.3 15.3 165.1 50.8 
28.33 100 108.9 8.9 159.3 50.4 
28.50 100 112 12 162.4 50.4 
28.67 100 113.7 13.7 164.2 50.5 
28.83 99.9 116 16.1 166.5 50.5 
29.00 100 112.7 12.7 163.5 50.8 
29.17 100 103.7 3.7 154.3 50.6 
29.33 100 110.4 10.4 161.1 50.7 
29.50 100 81.4 -18.6 132 50.6 
29.67 100 112.1 12.1 162.4 50.3 
29.83 100 110.9 10.9 161.5 50.6 
30.00 100 102.7 2.7 153.1 50.4 

 


