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Abstract  
This report describes a bachelor thesis performed at Xcerion for their subsidiary CloudMe. CloudMe 

has a service for cloud computing which makes your files accessible from anywhere, anytime. 

Cloud computing is addressed to both business and ordinary home users. With the ability to store 

important documents or family photos in the cloud other important subjects can be focused on. A 

cloud can in short be described as a metaphor for the internet and with the growing server houses and 

accessibility of cloud computing the need for USB-sticks (Universal Serial Bus) and hard drives are 

slowly fading away. 

CloudMe today offers several different services to access the cloud from a number of devices which 

includes smartphones, a web-browser and the home computer. This thesis work is about upgrading and 

improving their desktop application, Easy Upload. Easy Upload makes it possible to back-up several 

folders to the cloud but with the only option of uploading files and folders. Only uploading files to the 

cloud makes the application very restricted and lacking of an important feature, downloading from the 

cloud. Designing this new feature resulted in four different synchronization options;  

Upload, Download, Bidirectional and Hotsync, each configurable for every connected folder. 

With these options a user is offered the possibility to choose which synchronization best to use for the 

task in hand. The ability to choose, and configure, any folder on your computer opens up the 

restrictions which several large cloud computing services has today with one specific folder for the 

entire cloud. To ease the access and the understanding of these new synchronization options, a 

complete redesign of the user interface was developed. 

The name Easy Upload could no longer be associated with this application and therefore Easy Upload 

was renamed to suit the new functionality of the application and bring it closer to the association with 

the company CloudMe. When this thesis work was completed Easy Upload was considered 

to be the predecessor of CloudMe Sync. 

Keywords: CloudMe, CloudMe Sync, Easy Upload, cloud computing, cloud Storage, Synchronization. 
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1. Introduction 

1.1 Background 

This thesis work was done at the company Xcerion but the actual work was implemented for their 

subsidiary called CloudMe. CloudMe provides a service for storing and sharing information on a 

cloud which make a user’s files available from anywhere, anytime. Besides availability through a web 

interface this cloud service is also available on a number of devices including iPhone, Android phones 

and desktop computers, with the last discussed in this paper.  

The desktop solution includes two different applications, WebDAV (Web Distributed Authoring and 

Versioning) [1] and EasyUpload. WebDAV exists for the advanced user experience with properties 

and features very similar to the web interface where Easy Upload instead is addressing the ordinary 

users. The purpose of Easy Upload is to manage uploading from a specific folder on a user’s local 

hard drive to a folder in the CloudMe storage service with an easy to use interface. For an ordinary 

user, without any great computer knowledge, the WebDAV interface was too advanced and the Easy 

Upload application left much to desire with only an upload option. What if the user wants his or hers 

files downloaded as well without all the extra trouble coming with WebDAV? The background of this 

thesis work is exactly that question included with another objective, user friendliness. In an easy way 

provide with one application which handles everything that a user could possible need.  

With both upload and download together with a user friendly interface this application would provide 

a service which everyone could use, whether they are advanced or ordinary home users. 

Synchronization between the cloud and users local computers should leave no questions unanswered 

and an application named CloudMe Sync were opted for development. 

1.2 Purpose 

The main purpose of this thesis work was to improve the old application Easy Upload with new 

synchronizing capabilities, improving the user interface and in the end have a launch-ready 

application. To extract further goals a paragraph were extracted from the original thesis work 

description that Xcerion provided, see quotation below. 

The thesis work will be about creating a user interface metaphor for Easy Upload, making it easy 

to understand that the original will be in the cloud and all versions of a file on local computers hard 

drives are copies. It will also be about simplifying the user experience, but keeping an edge to 

competition with the capabilities of syncing multiple user specified folders. An investigation of all 

cases of conflicts and how these will be resolved (automatically versus questions asked to the 

users) is also needed. This also needs to easily articulate to the users of Easy Upload. The work 

will build on the already available Easy Upload client and be about improving its user interface to 

complete the prototype with syncing capabilities into a launch-ready, tested and completed version. 

The following goals were then extracted from the quotation above: 

 Improve the interface to make it easier for users to understand the policy of cloud storing 

 Investigation of how conflicts could be handled in different synchronization options. 

 Develop an application with synchronizing capabilities that is launch-ready. 
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1.3 Methods 

1.3.1 Overview 

Today most companies working with computer science use some kind of agile development method to 

work more efficiently. At first, in the beginning of this thesis work, a research started to find out if 

learning an agile development method like Scrum [2] would be beneficial in this thesis work. After 

some investigation it stood clear that using an agile development method on a group of two people 

who would most likely do the programming together would be more time consuming than beneficial 

for the purpose of this thesis work. Even though this would be a larger project a decision was made to 

not use any kind of agile development method like Scrum but instead try to follow the thesis work 

plan as much as possible.  

1.3.2 Thesis Planning 

At the beginning of this thesis work a plan of how the work was supposed to proceed was developed. 

This plan included the problems that were addressed at the time. Figure 1 shows the planned time 

spans for each step of this thesis work.  

 
Figure 1 Timeline 

Due to the fact that some necessary code only existed in an older version than the released one a 

merging of those two was required. The merging part then consisted of getting a basic understanding 

of the code, investigating and identifying functions needed to be merged and implement the necessary 

methods into the present one. After this an investigation had to be made that the application hadn’t 

taken any damage of the merge. At the end of this week if time was available, starting the 

investigation of conflict handling should begin. 

The implementation part was to further investigate conflict situations and to implement appropriate 

conflict handling. After the implementation of all the conflict handling the GUI (Graphical User 

Interface) were supposed to be implemented. At the end of this thesis work time was reserved for 

testing.  

When the testing part was finished the application should be launch-ready with syncing capabilities. 

After that the report writing was supposed to begin. It was soon realized that the plan had many flaws, 

which are later discussed in chapter 6.  
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2. Theory 

2.1 Qt Platform 

Qt is a development tool used by developers around the world and is widely known for being platform 

independent with tools to help programming for a desktop computer as well as Symbian devices.  Qt is 

open source which makes it possible for anyone to use and distribute applications developed with Qt 

tools. The great possibility with Qt platform is that a developer can build innovative and user friendly 

applications once and then deploy on all major desktops, with no extra code necessary [3].  

In our case focus is on the desktop application development with help of the C++ cross-platform IDE 

(Integrated Development Environment) Qt Creator [4], which is found in the Qt SDK (Software 

Development Kit) [5].   

2.1.2 Signal and Slots 

Communicating between objects isn’t always so straight forward but with signal and slots Qt 

framework offers an easy to implement way for objects to communicate, these signals are widely used 

across the framework [6]. A signal is exactly as stated a signal which is emitted whenever an object 

needs to communicate with another object. This is one of the more important functions of the SDK. 

The beauty of signal and slots is that saving pointers to objects and having different callback methods 

aren’t required in the large scale otherwise necessary working with other frameworks.  

A slot is an ordinary C++ function with the extra capability of being connected to a signal. 

These connections have no scale limit which makes it possible to connect a signal to unlimited 

amount of slots at the same time and vice versa [6]. It’s also possible to connect two signals to 

each other. With signal to signal connection the connected signal emits at the exact same time as 

the other connected signal. The class that emits the signal has no knowledge about which slots 

will be woken and it doesn’t care; this is really the beauty of signals and slots. 

A lot of signals are defined by the Qt framework and is emitted when an event occurs, for 

example when a user clicks a button in the GUI a click event is sent and the connected signal is 

emitted. The signal can be connected manually to any defined slot.  

2.1.3 Network Access Manager 

To be able to connect an application to a remote servers some kind of network management is 

necessary. Handling network requests and responses over the internet is critical for applications 

dealing with a remote server, and to implement this within the Easy Upload application, Qt has a built 

in network manager called QNetworkAccessManager [7], which handles network requests and 

responses platform independently. All responses include an object which holds the information replied 

by the server. The requests are sent using HTTP protocols POST and GET [8], and the 

QNetworkAccessManager can handle up to six requests in parallel. 

2.1.4 File System Watcher 

To be able to listen to live modifications locally on file systems Qt has a built in class, 

QFileSystemWatcher [9], which is included in the Qt SDK. Unfortunately some restrictions are 

present. A file watcher has one purpose, and that is to notify the application whenever modifications 

are done within a folder or of a file. For example, when a text document is modified and saved, the file 

watcher emits a signal which notifies the connected slot that something has occurred, and that 

notification includes a path to the modified file or folder.  
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For a file or folder to be handled by the file watcher they have to be added to the 

QFileSystemWatcher’s listening queues, these queues are divided between files and folders.  

Notifications are a bit limited. Listening to folders only give notifications whenever a file, or folder, is 

added, deleted or renamed. For modification of files to be handled, the specific files have to be added 

as well. Unfortunately the QFileSystemWatcher only replies with a path to the modified file or folder, 

no information about what occurred in the file or a folder are replied.  

2.2 SOAP - Simple Object Access Protocol 

Except for the network manager a protocol to encapsulate the messages and define them correctly is 

necessary. The communication between a client and a remote server can be implemented in several 

different ways, with a few different protocols. One of these protocols is called SOAP (Simple Object 

Access Protocol) and acts as a person asking a question requiring an answer. A SOAP question is built 

on XML (eXtensible Markus Language) [10] which are structured as several layers upon each other 

with a structure very similar to an ordinary folder tree, with parents and child nodes. A basic XML 

structure can be viewed in figure 2. 

 

Figure 2 XML Message 

For this message to be transferred correctly something more than just this XML structure is required, 

and there’s here where SOAP is used. SOAP packages the XML message inside an envelope, very 

much like an ordinary envelope, includes the headers required by the server, and transports the 

message between a client and a web service. The headers include information the requesting client and 

any other information required for the specified request to be transferred to the correct host. 

A SOAP envelope can be transported over any protocol [11], HTTP is one of them and is used in this 

applications. SOAP is also language and platform independent which makes it very usable when 

working with Qt, figure 3 describes a simple SOAP message. 

 

Figure 3 SOAP envelope and message [12] 

2.3 API - Application Programming Interface 

An API [13] is a way of giving external applications the ability to use system functionality and access 

remote data. It makes it easier for the system owner to control and know what is being used within the 

system. APIs makes the system more structured and are very often platform independent.  
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2.4 Cloud Computing 

When talking about the technical term cloud, you can describe it as a network of servers that is 

accessible on the internet. Cloud computing is a part of that cloud system and handles everything with 

storage of files and folders. The main part is that a user uploads his or her files to a server or several 

connected servers under someone else’s control [14]. When storing files in the cloud it makes them 

accessible from anywhere, anytime which is the main object of cloud computing.  

A major benefit of using cloud computing is that businesses and regular users don’t have to worry 

about security, backups and other problems, but can instead focus on other parts of the business.  

2.5 Design Patterns 

A design pattern is a template or design example for how to solve different software architectural 

problems. It is not a finished template with objects and classes but is actually just a help for how to 

solve a common design problem that often occurs in object-oriented programming [15].  

For an inexperienced programmer it’s very easy to fall back on non-pattern designing with functions 

and methods easy and knowable to the programmer. When creating large software the availability of 

having reusable designs could make a great deal to the result of a project. A reusable software design 

means that the underlying modularity is already created but with the functionality of the modules up 

for change. Design patterns were widely used within the earlier versions of the application and were 

always discussed when designing new functionality for this thesis work. 

2.6 Threading 

An important issue for a GUI system is the interaction between the application and the user. Therefore 

it’s very important that the application always shows what is happening. For this to be possible 

threading is implemented, also called multitasking [16]. Because Qt framework builds the interface 

interaction on the main thread, the only thread that can explicitly change the GUI, it’s very important 

not to overload that thread.   

Because of the large calculations being done within this application, threading became an important 

feature and a very much required one. In Qt, threading is used platform independently with the method 

QThread [17].  
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3. Pre-study 
Before the design and implementation of the application was possible to start a few things required 

more investigation, these parts are covered in this chapter. The reason for these upcoming 

investigations is with association to the three goals that was concluded from the introduction part, 

chapter 1.2. 

3.1 Merging of Codes 

Because the existing code implemented for download compatibility were developed in an earlier 

version, than the released version of Easy Upload, an investigation about how much they differed was 

required before a merge of the necessary codes could be completed. The result of the investigation was 

that the newest version of Easy Upload lacked the ability to download completely. 

After the investigation, about what differed between the two codes, a search for all functions and 

classes required for the download functionality started. This was done step by step by testing and 

debugging the different methods, and when the required code was located the merging begun. After 

the download functionality had been included to the current Easy Upload code some testing had to be 

done to see so no other functions had taken damage of the merge, and that a user now could do both an 

upload and download. The conclusion of the testing was that the download compatibility worked as 

expected, lacking a few help functions which were to be implemented later, and the merging phase 

was considered to be done. 

3.2 Investigation of Synchronization Methods 
When the merge phase was deemed successful a new investigation started to understand what kind of 

synchronization methods was possible. With both upload and download functionality existing and 

working separately the investigation focused on how these two worked together. The investigation 

concluded that the two worked better separately than together, some improvements and fixes were 

necessary to be implemented for the new functionality with both uploading and downloading at the 

same time to work correctly. There wasn’t until the arrival of the design specification for the GUI an 

understanding that this wasn’t the only new method that was to be implemented, see chapter 4.1.4. 

3.3 Investigation of Conflict Resolving 

Conflicts could happen during upload and with the new download capability more conflicts, than 

previously implemented for uploading, were possible. A big part of this thesis work was about how to 

resolve these conflicts with a minimal data-loss policy. The old application, which only had an upload 

function, had a manual resolving of the conflicts. Now when the ability to do bidirectional 

synchronization existed, an investigation was completed to decide if a user would want a more 

automatic way of solving conflicts. The investigation was to compare several cloud storage services to 

find out what was an “ordinary” way of solving conflicts. After the investigation it stood clear that the 

solution was to lower manual interaction with the user, make it more automatic and always use a 

backup alternative. It wasn’t until later that it was decided to give the user a possibility to choose 

between three different conflict options, more about this is in chapter 5, design and implementation. 

With this investigation completed, the conflict resolving phase was considered to be done. 

3.4 Improvement of User Interface 
Except for the back-end, described as the layer between the graphical interface and the cloud server, 

implementation of this thesis work some front-end, described as the graphical interface in this thesis 

work, implementing was supposed to be completed. At first the implementation of the new interface 

was postponed due to not having a design specification for the GUI to follow. The specification didn’t 
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arrive until at the middle of the thesis work and at that time the implementation had already begun. 

When the design specification for the GUI finally came a problem arose, the improvements were so 

great that a complete remake of the user interface was required, giving the planning a big time gap. 

The new specifications weren’t accounted for but after some discussion a decision to follow through 

with the new design was made, even if more time than previously set for this part was necessary.  

3.5 Conclusion of Pre-study 

The conclusion of the pre-study was that even though some parts needed more investigation a good 

base was built for the continuing of the thesis work. A few minor questions were still unanswered but 

with the most important investigations completed the implementation could begin. 
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4. Design and Implementation 
This chapter presents the main structure of the CloudMe Sync application and focuses on the most 

important classes. The complexity of this application increased a lot during this thesis work and 

therefore the focus will lie on explaining the most important functionalities the foundation is built on, 

starting with the system architecture below.  

4.1 Overview 

4.1.1 System Architecture  

The architectural design was already structured when this thesis work started. This thesis work 

required an upgrade of the architectural design with a few new classes but the main design stayed the 

same. There are three important classes which will be handled in this thesis paper. Those are 

SyncModel, CloudMeUnthreaded and the SyncManager class, figure 4 shows the connection of these 

classes. 

 

Figure 4 Main classes 

SyncModel class handles everything associated with the synchronization process, the 

CloudmeUnthreaded class, handles everything involving networking, and the SyncManager class 

handling everything in between. 

CloudMe sync and its predecessor Easy Upload are built using GUI design which basically means that 

there is one main class, the SyncManager, managing the interaction between the user interface and the 

back-end objects. SyncManager divides the work onto the objects necessary for the given task to be 

completed. The tasks to be done are, when necessary, divided into several threads to keep the main 

thread open for user interaction. 

Because interaction between user interface and main class, the SyncManager, is handled through the 

main thread of the application it’s very important not to overload that thread. All the other large 

calculations are therefore divided into threads that can work in parallel with the main thread. 

4.1.2 Folder Structure 

In order to keep track of which folders that are to be synchronized between the cloud server and the 

user’s client, the former developers of the application designed a folder structure called a SyncFolder. 

The SyncFolder holds all information necessary to keep track of the connection between the chosen 

folder in the cloud and the user’s local folder of choice. It works as a link between the cloud and the 

client. The SyncFolder class was already implemented to handle information about the directory path 

to the chosen folder, folder name and directory path in the cloud but because of the fact that more 

synchronization options were possible, more information was required to be stored. The new 
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information included which kind of synchronization type the folder has and what type of conflict 

handling the folder has. The structure of a SyncFolder can be seen in figure 5. 

  

Figure 5 SyncFolder hierarchy 

A SyncFolder keeps track of all necessary information about which kind of settings the folder has 

including which synchronization option, more about this in chapter 4.1.4, the user has chosen. To keep 

track of all information about the connected folders, both in the cloud and on the local computer, three 

different Snapshot objects are created, Local Snapshot, Remote Snapshot and Old Snapshot. 

 Local Snapshot has up to date information about the local files and folders. 

 Remote Snapshot has up to date information about the files and folders in the cloud. 

 Old Snapshot has information about the files and folders and how they were modified in the 

previous synchronization, on both sides. 

 

These three objects keeps check of what happened in this and the last synchronization. The Local and 

Remote Snapshot is updated every time synchronization occurs and the Old Snapshot keeps track of 

what happened in the previous synchronization. The Snapshots only keep information necessary for 

the files and folders in the connected folders, how the application use this information is explained in 

chapter 4.2 – 4.3. 

Every file and folder in a SyncFolder including the root folder itself is saved as an individual 

SnapshotEntry which differs depending on if it’s a file or a folder. A SnapshotEntry consist of data 

about the file or folder including path to root folder, checksum value and if it’s a file of folder. The 

entry keeps control of all children it has (only folders has children), as well as information about its 

parent. This way it’s easy to rename an entry without interrupting the path from a subfolder or file to 

the root folder.  

4.1.3 Identifiers of Files and Folders 

Because every file and folder has three SnapshotEntries, one in every Snapshot, an identification of 

some kind is required to be able to connect them. The cloud server uses a unique identification within 

the server for all files and their destination, i.e. the parent folder. These identifications are available 
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and give a connection between the old Snapshot and the remote Snapshot. On the local side there 

wasn’t any useful method to get a unique identity through the platform-independent methods in Qt. 

Because the operating system makes it impossible to have the same name for two files in the same 

folder a possible solution was found. The use of a files name with the last modification date and size 

was set as identifiers for files on the local side. If these didn’t match the possibility of using a 

checksum as an extra identifier existed for files [18], see figure 6. For folders the identifiers were the 

name of a folder and the creation time for that folder. 

  

Figure 6 Identifiers 

4.1.4 Synchronization Methods 

In order to understand the rest of the chapter an introduction of the three different synchronization 

methods that are used in this application is needed. The three methods is the ordinary synchronization 

method, the drop synchronization method and the hotsync synchronization method. 

The ordinary synchronization method contains of three different synchronization types which is the 

Download, Upload and the Bidirectional synchronization type: 

 The Upload synchronization type uploads files and folder in the folder that the user has chosen 

as a SyncFolder to the cloud server.  

 The Download synchronization type downloads files and folders from the cloud to the user’s 

client.  

 The Bidirectional synchronization type is both upload and downloads at the same time. It 

uploads and downloads files and folders between the user’s client and the cloud server. In 

order to start an ordinary synchronization the user first need to connect a folder on the client 

and one in the cloud server. When the user has connected two folders the user now have a 

SyncFolder. With a SyncFolder the user now has the ability to use and start an ordinary 

synchronization with the “Sync Now”- button that has appeared in the tool menu and in the 

applications main window. 

The drop synchronization method gives the user the ability to instantly upload files and folders. The 

files and folders get uploaded to the Documents folder in the users cloud.  To start a Drop to CloudMe 

a user simply drops some files/folders on the “Drop surface” that the application has in its main 

window. 

The hotsync synchronization method is the hotsync method. Hotsync almost works as bidirectional 

synchronization. The difference is that a hotsync synchronizes in real-time. Every time a user makes a 
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change in the cloud folder or on the user’s client folder that the user has chosen as a hotsync folder, 

synchronization will automatically start and synchronize the files and folders that have been changed. 

4.1.5 Synchronization Models 

For all the different methods to work in somewhat parallel a design was needed. The application 

previously encapsulated all synchronization functionality into one model. Due to the fact that the 

previous version, Easy Upload, only had one synchronization type no more models were needed. 

When expanding the model to work with the three different synchronization methods a complete 

redesign of the model was needed. Investigation showed that a lot of functions could be used over by 

all the models, but some needed complete reevaluation depending on which synchronization method 

the model was targeting. 

Thinking in perspective of object-oriented programming the design methods of different design 

patterns were evaluated. Out of the properties from the investigation some similarities to the Strategy 

pattern [19] could be noticed but weren’t sufficient so the end model was an ordinary heritage, see 

figure 7. 

  

Figure 7 SyncModel UML diagram 

The base class, SyncModel, handles all public interaction and then relates the work to the correct 

subclass for the task at hand. This means that all interaction from the SyncManager, or any other class, 

would explicitly be to the SyncModel object and depending on what kind of question is asked the 

correct SyncModel is activated and given the task. 
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4.2 Synchronization Flow 

4.2.1 General 

For an ordinary synchronization to start some interaction between the user and the application is 

required, it could either be that the user activated the scheduler, see chapter 5.6, or by pressing the 

“Sync Now” button in the main window, see chapter 5.3. All the SyncFolders, except for the hotsync 

SyncFolders, are synchronized when this process is activated.  

The synchronization flow starts with loading of the information of all local files and folders, and this 

information is stored in the associated SyncFolders Local Snapshot. After the local loading is 

completed the flow continues with loading of the information of the remote files and folders, this 

information is stored in the associated SyncFolders Remote Snapshot. At this point all the necessary 

information for the active SyncFolder is stored, and this is repeated for each SyncFolder being 

synchronized. 

When all SyncFolders snapshots have been populated with the requiring information the 

synchronization can continue to the analyze method. Each and every SyncFolder goes through the 

analyze method, see chapter 4.3, before continuing to the synchronization process method, see chapter 

4.4. It’s in the synchronization process method were all necessary files are uploaded, downloaded etc. 

When all the SyncFolder has completed its synchronization process a signal is emitted to the 

SyncManager which saves all information about all SyncFolders in a XML configuration file, and this 

concludes the synchronization flow.  

4.2.2 Real-time Synchronization 

In addition to uploading and downloading through interaction with the user an option of real-time 

synchronization were developed, called hotsync. The hotsync synchronization method requires real-

time interaction and another objective was to minimize server calls, because the application itself kept 

track of everything going on at the moment. This was solved with file watchers, one for the local side 

and one for the remote side, see chapter 4.5. 

4.2.3 Drop to CloudMe 

Since the Drop to CloudMe is supposed to be a quick way to upload files without having to do any 

preparing or checking of SyncFolders it’s designed in a different way than the other synchronization 

methods. The drop option is built around a drop surface which is accessible from the main window. 

When a file or folder is dropped on this surface a signal is emitted including the path or paths that 

were dropped. This signal is then handled by the SyncManager which starts the appropriate 

SyncModel for the drop. Files and folders are handled separately but before that happen a fast analysis 

is needed. Because of the policy of CloudMe Sync, nothing should ever be overwritten or deleted 

unless the user chooses so. Therefore a basic conflict analysis was necessary.  

The analyze method for Drop to CloudMe is more basic than for an ordinary synchronization. If a file 

or folder already existed with the specific name the uploading file or folder will be given a unique 

name so nothing is overwritten by accident. The down-side with this is the possibility of duplicate files 

but with the only other option of overwriting this was decided the safest one. A user should never lose 

data unless he or she choose to. 

  



14 

 

 

4.3 Analyze Method 

The main part of the synchronization flow is the analyze part. It’s here where the application decides 

which files and folders should be uploaded, downloaded, renamed and deleted before the actions are 

handled in the synchronization process, see chapter 4.4. The analyze method is very complex, but 

follows a specific pattern so it’s handled correctly for each synchronization phase. It’s divided into 

two larger parts; the differential analysis and the adding of synchronization Items.  

During the pre-study of this thesis work, a lot of time was spent on figuring out how to streamline the 

differential analysis and how to make it as complete as possible. The main purpose of the differential 

analysis is to figure out which files or folders that has been updated since the last synchronization 

process. A large portion of the thesis work included the documentation and expansion of these 

algorithms, including testing and verification to see that all cases were covered and that no files or 

folders were lost. It ended up with 12 different cases that all needed to be accounted for. The previous 

application of Easy Upload, that the thesis is built on, only handled a few of these cases, because of its 

focus on uploading alone. This thesis introduced several new cases due to addition of bidirectional and 

download synchronization. 

After figuring out what needed to be synchronized, the actual implementation of synchronizing items 

needed to be built. A synchronization item is a file or folder with included information about how that 

item should be synchronized, for example an upload or download. The list of synchronization items is 

later used in the synchronization process method where all items are handled, see chapter 4.4. The 

decided two-pass design was chosen because it allowed reuse of capabilities between different 

synchronization modes and also allowed for a clearer and more understandable implementation. 

The algorithms for the differential analysis and adding of synchronization items are discussed in-

depth in the confidential, non-disclosed Appendix A. Appendix A is kept by CloudMe due to its 

confidential contents of the core algorithms of the application. 

4.4 Synchronization Process Method  

Once the analyze method is done all files and folders which is different since the last synchronization 

is queued for processing. The synchronization process method created different requests depending on 

what has changed in each file and folder. Each remote request is handled with the appropriate SOAP 

request to the server, with every local change corrected instantly. 

This process is the same in the hotsync as in the ordinary synchronization but in the Drop to CloudMe 

process we have removed several actions since the application only need to do uploading when a user 

does a drop. 

4.4.1 Conflict Resolving 
A conflicting item is a file or folder which has been changed both at the cloud and on the client 

computer. It could be that two different files have been updated both locally and remotely, without 

being synchronized between the two modifications. When something similar happens a method is 

called to handle the associated conflict depending on which conflict option the user has set for the 

current SyncFolder being synchronized. There are three ways of resolving a conflict, either through 

the default setting which is backup, by overwriting the item, or to simply ignoring the item. 

Conflicts can only happen to files. Folders are merged, except when something is dropped to CloudMe 

where every file and folder is backed up. 
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Backing up conflicting files 
When a backup occurs the file in the cloud server is considered to be the original so the application 

first backups the file on the client computer by renaming the current file to “filename – Backup no x”. 

The backed up file is also set to a ignore state so the file won’t be uploaded again, this is because it’s 

unnecessary to overpopulate the user’s cloud account with backups. If the user wants to upload the file 

again the user simply have to change the name or make a change in the file to remove the ignore state. 

If the synchronization type of a folder is set to upload the file or folder in the cloud will be backed up 

and the opposite on a download. 

Overwriting conflicting files 
If a user has chosen overwrite it will automatically overwrite any file that is conflicting. As previously 

stated the file in the cloud server is always considered to be the original which means that it’s the 

client computer’s file that gets overwritten. If a SyncFolder is set as upload only, the file in the cloud 

will be overwritten. 

Ignoring conflicting files 
Ignore every file that is in a conflicting mode. Neither the local nor the remote file is modified. 

4.5 Real-time Watchers 
File watchers are used to listen for modifications to folders and files on a file system. This 

functionality is very important and is what makes the hotsync model possible in the first place. The 

hotsync model is based and developed from the specifications of the available file system watchers.  

The response of to a file modification is what sets the foundation of the hotsync model structure. The 

local file watcher available was the QFileSystemWatcher, see chapter 2.1.4, and for the remote drive 

listening API, calls was provided from CloudMe. A watcher and a listener have the same purpose, 

which is to send a signal as soon as something has happened in the chosen folder or drives. 

4.5.1 Local File System Watcher 

As stated in chapter 2.1.4 the QFileSystemWatcher has a few limitations which made it impossible to 

get anything other than the path to the modified files and folders. Which modifications had happened 

was impossible to know about without a analyze method. A new class which wrapped the 

QFileSystemWatcher object was created and before sending a signal to SyncManager some checks 

were performed to make sure which SyncFolder the event was associated with, if no SyncFolder was 

found something went wrong and a re-evaluation of the watched folders are done.  

Another method is also called to check if it was in fact the SyncFolder itself which had been removed 

or renamed. If it was a SyncFolder then the local folder is created again before emitting the signal to 

the SyncManager. 

Chosen exception: A removal of a folder which is the root of a local SyncFolder is interpreted as a 

mistake and is handled as described above. 

4.5.2 Remote Drive Listener 

For remote listening there were several options. The cloud service in CloudMe.com provides a few 

API calls which can deal with this. First there’s a folder listener, this listener have to be added to each 

folder in a folder tree. The positive with this is that no unwanted events would occur because the 

watcher only listens to exactly the folders which are needed for a special SyncFolder. The down-side 

is possibly a server overload because of all the required listeners for potentially thousands of user 

folders. 



16 

 

 

The second option, the one used in this thesis work, is a drive listener. The drive listener listens to 

everything that happens on a user’s CloudMe account. The down-side with this is the overhead 

information that might be responded when modifying files or folders which are not actually 

synchronized with the computer. A few tweaks in the drive listener response handler made this 

solution more effective. The positive is also that every instance of the application only needs one 

listener at a time, which equals a lot less load on the server.  

The drive listener response includes all information about the object and which action was taken. 

Files: 

1. The document id 

2. The parent folder id – the folder which the files is placed in 

3. The action – Exactly what happened, added, updated etc. 

4. All metadata for the file [20] 

 

Folders: 

1. The folder id 

2. The parent folder id – the folder which the folder is placed in 

3. The action – Exactly what happened, added, updated etc. 

4. All metadata for the folder [20] 

More about network design in chapter 5.6.  

4.6 Network Architecture 

The network architecture is designed through two classes which are there to handle all network 

requests and API calls to CloudMe. The main method is the CloudmeUnthreaded class which handles 

all requests and responses. Requests are created with a CloudmeRequest object which encapsulates the 

reply associated with that specific request. Within the CloudmeUnthreaded object is the network 

manager which handles all communication directly to the cloud server. The complete count of API 

calls used in this application is thirteen with six of these implemented especially for this thesis work 

by CloudMe, the other seven are used in this thesis work but were available and used in the previous 

version of the application. The structure of the network handling is shown below in figure 8. 

 

Figure 8 Network request and response 

CloudmeUnthreaded handles all requests and responses. The response handlers never modify anything 

surrounding the SyncFolder queue or the structure of a SyncFolder object. All information gathered 

from a request is cached for future use. There is one special cache which is never cleared for all 

hotsync SyncFolders and one cache which is used in the ordinary synchronization process. The cache 

for the ordinary synchronization process is always cleared when synchronization is finished.  
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4.6.2 Request and Response Handlers 

When a request is sent using the QNetworkAccessManager, see chapter 2.1.3, a reply object is 

returned from the POST or GET method. This object will contain all the data which is in the answer 

acquired from the server. The associated request is found through a queuing system where it’s saved 

when sent out. The reply is saved inside that request and with this a connection between a reply and a 

request is built. When the response arrives it’s easy to find the request using the returned reply.  
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5. Graphical User Interface 
Before the implementation of the GUI begun, design specification for the GUI was given from 

CloudMe. The implementation of the GUI followed that specification. A complete remake of the GUI 

was developed for the new version of the application. The most important user interface functionalities 

are explained in this chapter. 

In the main window all functionalities of the application are available. In the top right corner is a 

button to open application settings, see chapter 5.6, and on the left are buttons for all the main 

functionalities, see chapter 5.1-5.5. The main window includes a surface where files and folders can be 

dropped, as explained in chapter 4.2.3; figure 9 shows the main window. 

 

Figure 9 CloudMe Sync, Main window 

All important functionalities are also available from the tray menu, accessed from the CloudMe icon at 

the right side of the taskbar, see figure 10. 

 

Figure 10 Tray menu in taskbar  
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5.1 Login Process 

The login process is done by signing in with a username and a password chosen when registering to 

the CloudMe service. If the application can’t find a computer name after the verification the user also 

has to set a computer name, see figure 11.  

 

Figure 11 Login and name your computer 

The computer name is later used when viewing your devices connected to the CloudMe service from 

for example the iPhone app. Which is why the computed name is required and prompted for during the 

first login. When the computer name has been entered and the continue button is pressed a “Ready for 

CloudMe” dialog is shown before the main application, and all its features, are started, see figure 12. 

 

Figure 12, A Ready for CloudMe dialog is shown at the end of the first login process 
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5.2 Drop to CloudMe 

The drop synchronization method is accessed via the drop surface at the bottom of the main window, 

and will instantly upload files and folders to the cloud service, see chapter 4.1.4.  To use this method, 

files or folders are dragged and dropped onto the drop surface, if drop synchronization is possible the 

surface changes color to green when the files and folders are dragged over, see figure 13. 

 

Figure 13 Drop to CloudMe 

When the files and folders have been dropped, preparing and analyzing are started to overlook so no 

files or folders are overwritten. The preparing of the drop functionality are visualized to the user so he 

or she can follow the upcoming progress, see figure 14.  

 

Figure 14 Preparing a drop synchronization 

After preparing, uploading can start and this process is visualized in the same way as explained in the 

upcoming chapter 5.3.  



22 

 

 

5.3 Start a Synchronization 

If a user has SyncFolders configured as Upload, Download or Bidirectional, a button “Sync Now” 

appears in the main window. By clicking the “Sync Now” button a new synchronization process is 

started including all SyncFolders with the types named above, see figure 15.  

 

Figure 15 Start a synchronization 

During the synchronization, information about the current items being processed is interacted through 

two progress bars. These bars are shown so the user easily can follow the progress of the current 

synchronization. During synchronization the button “Sync Now” is changed to a pause button, “Pause 

Sync”, see figure 16.  

 

Figure 16 Synchronization progress 

When the synchronization process is completed the view is returned to the initial main view. 
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5.4 Add a Sync Folder 

Adding a new SyncFolder is done within a special dialog, which is accessible from the main view, see 

figure 17.  

 

Figure 17 Add a new sync folder 

By pressing the “Add a sync folder” a new dialog is opened. In this dialog a remote and local folder is 

chosen and by continuing from this dialog these two are connected and are kept synchronized with the 

synchronization type of the user’s choice, the folders are chosen by stepping through the two different 

folder structures, see figure 18. 

 

Figure 18 Choose a remote and local folder to connect 

When the local and remote folders have been chosen and the user decides to continue with the setup a 

new dialog is opened, showing a list of all the current SyncFolders configured, see upcoming chapter 

5.5.  
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5.5 Folder Synchronization Settings 

In the “Sync Settings” dialog a user is given a main overview of all the SyncFolders that has been 

added and the settings associated to each folder. A SyncFolder can have twelve different setting 

combinations, choosing from four synchronization types with the possibility of three different conflict 

handling types for each synchronization type. For example: Bidirectional and backup, as seen in figure 

19.  

 

Figure 19 Dialog with all SyncFolders and their individual settings 

Changing between the different synchronization types and conflict types can be done using the 

marking buttons in the right bottom corner. The four synchronization types available are: Upload, 

Download, Bidirectional and Hotsync, as described in chapter 4.1.4. The different synchronization 

types have an associated folder icon and the local, as well as the remote, path can be accessed in the 

bottom surface. The three conflict types possible are: Backup, Ignore and Overwrite. 
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5.6 Application Settings 

The application settings dialog is accessed through the button in the top right corner of the main view, 

see figure 20.  

 

Figure 20 Open application settings 

In the settings dialog the user can configure the applications different settings, these settings includes 

changing language of the entire application or to turn on a scheduler. The scheduler will automatically 

synchronize all SyncFolders, except the SyncFolders with synchronization type hotsync, at a chosen 

time. A statistic bar chart is also available with information about the different amount of files that has 

been synchronized between the client computer and the cloud server, see settings dialog in figure 21. 

 

Figure 21 Application settings 
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6. Discussion 
The result of this thesis work has been a launch-ready application with some limitations. The three 

goals that were covered in the introduction were to improve the interface, investigate the conflicts and 

have a launch-ready application with syncing capabilities. These were all met even though some 

limitations still remained. The limitations and other subjects arising during this thesis work will be 

discussed below.  

The biggest problem faced was that the plan of the thesis work was miscalculated. When the thesis 

work was planned only the description of the thesis work was available, and when a small discussion 

was held with the supervisor a few major points that had been misunderstood were noticed. These 

misunderstandings included the importance of the hotsync synchronization type and how much of the 

GUI that should be remade, because of the misunderstandings the thesis work plan became out of sync 

just after a few weeks. The first weeks went well and the plan was followed, but when the 

implementation part begun it consumed more time which meant that the entire plan was pushed 

forward in schedule.  

Before the understanding of the new synchronization methods, and a brand new user interface stood 

clear to be developed, the most implementation were planned and worked on together. When we knew 

about these new features a decision was made to split up the work in order to meet the new deadline 

that was set with the new functionalities. The work was split up into backend and GUI which made it 

easier to focus on your own part. When looking back, we regret that we didn’t split up the work from 

the beginning to make the work more efficient from start. Every time a problem occurred a discussion 

was made of how to best solve the problem. The discussions benefitted of the work being split up 

because now there would be different aspects on each problem. 

Instead of including the new features directly, we could have solved the problem of making a launch-

ready application in time by having more limits to the application. For instance we could have skipped 

to implement the hotsync synchronization completely, or have more limitations to how a hotsync 

should work.  But it was clear that both the company and we wanted to implement the new features so 

the decision was to move the deadline a couple weeks forward in order to handle the extra 

implementation time. 

One problem that occurred during planning was the choice of file watcher on the client side. The 

choice fell on Qts own file watcher QFileSystemWatcher, this was chosen because of the cross-

platform abilities and the fact that the entire development was made in Qt. At that time the limitations 

of how the notification system worked and looking of files in Windows was unknown. The 

QFileSystemWatcher had a big limitation in Windows, which meant that it locked several files and 

folders that was added to the listening queues. When looking back at this decision a better 

investigation of the file watcher and other file watchers should have been done.  

Solving the problem with the QFileSystemWatcher’s limitations could have been done by developing 

a separate service for each supported operating system. The problem with this alternative was that an 

extra investigation would have been needed, and the extra time for implementation of that feature 

would have pushed this thesis work a few extra weeks forward, bringing the planning outside the time 

scale of a bachelor thesis. Another possible solution would have been to skip the hotsync ability 

completely and instead focus on scheduled synchronization alone. 
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The first option, of having separate watcher services, would probably need more knowledge about the 

different operating system and would, as said before, have been too time consuming. The second 

wasn’t really an option at all because our supervisor thought that that functionality was too important 

to remove, contacts were made with the developer of the QFileSystemWatcher, which indicated that 

these problems were to be solved in an upcoming release of QT. It was decided to keep the 

QFileSystemWatcher since the problem soon would solve itself. 

Developing the application to be compatible with several different synchronization methods was a 

main part of this thesis work and resulted in one main class, the SyncModel, with three subclasses. 

Dividing the synchronization methods in to a base class hierarchy was an important part of this thesis 

work, and saved us from re-implementing them in separate classes created each method. Instead of 

building a class hierarchy we could have built the help functions in a separate class and have other 

classes handle each synchronization option separately as well. This would break the foundation of 

object-oriented programming, which was greatly significant for the design of the models. Therefore, 

the decision of implementing the SyncModel with the Strategy pattern was the obvious choice. 

One more problem noticed during the development was that the application had some freezing times. 

The earlier developers had thought about threading in the synchronization process but they had 

overlooked one part. Threading had been created for fetching information and to synchronize the 

items, the problem was the analysis part. Having a lot of files and folders which required analyzing, 

each synchronization process could give a freeze time, which was not acceptable. The solution was to 

complete the analyze method in a separate thread, and this was decided to be implemented only for the 

ordinary synchronization though this required most analyzing, we thought. Later in this thesis work, 

when the hotsync option had been completed, it was discovered that the hotsync analysis as well 

would have benefitted from threading. Unfortunately we lacked the time to be able to finish this before 

the deadline. Therefore it was decided to be a small limitation which could be solved by developers at 

the company in a future stage.  

When the threading part was solved we noticed that doing the time consuming calculations in a 

separate thread greatly improved the user experience and application stability. Creating the complete 

synchronization process in yet another thread could in fact have been a very good, if not the best, 

solution. Because of the fact that we didn’t have a lot of experience in threading before this thesis 

work no thoughts about implementing more threading existed when we planned the work, afterwards 

it stood clear that this would have been the best solution.  
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7. Conclusion 

The three goals stated in the introduction of this thesis paper were to improve the interface, investigate 

how the conflicts should be handled and how we, in time of this thesis work, could design and 

implement a launch-ready application with synchronization capabilities. Each of the goals will be 

discussed separately below. 

 

The first goal was to improve the interface and make it more user-friendly. To conclude this goal we 

have a completely new user interface, and with the goal only being to improve the interface, this goal 

is considered successful and approved. The part of designing the application to be more user-friendly 

and making it easier to understand, the cloud storing policy never become an issue for us as we 

followed a design specification for the GUI. The specification was developed especially for this 

application and meant that our supervisor, who did the specification, had to take the policy into 

consideration.  

The second goal was to investigate how conflicts should be handled and implement a solution to the 

problem. An investigation was made to choose the best way to solve the conflicts and with the 

possibility to change conflict type depending on what the user want. The implemented properties 

assigned to the SyncFolder class gives this goal a solution which is more than required and the goal is 

considered met.  

When it comes to the third goal, an application was developed and released within the thesis work 

period, and with that this goal is also successfully met. The application has three new synchronization 

features including Hotsync, Bidirectional and Drop to CloudMe, and these three completes the 

synchronization capabilities required for the third goal. With this, and the fact that the application has 

been launched, the thesis work has met all three goals which were brought forward at the startup of 

this project. 

This thesis has therefore been very successful and provided new insights in the world of programming. 
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