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LAPSync: A Location-Aware Protocol for 
Remote File Synchronization 

Summary 

Commercial provisioning of File synchronization services (FSS) relies on generic synchronization models that 

maintain a centralized storage system on remote data centres. A synchronization operation between two personal 

devices located on the same local network results in file data transmission from the local network to the central 

server and another transmission from the central server back to the local network. In this study, we argue that the 

rationale for applying such a synchronization model to files on the same network is unclear. We postulate that 

there is a better approach towards FSS in such a way that this incurred bandwidth cost may be reduced.  

 

In this thesis work, we introduce a file synchronization protocol towards FSS known as LAPSync (a location-

aware protocol for remote file synchronization). We propose a hierarchical file synchronization model towards 

FSS by deploying LAPSync. Our solution relies on the exclusive ability of a client executing this protocol to 

discover peers (another implementation of this protocol) and construct a synchronization path hierarchy based on 

closeness. Finally, we demonstrate our synchronization model by using an implementation of LAPSync. We 

conduct experiments to compare our solution with a known file synchronization service client. The results 

obtained show that our solution offers a reduction in network traffic and bandwidth utilization over the 

designated file synchronization service client. 
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Abstract - Commercial provisioning of file 

synchronization services (FSS) relies entirely on 

protocols that utilize a remote central server that is often 

located in the cloud to host important files. Updates at 

user computers are propagated to the central server and 

from the central server to other sources in need of such 

updates. Therefore, a synchronization operation between 

two computers located on the same network often results 

in file data transmission to and from this local network at 

least twice. This introduces an unnecessary bandwidth 

usage on a user’s local network and has become an issue, 

especially since there is an increase in the demands for 

internet resources. 

This thesis work presents a new file synchronization 

protocol towards FSS known as LAPSync (location-aware 

protocol for remote file synchronization). This paper also 

proposes a hierarchical synchronization mechanism by 

utilizing LAPSync. Our proposed solution relies on the 

ability of LAPSync clients to acquire knowledge about the 

location of clients participating in the synchronization 

operation to construct a hierarchical synchronization 

path. Finally, we implement our protocol into a prototype 

and conduct experiments to compare with drop-box (a 

popular file synchronization service). The results 

obtained show that LAPSync offers a reduction in 

bandwidth usage when the files to be synchronized exist 

on the same local network. 

 

Keywords: File synchronization, protocols, location-

aware protocols, distributed systems, algorithms, 

Rsync, network topology, client, server, checksums, 

hash code, blocks, file, source, target, data, remote 

data center, remote synchronization. 

 

 

1.  Introduction 
File synchronization provides a means for ensuring that 

computer files in two or more locations are updated and 

remain in sync via certain rules [1]. This functionality 

provides computer users with a variety of advantages such 

as – a means for transporting files from one location to 

the other without manually copying such files. Remote 

file synchronization involves synchronization between 

two or more networked computers. This is also useful in 

scenarios such as web site mirroring, file system backup, 

replication and in web access over a slow link [7].Today; 

file synchronization is provisioned as a service to end 

users. Some examples of file synchronization services 

(FSS) are – Windows Live Mesh [2], Spider Oak 

[3], Drop Box [4], Sugar Sync [5], and Wuala [6]. A 

majority of these file synchronization service providers 

deploy applications that implement file synchronization 

protocols and they provision access to end users. FSS 

providers offer varying functionalities which include: free 

online space for storing and backing up files, sharing such 

files with other sources, and keeping files in sync across 

multiple computers and mobile devices. File 

synchronization services are often plagued by similar 

problems such as bandwidth utilization. The practice of 

storing files on a centralized data centre and keeping these 

files at sync with other sources relies entirely on message 

passing between a central source and the computers 

requesting the synchronization operation. 

 

We consider a user (User-A) having a desktop computer 

at home, a desktop computer at work, and a Notebook 

computer which he carries around. At home, in order to 

synchronize the files on his home computer with the files 

on his Notebook computer, user-A utilizes the services of 

a prominent file synchronization service provider. Figure 

1 below illustrates the file synchronization model that is 

deployed by such FSS providers. As shown on Figure 1, 

the synchronizing operation will result in transporting file 

data from his Notebook to a centralized data centre (often 

located in the cloud), and transporting the files from that 

central location back to his home computer. We argue that 

this introduces an unnecessary bandwidth cost on his local 

area network (LAN). Since the files exist on his LAN 

already, a more efficient protocol should have been 

employed to synchronize between his laptop computer 

and his home computer directly and avoid the bandwidth 

cost. The above also holds true when he is at work and 

chooses to synchronize the files on his office computer 

with the files on his laptop computer. On the other hand, 

when he synchronizes the files on his office computer 

with the files on his home computer by using the same 

service, the rationale for the chosen synchronization 

model is fully understood.  

 

Based on the file synchronization problem discussed 

above, this study designs and introduces a new file 

synchronization protocol known as LAPSync (a local-

aware protocol for remote file synchronization). Our 

proposal relies on constructing a network map containing 

the clients in the computing group, with an attempt to 

synchronize only with a source that is closest to the 

designated client. An important issue in our proposal is 

how updates in target files will be propagated to the 

remote and more-distant sources in the nearest future. 

This is important because, when user-A in our previous 

example synchronizes his files at home, any updates in his 

home computer must also be propagated to his office 

computer. When user-A is in his office the closest target 

becomes his office computer. The above illustrates that 

our proposal must also be able to synchronize and 

propagate updates to a remote location in such a way that 
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a minimum bandwidth cost is imposed on the users LAN 

at all times. To this end, we introduce a file 

synchronization model known as the hierarchical file 

synchronization model by deploying LAPSync.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: A conventional File synchronization model. 

 

This study investigates the synchronization problem in an 

academic context by exploring published results of other 

authors. As a result, our proposed synchronization 

protocol is based on Rsync which is an open source 

synchronization utility included with most UNIX systems. 

To strengthen the contribution of this study, we formulate 

the hypothesis shown below:  

 

“During a synchronization operation between a source 

and a target located on the same local network, LAPSync 

offers a way to synchronize files with a reduced 

bandwidth usage in comparison with the drop box FSS 

client”.  

 

We test this hypothesis by implementing our protocol into 

a prototype (known as the sync-client) and conducting 

experiments to verify this hypothesis. The results obtained 

show that our proposed protocol offers a reduced 

bandwidth utilization if the files to be synchronized exist 

only on the users local network during the 

synchronization operation. Specifically, the contribution 

of this study is summarized below: 

 

 We introduce a new file synchronization 

protocol towards FSS known as LAPSync – a 

location-aware protocol for remote file 

synchronization.  

 We propose a file synchronization model 

towards FSS which is known as the hierarchical 

file synchronization model. 

  

The remaining parts of this paper is structured as follows: 

section 2 delves into some theoretical knowledge and 

technical preliminaries that were explored in order to 

carry out this thesis work, section 3 presents the location-

aware protocol for remote file synchronization and 

discusses the proposed hierarchical synchronization 

model. Section 4 discusses the scientific methodologies 

that were utilized in this study, section 5 discusses the 

evaluation process, section 6 presents the result and 

analysis, and section 7 discusses the contributions of this 

study while we conclude in section 8. 

 

 

2. Technical Preliminaries 
Before presenting the location aware-protocol for remote 

file synchronization, this section briefly discusses the 

state of the art and ideals behind file synchronization 

services. We introduce the Rsync protocol and shed light 

on the body of knowledge that has been explored in this 

thesis work.  

 

2.1. File Synchronization services (FSS)  

File Synchronization services (FSS) of today provision 

access to storage space on remote cloud data centres. FSS 

mainly aims at providing a means to ensure that files 

located on several sources remain at sync via certain 

rules.  In short, we may define FSS as any online storage 

service which can automatically synchronize user files 

stored on local host to remote cloud data center as well as 

to other hosts [10]. Section 1 explains that several 

companies have vested interests in this area, and they 

deploy a variety of clients and solutions towards FSS.  

 

To start using an FSS service, users are required to 

download and install designated clients on one or more 

devices which can range from a personal computer to a 

mobile device. After installation, a folder is chosen as the 

sync folder on respective clients – this folder is always 

monitored by the sync application and kept at sync with 

other clients as well as the space that has been purchased 

from the FSS provider. When a file in the sync directory 

is updated, this update is automatically propagated to 

other sync folders by first synchronizing the source with 

the remote cloud data center and from the cloud to other 

hosts. According to Bao et al. [10], updates operations 

may include create, modify, rename, and delete 

operations. Bao et al. [10], also describes two general 

models of FSS as (1.) multiple devices model for FSS, 

(2.) multiple sync-folders model for FSS. Figure 2 below 

depicts these synchronization models.  

 

As shown on Figure 2, the multiple device models capture 

a use case from the perspective of various devices that are 

connected to a network. If a file in the sync folder of one 

device is updated, the sync application quickly detects 

this update and propagates such updates to the other 

devices over the network.  The multiple sync folder 

models may also capture the scenario explained above, 

but differs to a certain extent in the sense that, this 

synchronization model illustrated a use case from the 

point of view of the folders instead of devices. Sync 

folders may be chosen in only one host or multiple hosts. 

In both cases, an update in the sync folder is also 

propagated over the network to the other folder 

accordingly. 
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Figure 2: File synchronization service models.  

Picture adapted from [10] 

 

2.2. The Rsync Protocol 

The Rsync file synchronization protocol [8] provides a 

very fast and reliable method for bringing remote files 

into sync. It synchronizes files by sending just the 

differences in the files over the network, without 

requiring that both sets of files are present at one of the 

ends of the link beforehand [8]. Theoretically, Rsync 

attempts to identify similar blocks between two files and 

only transfers the rest unmatched blocks from one 

computer to the other. For clarity sake, in this section, a 

client is the initiator of the synchronization operation, 

while a server is the remote Rsync process or system to 

which the client connects. In Rsync, the fundamental idea 

is to split files into blocks and use hash functions to 

compute hashes of the blocks, these hashes are then sent 

to the server. At the server, the Rsync daemon attempts to 

find matching blocks in its files [7]. The server reads from 

the client’s data for each file identified by the file index 

number. Thus we summarize the Rsync algorithm into 5 

main steps as on Table 1. 

 

A critical issue in Rsync is the choice of block size b, in 

practice Rsync uses a default block size of 700Bytes [11], 

except for large files in which case the square root of the 

file is used instead [12]. In Rsync, each block hash that is 

sent to server has a size of 48bits. Most UNIX systems 

include an RSync utility, thus the RSync protocol is one 

of the most popular synchronization protocols in use 

today. The RSync utility architecture employs a structure 

involving two roundtrips [12]. At first, the client requests 

synchronization of its sync folder and the server replies 

with some Meta information that enables the client to 

decide what files exactly need to be updated. Following 

this, synchronization is performed as explained above.  

Other implementation of the Rsync protocol is the 

JarSync[13], which attempts to provide an Rsync API for 

the Java programming language, and Delta Copy which 

attempts to introduce the RSync protocol into the 

Windows environments. 

TABLE 1 A SUMMARY OF THE RSYNC PROTOCOL OPERATION 
Table has been compiled from [7] 

At the Client At the server 

Step 1: Partition f(old) into 

blocks 

 Bi = f(old) [ib, (i + 1) b− 1] 

of some block size b. 

 

Step 2: For each block Bi, 

compute two hashes, ui = hu 

(Bi) and ri = hr (Bi), and 

communicate them to the 

server. Here, hu is a heuristic 

but fast hash function, and hr 

is a reliable but expensive 

hash. 

 

 Step 3: For each pair of 

received hashes (ui, ri), insert 

an entry (ui, ri, i) into a 

dictionary, using ui as key. 

 Step 4: Perform a pass through 

f(new), starting at position j = 0, 

and involving the following 

four steps: 

 Step 4.1: Compute the 

unreliable hash 

hu(fnew[j,j+b−1]) on the block 

starting at j. 

 Step 4.2: Check the dictionary 

for any block with matching 

unreliable hash.  

 Step 4.3: If found, and if the 

reliable hashes match, 

Transmit the index i of the 

matching block in f (old) to the 

client, advance j by b positions, 

and continue. 

 Step 4.4: If none found, or if 

the reliable hash did not match, 

transmit symbol f (new[j]) to 

the client, advance j by one 

position, and continue. 

Step 5: Use the incoming 

stream of symbols and indices 

of hashes in f (old) to 

reconstruct f (new). 

 

 

 

 

2.3. Location aware protocols 

Successful location-aware protocols have emerged out of 

pre-existing protocols in the past. One notable example is 

the location-aware bit torrent protocol [14]. Here, the 

authors attempt to show that bandwidth can be conserved 

by using priority queues to determine which peer in a P2P 

network is served first [14]. A closer peer is placed on top 

of the priority queue, while a more distant peer is placed 

lower on the priority list. The authors demonstrate that the 

availability of the file resources in demand is bound to 

increase sporadically since the resources will be quickly 

downloaded by peers in closer proximity than those at a 

further distance. Another indirect impact is that more 

network resources will be freed and the prices of internet 

services are bound to reduce [14]. 
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3. LAPSync: A Location-aware protocol 

for remote file synchronization 
This paper presents LAPSync – a location-aware protocol 

for remote file synchronization.  As explained in the 

previous sections of this paper, clients executing this 

protocol are able to synchronize files located on 

networked computers by ensuring that file data is 

transmitted in and out of a user’s local network only when 

necessary thus reducing the bandwidth cost on the user’s 

network. LAPSync clients achieve this objective by first 

constructing a hierarchical network map before the 

synchronization operation commences. 

 

Three main categories of participants can be identified in 

our protocol: the computer requesting a synchronization 

operation is known as the client, the server is the receiver 

of the synchronization request, both clients and servers 

are assisted by a remote server known as the tracker. The 

tracker serves information about IP addresses and port 

numbers of all participants in the synchronization 

operation. In a more general term, the clients and servers 

interacting together during the synchronization operation 

are known as peers. In this paper, a server may not 

necessarily possess the new version of the file, neither is 

it certain that the client possesses an older version. What 

is certain is that, the synchronization operation between 

the target and the source must take place according to the 

hierarchy in the network map that has been constructed 

during the first step of the synchronization process. The 

terminologies target and source have been inherited from 

Rsync [8], a target holds the old file and the source holds 

the new version of the file. There are two main message 

rounds during a LAPSync operation, thus we subdivide 

the operation of this protocol into two main categories 

according to the message rounds: the Pre-sync message 

round and the Sync message round. The following 

paragraphs provide insight into these message rounds. 

 

The Pre-Sync message round: A major objective in 

LAPSync is for the client requesting the synchronization 

operation to be aware of the server’s relative location in a 

network hierarchy map. The pre-sync round provides for 

how the network map is constructed and passed from peer 

to peer until all the peers in the computing group are 

aware of each other’s location. To request a 

synchronization operation, a client sends the first message 

with the prefix (<PRE-SYNC>). The choice of the client 

to send this message to and the response from the client as 

well as other designated interactions shall be specified by 

the LAPSync specifications, this we leave open for 

readers to compile and publish from the contents of this 

paper. The main idea is for the peers in the computing 

group to be provoked into specific reactions when they 

receive the LAPSync protocol headers. Example headers 

and their usage can be found in the appendix of this paper. 

When a peer starts up, it must send its IP address and 

listening port to the tracker using a TCP/IP style request. 

The peer also sends this information in a periodic interval 

otherwise the tracker determines using time outs that such 

peers are no longer executing. To be able to do this, all 

peers must be aware of the remote tracker IP at start-up. A 

client starting the synchronization operation first retrieves 

the list of all its peers by sending a message with the 

prefix header (<GET-IP>) to the tracker using an HTTP 

style request. A LAPSync tracker that receives this 

message replies immediately with a list of the IP 

addresses and listening ports for the clients that it 

currently serves. We summarize the communication 

between a LAPSyc client and a tracker using the pseudo 

code shown on Figure 3 below. 

Figure 3: Pseudo code for client-tracker communication 

 

A LAPSync client receiving the pre-sync message 

attempts to find which peer in the IP address list is closest 

to it. This they achieve this by sending a message to all its 

peers in the list and computing the response time for each 

peer. The peer with the shortest response time is 

designated as the best peer. The LAPSync client starting 

the sync operation extracts information about the last time 

its sync folder was modified and adds this information to 

a list and sends the list embedded with the pre-sync 

message to the best peer. For clarity, the process of 

adding a client’s sync folder attributes to the network map 

list is known as “network map construction”.  

 

A LAPSync client receiving the pre-sync message first 

retrieves the list of IP addresses from the tracker. The 

client checks if there are other peers in the group, by 

comparing the length of the network map list with the 

length of the retrieved IP address list. A client must also 

check the network map list to ensure that it does not 

consider any clients contained in the network map list 

when it decides who to send the pre-sync message to. If 

there are no more peers available, it must be the last 

among its peers. Therefore, it constructs the network map 

and replies with the order-sync message to the first peer in 

the network map list. Otherwise it finds the peer closest to 

itself and sends the pre-sync message as described in the 

paragraph above. This algorithm described herein will 

result in a list that contains peers starting with the client 

that has requested the sync operation and ending with the 

peer that is most distant from the starter. The client that 

started the sync operation usually receives the order sync 

message. When it receives this message it computes by 

checking through the network map to get the client whose 

sync folder was most recently altered. Following this, this 

client sends the “sync+” message to the peer with the 

most recent file attribute. We summarize the Pre-sync 

 
Clients  

On start: announce location to tracker 

Every N minutes: announce location to tracker 

   End 

 

Tracker  

If (received announce message): add client to List 

If (no announce received in N minutes): remove client 

If (received get-IP):   Reply with IP-List. 

                End.  
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message round using pseudo code as shown on Figure 4. 

The remaining parts of the sync operation fall under the 

sync message round which shall be described next.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Pseudo code for the Pre-Sync message round. 

 

The Sync message round: The sync message round 

utilizes the Rsync protocol or any other compatible 

protocol to perform synchronization. Section 2.2 provides 

insight into the Rsync protocol; this section discusses how 

LAPSync may embed the Rsync algorithm to perform 

synchronization. The Sync round accounts for how peers 

participating in the sync operation organize and 

synchronize their sync folders according to the network 

map which was constructed in the Pre-Sync round. The 

Sync round starts when the first “Sync+” or “order-sync” 

message is sent during a synchronization operation. A 

major characteristic of LAPSync is that a network map is 

passed around during the sync operation. Details about 

how the network map is constructed have been explained 

afore. In addition to this, a sync variable is attached to the 

information of every peer in the group and it is set to false 

by default. Just before the “Sync+” message is sent, the 

client sending this message sets the sync variable of the 

recipient to true and sends the message. When a peer 

receives a Sync message which can be either “Sync+” or 

“Sync-“, the client checks if it is the first in the list or if it 

is the last in the list. If it is the first, this means that the 

Sync operation is completed; this client must terminate 

the sync operation and send no further messages. If it is 

the last it must change the direction of the Sync operation 

by sending the “Sync-“message.  

If none of the above holds true, LAPSync clients respond 

to pre-sync messages by carrying out one of two 

operations. If a client receives “Sync+”, that client 

determines its position (index) in the list and sets its target 

to the next consecutive client in a clockwise direction 

(index + 1). The client orders its target to Synchronize 

with itself using the Rsync algorithm or any other 

compatible protocol. When done, the client sets the 

targets Sync variable to true and sends the “Sync+” 

message to the target. If the “Sync-“message is received 

by the client; the target is the client before itself in the 

network map list (index -1). The client orders this target 

to sync with itself using the Rsync protocol and performs 

same operations that have been described above. The 

outcome of this is that only a pair of clients that are next 

to one another in the network map can synchronize. At 

first, a “Sync+” message will be transmitted until the 

most distant source is reached. Then the most distant 

source changes the message type to “Sync-“ and sends the 

message back to the client on the (index-1) position in the 

network map until this message reaches the client that has 

started the sync operation. We summarize the sync 

message using pseudo code as shown on Figure 5 below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 5: Pseudo code for the Sync message round. 

 

Peer that starts the sync operation 

Peer-List = get IP List from tracker 

Best-Peer = find best peer (Peer-List) 

Network-Map = construct network map (file-attributes) 

Send pre-sync message to best peer (Network-map) 

   End. 

 

Client  

On receipt pre-sync message 

Peer-List = get IP List from tracker 

If (Peer-List is larger than Network-map)  

Filter network map 

Best-Peer = find best peer (Peer-List) 

Network-Map = construct network map (file-attributes)  

Send pre-sync message to best peer (Network-map) 

    Else 

    Send order sync to first client on the network map 

   End. 

 

Server  

On receipt of order sync 

Source-client = Find the peer with the new file 

If (Source-client is self) 

Set own sync variable to true 

Order next client to synchronize 

Set next clients sync variable to true 

Send the sync+ message (next-client) 

      Else  

      Set next client sync variable to true 

      Send the sync+ message (next-client) 

                            End. 
 

Server  

On receipt Sync+ 

Check own position in network map 

If (position is first in list) 

  Terminate synchronization 

       Else 

       If (position is last in list) 

       Target = client at (position-1) in network map 

       Send sync- to target 

           Else 

           Target = client at (position+1) in network map 

           Check sync variables 

           If (target = false AND self = true) 

           Order target to synchronize (using RSync) 

           Set targets sync variable to true 

           Send sync+ to target 

                Else 

                If (target = true) 

                Send sync+ to target 

Server  

On receipt Sync- 

Check own position in network map 

If (position is first in list) 

  Terminate synchronization 

        Else 

        Target = client at (position-1) in network map 

         Check sync variables 

         If (target = false AND self = true) 

         Order target to synchronize (using RSync) 

         Set targets sync variable to true 

         Send sync- to target 

              Else 

             If (target = true) 

             Send sync- to target 

   End 
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We reiterate that a LAPSync client always sets the sync 

variable of its target to true before sending the Sync 

message to it. A LAPSync client receiving the Sync 

message also checks its own Sync variable, and only 

orders its target to sync with itself if its own sync variable 

is true but that of its target is false. Otherwise if the sync 

variable of both the receiving client and its target is true, 

it should only retransmit the Sync message in the same 

direction except if it is first or the last in the network map 

list. This operational sequence is aimed at achieving a 

hierarchical synchronization model; the next section 

explains the hierarchical synchronization model. 

 

3.1. Hierarchical synchronization model 

This study introduces a synchronization model towards 

FSS known as the “hierarchical synchronization model”. 

Our synchronization model mainly aims at synchronizing 

files located in three or more remotely connected 

computers in different networks or geographical areas. 

During synchronization a peer automatically selects the 

peer that is closest to it (by routing closeness) and can 

only synchronize with such. At the beginning of the 

synchronization operation, the peers participating in the 

synchronization operation cooperate and construct a 

network map. In addition to what has been explained in 

section 3, what this means is that the peer starting the 

synchronization operation sends information about its 

sync folder to the one that is closest to it. This sequence 

continues until the peer furthest away receives this 

message, the result is that a list containing members of the 

computing group is constructed starting from the one that 

has requested the sync operation and ending with the most 

distant peer – peers are arranged in an order of increasing 

distance from the starter of the sync operation. 

 

Synchronization starts with the peer with the most up to 

date version of the file. This peer commands the peer that 

is next to it in an ascending order to synchronize its 

objects with it. By this we mean that, a peer at an index of 

n will generally command the peer at index (n+1) to 

synchronize with it, except if it is either the first or the 

last on the network map list. The main aim of the 

hierarchical synchronization model is that file data will be 

transmitted starting at the peer with the must up to date 

version of the file, and propagated along the network map 

list in an ascending order or in a descending order. If the 

end of the list is reached, then a message is sent in the 

reversed direction containing all clients in the network 

map and the value of their sync variable. As explained in 

the previous section, a client receiving this message 

checks its own sync variable and the sync variable of the 

client that is next to it in a descending order. If its own 

sync variable is true and that of the next client is false, it 

sets its target as that client and orders the target to sync. 

The above also means that file data can be transmitted in 

a reverse direction along the network map, but such 

transmission will usually occur along a chosen direction 

only once. Figure 6 depicts our synchronization model. 

We take into account the user that was mentioned in 

section 2, user-A currently possesses a desktop PC at 

home, a notebook PC which he carries around, a 

dedicated lab station and another desktop PC in the office. 

As shown on Figure 6, our synchronization model relies 

on a hierarchy which depends on the distance from the 

client requesting the sync operation. The closer a peer is 

to this target, the closer in hierarchy this peer is placed in 

our synchronization model. In the case depicted on Figure 

6, the sync operation takes place along the arrows that are 

shown on the diagram. We assume that the new version of 

the file is hosted on his notebook computer, when user-A 

activates his LAPSync client, the sync operation causes 

file data to be transmitted from his note book computer to 

his home computer, then from his home computer to his 

office computer, from his office computer to his lab 

station and finally from this lab station to the remote 

cloud data center (Google drive [15]).  We reiterate that 

an assumption has been made that a client closer to a 

target is actually closer in routing proximity. As a result 

of the above, if a synchronization operation is repeated a 

number of times, the same network map must be 

constructed – thus our model is seen as consistent only if 

this assumption holds true. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: The Hierarchical file Synchronization Model. 

 

 

4. Methods 
The research activities in this study were conducted in 

two phases. First, we have applied an auxiliary research 

method to discover the state of the art, and to design the 

LAPSync protocol in order to address the problem 

described in section 1. Second, we conducted an 

experiment to evaluate our protocol, by comparing with 

the drop box FSS client. This section discusses the 

research carried out in this study under these two phases. 

 

In the first phase, we started out by studying information 

found on forums and blogs. The drop box forum [4] was 

searched with key words, some of which are listed at the 
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beginning of this paper. This research phase was 

necessary in order to gain more insight into the problem 

described on section 1 and to explore any possible 

workaround. The web sites and forums of other FSS 

providers were also searched during this phase in order to 

discover the state of the art in the FSS industry today. We 

applied the literature search and study research 

methodologies [18] mainly by studying published 

literature so as to gain credible insight into the existing 

synchronization schemes, protocols and algorithms.  

 

The second research phase was conducted in order to 

evaluate our proposed solution and to demonstrate the 

advantages of LAPSync. In this phase we conducted a 

real world experiment [16], and applied a quantitative 

methodology [17] to interpret the collected data. The next 

section discusses literature search and experimentation in 

computer science. 

 

4.1. Literature search and study 

This research adopted the literature search research 

method as an auxiliary research method. Very little 

information was available about this research area at the 

start. Therefore, it was necessary to study the results of 

other authors and gain an understanding of what has been 

achieved so far in order to make a contribution to this 

area. To serve as a guide during this research phase, the 

research question shown below was formulated: 

 

“what approach is best for synchronizing files between 

multiple computers which are located at local and remote 

locations, in such a way that synchronization is always 

done with the minimum bandwidth cost incurred on the 

users local network at all times?” 

 

This auxiliary research phase was aimed at providing an 

answer to the question above. To achieve this, in addition 

to the discussion in section 4, the Google scholar web site 

was also searched to discover the state of the art. This 

source proved rich and useful as a search result often 

contained materials that were written in other languages – 

such were translated using the Google translator web site. 

The IEEE Explore web site was the main source of 

published materials; several searches on this resource 

page provided a list of credible documents hence they 

constitute a majority of the references at the end of this 

paper. Other sources that were used include the Rsync 

website [8], and the Jarsync website [13]. The articles 

returned during each search were printed and studied; we 

have designed our protocol based on the ideals discovered 

during this research phase. Section 2 presents the main 

findings during this phase. 

 

4.2. Real world experiments 

Basili et al [19] outlines that “common wisdom, intuition, 

speculation, and proofs of concepts are not reliable 

sources of knowledge. On the contrary, progress in a 

discipline involves building models that can be tested 

through empirical study, to check whether the current 

understanding of the field is correct”. The above is the 

main motive for this choice of research method. By 

experimenting to compare our proposed solution with a 

chosen file synchronization service (FSS), we are able to 

make contributions and progress in this area of concern. 

To this end, we implemented our proposal into a 

prototype known as sync-client. This created an 

opportunity to test our proposal, and to compare it with 

the drop box file synchronization service in order to 

determine whether our solution truly offers a reduction in 

bandwidth consumption.  

 

Our main data collection technique relies on the use of an 

open source tool – DD-WRT [20]. This tool utilizes a 

daemon to analyse network traffic to determine how much 

data (in Kilobytes) has been transferred in and out of a 

network gateway. To facilitate our experimentation the 

hypothesis stated (in italics) in section 1 was formulated. 

Our main intent in this experiment is to test the 

hypothesis. At first, drop box was used to synchronize the 

sync folder of two computers connected to a local 

network. The amount of data transferred in and out of the 

network was noted. Following this, the sync-client was 

used to carry out the same synchronization on identical 

objects – the amount of data transferred was again noted. 

Quantitative analysis techniques have been employed to 

analyse the collected data. The next section discusses the 

evaluation process in detail. 

 

 

5. Evaluation 
Section 4 elaborates the research methods that have been 

applied in order to carry out this study; this section 

discusses the evaluation setup. As stated earlier, this 

research was subdivided into two phases, a brief insight 

into the first research activity is provided in section 4.1. In 

the second phase, we conducted an experiment to evaluate 

the capability of LAPSync. The next sections discuss the 

second phase of this research – the evaluation phase. 

 

5.1. Prototype Implementation 

The design and development of a LAPSync prototype 

constituted a substantial part (about 35%) of this thesis 

work. Therefore, it was vital from the start to define and 

use an appropriate Software development process. We 

perceived that a failure to use an appropriate Software 

process, or lack thereof, could result in an incomplete 

research which may jeopardize the contribution of this 

study. At the beginning of this stage, a requirement was to 

come up with a set of technical specifications that would 

later be implemented. It is important to point out that 

much emphasis was placed on utilizing the developed 

prototype in an experiment; therefore, the quality or 

usability of the developed prototype was of little concern 

during this research. This study adopted the Agile 

iterative approach to develop the prototype, but there was 

a major drawback in the ability to properly estimate the 

time required to complete the development work. Starting 

with the list of specifications, we proceeded to model all 

the necessary compartments that would constitute our 

prototype. One major consideration was modularity: there 
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was a great need to ensure that each component could 

execute separately and a modification in one component 

should lead to a little or no modification in the rest. A 

clearly defined interface for all modules and a decision to 

implement similar functionalities as services resolved the 

problem mentioned afore. In order words, we could 

identify some major functionality such as server services, 

client services, and tracker services which could be 

grouped together. A client service consists of smaller 

functions such as constructing the network map, finding 

the closest peer etc. Server services usually involved any 

reply to a request. Models were planned and created; all 

modules identified in the models formed the main 

software components. The implementation was 

subdivided into two main systems the tracker and the 

synchronization client. Figure 7a and 7b below show the 

architecture and the modules designated for the tracker 

and the client systems. Java was designated as the main 

programming language of the prototypes because of the 

relative ease with which it was possible to program using 

Java sockets.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7a: The tracker architecture. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7b: The sync-client architecture. 

 

The Eclipse IDE [27] was the main development 

environment, and the development was done on an HP 

ProBook 4330s [23] computer (Intel core i3, 4GB RAM). 

Software construction started at pseudo code level and 

was scaled up to modules. Figure 7a and 7b show the 

modules that make up our implementation, the JarSync 

and the JarSyncPlugIn modules implement a 

synchronization protocol similar to the Rsync protocol to 

an extent that is satisfactory for experimental purpose. It 

took about one week to complete an iteration, after five 

iterations it was possible to test the prototype. An initial 

test was carried out on the HP laptop computer on which 

the prototype was developed. The results show that our 

prototype took less than half a second to start up, several 

bugs were noticed and subsequent debugging reduced the 

number of blocking bugs to an acceptable level. Two 

executable jar files were created from the project and 

named “tracker” and sync-client” accordingly. Following 

this, they were copied unto the production environment – 

2 Dell Vostro 200 [24] (Intel Core2D 2.2GHZ, 4GB 

RAM, Gigabit LAN, 250GB HDD, Windows 7 

professional).   

 
5.2. Experimental setup 

The main purpose of our experiment is to test the 

hypothesis stated in italics in section 1. To this end, we 

deployed 2 desktop computers and a laptop computer to 

set up the experiment in a real local network environment. 

Two D-link DIR 615 D1 [22] routers were erased and 

installed with the DD-WRT [20] firmware. This firmware 

provides a powerful functionality for internet traffic 

measurement as well as a very good way to configure the 

router to emulate a LAN on the 4 switch ports that are 

provided with it. It was imperative to replicate the 

network topology of User-A in section 2. One way of 

doing this is to configure one of DD-WRT firmware fitted 

D-link routers as a router, and the other configured as a 

switch. The WAN port of the router was connected to one 

of the switch ports while the ISP modem (Gateway) was 

connected to another free port of the switch. The 

computer on which the tracker would be deployed was 

connected to the third free port of the switch, while the 

other two computers on which the sync-client would 

execute were connected to the free LAN ports of the 

router. Figure 8 below illustrates the physical network 

that was constructed in the experiment.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: The LAN based experiment environment. 
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5.3. Experimental Design 

”The basic intent of an experiment is to test the impact of 

a treatment or an intervention on an outcome, while 

controlling all other factors that might influence the 

outcome” [17].  The first step in this experiment was to 

identify all factors, dependent and independent variables 

[21], and ensure that the treatment is applied only to one 

dependent variable at a time, while all other variables are 

controlled or held constant during the experimentation 

process. Thus, we stand to increase the validity of this 

experiment by ensuring that some essential considerations 

were made. In this experiment, we intend to collect data 

by measuring the incoming and outgoing network traffic 

passing through a local network; therefore we must strive 

to ensure that only the file data that is of interest is being 

transmitted across the network at the time of conducting 

this experiment. While we acknowledge that this is very 

difficult to achieve, anomalies due to this variable can be 

kept to the barest minimum by turning off the automatic 

updates on Windows OS.  During the experimental design 

we give cognizance to the aforementioned considerations, 

thus we identify various factors and variables as follows:  

 Other internet traffic that does not originate from 

the file data. 

 The network topology. 

 Size of file used in the experiment. 

 The synchronizing application 

To further maximize the validity of this experiment [17], 

these variables – other internet traffic that does not 

originate from the file data, the network topology, size of 

file used in the experiment have been held constant. The 

experiment was conducted using the physical network set-

up shown on Figure 8. The set-up provides for a way to 

replicate the network topology of User-A’s file 

synchronization service that was described on section 1. 

We intend to consider only the network traffic that is 

directed in and out of Router1, since this represents User-

A’s local network. The computer acting as the server has 

been connected through a switch to the WAN port of 

Router1; hence all traffic to this server passes through 

Router1 and can be easily measured. This is the same 

when the drop box application is used to synchronize 

between PC1 and PC2, all traffic as a result of the 

synchronization operation are also directed in and out of 

the WAN port of Router1and can be measured.  

 

During each step of the experiment, the file size is held 

constant and a comparison between our implementation 

and the drop box application can only be done on fixed 

file sizes. That is to say that, we will only compare the 

traffic for the same file size, although varying file sizes 

shall be used. With the above mentioned in mind, the 

variable – the synchronizing application, must be varied 

in order to test its impact on the internet traffic and 

bandwidth usage during a file synchronization process. At 

first, the drop box application shall be used and data shall 

be collected, then our implementation shall be used after 

this. This study mainly seeks to check the impact of this 

change during the experiment.   

 

In conducting this experiment the following materials and 

resources where used: 2 D-link DIR 615 routers [22] that 

are installed with the DD-WRT firmware [20], 1 HP 

ProBook 4330s laptop Computer [23], 2 Dell Vostro 200 

desktop Computers [24], 5 Ethernet straight through 

cables. The software resources includes: the Eclipse IDE 

[27], IBM SPSS, Windows 7 OS, and Microsoft Office 

2010. This experiment will be conducted by one student 

of the Computer Science Master program and it is 

estimated that it shall take 1 day to complete this 

experiment. 

 
5.4. Experimentation 

The experiment was set-up in the physical network 

environment as shown on Figure 8 above, two D-link 

wireless routers with the DD-WRT firmware [20] were 

configured as explained in the previous section (one 

acting as a switch and the other as a router). An HP 

notebook computer (Processor: Intel Core I3, Memory: 

4GB, OS: Windows 7 professional) was used as the server 

(depicted as SV) in figure 8. The executable jar for our 

protocol implementation for both the tracker and the sync-

client were copied unto the desktop of the HP notebook 

computer. Two Dell Vostro 200 [24] (Intel Core2D 

2.2GHZ, 4GB RAM, Gigabit LAN, 250GB HDD, OS: 

Windows 7 professional) were used as the computers 

connected to the LAN (depicted as PC) on Figure 8. They 

were connected as described in section 5.2. Only the peer 

software was copied unto the two computers connected to 

the LAN port (PC1 and PC2). With the network now 

setup as shown on Figure 8, the two computers marked 

PC were installed with the drop box software, and a sync 

folder was chosen. The drop box client was started and 

signed into using the same user name.  

As earlier stated, the primary motive of this experiment is 

to test the impact of utilizing the implemented prototype 

on the network traffic passing through the WAN port of 

Router1 in our set-up. Therefore, this study assumes the 

drop box file synchronization client as the standard, and 

we shall collect data at first with drop box after which we 

shall compare with the values obtained by using our 

prototype. Before conducting this experiment it was 

important to open the web interface (IP: 192.168.1.1) of 

the DDWRT firmware in-order to reset the router – this is 

important so as to reset the bandwidth usage to zero 

before starting the experiment.   

At first, a 1MB file was placed in the drop box folder and 

after a few seconds it was observed that the second 

computer was downloading this file. After both computers 

were at sync, the network traffic in Kilobytes was 

recorded from the interface of Router1. This same process 

was repeated for files of 5MB, 10MB, 15MB and 20MB 

and the corresponding incoming and outgoing traffic was 

recorded on an excel file. 

In the next step of the experiment, a sync folder was 

manually created on the desktops of the two computers 

connected to the LAN ports of router1 (PC1 and PC2), 
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both folders were named identical. A sync folder was also 

created on the desktop of the laptop computer 

representing the server. The tracker software was started 

by double clicking on the “tracker.jar” file. After this, the 

same 1MB file that was use above was placed in the sync 

directory of one of the computers connected to the LAN 

ports. The sync-client software was started at the other 

computer connected to the LAN port and the sync folder 

was chosen as the newly created folder as well. On the 

computer hosting the 1MB file the sync-client software 

was started and the sync folder chosen accordingly. 

Following this, the auto sync option on our sync-client 

user interface was selected. After a while the 1MB file 

was noticed to have been propagated to the second 

computer (PC1) and the server (SV). The web interface of 

Router1 was inspected for the incoming and outgoing 

traffic and these were recorded accordingly. This process 

was repeated for file sizes 5MB, 10MB, 15MB and 

20MB. It is important to mention that the same files that 

were used for the first step of this experiment were each 

used for the second step. For clarity, this experimental 

sequence is illustrated on Figure 9 below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: The experimentation sequence.  

 

6. Results and Analysis 
Section 4 explains and motivates the chosen research 

methods; section 5 provides an insight into the evaluation 

process in this study. In this section, we present the result 

of our findings. Earlier parts of this paper explain that it is 

imperative to experiment in order to evaluate and 

compare our proposed solution with a pre-existing 

solution. This is important in order to precisely determine 

if our solution satisfies the objectives for which it was 

designed. To this end, the experiment was set-up in 

accordance with the description provided in section 5.  

 

The experimentation commenced with the drop box client 

at first. Varying file sizes were placed in the drop box 

sync folder. At first, we placed a 1MB mp4 file in the 

Drop box Sync folder, in a short while the second 

computer in the LAN started to download the file. The 

DD-WRT router web interface was checked for the total 

internet traffic as soon as the download was done, the 

results were recorded and the interface was reset. A 5 MB 

file was used next and the experiment was carried out as 

earlier described. A 10MB file, followed by a 15MB file 

and finally a 20MB file were placed in the drop box sync 

folder afterwards and the results were collected in like 

manner. Figure 9 above illustrates this research sequence.  

 

The data collected from the step above quantifies the 

amount of internet traffic that has been incurred on the 

user’s local network due to the drop box application. In 

order to determine how our protocol implementation 

impacts on the internet traffic, this experiment was 

repeated using the sync-client software as the 

synchronizing client. As shown on the later parts of 

Figure 9, the experiment continued in the same sequence 

but using the sync-client software as the synchronization 

agent. Data was collected and recorded accordingly. 

Table 2 below shows the file size against the internet 

traffic for the results obtained during this experiment. 

 
TABLE 2 TOTAL INTERNET TRAFFIC DUE TO DROP BOX AND 

SYNC-CLIENT. 

File Size (KB) Total Network 

traffic(kB) due to 

Drop Box 

Total Network 

traffic (kB) due to 

Sync-client 

1 216 3247 - 

5 329 13909 - 

10 014 16317 - 

15 199 18307 - 

20 069 22383 - 

1 216 - 1328 

5 329 - 6417 

10 014 - 11101 

15 199 - 16310 

20 069 - 21175 
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Table 2 above shows the total bandwidth usage for 

different file sizes when the drop box and the sync-client 

were used during the experiment. As shown in Table 2, 

different values for network traffic have been obtained 

with varying file sizes. At a file size of 20MB using the 

drop box application, there was total network traffic of 

22,383 KB. The sync-client implementation was used 

immediately after this. For the 1MB file, data traffic due 

to the sync-client implementation amounts to 1,328 KB. 

In order to observe a pattern in the bandwidth usage due 

to the drop box and the sync-client, we plot a graph of the 

internet traffic against the file size used in the experiment 

as shown on Figure 10a and 10b. As shown on Figure 

10a, a plot for the drop box application shows that the 

slope is much steeper for smaller file sizes. 

 

 

 

 

 

 

 

 

 

 

Figure 10a: A plot of Internet traffic against file size for 

the drop box synchronization experiment. 

 

 

 

 

 

 

 

 

 

 

Figure 10b: A plot of Internet traffic against file size for 

the Sync-Client synchronization experiment. 

 

We may infer a non-linear correlation between the 

internet traffic and the file sizes for the result obtained 

from the drop box synchronization experiment (Figure 

10a). At smaller file sizes, the amount of file data 

transmitted across the network is almost twice the size of 

the source file; however, this is not the case when the file 

size was increases from 1MB to 15MB. At 15MB the 

amount of file data transmitted was drastically reduced. 

One possible reason for this is that, the data sets used for 

this stage of the experiment has a high degree of 

redundancy and the drop box application applies a 

compression algorithm that takes advantage of this. On 

the other hand, Figure 10b reveals that there is an almost 

linear correlation between the internet traffic and the file 

size for our implementation. At different file sizes our 

protocol produces a network traffic that is almost equal in 

size to the network traffic during synchronization. 

 

Thus we expect a 5 MB file to produce network traffic of 

approximately 5MB. We also expect this to be true at 

greater file sizes since we have obtained a linear graph. 

We may compare the network traffic between the drop 

box synchronization experiment and the sync–client by 

observing various values shown on the table. While 

taking into consideration that no complex compression 

algorithm was used in our implementation, this 

comparison shows that LAPSync imposes less bandwidth 

usage on the LAN at any time.  We argue that a more 

significant bandwidth savings could have been obtained 

by fully incorporating the UNIX Rsync which employs an 

advanced compression algorithm. In order to compare and 

contrast the difference in network traffic to a more 

accurate level, this study presents its results on Figure 11 

using bar charts as shown below. 

 

 

 

 

 

 

 

 

 

 

Figure 11: Comparisons in network traffic between drop 

box and LAPSync. 

Figure 11 above shows the relative bandwidth and 

network traffic between our protocol implementation and 

the drop box application. The file size groups (1, 2, 3, 4, 

5) correspond to the actual file sizes of (1.2, 5.3, 10.0, 

15.1 and 20.0) MB accordingly. It is evident from the 

chart that there is reduced bandwidth and internet traffic 

on the protocol bar chart which is marked blue. This 

means that, at all file sizes our protocol implementation 

transmits less file data across the network. This study set 

out to provide for a better approach towards remote file 

synchronization in such a way that file synchronization is 

done with a reduced bandwidth cost imposed on the users 

local network at all times, the result in Figure 11 above 

shows that this objective has been achieved under the 

boundaries of the problem described on section1.  
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7. Related work and discussion 
File synchronization problems are not limited to the 

problems described in section 1; we may identify several 

scenarios in which file synchronization problems occur.  

According to Irkman et al [7], file synchronization 

problems occur in many application scenarios which 

include web site mirroring, file systems backup, 

replication, and web access over slow links. Remote file 

synchronization problems have been examined under 

different context in the past. Several authors have 

emerged with a variety of solutions on how file 

synchronization may be improved. However, these 

authors explore and provision a solution to this problem 

from very unique perspectives.  

 

Gupta et al [9], describe the existing file synchronization 

approaches and provide a classification into two major 

categories – the single-round and multi-round protocols. 

They highlight that single-round protocols are better 

applicable in scenarios involving small files and large 

network latencies (for example web access over slow 

links). They elucidate that the best known single-round 

protocol is the algorithm employed in the widely used 

Rsync open-source tool [8] for synchronizing file systems 

across computers. They also argue that in the case of 

larger files and slower networks, it may be a better 

approach to use multiple rounds to minimize 

communication costs. In their work, Gupta et al contribute 

to this area by discussing the remote file synchronization 

protocols and comparing their performance using 

different data sets.  

 

Irkman et al [7], explores single-round protocols that offer 

significant improvements over Rsync. Their main 

contribution is a new approach towards file 

synchronization based on the use of erasure codes. And 

by using this approach, they design a single-round 

protocol that is more efficient with respect to measures of 

file distance. 

 

Hao et al [12], in their work study single-round 

synchronization techniques that are able to achieve 

savings in bandwidth consumption while preserving many 

of the advantages of the Rsync approach. They propose a 

new and simple algorithm for file synchronization based 

on set reconciliation techniques. They experiment and 

their results on a variety of data sets show that their 

suggested approach provides a significant benefit over 

Rsync in respect of data sets possessing a high degree of 

redundancy between the versions. 

 

Wang et al [25], present an improved file synchronization 

algorithm (ARDC) which is based on the famous RDC 

algorithm. The RDC algorithm is applicable for optimized 

synchronization by providing for a means for clients to 

split files into chunks and compute checksums (such as 

MD5) for each chunk. And by comparing the checksums, 

a differential file between the new and old files is 

obtained; this file is used to rebuild the new file on remote 

host [25].  

Zhang et al [26], argue that only naive file 

synchronization requires that the whole file be transmitted 

over the network during a sync operation to the sources 

requesting the sync operation. This practice leads to a 

massive waste of bandwidth and an unnecessary delay in 

propagating the updates. They propose a method called 

HadoopRsync [26], which is based on the Rsync protocol 

and is capable of performing an incremental update of 

files instead of transmitting the entire files. 

 

This study gives full cognizance to the successful 

contributions above. Many of these approaches make 

outstanding contributions, they provide for an 

improvement in file synchronization problems. However, 

none of these approaches have explored the file 

synchronization problem from the perspective discussed 

in section 1 of this paper. Therefore, this paper makes a 

contribution to this area of concern in a unique way. We 

introduce a new file synchronization protocol (LAPSync) 

and utilize our protocol to implement a new file 

synchronization model known as the hierarchical 

synchronization model. When applied to FSS, our model 

means that file data is only transmitted over a user’s local 

network only once – thereby offering a unique way for 

achieving savings in bandwidth consumption. 
 

8. Conclusion 
Commercial FSS providers deploy synchronization 

protocols that may impose a high bandwidth cost on a 

user’s network. During a synchronization operation, file 

data might unnecessarily be transmitted from the user’s 

network to a remote server and from this remote server 

back to the user’s network. This study is positioned on 

providing an alternative file synchronization protocol that 

offers a reduction in bandwidth cost by ensuring that file 

data is transmitted between the local network and the 

server only once. In this study, we introduce a new file 

synchronization protocol known as LAPSync (a location-

aware protocol for remote file synchronization). We also 

propose a synchronization model towards FSS known as 

the hierarchical synchronization model, by utilizing the 

LAPSync protocol. LAPSync relies on the strict 

assumption that geographical closeness means routing 

closeness; hence this proposal is only valid when this 

assumption holds true. Notwithstanding this, LAPSync is 

reliable under the stated assumption in the sense that two 

closer clients will always appear next to one another on 

the hierarchical network map. 

 

We evaluate the bandwidth savings due to our proposal 

by implementing LAPSync into a prototype and 

comparing with the drop box synchronization client. 

During our experiment, different data sets were placed on 

only one computer in the network and propagated to the 

other targets. The results obtained show that LAPSync 

offers a 59.2% reduction in bandwidth cost for data sets 

less than 5MB, but our evaluations also reveal that this 

reduction narrows to about 5.5% when larger data sets (of 

more than 15MB) were used in the comparison. We have 

also compared the behavior of LAPSync with the drop 
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box synchronization client by obtaining a plot of internet 

traffic against file size for both implementations. But, this 

comparison is contrary to expectations. Since drop box 

transmits file data over the local network twice, we would 

expect that it produces an internet traffic that is twice the 

file size for all file sizes. One possible explanation to this 

is that drop box synchronization client compresses files 

before they are sent over the network. For data sets with a 

high degree of redundancy, the drop box synchronization 

client takes advantage of this to achieve a higher 

compression ratio than LAPSync, hence, drop box 

produces an unexpected network traffic at very large data 

sets. Therefore, this study concludes that LAPSync offers 

a reduction in bandwidth cost incurred on a user’s 

network during synchronization, but this reduction 

narrows with larger data sets that have a high degree of 

redundancy.  

 
9. Future work 
In this paper, our implementation relies on JarSync [13], 

which is a partial Java implementation of the RSync 

protocol. Although this study has obtained the desired 

results, we acknowledge that a better implementation 

would have provided a stronger contribution to this area. 

Therefore, we suggest that further work be done in the 

implementation and experimentation using the RSync 

utility that is shipped with most UNIX operation systems. 

 We also suggest that a variety of file types and a wider 

range of file sizes be used in conducting the experiment. 

For example, PDFs, Word document, and ISO files of 

sizes ranging from 1KB to 10GB could be used. The 

network measurement technique can also be improved 

and made more accurate by using other tools that offer 

precision to a higher level. Finally, it is possible to infer 

from Figure 10a that the drop box application may not 

impose the same network traffic as it does at very large 

file sizes, this area is also open to exploration by utilizing 

data sets such as compressed and zipped files. 
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