Virtual Display System

(VDS)

Architectural Concept

Project #5

Elie ElAaraj
CSE681 – Software Modeling & Analysis

Version 1.0

5 December 2008
Table of Contents

4Executive Summary


5Introduction


6Context Diagram


7Use Cases


7Principal Users


8VDS Services


11Usage Model


11Network load


14Critical issues and tasks


14High Network load and Transfer Latency


15Short-term storage


16VDS Queues and Threads


18Design


27Rendering Sub-system


34VDSFormatter sub-system


38User Views


40Interpretation sub-system


45VDSCommunicationManager sub-system


50TextManager sub-system


55SpeechManager sub-system


62VRTS


62Primary Repository Server


63Module Diagram


63Executive


63GUI


64Indexed Display Manager


64Security


64Check-In/Out Manager


64Extractor


65Primary Testbed Server


66Module Diagram


66Executive


66GUI


66Test Configuration


66Tester


66Test Vector Generator


66Logger


67Builder


67Primary Collaboration Server


68Module Diagram


70Appendix A




Table of Figures

6Figure 1: Context Diagram for VDS


19Figure 2: VDS modules


24Figure 3: Fingerprint scan authntication


29Figure 4: RenderManager Structure


31Figure 5: RenderManager Activity Diagram


33Figure 6: Collaborating users


35Figure 7: Formatter Structure


37Figure 8: Formatter Activity Diagram


39Figure 9: Formatter displaying differnt views of a chart


41Figure 10: Interpretation Structure


43Figure 11: Interpreter Activity Diagram


45Figure 12: Gesture Interpretation at work.


46Figure 13: VDSCommunication Structure


48Figure 14: VDSCommunicationManager Activity Diagram


51Figure 15: TextManager Structure


53Figure 16: TextManager Activity Diagram


57Figure 17: SpeechManager Structure


60Figure 18: SpeechManager Activity Diagram


63Figure 19: Screenshot for Repository Server on the client side


65Figure 20: Screenshot of the Testbed server


69Figure 21: Module diagram for the Collaboration server


74Figure 22: Prototype screenshot




Executive Summary

Virtual Display System, VDS, is a tool used to support collaboration between teams of software developers working on a common project within the same organization. With the increase of offshore development sites, those teams might as well be scattered all over the globe connected through local intranets or through the internet. VDS, through its rich displays, will allow team members to discuss, develop and manage projects by communicating effectively through video conferencing and VoIP, concurrent documents editing, diagrams, and user friendly code browsing and testing(more on that later).
Since VDS is a virtual system, this means that the user can bring up many displays and each display will have the entire capability of VDS. With this in mind, each virtual display can have its unique differences from other displays and while one display is busy running a certain task, the user can interact with the other displays without any hindrance. Therefore, the VDS tool must be multi-threaded. 

The following main sub-systems were identified on the client-side:

1. VDSCommunicationManager 
a. VDSChatManager

b. VDSMessageManager

2. VDSCacheManager

3. VDSRenderingManager

4. VDSComponentManager

5. VDSRoleManager

VDS will use the facilities provided by Windows Communication Foundation to establish connections with other remote Virtual Displays as well as with the Virtual Repository TestBed System, VRTS, in which VDS is embedded. Because of this consideration, messages sent between systems will be converted to XML. Although this will add overhead, it will let us create a standard form of message that will be understood and interpreted by all communicating parties. It can be handful in publishing notifications to web services; thus creating web notification portals. 
Introduction

The goal of VDS is to support collaboration between teams working on a common project through rich and user friendly displays. Those teams could be each located on a different continent and connected locally through corporate intranet or globally through the internet. VDS will allow teams to collaborate on concepts and code through discussions, meetings, text messaging, concurrent diagram and file sharing and editing. The main power of VDS comes from the fact that every object can be thought of as a component. VDS can create and edit components matching to certain templates. Even before being componentized, a free-hand sketch is a component that matches to a template with no concrete description. With this said, everything in the VDS system can be saved and retrieved for editing later.
In the age of globalization, this type of collaboration helps an organization manage workflow, quality and costs of its source code and document development.

Context Diagram

The context diagram in the figure below shows how VDS interacts with its environment.
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Figure 1: Context Diagram for VDS

Users log in to their accounts. Upon successful authentication, their previously customized VDS opens up. They can use VDS to create UML drawings, design structures or create OCDs. All the development occurs at the client side. Once that is done, the results are posted to the servers. 

Clients can also connect to the collaboration server to run the collaboration tools and view the reports. The collaboration server is where management information, such as work packages, schedules or job descriptions are stored. It provides collaboration tools like virtual displays to support the activities and facilities it provides. Users will use the collaboration server to share certain information with their team members via the notification services. Using VDS, they can chat, exchange documents, or use the virtual display collaboration. The UI has the ability to change according to what the user chooses to do. 

Clients will be able to check-in and check-out files from the repository server. To do so, the “Client” will make use of the services provided by the file system. Also, clients will be able to run analysis tools and view reports from the repository server.  The repository server is a dependency-based storage of certified code and documents. As mentioned earlier, it also provides product analysis tools. The collaboration server retrieves the product status, documents and code from the repository server.

Clients will also be able to perform tests using the testbed server. The user will establish communication using the facilities of the Windows Communication Foundation. This communication process will be based on message-passing. The user will send the XML configuration file that includes all of the libraries in the current configure directory to the test server.

In order to build the files, the test server will send a message to the build server to get the required files from the repository server. The build server will then build the files and send the result i.e. the DLLs back to the test server.

The test server will get the built files and perform testing. Upon testing, the log is sent to the client. After code is tested or files are requested, the results are portrayed on the users’ display systems. Results can also be heard using the audio option. 

Use Cases

Principal Users

The following are the principal users envisioned by this project:

Developers will use VDS to:
1. Discuss code and conceptual ideas through diagrams, video and text messages and get real time response.
2. Develop partial skeleton code through means of class diagrams

3. Review code with peers and markup and edit code of other peers.

4. Post notifications of current tasks at hand. 

5. Receive bug notifications and updates.

6. View module dependencies and module manifests.

7. Upload source files, configuration files, and test libraries.
8. View diagrams and documents related to the project they are working on.

9. Review test results in a user friendly way using statistical charts.

Team Leaders will use VDS for to:
1. View source code, diagrams, and documents related to the project at hand.

2. Discuss with project manager the important milestones, the completed work and the work still to be completed.
3. Hold conferences (through video and voice or thought text messaging) with other team leaders to discuss the progress of all teams and collaborate on integration milestones.
4. Review and edit specifications, concepts, and code with team developers through concurrent diagram editing.

5. Post project-wide notifications to be viewed by all members of the team.
6. Hold live demonstration sessions to new developers and possibly project managers and clients

Software Architect will use VDS to:

1. Develop and edit architectural concepts and diagrams

2. Hold reviews with Team leaders and project managers to discuss any changes in requirements and specifications and their impact on developed concepts.

3. Hold meetings with other software architects to discuss concepts and possibly change architectural concepts in real-time.

4. View dependencies among files, modules, and projects to analyze the impact of changing a certain part of design.

5. Build projects and sub-systems and test them.

Project Manager will use VDS to:

1. Review progress and schedules with software architects and team leaders.

2. Hold demonstration sessions with clients

3. Hold conferences with software architects, the management teams and clients to discuss requirements and specifications.

4. Run test results and verify timelines.

5. Edit project specifications and requirements documentation.

6. Receive statistical notifications regarding team status and progress of work especially for critical projects.
7. Automatically track other project-related subsystems to help identify integration dates and schedules.
Quality Assurance will use VDS to:

1. Review quality with team leaders, software architects, and project managers to possibly identify parts of the system to be modified.

2. Run and receive statistical test results as a preliminary step to quality control.

VDS Services

Identification of principal users and their needs shows us that VDS will have to perform a number of services that are listed below.
The following section refers to the core services of the VDS system. The next section will discuss the more specific services of the system.

For the virtual meetings, VDS will have to:

· Provide a tool that supports drawing and editing drawings and text.
· Provide a reliable means of communicating any actions from one side of the system (on one VDS for example) to another side in a user-transparent way.

· Provides support for multi-way real-time video and voice calls. Those calls could be between 2 exclusive personnel or between all meeting personnel.
· Provide support for reliable text messaging. Again messaging can be between 2 exclusive personnel or between all meeting personnel.
· Provide a means to inform meeting personnel of the date and time and the topics to be discussed and collaborated in the each meeting.

· Provide two types of storage, short term and long term storage. Short term storage is used for actions that should be fast especially real-time text and voice calls and diagram editing. Using short term storage helps keep those actions as real-time as possible. At certain intervals, much like Microsoft products do, the short term storage will be reflected on long term storage for persistence. In all cases, VDS will always track and keep a history of meetings and chats for a certain period that can be configured by the user.

· Provide options to orchestrate meetings. One option could be to let all users with same sharing and editing privileges while another scheme would let only one user have the privilege to edit and control the meeting procedures. The latter would be helpful when doing demonstration presentations. In this case, only one personnel, which can be the software architect, will get the biggest share of the virtual display and meeting time.
For Browsing and Display, VDS will have to:

· Provide a means to show hierarchy of systems, programs, and packages connected in a dependency order, annotated with names and version numbers.

· Provide access to further details through property sheets, specifications and design documentsd and source code views.

· Provide transparent transformation of documents to web pages. Such documents could be source code files, test results data (XML data), raw text files, text chat histories, and video chats. Transforming video chats is done is a way similar to youTube web pages. All saved video/voice chats and conferences would be embedded in this web page, and all corresponding text chats would appear as comments to the video being displayed. Those web pages can then be viewed through any web browser without the need of the VDS system.
· Provide standard transformation and annotation. This will make use of XSLT to transform test data and charts (which will be in XML format as mentioned earlier) into web pages.

· Provide simple and effective way to navigate through all types of documents. This should basically be a one click or tap action. The user should not perform multiple clicks or taps to perform one action. This beats the whole purpose of effective collaboration.

· Provide easy and effective ways to morph one type of object/components into another closely related type for better and effective presentations. For example, test results can be viewed as html documents, as raw XML or text, and as charts and statistical bars. VDS will provide a list of available multiple views for a specific model to make presentations richer and more effective.

· Support ad-hoc queries into the Repository or Collaboration Servers databases by selecting tables, and attributes, from each table, for display and possibly entering conditions on other attributes that limit the records returned and displayed.
· Provide a common meeting area virtual display which continuously displays specific queries and supports the execution of new ad-hoc queries in some other part of the display.

· Provide a widget notification virtual display that lists the actions related to a certain project. Those notifications include important events and could list the tasks completed on a certain day, the tasks to be completed soon, the tasks behind schedule, the changes to some sub-system in the project and minutes of meetings related to that particular project.
For Drawing and Diagrams, VDS will have to:
· Provide a sketching area to draw components and diagrams. This area will have a control and toolbox that includes predefined components (which could be lines, rectangles, etc…).
· Provide a means of saving and loading sketches or just components for editing.

· Provide a means of requesting and acquiring locks over components and releasing these locks.

· Provide a means of interoperability with leading software bundles like Microsoft Visio and Word. This can be done by using XML and transforming XML into WordML using XSLT. This technique is chosen to reduce the cost of production which could be high if using off-the-shelf transformation software. 

· Provide means of saving user sketches and parts of sketches as components. Those components are saved as a custom component until they are componentized into a specific type of component by matching to predefined templates.

· Provide a means for creating user-defined templates to match with components. Those components could be UML components, charts and visuals.

· Provide a means of composing one component from many other components. This means that one component can have many components attached to it and thus composing it. For example, a chart is a component that can have a text component (a description comment) and a video component(to further explain it) attached to it. Those two components compose the chart. At any time, more components can be added to the existing components if the template allows it.

· Provide a simple and effective means of displaying rich content and moving it around the display. A chart composed of many components should be displayed with minimum detail. If the user chooses to display more details of the component at hand, he can tap or click the component for further options and details available for that component.

· Provide the user with the ability to create or modify a stroke pattern to attach actions to those user-defined macro strokes. This is similar to the technology currently available in most personal digital assistants and sometimes referred to as Calligrapher. A certain serious of strokes could delete a certain selected component and another stroke creates a copy of it.
Usage Model 

We assume that users of this system are as follows:
Developers: 1000

Team Leads: 100

Management, Software Architects, QA personnel, administrators: 400

Login time: 9 AM and 10:30 AM

Clients: 1000, distributed as follows:
· 200 requests to view diagrams
· 500 requests to checkout files

· 100 requests to check-in files

· 25 conference calls (voice and video conference)

· 75 chat session

· 100 request to edit components
Loading Model 

Network load

Two types of requests have been identified as most commonly used. These are the checkout, and conference calls.
For the conference call requests, to calculate network load, we assume the following:

· Average time of conference is 1 hour.

· Video and voice quality is excellent meaning high sampling rate.

· Average number of meeting personnel is 5.

Assuming that voice and video are both encoded using mpeg4 codecs, then each minute of mpeg4 video capturing would result in approximately 768 KB of data being transferred.
Thus 1 conference call would result in 5* 60 * 768 KB = 230400 KB of data being transferred. This approximate to 225 MB.
For 25 conference calls, this grows even further to 225 * 25 = 5625 MB or 5.5 GB. This for sure creates heavy congestion on any network especially that many other requests are also using the network bandwidth.
For the checkout type request, to calculate network load, we assume the following: 

· 1 module contains 20 files and 5 modules
· 1 program contains 100 modules
· 1 system contains 10 programs.

Ignoring document elements and assuming that each element in the manifest xml file has well describing attributes, then each entry in the file could be estimated as 50 bytes.
Thus, a module will be 20 * 50 = 1000 B
A program will be 100 * 50 = 5000 B

A system will be 10 * 50 = 500 B
Considering each source file to be an average of 500 lines, we have an average file size of 25KB.  

Therefore the module requests will roughly result in: 

1000 * 5 = 5000 B XML message.

20 * 5 = 100 files * 25 KB = 2500 KB being transferred.

Program request will result in:

5000 * 100 = 500000 B approximated to 500 KB for simplicity.

100 files* 100 modules* 25 KB = 250000 KB approximated to 250 MB for simplicity

System request will result in:

250 MB * 10 = 2500 MB approximated to 2.5 GB for simplicity
VDS load

Based on the usage model, and some back-of-the-envelope calculations, in the space of one minute, the average user might be expected to make the following requests: 

This example is the same used by Saket Satta.

Request to view 1 program manifest

Broadcast 4 chat messages

Update diagrams 1 time

Upload 1 file 
A prototype client-server application was setup wherein the client fired the above-calculated requests in the space of a minute. 
The average services times for these requests were as follows (in microseconds):

View program manifest: 72745 (This was used from sjsatta document)
Broadcast 4 chat messages: 21634 each

Update diagram: 21634 (assumed same as chat message broadcast)

Make phone connection: 21634 (assumed same as chat message broadcast)

Upload file: 19426
Total service time is 0.273 secs. Average service time per message is 0.273/8 = 0.034 secs
In one sec 1/8 messages arrive. Therefore (1 = 0.133.
In 0.034 secs 1 request can be serviced. Therefore (1 =29.411
Assume service time is proportional to 1/n, where n is the number of concurrent clients (pessimistic), e.g.:

 

(n = (1 / n  and  
(n = n (1



Therefore, the load factor (n = (n / (n. For 5 concurrent clients, 

(n =  5 x 0.133 / (29.4 / 5) = 0.04 < 0.25. Thus the loading is ok for 5 concurrent clients. 
We can find the number of concurrent clients that server can handle by the formula

n2 = (1 x .25 / (1 = 55.28
Therefore n = 7.43
Thus we can support around 7 to 8 concurrent clients with this pessimistic model.

Note: Client and server machines were Intel-Pentium 4s running at 2.0 GHz with one core.
The usage and loading models give us a good idea of the critical issues associated with the VDS system. These are enumerated in the next section.
Critical issues and tasks

High Network load and Transfer Latency
As the project increases in size and complexity, drawing object and and free-hand sketches will have complex relationships. This means that the component viewing and editing will be a data-intensive and CPU-intensive task. 
Assuming the sizes of the components to be viewed and edited are as follows (keeping the same sizes as modules and programs since both could be represented by similar XML files):

· Component – 5 KB

· Free-Hand Sketch – 500 KB

· Project Document – 5MB

Using a pessimistic model, and if transfer is done through the internet on a 1 MB/s line, the following would be the latency times for component, 
· Component – 5 KB/1 MBps = 0.05 seconds

· Free-Hand Sketch – 500 KB/ 1 MBps  = 0.5 seconds

· Project Document – 5MB/ 1 MBps = 5 seconds

Obviously it is unacceptable that the user should wait 5 seconds when viewing a project document as this beats the purpose of a collaboration system. To remedy this, two levels of storage can be used. The first level is the short term or client cache. If a certain sub system or system is requested, that particular system or file is first searched in the local cache. If this file is found in the local storage, a request to the server is made to check if this is the latest file version. If it is the case, the user can go on and open that file/system without any transfer overhead. If the local cache does not hold a copy of that file or if the file is outdated, then the client need to transfer the new version to the local cache and then start working on that file. 
Through observing work patterns, developers checkout a certain file and then work on it for a certain amount of time, then check-in the file again when done. The same procedure takes place in this case as well. The user might need to checkout a new version for the file at the beginning, and may then continue to use the local version for some time until the task at hand is completed.
As for checking-out files, the following would be the latency times for:

Module – 5000 KB/1 MB/s = 5 s

Program – 250 MB/1 MB/s = 250 s

System – 2.5 GB/1 MB/s = 41 min
When latency times exceed 10 seconds, it was agreed that it was unacceptable. Of course, having latency in the order of minutes is definitely out of the question. A solution to decrease this latency is to apply local or client caching as mentioned earlier. In this approach, most of the requests will be serviced through the client cache, and in rare times, would it be necessary to request files from the server.
Design decision: Use two levels of storage, and service client request through the local cache while rarely request file transfers from the servers when the files have been updated elsewhere or the server holds a newer version of the file.

Short-term storage
There are both advantages and disadvantages of using short term storage. Here is a listing of both the pros and cons of short term storage:


Advantages:

· Drawing updates are saved in the short term storage. This helps by first reducing the network traffic and congestion at the server which may hold the long term storage. It also helps reduce the memory thrashing. A user for example, can change a certain diagram, then undo his changes. This should not be reflected to long term storage and would be inefficient to do so. Thus short term storage can be used in this case. Whenever editing is done, final changes could be written through to long term storage.

· For broadcasts and collaboration session, short term storage comes in handy. Instead of making changes and saving to long term storage, then have all personnel and client poll the changes from long term storage, the changes could be saved to short term storage and broadcasted to all collaborating personnel. This reduces the load on the collaboration server and long term storage.

· Short term storage is and efficient way to store and save locked objects. Since locked objects can only be used by one system, it is not necessary to write the changes to long term storage at the instant those changes are executed. This also reduces the load on long term storage and the network resources. However before the lock is released, all the changes could be written through to long term memory. Another technique could be setting a memory address dirty flag. This flag is read by the memory manager whenever the same file is requested. If this flag is dirty, it searches where the file was changed and retrieves the latest changes from the short term storage of the system that performed the change. At the same time the file is being transferred to the new system, it would be updated in long term memory. 
Disadvantages:

· For highly collaborative files and sub-systems, this technique would fail to deliver the required performance. When a certain file is being changed by many systems at approximately the same time, that same file is being transferred back and forth between systems and the long term memory. As the number of collaborators increases, so as the network load, the short term memory thrashing, and long term memory thrashing increases.

· Since the long term memory storage might be flagged using the dirty flag to indicate that certain files have been updated elsewhere, it is imperative that the server has to go and fetch those updates at off-peak times. It is clear by now that many cases have to be taken into consideration. An example would be that some VDS system if offline for repairs or it has crashed and its short term storage is not available. What happens if the dirty flag is set and the file is not found anywhere? As we can see, the memory manager gets complex and complicated.
· The client machine will have to do more than just provide a tool to request a certain service. It has now to include some basic memory management mechanisms.

From the above discussion, it can be deduced that the advantages outweigh the disadvantages and only in certain specific cases, it would be disadvantageous to use short term storage. 
Design Decision: Use short term storage to provide low latency drawing and editing capabilities. 

VDS Queues and Threads
As a user can have multiple virtual VDS running at the same time, each VDS can be thought of as a window. A user might issue many requests at the same time. While the VDS is busy servicing the first request, the other requests must wait until the previous request has been processed. Hence, a sending queue is needed at the input of the VDS coming from the user interface.

As a response returns back and is being rendered in the VDS, another response could arrive and thus also has to wait for its turns to get processed. Hence a receiving queue is necessary in this case. 
In both the sending and receiving queues, a thread is used to let the UI be more responsive. Whenever a request is waiting in the queue, the UI thread could continue on receiving more user requests while a worker sending thread would be dequeuing and sending requests to servers or other VDS. At the same time, a receiving thread would be enqueuing responses while the UI thread is servicing one response after the other. This helps increase the responsiveness of the VDS.

Decision 1: Use two queues, one for sending requests and another for receiving responses.
Decision 2: Use two threads, one for sending requests and another for receiving responses.

Design

VDS was partitioned into the following modules: 
· VDSExecutive

· VDSUIManagement

· VirtualDisplayManagement

· VDSRendering

· VDSFormatter

· Interpretation

· Short-TermStorageManager

· Long-Term StorageManager

· TextManager

· SpeechManager

· VDSCommunicationManager

Their relationship with each other is shown in the following diagram: 
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Figure 2: VDS modules
The processing activities of each module are as follows:

VDS Executive – This is the executive module of VDS. It is responsible for:

· Coordinating the activities of the modules of VDS
· Getting requests and inputs from the user

VDS UI Management – This is the module that manages UI actions. It is responsible for: 

· Managing user requests and efficiently calling either interpretation modules to interpret user gestures or rendering modules to render a component, a chart or any visual or vocal component.

· Receives requests to morph and change views of certain components or modules. This could be in the form of viewing test results as charts, tables or even HTML pages. For this purpose the VDSUI Management modules uses the services of VirtualDisplayManagement.

Virtual Display Management – This module is responsible for managing VDS transformations and formatting depending on user preferences and the project context.

Interpretation – This is the module that interprets user gesture and actions. It is responsible for:

· Getting user requests and gestures.

· Transforming user gestures and taps to well defined actions as savinf and loading files and diagrams.

· Communicates with short-term storage to retrieve and save files and components for faster access and sharing.

· Communicates with long-term storage to persist files or check-out latest file and components versions.

VDS Rendering – This module manages system wide rendering. It is responsible for:
· Receiving and servicing requests to render different types of components in different views. This could be as mentioned earlier to display a chart as a table of data or even using HTML.

· Interpreting text commands and actions and annotating certain components.

· Adding extra (text, voice or video) information to components and updating the display.
· Communicate with the Text modules to render actions that were input through text.

· Communicate with the Speech modules to render actions that we input using speech.

· Manage real-time conferences and real-time data and display all this data without latency while at the same time servicing incoming requests and responses.
VDS Formatter – This is the module which transforms and formats different types of documents and components into other types and views of documents. It is responsible for:

· Formats source code into HTML web pages.

· Formats HTML notifications and communicate with the VDS renderer to display those notifications.

· Change the views of well-defined models. A chart model could have 3 views: the first could be a visual view as a pie chart, the second could be raw data view that displays the columns and rows much like excel, and a third view could be an HTML view with a screenshot showing the chart and the data in a table.
· Format and transform VDS documents into documents that can be opened and edited using industry leading software. An example of this is to open a UML diagram created in VDS using Microsoft Visio.

Text Manager – This module is used to manage text that is input to the VDS. It is responsible for:
· Provides a facility to initiate text chatting and messages.

· Transforming text actions and communicating these actions to the VDS renderer.

· Managing all text messaging in chats and collaborative diagramming and keeping logs and history of all chats.
· Adding Text annotations and details to components. 

Speech Manager – This module is used to manage speech as input and output to VDS. It is responsible for:

· Providing a facility to initiate voice calls.
· Transforming voice gestures, sounds, and sentences (voice recognition) to actions that can be understood and communicated to the VDS renderer.

· Synthesizing text into voice to provide a richer collaboration between personnel working on the same project.

· Keeping a history of all voice calls and voice conversations between collaborators.

· Keeping a synthesized log history of all voice/video calls. This acts as a secondary choice for saving complete audio files. This can be used to save on storage space.
Short-Term Storage Manager – This module manages short term storage and is responsible for:

· Communicating with the file-system to save and retrieve diagrams and components. Communicating with the VDSCommunication manager to inform the long-term storage that a certain local file has been changed and that the dirty flag for that file should be set in the long-term storage.

· Communicate with the VDSCommunication manager to write the changes in the local cache and short term storage to the long-term memory.

· Check, request, and release locks on files at hand.
· Keeping objects and components in memory while the user is editing them.

Long-Term Storage Manager – This module manages long-term storage and is responsible for:

· Communicating with the file-system to save and retrieve diagrams and components. 

· Communicating with the VDS communication manager to identify the systems where all dirty files are located.

· Fetching dirty files at off-peak hours.

· Fetching dirty files whenever a request is issued for that file.

· Archiving broadcasts and conferences after a certain time that is set by the project managers. This helps keep a record of all conferences for later use.
VDS Communication Manager – This module manages all VDS communications whether between VDS systems or the whole VRTS system. It is responsible for:

· Orchestrating transfers between short-term and long term storage. 

· Sending requests for broadcasts and meetings.

· Sending, retrieving, and filtering notifications.

· Retrieving query results from tables and saving those results to short term storage in VDS. This is useful for quick and fast querying.

· Communicating with long-term storage to identify the locations of dirty files.

· Communicating with short-term storage to give locks for certain files and components and release the locks whenever the user is done editing. 

The activities of VDS are shown in the following diagram:
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When the VDS is launched, the VDS UI is displayed and the system waits for user input. The VDS UI at this stage will only display guest information pertaining to the company updates and displays the company’s corporate website. If the user want to use the VDS system to work on tasks, then she must authenticate herself through a username and a password. Since the technology has advanced a lot, finger-print signatures now also work and the user can place her hand on the display to get a fingerprint scan. If the user is authenticated and has permission to access VDS, she will be displayed with her user-specific VDS, that contains all the setting, options, and VDS widget that she has chosen to view on startup. This is much like iGoogle, which shows you, your favorite widgets and theme settings on login. If the user is not authenticated, then she will not be given permission to login to the system. At any point, the user may decide to exit the system where she will be asked to save or discard changes.
[image: image4.png]Fle Edt View Image Colors Hep

Please place you hand in the the
box for fingerprint authentication





Figure 3: Fingerprint scan authntication

At this point, the user can use the VDS tool depending on the role she is given. These permissions and privileges pertaining to roles have been discussed earlier in the Use cases section. For the sake of explaining the activity diagram, we will assume that a user with complete granted privileges logins to VDS. This user can create diagrams and components to be used in documents, sketches or even in other components. Once this new diagram/component is created, the Short-termStorageManager will lock the file until the user finishes her task. In this case, that user will only be creating a document that she can edit, and if other peers want to collaborate on that diagram, then this document has to be saved then collaborated upon. Another possible way to collaborate on that document is to invite collaborating personnel to a meeting where all of them can modify that document.
The user can also edit diagrams if permissions are granted. If this is the case, then the VDSCommunicationManager will communicate with Long-TermStorageManager to acquire a lock for the document or component at hand. If the locks is acquired, the user can go on and start the editing task. Otherwise, she will have to require a lock at another time if someone else has locked that component. In all cases, the user will be informed of the reason behind which the lock request was refused. After the lock is acquired, the user can componentize any freehand sketches or even other components and morph them into some other sort of component. For this to successfully complete, well-defined templates should exist for that particular new component type. During componentizing, the Short-TermStorageManager will update local files and request VDS CommunicationManager to inform the Long-TermStorageManager to set the dirty flag for that file and the new component types. This lets all parties requesting those two types of files, to be informed of the changes and that using the old templates and definitions will result in conflicts. After editing is done, the VDSCommunicationManager will save the new file in the short-term memory, then informs Long-TermSorageManager that the lock should be released on that particular file. If editing sketches, components or diagrams, the VDS will have to broadcast the changes performed by one user to all connected systems. For example if 3 developer peers are collaborating on a document, the changes done by one user has to be broadcasted and reflected at all the two remaining sites. This lets those users know that a certain marked part of the document is being locked and edited. The same procedure of update short-term storage and releasing the lock applies in the cases when editing is done as with the case of componentizing that was discussed earlier.
At any time, the user can also view files and render them in different ways if that type of file has multiple view options. If a user requests opening a file, this file will first be searched in the local cache or short-term storage. If the latest version is found in the cache, then the document is opened; otherwise, a request for the file from long term storage is made. Once the file is available for viewing, the Virtual Display Manager will communicate with the VDSFormatter to format the file in the request form. An example repeated here for convenience, is the viewing of a chart as a visual or as a set of data columns and rows (similar to excel) or as an HTML web page containing both forms but in a read-only form. After formatting is completed, the VDSFormatter will forward the formatted document to the VDSRendering engine which will take care of displaying and rendering the file to the user.
In a world where digital communication has advanced, making voice calls over data networks is a cheap and feasible procedure. A user can use VDS for this type of voice conversations. In addition to voice conversations, the user can at any time switch to video conversations. For this purpose, the VDSRendering engine will communicated with both VDSTextManager and SpeechManager to get the services of text, voice and video facilities. Speech manager will manage all voice and video conversations, encode, decode, and construct missing packets to provide a seemingly smooth conversation. Text manager on the other hand will provide facilities for logging chat history as well as recognize and synthesize voice to text for archiving purposes. At the end of the conversation, the user will disconnect the call gracefully and save chat logs to the short-term storage. VDSCommunicationManager will also be informed of this graceful connection termination to inform the Long-TermStorageManager that log files are present on this particular VDS system. This helps the Long-TermManager to find new and edited files to be pulled at off-peak hours.
Since VDS is a collaboration tool, the user can create new meeting and invite company personnel to this virtual meeting. Again, the meeting is communicated to all meeting parties through the VDSCommunicationManager. VDSCommunicationManager will also publish notifications of the meeting to all team members of the project being discussed in the meeting. At end of the meeting, VDSCommunicationManager can be setup to broadcast “Minutes of Meeting” feeds to all those project members. In the same subject, the user can also join a meeting. Since that user is not the initiator of the meeting, she will be given privileges depending on her role. If, for example, a developer joins the meeting, she can only view diagrams as a presentation and make comments or chat conversations without any editing permissions. On the other hand, if a System Architect joins a meeting (the whole purpose of inviting a system architect to a meeting is to review and edit concepts and architectural documents), she can edit diagrams and orchestrate sections of the meeting. At the end of the meeting, and when all meeting parties exit the meeting, all meeting proceedings (including participating personnel, chat logs, video/voice logs, any changes to documents and diagrams) will be saved. Again VDSCommunicationManager will communicate with Short-TermStorageManager and Long-TermStorageManager as mentioned earlier for this purpose. At this point, all voice and video calls are disconnected and all file saved and archived.
Rendering Sub-system
Summary

The rendering system is used to provide Rendering facilities to VDS. Rendering is the main facility in VDS because all collaboration will not be efficient unless presentations are rich and versatile. Since collaboration might involve multiple parties, rendering has to provide a means to show locks on documents or sub-parts of documents.

The following partitions were found suitable for this sub-system:
RenderingManager – Executive module that co-ordinates other modules

VDSWindowManager – Manages VDS windows, resizing, and creating UI threads 

RenderingSettings – Modifies the time and frequency that displays and certain parts are rendered and updated.

SingleRenderingManager – Manages rendering of simple tasks that are not collaborative. These tasks include single user rendering like editing and creating documents.
CollaborationRenderingManager – Manages rendering of collaborative tasks. These tasks include multiple concurrent editing as well as virtual meetings.

VideoRendering – Renders video and voice in meetings and collaborative tasks.

Organizing principles

The rendering subsystem is one of the most important components in the VDS since it is concerned with drawing free hand sketches and diagrams, displaying documents and routing speech and video to the appropriate text and speech managers. 

Uses and users

The rendering subsystem will be used by developers, software architects, quality analyzers and team leaders to:

· select single user rendering

· select collaborative rendering whenever in virtual meetings
· render a component

· render a document

· change the settings to match the users’ preferences

· create user-defined templates for special purpose charts and visuals

· create UML drawings and diagrams from a free hand sketch

· free-hand sketches and scribbles
Critical issues

A critical issue that was identified for rendering is locking. The idea is to lock an element or free hand point sequence while it is being created without locking any other part of the adjacent display area. It is not desirable to lock areas of the board since that will impede collective diagramming. At any time, the user can unlock by tapping in the area of the element or point sequence. 
Another technique is to lock the last few symbols the user has worked on and then auto-unlock if they have not been edited by a predefined amount of time. What would also be helpful is to have a color code for elements and point sequences. For example, red can signify locked items and blue can signify unlocked items. Any time a collaborator taps in the area of an element or point sequence, the locked state is toggled. That will permit subsequent editing without sharing problems. Colors can also be assigned to meeting personnel in a legend form. For example, user A could have the color red and user B could have the blue color while user C is yellow. All locks and changes will be shown with the color of the user performing that edit or change.
Design

The Rendering sub-system was divided into the following parts:

· RenderingManager 

· VDSWindowManager 

· RenderingSettings 

· SingleRenderingManager 

· CollaborationRenderingManager 

· VideoRendering
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Figure 4: RenderManager Structure
The processing activities of each module are as follows:

RenderingManager – This is the executive module of the Renderer. It performs the following:

· Corrdinates the activities of the module of the Renderer.

· Getting requests from the UIManager to render parts of the VDS

· Displaying diagrams, components, text, video, and user gestures and conversations.

· Communicates with VDS Window manager for managing, resizing, creating UI threads, processing user inputs, for VDS windows.
· Communicates with RenderingSettings factory to setup rendering options for the logged in user.

VDSWindowManager – This module is responsible for managing VDS windows. It performs the following:

· Coordinates which VDS windows should be updated whenever new data arrives.

· Provides facilities to resize and switch focus from one window or VDS to the other.

· Communicates with single render manager to render single user actions. These actions are the typical actions that one user performs on a document. This helps increase the performance of VDS by removing collaborative facilities from the rendering in this particular case.

· Communicates with the collaborative render manager to render multiple concurrent actions whenever the VDS in collaboration mode.

Rendering Setting – This module is responsible for managing user settings and options for rendering.

SingleRenderManager – This module is responsible for managing the rendering for single user actions. It performs the following:

· Displays user input(such as sketching and editing) 
· Communicates with ComponentRendering to display components and list their different multiple views.

· Communicates with DocumentRendering to display documents (which may contain other components and documents) and list their multiple views and the summarized and detailed descriptions depending on the user input.

CollaborationRenderManager – This module is responsible for managing the rendering for concurrent actions. It performs the following:

· Display users’ inputs(collaborative sketching and editing). This is separated from single rendering so as to reduce the execution cycles for rendering in the single mode.

· Communicates with ComponentRendering to display components and list their different multiple views.

· Communicates with DocumentRendering to display documents (which may contain other components and documents) and list their multiple views and the summarized and detailed descriptions depending on the user input.

· Communicates with VideoRenderer to display video conference and chats.

ComponentRenderer – This module is responsible for rendering components. It performs the following:
· Displays a list of views for a component.

· Displays sketches for unmatched components. These components are rendered as free-hand sketches until they are componentized against well defined templates.

DocumentRenderer – This module is responsible for rendering documents. It performs the following:

· Displays a list of views for a document. In doing so it also displays views for all components in the document.

· Displays sketches for unmatched documents. These documents are rendered as free-hand sketches, the same way the user has drawn them.

VideoRenderer – This module is responsible for rendering video conversations. It performs the following:

· Displays a stream of video in a VDS window.

· Provides facilities to change video settings, as color, rate, and encoding.

· Provides a video player that can perform basic video seeking, backwarding and forwarding found in most simple players. This is mainly useful for saved conversation.

· Provides conversion facilities for compatibility with many leading industry players and file formats

The main activities of the RenderManager are shown in the activity diagram in the following figure.
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Figure 5: RenderManager Activity Diagram
The render manager is not a process that can be terminated without terminating the Drawing canvas system. Thus as obvious in the figure above, the system cannot be exited unless all the Drawing canvas is closed. The above activity diagram shows that as soon as the VDS Drawing canvas is displayed, the user can start drawing through gestures and screen taps. These taps will result in either drawing scribbles or loading predefined components or documents. 

In the case components are drawn, the drawn component will be scanned. If a type for this component was identified and a well-defined matching template exits, the ComponentRenderer will construct a visual of the component associated with that template. If a template does not exist, then the saved free-hand sketch will be rendered just as a JPEG image is loaded. The same procedure occurs when loading a document. If the document is of well defined type, that type will be used for rendering instruction. In this case, all embedded components in the document will be searched for matching templates as discussed earlier.
Whenever the system is rendering, it will take into consideration all the locked parts in drawing and documents. Whenever a lock is present in a canvas, the renderer will color each locked part by each user, in a different color. It will also display a legend of all locked parts with the color and their corresponding users and it will display statistics concerning the locks, as the time the lock was acquired, the duration of the lock and the activity on the locked part. At the same same time, the new updates to the documents will be rendered with the same color as the legend shows. Those concurrent changes will be displayed in real-time. 

Since VDS is a collaboration display tool, and since collaboration is most effective in sound and picture, the Render will also render video conversations. The video renderer will receive a stream of frames from the imaging device and will display and render the frames with the settings set for that particular session. These settings can be changed by the user where he can set global setting for all conversations and can as well create session based settings which will apply to the current session only.
Architecture

Operations/Events
The main events of RenderingManager are the following:
· The User draws a scribble or free-hand sketch.

· If VDs is in single user mode, the singleRenderMaanger will take care of communicating with component and document renderers to display the components and documents being edited. If the user is in a meeting, the collbaorativeRenderManager will take care of communicating with the same renderers and to display concurrent editing and drawing.
· Whenever a component is drawn, the componentRenderer will get the user input and will display the new scribble or (set of points).

· When a component is saved and componentized, the renderer will read rendering instructions for that component from a well-defined template and display the list of views for that particulat type of component.

· Whenever a document is display and edited, the documentRenderer will get the user input and will display the document with all new additions and will iterate through all embedded components and ask ComponentRenderer to display those components.

User Views

The following vies shows how rendering will be done based on multiple collaborating users.
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Figure 6: Collaborating users
VDSFormatter sub-system
Summary

The third subsystem is the VDSFormatter module. The formatter component is used to formats components documents and queries for rendering and multiple types of views. The modules of this subsystem are discussed below. The critical issues concerned with formatting and the users and use cases associated are also discussed. In addition, the structure is provided by exploring the package diagram and an activity diagram will illustrate the activities performed.

Formatter – This is the executive module for formatting.
Object/ComponentFormatter – This module is responsible for the formatting of objects/components to be displayed in multiple views. 

DocumentFormatter – This module is responsible for the formatting of documents.
TemplateNavigator – Navigate the formatting templates to find the list of formatting for a component/document type.

XSLTEngine – Converts XML documents into HTML documents using XSLT.
XMLParser – Parses XML and XSLT file for formatting directives.
Leading software compatibility bundles – Provides compatibility API with leading industry software file formats.
Organizing principles

The formatter subsystem is an integral part of VDS since it deals with formatting documents and queries for rendering. Users will be able to convert XML documents retrieved from the primary storage into HTML format by using XSLT.

Uses and users

The formatter subsystem will be used by developers, software architects, quality analyzers and team leaders to:

· Convert XML documents into HTML documents

· Format query results into web pages

· Format documents into available lists of views for each document type
· Browse through components in visual, textual, and Web formats
Critical issues

A critical issue that was identified for formatting is versioning. The formatter must be familiar with all versions of a program in order to be able to convert it. Hence, to convert an XML file, the formatter should be able to recognize all versions used so that conversion is done successfully. To solve this issue, version updated modifications are stored in a database. If a user wants to format a file that was written in an upgraded version not supported by the system, then an error will be generated. However, this is not expected to happen since developers in one company will all use software supported and purchased by that company. As well, the formatter should be able to know to which version of the specified language to convert to. This could be solved by allowing the user to select the version number.

Design

The formatter sub-system was divided into the following parts:

· Object/Component Formatter
· DocumentFormatter
· TemplateNavigator
· XSLTEngine
· XMLParser
· Leading-Industry CompatibilyBundles
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Figure 7: Formatter Structure
The processing activities of each module are as follows:

Formatter – This is the executive module of the Formatter. It performs the following:

· Coordinates the activities of the module of the Formatter.

· Getting requests from the VDS Manager to format documents (i.e. components, source code, and diagrams).

· Searches for component and document templates for proper formatting.
ObjectFormatter – This module is responsible for formatting visual object and components. It performs the following:

· Provides facilities to format visual drawings, object and components based on well-defined templates. A custom template is used to draw free-hand sketches. This template provides basic information indicating that the noncomponentized version of the component is to be formatted and rendered as scribble.
· Communicates with the TemplateNavigator module to retrieve the right template for a particular component.

· Communicates with the XSLT engine to transform the component definition described in the template to a particular format. 
DocumentFormatter – This module is responsible for formatting documents. It performs the following:

· Provides facilities to format diagrams and documents. A chart document might have different views. These views can be a visual view, a textual view consisting of the chart data, and an HTML web page view which could contain the chart as a JPEG image and a table containing the chart data.
· Communicates with the TemplateNavigator module to retrieve the right template for a particular documents.

· Communicates with the XSLT engine to transform the document definition described in the template to a particular format. Again, an example on this could be transforming C-sharp source code to HTML.
XSLTEngine – This module is responsible for all transformation. It performs the following:

· Provides the facilities of transforming one type of document to another. The object/document being transformed should have a well-defined transformation sheet.

· Communicates with XML parser module to parse the document XML and the transformation sheets and provide the engine with transformation directives.

· Communicates with leading industry compatibility bundles to create and transform documents to leading industry formats. An example of that could be transforming a VDS created UML chart to a Microsoft Visio (.vsd) format.
XMLParser – This module is responsible for all XML parsing. It navigates XML DOMs and retrieves instructions and directive to be translated by the XSLTEngine.

LeadingIndustry CompatibiltyBundles – This module contains all supported Compatibilty files. It performs the following:

· Provides an API to create industry file formats.

· Provides and API to transform industry file formats to VDS file formats.
The main activities of the Formatter are shown in the activity diagram in the following figure.
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Figure 8: Formatter Activity Diagram

The formatter manager is not a process that can be terminated without terminating the VDS system. Thus the formatter cannot be exited unless VDS is exited. The formatter receives input as a Change View. Whenever a similar request is issued, the VDS manager will communicate with formatter to provide formatting facilities. In this case the formatter will determine if the object to be formatted is a component or a document. In the case of a component, the component template and a corresponding transformation sheet will be searched and parsed. This constructs the different views and formats that a certain file or document can take. After the parsing is done, the transformation directives are communicated to the XSLT transformation engine.
Another activity shown in the above figure is the leading industry compatibility activity. This transform VDS format files to industry software formats. For that reason, the compatibility bundles have to be explored for their API. After the API is found, the XSLT engine can transform the VDS formats to other formats or vice versa.

Operations/Events

The main events of Formatter are the following:

· The User requests a visual change as viewing source code in HTML form. This induces the Formatter to format the source code document. 
· The document type is explored to determine if a component of document is being transformed.

· Once the object type is determined, the Formatter will communicate with the TemplateNavigator to search for that object template. 
· If the template was found, a matching transformation sheet is searched as well to determine the transformation instructions to be passed to the XSLT engine.

· Transformation instructions are sent to the XSLT engine for transformation.

User Views

The following figure shows how the formatter is used to create different views and formats of a chart.
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Figure 9: Formatter displaying differnt views of a chart

Interpretation sub-system
Summary

The second subsystem is the interpretation module. The interpretation component is used to interpret speech, gestures and shapes. The components used are discussed below. The critical issues concerned with interpretation and the users and use cases associated are also discussed. As well, the structure is provided by exploring the package diagram and an activity diagram will illustrate the activities performed.

InterpretationManager – This is the executive module for interpretation.
InterpretationTemplates and macros – Holds interpretation templates and macros against which gestures and shapes can be compared and created.

GestureInterpretation – Interprets Gestures and shapes.

GestureMatcher – Matches gestures against well defined gestures type. 

ActionGenerator – Generates action based on gesture types. 

MatchingAlgorithms – Provides mechanisms and algorithms used in order to interpret gestures and shapes.

HiResolutionTimer – Times the user gestures to detect if the scribble drawn is a gesture or free-hand sketch
Organizing Principles

The interpretation subsystem is a crucial part of VDS since it is concerned with interpreting speech, gestures and shapes. Users will be able to make gestures and these gestures will be converted to actions to be either displayed or stored in local storage or in the primary repository.

Uses and users

The interpretation subsystem will be used by developers, software architects, quality analyzers and team leaders to:

· Make a gesture to indicate a well defined actions
· Adds gestures and actions

· Draw well defined shapes depending on gestures.

Critical issues

A critical issue that was identified for interpretation is gesture recognition. Since users will do a lot of work standing at the large VDS display, a keyboard will not be very practical. This is why gesture recognition is important. In order for that to be accurate, the recognition process will have to be trained for individual users. This is why it will be important for VDS to associate a specific pen with a logged in user and track the user’s position to know which recognition set to use when there are several users at the same VDS display. Another critical issue is that many people do not draw or scribble or write in straight lines. Thus a left-handed person can draw or write in a diagonal fashion. The system has to identify this and rotate the free-hand sketch to enable interpretation.
Design

The formatter sub-system was divided into the following parts:

· InterpretationTemplates

· Gesture/ShapeInterpretation

· HighResolutionTimer
· GestureMatcher
· ShapeMatcher

· MatchingAlgorithms
· ActionGenerators
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Figure 10: Interpretation Structure

The processing activities of each module are as follows:

InterpretationManager – This is the executive module of the Interpreter. It performs the following:

· Coordinates the activities of the module of the Interpreter.

· Getting requests from the VDS UI Manager to interpret user input which can take the form of gestures, taps and user drawings.
· Searches for interpretation templates and macros.

Interpretation Templates – This module is responsible for providing interpretation templates. It performs the following:

· Provides facilities to interpret user defined and system defined gestures and shapes. In this sense, a user might create a gesture template that instructs VDS to delete a selected drawing whenever the user draws a back arrow (().
This is similar to most of the gesture interpretation available in most personal digital assistants and knows as Calligrapher.

· Provides facilities to create new gesture templates as mentioned earlier.

Gesture/Shape Interpretation – This module is responsible for interpreting both gestures and drawn shapes. It performs the following:

· Provides facilities to interpret gestures and shapes. 
· Communicates with High Resolution Timer to time user gestures. If a gesture is performed in a fraction of a second, then this gesture should be interpreted as an action gesture. On the other hand, if the gesture is performed in more than a certain threshold time, say one second, this could mean that the user meant something else with that action and may simply correspond to drawing a scribble.
· Communicates with gesture matcher to check if a certain gesture is to be considered as a action and which action does it correspond to.
· Communicates with shape matcher module to check the drawn shape against a predefined or a user-defined shape. A user may draw a shape similar to a rectangle with non-closed edges. The shape matcher should match that scribble into a rectangle component. 
Gesture Matcher – This module is responsible for matching gestures. It performs the following:

· Provides the facilities of matching predefined or user-defined gestures.
· Communicates with Matching Algorithms module to check for action matching to a particular gesture.

· Communicates with the Action generator module the result of the matching. This in turn creates a valid action of that type. An example is to interpret drawing an S symbol to save the current file. The matching algorithm will match the S to a save action and the Action generator will create the action of type Save.
Action Generator – This module is responsible for creating actions out of matched gestures as explained earlier.

Matching Algorithms – This module matches gesture to action types.

The main activities of the Interpreter are shown in the activity diagram in the following figure.
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Figure 11: Interpreter Activity Diagram

The interpretation manager is not a process that can be terminated without terminating the VDS system. Thus the formatter cannot be exited unless VDS is exited. The Interpreter receives input as a User gesture or a drawing. The interpreter will search in the existing templates for a match. 
In order to match gestures, the interpreter will time user input and gestures. The time to perform the gesture is recorded and the form of the gesture is returned as a template. Those two properties of the gesture will be needed by the gesture matcher to identify the type and the action of the gesture. If a template exists for that gesture, the Gesture Matcher will communicate with the action generator module to create an action of a particular type corresponding to that gesture. If a template is not found, then the interpreter can ignore the gesture and continue looking other gestures.
The interpreter can also match shapes. This time the interpreter does not need to consider the time for the shape to be drawn; only the shape and the coordinates of the drawing are needed to match that scribble into a well defined shape. The scribble is compared with the existing templates and if a matching template is found the component is componentized.
Operations/Events

The main events of Interpreter are the following:

· The User draws a shape or a gesture on the display. This induces the Interpreter to check the existing base of interpretation templates for a match. 

· The High Resolution Timer counts the time from the start of the gesture to its end.

· MatchingAlgorithms will match the shape of the scribble/gesture with the available template. 

· If a match is found, the type of action is returned back to the Matcher.
· The matcher will then communicate with the Action Generator to generate an action of that type.
· If the type of the action is a shape and not a gesture, then the matching templates would be searched to match to a particular well-defined shape.

· The drawn shape is then componentized and the interpreter goes back to interpreting further inputs.
User Views
The following figure displays how a user gesture as drawing a BREAK sign could induce a componentized action.
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Figure 12: Gesture Interpretation at work.

VDSCommunicationManager sub-system

Summary

The communication mosule is used to stream messages through short term storage or long term storage for representation on remote displays. It is also responsible for requesting and acquiring locks on file and documents. The modules of the communication manger are discussed below. The critical issues and the users and use cases associated are also discussed. In addition to that, the structure is provided by exploring the package diagram and an activity diagram will illustrate the activities performed.

VDSCommunicationManager – This is the executive module of the manager.

VDS Publisher – Publishing messages and retrieves them. It is also responsible for informing other VDS’s of the changes on one VDS.

Short-TermPublisher – Publishes updates to short term memory. 

Long-TermPublisher – Publishes updates to long term memory. 

LockBroadcast – Broadcast of lock messages to all members of a meeting or to members of a work package. 
Document synchronizer – Synchronizes documents among meeting VDS.

Dirty files publisher – Publishes updates to all meeting parties and parties requesting file access, that a particular file is marked as dirty and that long-term memeory does not have the latest version of that file.
Design

The VDSCommunicationManager sub-system was divided into the following parts:

· DocumentSynchronizer
· VDSPublisher
· LockBroadcaster
· Short-TermPublisher
· Long-TermPublisher
· Dirty-FilePublisher
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Figure 13: VDSCommunication Structure

The processing activities of each module are as follows:

VDSCommunicatonManager – This is the executive module of the Communication Layer. It performs the following:

· Coordinates the activities of the module of the Communication Layer.

· Getting requests from the Short-Term storage and Long-Term Storage to manage updated files and to broadcast lock messages when lock are acquired.

· Communicates with Long-Term storage to publish updated files as dirty. This decreases network and storage contention.

· Communicates with Short-Tem storage to identify and public locks requests.

· Sends messages between VDS systems to synchronize documents, chats, and meetings.

DocumentSynchronizer – This module is responsible for synchronizing documents among multiple VDS systems. It performs the following:

· Provides facilities to synchronize documents among multiple VDS.

· Communicates with VDS publisher to inform all other parties requesting or viewing a file, that this file is being updated and possible locked by another user.

· Communicates with LockBroadcaster to broadcast lock requests or lock information for those requesting locks on the same part or file.

VDSPublisher – This module is responsible for publishing messages across the VDS system. It performs the following:

· Provides facilities to send and receive messages from the VDS system. 

· Sends messages to the Long-Term Storage Manager to indicate that a file is being updated locally and that any parties requesting the same file have to retrieve the when the file is finalized or after the lock has been released.

· Receive messages from Long-Term Storage Manager requesting a particular file. This usually happens at off-peak hours when the long-term storage manager polls the VDS system for locally update cached versions of the files.

· Sends messages to the Short-Term Storage Manager to update local cached versions of the file being modified.

· Sends requests to short-term storage for local versions of files whenever the newest version of a file is found in the local cache. This decreases the network load and makes the VDS system more responsive.

LockBroadcaster – This module is responsible for broadcasting lock messages. It performs the following:

· Broadcasts lock messages across VDS systems.

· Communicates with DirtyFilePublisher to publish notifications that a particular file has been modified and that this file is to be considered as dirty in Long-Term Storage.

DirtyFilePublisher – This module is responsible for publishing information and status about dirty files. Dirty files as mentioned earlier are files that have been updated in short-term storage but not yet reflected or written-through to long-term storage. Thus whenever a party requests that file from the long-Term storage, the long-term storage manager will fetch the file from the place it was last changed and update the storage.
The main activities of the VDSCommunicationManager are shown in the activity diagram in the following figure.
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Figure 14: VDSCommunicationManager Activity Diagram

The above diagram shows the VDSCommunicationManager module activities. The communication manager manages all message transfer in the VDS system. The communication manager main task is to transfer messages reliably between VDS system. This could be any type of message be it data or control messages. When a user draws a scribble, a message is generated to be sent to all viewing and collaborating personnel to update views on all sites. A message is sent when a chat session is in progress. Thus all actions in the VDS are translated to messages that are constantly being passed around.
VDS communication manager is also responsible for sending lock broadcasts. Whenever one VDS locks a file or components for editing, the lock information is broadcasted to all parties that are viewing the same file. This broadcast is also accompanied by a dirty-flag message that is sent to long-term storage. Now, whenever a user wants to request that file to edit, the user will be informed that the file is dirty and locked, meaning that the file is currently being edited.
VDS also sends document update messages to all collaborating parties. This is needed to ensure smooth rendering. Whenever one user draw or adds something to a document, the change is quickly reflected at all collaborating sites. 
VDS also orchestrates sending and receiving files. It first checks if the file is locked or not. If it is not locked, it now checks if this file is present in the local cache or short-term storage and then sends a request for the latest version number of that particular file. If the returned version number is the same as that found locally, then the VDS retrieves the file from the local cache. This decreases network load and increases responsiveness. If the local file was not the latest version of the file, or the file was not available in local cache, a request to long-term memory is sent. Before the file is retrieved, the status of that file is locked and then transferred back to the VDS system. If locking is not done before transfer, then other parties might transfer the file and make changes to that file which will result in two different conflicting files.

Operations/Events

The main events of VDSCommunicationManager are the following:

· A user requests a file transfer. 

· The communication manager checks if a lock exists on the file.

· If the file is not locked and the file is present on short-term storage, the VDS communication manager will send a file version request to long-term storage. 

· If the returned version is the same as the local file version, then the file is locked and the file is transferred from the local cache. At the same time a dirty-flag message is sent to the long-term storage to indicate that this file is being edited elsewhere.

· If the file is not present in the local cache and or if the file is not the latest version, then a request is sent to long-term storage to send the file.

· Before sending the file, the file is locked and the file transfer proceeds.
TextManager sub-system

Summary

The TextManager subsytem is basically responsible for all text and chatting activities. The components used are discussed below. The critical issues concerned with text processing and the users and use cases associated are also discussed. As well, the structure is provided by exploring the package diagram and an activity diagram will illustrate the activities performed.

Text manager – This is the executive module of the Text subsystem.

Chat manager – Manages the chatting process.

Message manager – Manages message handling and routing
AnnotationManager – Manages all component and document annotations.
Text logger – Logs text, voice and video chatting conversations as well as all VDS collaborating activities.
Text publisher – Publishes chat conversations and notifications to team members
Organizing principles

The TextManager subsystem is an important part of VDS since it mainly deals with chatting among team members to convey ideas, reviews and progress. It also performs components and document annotations. Users associated with the same work package will be able to chat among each other to obtain helpful information related to the project. This is essential since developers could be located at different sites, and chatting will be the most effective way of communication.

Uses and users

The TextManager  subsystem will be used by developers, software architects, quality analyzers and team leaders to:

· View status of team members (online/offline)

· Sart/End a conversation

· Change status (available, away, busy…)
· Log a conversation

· Invite third party to occurring conversation

· Annotate components for review

The use cases specific to team leaders are:

· Broadcast messages to all team members

Critical issues

A critical issue that was identified for text processing is lost connection. An issue to consider is what happens if two users are chatting and one of them looses the connection. The system can be configured so that the logger keeps an updated draft every certain amount of time. If the connection is reestablished, the chatting window is reopened and shows the whole conversation. However, if the connection could not be established for some time, then the disconnected user can still access the log and save the conversation for future use. 

Another critical issue is that a user tries to write to an annotation file that is already being used by another user. We would need to prevent this by providing a locking mechanism that tells the second user that the annotated file is already being used. 

Design

The TextManager sub-system was divided into the following parts:

· ChatManager
· MessageManager
· AnnotationManager

· HistoryLogger
· TextPublisher
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Figure 15: TextManager Structure

The processing activities of each module are as follows:

TextManager – This is the executive module of the Text module. It performs the following:

· Coordinates the activities of the modules of TextManager.

· Manages all text messages, notifications, chats and annotations.

· Communicates with Chat Manager to manage chat conversation and logging facilities.

· Communicates with MessageManager module to manage all messages coming through or going out of a particular system. This module basically queues messages until VDS is free to service those messages.
· Communicates with Annotation manager to manage all annotations made to components.

ChatManager – This module is responsible for managing all text chat conversations. It performs the following:

· Provides facilities to send and receive text messages.

· Communicates with HistoryLogger module to create logs and history archives of all conversation conducted between VDS systems.

· Communicates with Text publisher to create notifications to get published for all team members to view or for Wiki purposes later on. This level of publishing can be adjusted in the user setting of the VDS.
MessageManager – This module is responsible for managing incoming and outgoing text massages. It provides queuing facilities for all incoming and outgoing messages.
AnnotationManager – This module is responsible for managing components annotations. It performs the following:

· Broadcasts annotation to all related personnel.

· Add comments to components for making revisions.

The main activities of the TextManager are shown in the activity diagram in the following figure.
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Figure 16: TextManager Activity Diagram

The text manager receives text input and depending in the context, this text will be managed differently. If the user is in conversation mode, the text is considered as chat text and this text must be sent to the other side of the conversation, the text is formatted as a message and then sent to the VDS communication manager to guarantee a reliable transmission. At the end of the meeting and depending on user preferences, the conversation and chat manager will post notification to all team members about the conversation/meeting and the minutes of this meeting.

The text manager can also track and edit components by making and keeping track and versions of annotations performed on components. The annotation manager can track two types of annotations. The first type is the single user annotations that are used to write comments and personal reviews of components and documents to be used for self clarifications. The second type of annotations is the project annotations. These annotations are comments meant to edit or question part of the design and architecture of a certain component or document. This type of annotation is visible to all project team members.
The text manager in most of the contexts will also create a log or history archive of all actions. This helps at one time of the project to track back and discuss the issues that could have been changed or edited. This could provide important feedback and statistics about teams and design methods that could help in reducing the time and effort on other projects. Other teams can also benefit from the pitfalls that other teams experienced.

Operations/Events

The main events of TextManager are the following:

· A user opens a chat conversation with another peer.
· Text being sent is transformed into messages and handed to the Communication manager for reliable transmission.

· As the users collaborate on a design document, the annotations made by one are viewed at the other side and notifications to the team are sent that this component or document has been annotated and would provide further review. Single mode annotations are not viewed nor notified to other peers.

· At the end of the chat session, the chat manager will publish notifications of the minutes of meeting. A history or log of the conversation will also be recorded and saved for later reviewing by system architects or the meeting personnel themselves.

Views
The following figure shows the news and meeting feed whenever peers are collaborating on an item. Another important task of TextManager is the ability to publish notification which can be shown as popup windows shown at the bottom right of the figure.
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SpeechManager sub-system

Summary

The sixth subsystem is the speech module. The speech component is responsible for speech processing. Both text to speech and speech to text conversions are taken into account. The components used are discussed below. The critical issues concerned with speech processing and the users and use cases associated are also discussed. As well, the structure is provided by exploring the package diagram and an activity diagram will illustrate the activities performed.

SpeechManager – Exceutive module for speech subsystem.
SpeechSynthesizer – Synthesizing text to speech.

Text-to-SpeechManager – manages all text to speech conversions.

SpeechXMLCreator – Creates voice xml from speech and text depending on the contect.
SpeechVoiceInfo – Edits speech voice settings.
SpeechRecognizerManager – Performs speech to text recognition.

Speech-to-textManager – Manages recognition techniques.

SpeechTraining – Trains the speech system order to recognize user voice and speaking patterns.

MatchingRecognition algorithms – Provides  mechanisms and algorithms used in order to recognize and synthesize speech and text respectively. 

Organizing principles

The SpeechManager subsystem is an important part of VDS since it deals with both the conversion from text to speech and from speech to text. Text to speech is important since it allows users to perform tasks without even drawing a point. This helps increase productivity and makes collaboration more efficient.
Uses and users

The text processing subsystem will be used by developers, software architects, quality analyzers and team leaders to:

· Enable text to speech option

· Enable speech recognition option

· Edit voice setting

· create VoiceXML documents based on converted data

· Train the speech system to recognize their voice

Critical issues

A critical issue that was identified for speech processing is speech recognition. Speech recognition for both commands and text entry is critical since having a keyboard is impractical. The speech system must be able to filter out noise and just capture user voice and actions. This could be done by using a pen that is practivally a microphone on the other end.

Design

The SpeechManager sub-system was divided into the following parts:

· SpeechRecognizer
· SpeechSynthesizer

· Text-To-SpeechManager

· Speech-To-TextManager

· SpeechXMLCreator

· SpeechVoiceInfo

· RecognitionAlgorithms

· SpeechTraining
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Figure 17: SpeechManager Structure

The processing activities of each module are as follows:

SpeechManager – This is the executive module of the Speech module. It performs the following:

· Coordinates the activities of the Speech modules.

· Manages all voice actions, commands and gestures.
· Communicates with SpeechSynthesizer to manage text to speech conversions.

· Communicates with SpeechRecognizer module to convert voice to text. This is useful because it lets the user perform tasks without even writing on the display.
SpeechSynthesizer – This module is responsible for synthesizing text to speech. It performs the following:

· Provides facilities to convert text to speech.

· Provides core services to create voice xml file to be used by the synthesizer.

· Communicates with SpeechXMLCreator to create the voice xml files that will eventually be spoken out as voice.

· Communicates with SpeechVoiceInfo to edit voice info. This lets the synthesizer change the age, the rate and other options of the voice according to the user preferences.
· Communicates with RecognitionAlgorithm to get the services of recognizing and translating in between languages.
SpeechRecognizer – This module is responsible for recognizing voice and converting it to text. It performs the following:
· Provides facilities to convert speech to text.

· Provides core services to train the voice system to the voice patterns of the user.
· Communicates with SpeechXMLCreator to create the voice xml files. In this case the XML files will be translated or transformed, using an XSLT transformation sheet, into text.

· Communicates with SpeechVoiceInfo to edit voice info. This lets the synthesizer change the age, the rate and other options of the voice according to the user preferences.

· Communicates with RecognitionAlgorithm to get the services of recognizing and translating user spoken language into another that can be in turn spoken out. An example of that would be that one user speaks in Spanish, but other parties do not understand Spanish. The speech system will translate the Spanish voice into Spanish voiceXML. After the XML is parsed, the facilities of text translation are used to transform and translate that Spanish text into English Text. The english text can then be handed to a speech synthesizer to be spoken out in English.

· Communicates with SpeechTraining module to train the speech system to recognize a particular user’s voice and speaking patterns.
SpeechXMLCreator – This module is responsible for creating voiceXML documents and transforming XML to text. It performs the following:

· Provides facilities to create well formed voice xml file to represent the text that will be spoken out.

· Provides facilities to transform voice xml file into text to be printed out or logged as voice conversation history logs.
SpeechVoiceinfo – This module is responsible for adjusting speech voice information and settings. It basically provides facilities to create and edit voices depending on user preferences.

RecognitionAlgorithms – This module is responsible for recognizing speech and converting it into text. It performs the following:

· Provides facilities recognize spoken languages and transform that language into an equivalent voiceXML file that holds all the spoken information as tagged text.

· Provides facilities to translate one language into another as mentioned earlier. This is done by first translating the voice xml tagged text elements into another language. If the meeting or collaborating parties speak different languages, then the system will translate the speech of one party to speech in the other party’s language.
SpeechTraining – This module is responsible for training the speech system to recognize a particular user’s voice and speaking patterns.
The main activities of the SpeechManager are shown in the activity diagram in the following figure.
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Figure 18: SpeechManager Activity Diagram

The speech system receives user voice and text input to be convertingor synthesized into text and voice respectively. Whenever Text is to be synthesized to voice as in the case where the user lets the system to read email, or even provide a spoken summary of notifications, the speech system has to first check the text language. If the language has been found to be compatible and supported by the VDS system, the speech system, communicates with RecognitionAlgorithms module to transform the text to be spoken into voice xml files. Once the voice XML file is constructed by the SpeechXMLCreator module, the file is communicated back to the synthesizer to be spoken out.

Whenever speech is to be synthesized to text, as in the case of logging the history of voice calls and conversations as well as meeting procedures, the speech system has also to check the database of supported language. It first creates the voiceXML file for the spoken sentences. After the voice xml file is created by the Speech XML Creator module, the tagged text element in the xml file are iterated and parsed to check for their language. If the language is supported, the voice is then translated into English or any other supported languages depending on the user preference and his native language. 

The speech system also provides voice editing facilities for users. This can be set in the user preferences. In this case, the user has the option of creating new voice information, and editing the gender, the age, the rate, the breaks and the accent of the synthesizer voice.

Operations/Events

The main events of SpeechManager are the following:

· A user initiates a voice conversation with another user in a meeting. One user speaks English while the other speaks Arabic.

· As soon as both user start talking, the speech Manager will start probing for supported languages and find if Arabic and English are supported. (Lets assume that both languages are supported for now).
· When the Arab user starts talking, the speech recognizer module will communicate with the SpeechXMLCreator module to create an xml file of the spoken sentences.

· In the meantime, each sentence or word is being compared and matched using the RecognitionAlgorithms to get translated into the other party’s language, in this case English. 

· The translator will translate each text element or word found in the voice xml file into the corresponding text and a new voice xml file is created using the translated voice.

· The English user will hear at the other end, a system voice that is speaking (in fact) translating the other user’s speech into comprehendible speech.
VRTS

VRTS is the Virtual Repository Testbed Server System. VDS is augmented with several virtual servers that implement a software repository, a testbed, and a collaboration server which in this project is VRTS.

The term virtual means that the functionality of the server can be moved or replicated with a simple command to any machine connected to the internet, provided that the machine can identify itself as a project machine. Users can keep a copy of the repository, the testbed and the collaboration server on their own project machine. The information on these servers will not be certified. When a product is extracted from its secondary repository and checked into the primary repository, the information will become an official part of the project. If several teams each have virtual collaboration servers, their virtual displays can be connected into ad-hoc networks within a location and between locations to support the exchange of information between teams. What follows is an analysis of the primary repository server, the primary testbed server and the primary collaboration server.

Primary Repository Server

The primary repository server holds all of the software, test results and documents that have been checked in and added to the project’s current baseline. These software products are certified, which means that they are officially part of the current project. The repository supports check in, check out, extraction, finding files, displaying status and versioning of all products. It also provides an array of analysis tools to measure and report on the quality of individual items.

Check-in is the process of storing all files in the repository and providing version numbers. Only an item’s responsible individual may check in the item. When being checked-in, an item is given an identifier and a version number. If an updated file is to be checked in, it will not replace files with older versions.

Check-out is the process of transferring files of an item to the requesting client for modification purposes. Only an item’s responsible individual may check out items.

Extraction is the process of transferring a component’s files to a client. Extraction is not limited to the responsible individual.  Extracted items may not be checked back in.

Finding an item is the process of locating an item in the repository.

Displaying the status is the process of displaying the status of a request selected by a user. 
Versioning is the process of assigning a unique identifier to a file. Each checked in modification of a file results in a new version number generated sequentially by the server.
The UI shown below exhibits how these services are on the client’s side. 
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Figure 19: Screenshot for Repository Server on the client side

Module Diagram

The repository server can be subdivided into several modules as described below.

Executive

This is the main executive module that instantiates the GUI for the repository server. It uses the services provided by the Plug-In Manager to plug-in any new tools a user might want to add.

GUI

This is the module users will interact with. It calls the user-requested module. The GUI uses the security module to provide access to authenticated users. Users might want to add customized tools through the GUI. This can be done by using the services of the Plug-In Manager.

Indexed Display Manager

The indexed display manager module provides services for displaying indexed based browsing menu to the user. 

Security

Security is used for validating users before they can access the repository. As well, it is used to verify responsible individuals of an item by using data stored in the storage module.

Check-In/Out Manager

This module is used when a user wants to check-in/out an item. 

Extractor 

This module is used when a user wants to extract a component. 
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Module diagram for Repository Server

Primary Testbed Server

The primary testbed server supports testing by running a sequence of tests defined by an XML test configuration file. Each test configuration is run on its own thread and several test configurations may be processed concurrently. It is the intent of the testbed design to support continuous testing of the current baseline as new software components are added. 

A screenshot of the prototype implemented in project 3 is given below.
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Figure 20: Screenshot of the Testbed server

The use cases of the test bed server can be summarized as follows:

Build libraries:

Selected files are sent to the build server to be built into DLLs.

Create an XML configuration file:

An XML configuration file is generated. This file contains the names of the DLLs to be tested. 

Copy files to server:

The DLLs mentioned in the configuration file are copied to the test server. 

Execute tests:

The server tests the DLLs.

Display:

Test results are displayed and can be optionally saved for future reference.

Module Diagram

The testbed server can be subdivided into several modules as described below.

Executive

This is the main executive module that instantiates the GUI for the testbed server. It also generates a test configuration module and a communication component.

GUI

This is the module users will interact with. 

Test Configuration

The test Configuration module is responsible for creating an XML configuration file and submitting this test configuration to the Testbed server. Test Configuration needs to build source code into libraries; therefore, it depends on the builder module.

Tester

The tester extracts the test configuration file and starts performing tests. Tester needs to log customized information while performing tests on console and files. Therefore, it uses the logger module. Many tests require test vectors, therefore, the Test Vector Generator module is used.

Test Vector Generator

This module is responsible for supplying the Tester module with test vectors to perform the tests. 

Logger

This module is used to store the test results to be used later on for documentation purposes. Logger will make use of Operating System services to log the results in file, console and memory streams. Test result information logged into the file system will contain detailed test results. 

Builder

This module builds source codes into libraries.
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Module diagram for Test Harness

Primary Collaboration Server

This primary collaboration server offers the following services and facilities:

· The collaboration server provides a network of work package descriptions that define the flow and sequencing of all the work activities for the project, monitor the status of work in progress and work completed and measure the resources expended on each task. Each work package is assigned to a single Responsible Individual who has a job description and tangible milestones to measure completion. 

· The collaboration server provides a notification mechanism and a status collection system that attempts to enforce the collection of brief status reports associated with each work package. 

· The calendars and schedule offered by the collaboration server show on a time line the work that has completed with resources expended, and work yet to be completed with milestone dates. When projected on a virtual display, any work package or milestone can be expanded to show its textual description and status.

· The collaboration server provides for scheduling and controlling meetings coupled with one or more virtual displays at each participant’s location. 

· A virtual display is provided to support the activities described above. 

· A Wiki is provided through the collaboration server and is considered an integral part of the VDS. Each work package has a web page dedicated to it. On this webpage, team members can access recently updated information and can also post notifications. Users can be informed of all the posts. A web publisher service is used to display the messages on the web pages using an internet browser. When posted, these messages were XML-based. They will need to be converted to HTML first before being published. This XML to HTML conversion is done suing XSLT.

Module Diagram

The collaboration server can be subdivided into several modules as described below.

GUI:

This is the module users will interact with. 

Security manager:

Security is used for validating users before they can access the collaboration server. A non-team member will not be allowed to view the work of a team.

Web publishing manager:

This module provides services to allow for web publishing. It uses the Communication module for interactions between clients and the web page hosting server. 

Email manager:

The email manager uses the Communication module to support the sending and receiving of emails. 

XSLT process handler:

XSLT process handler performs all XSLT related task transformations.

Data and file manager:

The data and file manager is used to store HTML documents and emails to allow users to access their personal accounts from any terminal. 

Communication:

Communication is used for Email and web publishing interactions.

[image: image25.png]Gl

SecurityManager Web Publisher Email Manager

[
——

XSLT process handler Data and file manager Communication





Figure 21: Module diagram for the Collaboration server

Conclusion

After gathering data from prototypes and discussions it can be concluded that the design suggested is feasible. The VDS system was designed. Critical issues were discussed. A possible architecture was selected. Techniques for improving service time were suggested.

Appendix A
Prototype 1

The following prototype lets the user draw rectangles to represent activities. The user must also enter a description or comment for that activity. Whenever the iterate and Speak button is pressed, the speech synthesizer iterates over the activities and speaks the description of that particular activity.
using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Linq;

using System.Text;

using System.Windows.Forms;

using System.Speech.Synthesis;

using System.Threading;

namespace TTS

{

    public partial class Form1 : Form

    {

        private Point mousePoint;

        private string action;

        private List<Activity> activities;

        private int ids;

        public string comment;

        public Form1()

        {

            InitializeComponent();

            activities = new List<Activity>();

        }

        private void splitContainer1_Panel2_Paint(object sender, PaintEventArgs e)

        {

            // Get the graphics object

            Graphics gfx = e.Graphics;

            // Create a new pen that we shall use for drawing the line

            Pen myPen = new Pen(Color.Black);

            if (action == "draw")

            {

                paintFloatingActivity(sender, e);

            }

            else

            {

            }

            foreach (Activity a in activities)

            {

                gfx.DrawRectangle(myPen, a.BOX);

            }

            /*

            // Loop and create a horizontal line 10 pixels below the last one

            for(int i = 20; i <= 250; i = i + 10)

            {

                gfx.DrawLine(myPen, 20, i, 270, i);

            }

            // Loop and create a vertical line 10 pixels next to the last one

            for(int x = 20; x < 280; x = x + 10)

            {

                gfx.DrawLine(myPen, x, 20, x, 250);

            }

             * */

        }

        private void paintFloatingActivity(object sender, PaintEventArgs e)

        {

            Graphics gfx = e.Graphics;

            // Create a new pen that we shall use for drawing the line

            Pen myPen = new Pen(Color.Red);

            if (mousePoint != null)

            {

                Rectangle r = new Rectangle(mousePoint.X, mousePoint.Y, 50, 50);

                gfx.DrawRectangle(myPen, r);

            }

        }

        private void splitContainer1_Panel2_MouseMove(object sender, MouseEventArgs e)

        {

            mousePoint = new Point(e.Location.X, e.Location.Y) ;

            this.Refresh();

        }

        private void button1_Click(object sender, EventArgs e)

        {

            action = "draw";

        }

        private void button2_Click(object sender, EventArgs e)

        {

            action = "other";

            foreach (Activity a in activities)

            {

                System.Speech.Synthesis.SpeechSynthesizer ss = new SpeechSynthesizer();

                if (a != null && a.TEXT != null)

                    ss.Speak(a.TEXT);

            }

        }

        private void splitContainer1_Panel2_MouseClick(object sender, MouseEventArgs e)

        {

            if (action == "draw")

            {

                Point currentPoint = new Point(e.X, e.Y);

                Rectangle r = new Rectangle(currentPoint.X, currentPoint.Y, 50, 50);

                CommentForm cf = new CommentForm();

                cf.Visible = false;

                cf.register(this);

                //CommentForm cf = null;

                cf.ShowDialog(this);

                //Thread t = new Thread(new ThreadStart(createCommentForm));

                //t.Start();

                //t.Join();

                //while (cf.Visible == true)

                //{ }

                Activity a = new Activity(ids);

                a.BOX = r;

                a.TEXT = comment;

                activities.Add(a);

                ids++;

            }

            else

            {

                Point currentPoint = new Point(e.X, e.Y);

                foreach (Activity a in activities)

                {

                    if(a.insideActivity(currentPoint)) 

                    {

                        System.Speech.Synthesis.SpeechSynthesizer ss = new SpeechSynthesizer();

                        if(a!=null && a.TEXT!=null)

                            ss.Speak(a.TEXT);

                    }

                }

            }

        }

        public void getComment(string text)

        {

            comment = text;

        }

    }

}

using System;

using System.Collections.Generic;

using System.Linq;

using System.Text;

using System.Drawing;

namespace TTS

{

    class Activity

    {

        private int id;

        private string text;

        private System.Drawing.Rectangle box;

        public Activity() {

            this.box = new System.Drawing.Rectangle();

        }

        public Activity(int id)

        {

            this.id = id;

            this.box = new System.Drawing.Rectangle();

        }

        public int ID

        {

            get { return id; }

            set { this.id = value; }

        }

        public string TEXT

        {

            get { return text; }

            set { this.text = value; }

        }

        public System.Drawing.Rectangle BOX

        {

            get { return box; }

            set { this.box = value; }

        }

        public bool insideActivity(Point mousePosition)

        {

            return box.Contains(mousePosition);

        }

    }

}
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Figure 22: Prototype screenshot
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