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1. Executive Summary

This Operational Concept Document defines a candidate architecture for a Virtual Display System. The purpose of this document is to provide a high-level architecture view of the major features and subsystems. This document will form the basis of subsequent more detailed architecture documentation towards the realization of the application software. This Operational Concept Document depicts the architecture design of the various modules via Context Diagrams, Module Diagrams, Activity and Sequence diagrams. Various activities of the system are explained in a fair amount of detail aiding the development process of the Virtual Display System. Various Design and Implementation issues are discussed along with ways to tackle these issues and how the current architecture caters to solve these issues.

The concept of Virtualization is extended beyond virtualization of machines or desktops to Application Virtualization and its benefits and integration with the Virtual Display System is discussed. Since the main intent of the Virtual Display System is Collaboration between users, the Collaboration Mechanism has been well thought of and discussed in this document. The mechanism can be used by any application designed to run on the VDS and it provides efficient communication of information guaranteeing that every participant can collaborate without loss of information. It is made centralized with one Collaboration host managing the entire session. 
Although the Preliminary Architecture Concept required the usage of HTML to represent the information, the usage of XAML and Windows Presentation Foundation is suggested since they aid in the designer/developer collaboration along with the exploitation of the additional features and capabilities XAML provides which include cutting edge visuals, vector graphics and the provision for the usage of styles, templates, data bindings and animation.

There is a need for the collaboration of Designers and Developers in bringing this system to reality due to the demands of the Virtual Display System for rich UI with powerful internal logic to gather and map content and this as we see is efficiently possible using WPF and XAML. The document discusses the architecture and design required for a developer to develop the system. It does not focus on the user interface and animation which the system provides as a part of the internal Tool kit and that will be provided as a separate Behavior Interaction Document to UI Designers who would use tools such as Expression blend to generate rich UI and animation, elements which will become a part of the Tool kit. A list of UI component names will have to be decided on though with which developers can start to implement logic and dynamic creation of UI XAML markup. 

The document has not detailed on the architecture details of each of the tools or apps of the Virtual Display System and focuses more on the architecture of the VDS itself. A separate High and Low Level detailed architecture document for each of these tools will be provided to the teams developing these apps including BIDs. Further research needs to be done in several areas before teams start design and development such as free hand 2d drawings to UI components.
The design and architecture of the system becomes simple by persisting and communicating XAML markup between collaborators. Also by letting the major chunk of APIs and UI elements reside on the Virtual Display Engine, thus provides a capability to extend the usage of VDS for a wide range of applications and not just confining it to a limited set. 
2. Introduction

Virtual Display System is a tool which goes against the trend of shrinking the size of a tool whilst incorporating a large set of functionality within it for a sole reason that this tool intends to cater needs of several users concurrently as they interact with the tool in person by touch and speech. The VDS still will be bundled with a large and diverse set of applications, supported by a touch screen display which spans across an entire wall of an office with cameras and audio technology which can support several interesting collaboration systems. 

The need for such a tool arises with the existing need of analysis, understanding, managing and communication of the all Industry processes and activities both concurrently and coherently across various teams, projects or accounts. The tool finds its use in communicating for instance large scale system designs across teams situated across the globe, each team viewing the design being presented on a Virtual Display System installed on a wall at their office. Feedback and Inputs from each of these teams can be communicated in real time as they have the capability to edit this design on their Virtual Display System seen by every other participant in the collaboration session.

The tool will mostly rely on user commands based on touch commands and gestures, voice commands which will be interpreted by the system and respond by providing a rich and interactive User Interface environment bundled with animation and lucid representation of results.

Although the Virtual Display System will be bundled with a specified set of applications for the initial release, the core VDS Engine implementation and the loosely coupled architecture makes the tool versatile and adding on to the application set and the User Interface provided by the tool can be easily accomplished. 
3. Technologies Used

The Virtual Display System will be developed in C# using the .NET Framework 3.5. Windows Presentation Foundation and Expression Blend will be used to design and develop UI Elements for each of the applications the Virtual Display System will support and these elements will be made a part of the Virtual Applications UI Store of the of the Virtual Display Applications Tool Kit. 

Windows Communication Foundation will be used to communicate between Virtual Display Systems and also between the Virtual Display Systems and Servers. Custom Libraries using WCF will be developed and made a part of the Communications Library of the Virtual Display Applications Tool Kit. 

4. Organizing Principles and Assumptions

· The remainder of the document will assume that the necessary hardware for the implementation of this system will be made available during implementation which includes the following:

· Wall size touch screen connected to a system which can support the high resolution for this large display screen. The system should have installed the latest version of .NET including Windows Presentation Foundation and Windows Communication Foundation.

· Embedded tiny cameras on the touch screen strategically placed at different levels. If a camera is in the range of a Virtual Display screen, then it is activated by that Virtual Display. The cams would perhaps be around 2mm x 2mm in size similar to notebook cameras and its size will be relatively negligible on the touch screen when viewed by the user and can barely be noticed.
· Virtual Display Custom Pens which are used to touch the screen and indicate gestures or drawings. These custom pens also have embedded mikes in them and a tiny display screen which displays random generated IDs by the internal software of this custom pen. To use the mike of this custom pen, the user needs to enter the randomly generated ID on the MikeSync tool of a Virtual Display using the Virtual Keyboard or by voice commands and the system internally configures itself to receive voice commands from that mike henceforth until the session termination of the Virtual Display.  

· Collaboration Servers can provide content such as work package descriptions, Calendars and Schedules. Test Repository Servers can provide the Virtual Display System with test results and documents. Basically we assume that every back end content providing system is in place and is ready to support the Virtual Display System.
· All applications when designed for the Virtual Display System will use the underlying Virtual Display System’s Tool Kits and libraries for its UI and Communication. They shall be light weight applications with mostly logic to map content to UI.

· All applications shall be run virtualized on the Virtual Display instance, each having its own virtualized resources and will not be allowed to share data with applications running on other Virtual Display Instances.

· All UI visuals shall be represented using XAML markup and persisted using the same. Collaboration applications shall communicate UI elements by sending XAML markup across. 

5. Concepts of the Virtual Display System
5.1. Virtual Display Instances
Virtual Displays are analogous to Virtual Desktops in which each desktop window provides a virtual space in which users can place their application windows. In the case of Virtual Desktops, the applications are assumed to have been installed in the local machine and once these applications are instantiated, it allows placing windows of these applications in each Virtual desktop. Whereas, in the Virtual Display System, every Virtual Display Instance does not just allow users to place their application windows but an entire instance of an application is run and managed by a Virtual Display Instance. 
Thus, each Virtual Display Instance will be provided with its own Virtual memory from the common VD Short Term Storage in which an entire instance of an application can be loaded and executed, each of these applications would use the file system of the Virtual Memory allocated to the Virtual Display instance which hosts it for its operations. 
The Virtual Display System when booted up creates a default Core Virtual Display Instance which acts as a host to children Virtual Display instances. Thus, the Virtual Display instance can be viewed as an application which is instantiated by the Core Virtual Display Instance and is nothing but a clone of the Core Virtual Display Instance. Thus, technically, each Virtual Display instance spawned by the Core Virtual Display Instance can in turn spawn more Virtual Display Instances within itself.
This is demonstrated by a prototype which can be found in the Appendix Section of this document. The prototype assumes each of the Virtual Displays as custom Grid instances for illustration purposes. When the application is run, a core virtual display instance is brought up marked by the ID VD #0. 

This Core Virtual Display can now spawn children Virtual Display instances within itself each bearing the same behavior as the Core Virtual Display instance but with perhaps added functionality and properties. Each Virtual Display has its own ID and can be managed by the Core Virtual Display. In the real scenario, the Core Virtual Display will have limited functionality and can host only Generic applications common to all users. These applications cannot be deleted or more be added by any user other than the administrator. Whereas when a child Virtual Display instance is spawned, it throws up a login screen and based on the current user logged in, the Virtual Display instance would retrieve a list of applications the current user is authorized to execute on the Virtual Display Instance.
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Figure1: Representation of Virtual Display Instances by Prototype
Thus, each Virtual Display instance would provide a different context for different class of users. In the prototype, a different coloring for each Virtual Display is used to denote these different contexts. Each spawned Virtual Display has the capability to spawn further Virtual displays which are again instances of the same custom Grid. These Virtual Displays can be moved around the Virtual Display screen and can also be resized or overlapped as demonstrated by the prototype. 
Each of these Virtual Display Instances provides an environment for applications to execute. It would have its own User Interface Management module responsible for Rendering UI elements, text and animations, its own Virtual memory space allocated to run applications which is similar to a Virtual Hard disk allocated by the underlying Virtual Display System Engine for this Virtual Display Instance. Thus, each of the applications which can be hosted in the Virtual Display Instance environment can use this Virtual Hard disk space to store and retrieve data from the file system. 
The management of these Virtual Display instances and their applications are done by the underlying Virtual Display Engine which is the heart of the Virtual Display System. The rich User interface elements, animation and the Communication library to access any type of data store such as Databases, Source controls or Servers providing real time data are present as a part of the Virtual Display Applications Tool Kit.  Applications which run in the Virtual Display Instance environment would heavily rely on the Virtual Display Applications Tool Kit and the rest of the core modules of the Virtual Display Engine. 
5.2. XAML, the language Virtual Display Apps talk

The Virtual Display System besides providing a thick set of functionality should also provide a rich user experience. It is a visual tool and hence should include good visual appearance, interactions, appropriate content, responsiveness, and more. Ideally, the development of such a system would involve teams of graphic designers to create the rich visuals; teams to organize and interrelate the content; and teams of developers to integrate the visuals with the content and any back-end systems. The collaboration between these teams is crucial in developing and bringing about the realization of the Virtual Display System.

With the usage of WPF and XAML, user interface can easily be represented using markup and collaboration between the above teams becomes an easier task during the development phase. With the usage of tools like Expression Blend, designers can involve themselves in the development process and create rich UI controls which can be represented using markup. 

Every UI element and animation provided by the Virtual Display System will be represented as XAML markup. This makes collaboration much easier between VD Applications since during a collaboration session, updates and views are sent across to each connected VD as XAML markup. The VD which receives the markup would parse the markup and display the UI elements. Thus, only markup text is sent across connected VDs, thereby decreasing the communication latency and payload across the connected clients. 

Although the Preliminary Architecture Concept required the usage of HTML to represent the information, the usage of XAML and Windows Presentation Foundation is suggested since they aid in the designer/developer collaboration along with the exploitation of the additional features and capabilities XAML provides which include cutting edge visuals, vector graphics and the provision for the usage of styles, templates, data bindings and animation.

Designers would create UI elements and animation and this set of custom elements, styles and templates would be made available as a part of the Virtual Display Applications Tool Kit. Applications would extensively use XAML markup to depict information based on internal logic. Since XAML can also store and represent data as XML does, the internal logic of applications would retrieve content from back end systems and embed them between UI Elements markup along with any styles and animation. 

It then becomes the Virtual Display Engine’s responsibility to provide the necessary UI elements from the Virtual Applications UI Store and they are rendered by the Virtual Display Instance using Windows Presentation Foundation. 

The prototype of the Virtual Display System which can be found in the Appendix shows how XAML markup can be generated dynamically and stored in a flat file. Although the XAML markup here is generated for the entire system, practically each application of a Virtual Display Instance would generate XAML for the elements it displays. During collaboration, it is this markup which is sent across all connected virtual display clients during a collaboration session which is parsed and rendered by the receivers. 

The diagrams generated during a collaboration session by users or any UI representation by an application of the Virtual Display System can be saved to the data store as a XAML file. When a user wishes to retrieve a previous drawing, the application loads this saved XAML, wiring up events and displays the drawing back to the user. 

This is demonstrated by the prototype as well. Clicking on the “Save VD Layout” button saves the dynamically generated XAML into a file and clears the drawing. Clicking on the “Load VD Layout” will request the system to parse the saved markup and reconstruct the drawing back to the screen. A sample XAML file dynamically generated by the prototype is provided in the Appendix section. 

5.3. Application Virtualization
Most applications hosted in the environment of a Virtual Display Instance will be centrally managed and hosted as Virtual Applications. Application Virtualization is the concept in which an application is not really installed on the machine but it is executed as though it has been completely installed on it. True Application virtualization requires a virtualization layer or a virtualization client installed on the client machine which provides an environment for the virtual application to execute. In this case, the application is fooled by the environment provided by the virtualization client that it is directly consuming the functionality and resources of the machine’s operating system. 

An Application Virtualization Server is responsible for centrally distributing the virtual applications. Internally, it captures installation program content, i.e. it observes and writes down all the activities performed during installation whilst preventing it from actually installing. The server stores this image and when an Application Virtualization client requests for the application, it streams the software on demand to the client. Here on demand signifies that only the initial blocks of the software needed for the initial launch of the application with the basic functionality is sent across. As and when more features of the software are requested, the blocks are streamed by the server to the client which stores it in its internal cache. The client would believe that the entire application is present for its execution while only a subset of it is actually present in the cache.
5.3.1. Why Application Virtualization?
We mentioned earlier that Virtual Displays are analogous to Virtual Desktops, but there is a considerable difference in our implementation of Virtual Display Instances. Virtual Desktops provide just a user interface to run applications installed on that machine. They are useful for applications in which several instances of them can be spawned, thus enabling the execution of separate instances of the same application in the different virtual desktops. But in the case of applications such as Windows Media Player, where only a single instance of it can be executed at any instance of time, it is not possible to launch a new instance of the player at every Virtual Desktop.
In the case of VDS, we can have several users using the system concurrently, each using his own Virtual Display to launch any application he is authorized to execute. Thus, there is a possibility that the same application perhaps used for different contexts can be launched by different users in their VDs at the same time. This is one of the reasons why we use the concept of Application Virtualization in each Virtual Display.
Consider the scenario where a member of the network team is using his Network Monitor tool to run on a Virtual Display located in the Networks division to visualize the current network traffic and flows, A Human Resources employee who might happen to be walking about that VD at that moment might want to use the Employee Information tool concurrently on another Virtual Display Instance to perhaps assist a new team member to identify who his reporting manager is. 

A Virtual Display screen can be installed at perhaps every floor of a building and at every office in that city. Its usage is limitless since a diverse set of applications can use the Virtual display instance, used also by a diverse crowd each person having his own access rights towards using the Virtual Display and the set of applications he is authorized to execute on a Virtual display instance. 

Thus, every time a new application is developed, it cannot possibly be installed at every Virtual Display screen location and although it is possible, it would be tricky to control the set of applications any user is allowed to execute on a VD instance. While one obvious solution is to choose to use the VD for only web based applications with a centralized web server hosting the web applications, the amount to which users can interact with the application is limited when compared to a standalone application. WPF applications using XAML markup as described before enable rich UI and various other additional features which provide a good user experience. 
Thus, the applications which are Virtual Display compatible are all centrally stored and managed and can be brought to execute on demand by a Virtual Display instance. It now makes maintenance of these applications easy since they are centrally stored also reducing licensing costs for these applications. New applications can easily be integrated with the system and will be available to all Virtual Displays.  Access control to these applications is managed by this same central server, thus providing an Authorized to Execute Application Set for each user. 

5.3.2. Using the Application Virtualization concept in VDS

The Virtual Display System, although will use Application Virtualization to run the applications, centrally managing all the software, wont adhere to pure Application virtualization. This is due to the fact that although the Application Virtualization Client in our Virtual Display System does provide an environment for the virtual apps to execute, it will still allow the applications to consume the underlying resources of the machine. Thus, the applications are not entirely independent of the underlying operating system resources but they still remain virtual since they are made to believe that they are actually installed on the host machine while they are actually being streamed from a central server and executed by the Application Virtualization client.  

In the case of VDS, the virtual applications will be light weight applications which include just the core logic while the User Interface libraries and the Communication Libraries which these applications use will be made a part of the Virtual Display Applications Tool Kit of the Virtual Display Engine. These applications would use the Communication APIs to retrieve information from various sources such as Databases, Source controls, Servers providing real time data and contain internal logic to map the content and represent them using rich UI elements represented by XAML markup. These UI elements are contained in the Virtual Applications User Interface Store of the Virtual Display Applications Tool Kit.
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Figure 2:  Shows how the Application Virtualization concept is integrated with the Virtual Display System.
Each Virtual Display instance runs an Application Virtualization Client which is responsible for providing a sandbox for running the Virtual Applications. When a new Virtual Display Instance is created by a user, it throws up a login screen where the user logs into the Virtual Display System with the proper credentials using the Virtual on screen Keyboard. The Application Virtualization Client then has to retrieve a list of applications the current user is allowed to execute on the Virtual Display Instance which it does so by talking to the remote Application Virtualization Server. 
The Application Virtualization Client authenticates the user first and then proceeds to retrieve this list from the server. It forwards the user information to the Application Virtualization Server which in turn checks with its local Access Control to get the list of applications the current user is allowed to execute. It bundles up the metadata about these applications which includes the executable name, icons for the applications, version of the application since you can concurrently run different versions of the same application using Application Virtualization.
This package of metadata list and icons of Allowed to execute by User applications is then sent back to the Application Virtualization Client which parses this set and proceeds to display to the logged in user, the list of applications he is allowed to execute on the current Virtual Display Instance. 

Now the user would see icons of applications and it would seem to him that the applications are locally installed on the Virtual Display and he would proceed to launch these applications. When an application is launched, the Application Virtualization client first checks its local cache to see if the application was previously retrieved for an earlier session. If it finds the application, it directly executes the application making it available to the user instantly. 

If the Application Virtualization Client does not find the application cached, it proceeds to communicate with the Application Virtualization Server to retrieve the application. It uses the earlier retrieved metadata to communicate with the server requesting the exact application it requires. The Application Virtualization Server then gets an instance of this application from its Virtual Applications Store and packages it to send to the Client. It then streams out this package which is received by the Application Virtualization Client which caches the stream and after receiving the entire package, unpacks it and loads the application into a child Application Domain of the Virtual memory allocated for the Virtual Display instance to sandbox the application and runs the application. The application is now available to the user. 

For larger applications, the currently existing Application Virtualization tools retrieves blocks of the application on demand, initially retrieving just the blocks needed to execute the application and provide the basic set of functionality and as the user proceeds to request for more functionality, the Application Virtualization Client would retrieve these blocks from the server. But since the applications of the Virtual Display System are light weight applications which we will see later in the document, the system will be designed in a way that the entire application is retrieved and cached temporarily by the Application Virtualization Client from the server. 

On termination of the application or the current user session by closing the Virtual Display Instance, the Application Virtualization Client stores this application instance in the VD Short Term Storage. If the user logs back in before the VD Short Term Storage clears its memory and requests for the same application, the Application Virtualization Client would retrieve the application from the short term storage and execute the application instantly. 
5.4. The Collaboration Mechanism
To address the need of collaboration between users most likely to be situated in remote locations in using the Virtual Display System to exchange and communicate information can be considered as the main intention for the development of the Virtual Display System. Thus, a powerful collaboration design needs to be employed by the Virtual Display System in ensuring minimal amount of latency with no loss of information communicated. 
The collaboration mechanism adopted by the Virtual Display System is a centrally controlled collaboration process wherein one of the collaborators always acts as a Host of the current collaboration session which manages both the information being shared by concurrent users and also the broadcasting of this information to all connected users. 
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Figure 3: Communication between Collaboration Host, Participant and Server
Applications which can collaborate give the user an option to choose to run the application in single user mode or in a collaboration mode. Furthermore, once the user chooses to run the application in collaboration mode, he can choose to configure the application to be the Host of a Collaboration session or just let the application be a participant in an existing Collaboration session initiated by another user. 
All Collaboration Sessions need to be registered with the centralized remote Collaboration Server as either a Public Collaboration Session or a Private Collaboration Session. Public Collaboration sessions are usually used for live tutorials where any user can participate in real time and other general meetings open to all. Private Sessions could be used between teams of a project which is invite based only for a set of users who wish to communicate perhaps confidential ideas and designs. 
5.4.1. Collaboration Server

The Collaboration Server provides content and control information to Collaborators or Single Users. The following are its responsibilities:

·  
Registering Private or Public Collaboration Sessions 
Collaboration Hosts connect to the Collaboration server to register a Collaboration Session with the Server. The Server internally adds the Session parameters like Name, Type, Participants list (Private Sessions only), Host’s communication details to a data structure. It then informs the Host that the session has been registered. Thus, if any user now connects to the Collaboration server to get a list of ongoing sessions, he would see an entry for this newly registered session.
On termination of a session by a Host, the Server would un-register the session by removing entries from its internal data structure and thus when a user contacts the server to get a list of ongoing sessions, he wouldn’t see this session which was just terminated.

·  
Saving/Retrieving Collaboration Diagrams
Collaboration Participants can connect to the Collaboration Server to retrieve saved drawings of earlier sessions. The Collaboration Server also stores management information such as work packages, schedules and job descriptions which can be retrieved by the Virtual Display Applications as content to dynamically generate UI. Collaborators can now work on this generated UI to discuss and communicate information.

After a collaboration session, only the Host of the session will be allowed to finally save the UI which was collaborated on which is explained in detail further. The Collaboration Server accepts this UI from the host as XAML markup and saves this in the VD Long Term Storage. 

·  
Providing a List of ongoing Public/Private sessions

When a user starts a Virtual Display Application in Collaboration Mode, the Collaboration Server provides the application with a list of ongoing public/private sessions which is displayed by the application to the user. The user can choose one of the sessions from the list and attempt to connect to it. 

·  
Providing Host’s communication details for Participants to connect to
A Participant when it requests the Collaboration Server to join a session, the Collaboration Server in turn returns back the communication details of the Host of the chosen collaboration session to the user’s application. The application would then directly connect to the Host and join the collaboration session.

·  
Provide authentication to Private Sessions

Collaboration Hosts need to send a list of Participants to the Collaboration Server in case the Collaboration Session opted by it is Private. The Collaboration Server stores along with other session parameters, the participants list which act as invites to the session. 

If one of the participants then attempts to connect to the session and contact the Collaboration Server to retrieve the host’s communication details, the server first checks if this participant is in the participant list and only then reveals the host’s communication details. 

5.4.2. Collaboration Host

The Collaboration Host is the initiator of the session and centrally manages the current User Interface which is shared with participants. To understand the mechanism of collaboration, let us assume that the users are collaborating on drawing a UML diagram where each component can be represented via XAML markup. The drawing is made of individual components or elements which can be moved around, deleted or new elements can be added by any of the participants of the current Collaboration Session. 

The Host would manage this drawing and its elements and broadcast it to all participants. Any update made to the drawing by a participant is first communicated to the host which updates its drawing and then broadcasts this change to all participants. 

Once the Host chooses to launch the application in collaboration mode, he proceeds to choose the session type. A session would be made available to any user if it has been registered as a Public Collaboration Session by the host.

A host who registers the session as a Private session would also have to send the Usernames List of participants to the Collaboration server which acts as invites to those users for the session. When one of these users launches the application in a collaboration mode and communicates with the Collaboration Server to join the session, the Server checks the username from which the request was received with the participant list to allow or deny access to join the collaboration session.

The Host then attempts to connect to the Remote Collaboration Server to register the current session, sending the participant list as well if the session type selected is private. The Remote Collaboration Server responds back by sending a successful registration status.

Internally, the Host creates a UI Element State Table to store all the names of UI elements of the diagram in one column, Locked status (Boolean) values in another column and the Username holder of the lock on the current element values in another column. It also maintains a List of Participants to the current Collaboration session since it has the responsibility to broadcast any drawing updates and perhaps chat sessions to all the participants on this list. 
It then internally initializes a Listener and a Broadcasting Agent. A Listener accepts incoming requests from Participants and forwards it to the internal modules of the host. The Broadcasting agent is used to broadcast updated UI elements and chat messages to all connected participants. At any time, except for new connection requests from participants, the Host would just send updated UI elements to all participants and not the entire drawing.
Incoming requests from Participants can be of several types. 
· Connection Request from a new Participant

· Lock Request For UI Element

· Unlock Request for UI Element after updates

· Add New/Delete UI Element to/from Drawing

· New Chat message Request

5.4.2.1. Connection Request from a new Participant

When a new participant requests to join the collaboration session, the host adds the participant’s IP address, username and other connection parameters which is a part of the request needed to send messages to it into its internal Participant List table. It then uses these parameters to first send the current Drawing of UI elements represented as XAML markup to this new participant. It then sends the Chat history it maintains internally as XML for the current collaboration session and finally sends the entire Participant List table to the participant. The participant needs this participant list table to stream webcam video and audio and to also perhaps send private messages to any particular Participant. 
Lock Request for UI Element

Participants who wish to update a drawing by moving elements around would first have to hold a lock on that UI Element before it can make any updates. If any other Participant has already held a lock on that UI Element then this Participant will not be allowed to make any changes until the other Participant has unlocked the UI Element. 

The Host handles lock requests from participants for a UI element by first checking its UI Element State Table whether the UI Element already has a Locked Boolean status to it. If it is currently locked by another participant, then the Host will just return back to the lock requester indicating that the lock request cannot be granted. It can possibly return the current holder of the lock from the UI Element State table to the requester so that the requester application can display to the user that the component has been locked by: message. 
If it finds that the UI Element is not locked, the Host updates the UI Element State table by setting the Locked value to true for this UI Element and also update the Lock Holder field with the requester’s username. It informs the requester that the lock has been granted. It also updates the UI element by placing a tiny lock symbol on a corner of the drawing and broadcasts this UI element to all Participants indicating that one of the Participants holds a lock on this UI Element. The requester can now modify the UI Element it holds a lock on. 
5.4.2.2. Unlock Request for UI Element

After a participant has made changes to a UI Element he holds a lock on, every other participant should be able to see this change. The host is responsible for broadcasting this change to all participants. Also if any other participant tries to unlock a locked UI element by clicking on the tiny lock symbol which would unlock it only if the participant is the lock holder, then the Host should just ignore the request or return by sending the current lock holder of that UI element.
Thus, a participant sends an unlock request to the host along with the UI markup of that element. The Host checks its internal UI Element State table to verify if the requester is also the current lock holder. It ignores the request if it is not or if the requester is the current lock holder then the Host updates the Drawing with the UI Markup sent by the participant. It then sets the Locked value to false for this UI element and broadcasts only the UI element and not the entire drawing to all connected participants. 
5.4.2.3. Add New/Delete UI Element to/from Drawing

New UI Elements drawn by any Participant is sent to the Host with an attribute value indicating that the current element is a new element to the drawing. The Host would receive this element and read the attribute value and understand that the current request is to add a new element to the drawing. It adds the element to the drawing and also adds a row for this new element in the UI Element state table.
The same is with the case of deletion of a UI Element. The case of Deletion is coupled with first requesting for a lock on the UI Element and once the participant receives a lock, it can choose to delete the UI Element. The participant would send the UI element with an attribute value as “Deleted” to the Host. The Host will then remove the UI Element from the drawing and from the UI Element state Table and forward this UI Element with the attribute value “Deleted” to all Participants. The participants when they parse the received UI would read the attribute value and delete the UI element from their drawing. 
5.4.2.4. New Chat Message Request

When the Host receives a Chat message from any participant, it updates its internal Chat history file maintained in an XML format and broadcasts this new message to all Participants who would parse and display the sent by and message to the user. Private Chat messages are not centrally controlled and each participant would directly send a text message to any specific Participant. This message will not be saved for viewing later. 
When the user decides to terminate the Collaboration Session, the host locks all UI Elements in the UI Element state table so that no user can make any edits. It then sends a Save request to the Collaboration Server along with the XAML representation of the UI Elements of the Drawing. Any participant can at any later time contact the collaboration server to retrieve this saved drawing. 
The following Activity Diagrams depicts the flow of activities of the Host of the Collaboration Session: 
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Figure 4: Activity Diagram depicting Collaboration Host Activities
5.4.3. Collaboration Participant
When a user launches the application and chooses to run it in a Collaboration mode, the application would contact the remote Collaboration server to retrieve a list of ongoing sessions registered with the server. This list would show the session names as registered by their host and if they are Public Sessions or Private Sessions. 

The user can choose a Private Collaboration Session only if the host has added his username to the participant list when it registered the session whereas any user can join Public Collaboration Sessions and participate. 

Participants receive the UI Elements from the Host which it uses to update its drawing and wires up events for those UI elements. While most operations are centrally controlled by the Host of the Collaboration session, certain information such as Private messages, Webcam video stream and audio stream is not centrally controlled.

Participants can send private messages to any other Participant directly using the Participant list which it received from the host. 

6. Conceptual Model of the Virtual Display System

The Virtual Display System can be viewed as two large bodies which are the Virtual Display Client and the Virtual Display Server.  The Virtual Display Client is the system connected to the wall size touch screen and several such Virtual Display Screens supported by the Virtual Display Client instances will be installed at various locations by customers. Many Virtual Display Clients talk to One Virtual Display Server which supports the clients with applications and content alongside other supportive functionality. 
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Figure 5: Conceptual model of the Virtual Display System
The heart of the Virtual Display Client is the Virtual Display System Engine which drives the Virtual Display Instances providing its applications with all the support they need. The components of the Virtual Display System Engine are listed and explained below.
6.1. Virtual Display Manager
Creates and manages the core VD and all the children VD. Is like the executive which manages all the operations. Creates instances of all other modules and 
6.2. Collaboration Manager

The VDS Engine’s Collaboration Manager is used by applications running on all the Virtual Display Instances for Collaboration with external participants. When an application is instantiated in the Collaboration Mode, it is the Collaboration manager which talks to the remote Collaboration Server to register the session if the application wishes to be the host. Or in the case of the application being the participant of an existing session, the Collaboration Manager retrieves the list of private and public sessions and communicates with the server to get the communication details of the Host’s Collaboration Manager.

The Collaboration Manager is responsible for maintaining the internal data structures used during Collaboration as discussed earlier. Any Application on a Virtual Display who wishes to collaborate would inform the central Collaboration Manager and let it manage the collaboration process. The application only needs to identify itself as either a host or a participant to the Collaboration Manager which would then manage the collaboration process respectively. 
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Figure 6: Model Diagram depicting two way flows between components during collaboration

Considering the scenario where the application wishes to be a host, it informs its Collaboration Manager of this and in response to that the Manager would contact the Remote Collaboration Server to register the session with a unique name letting the server know of its contact details. The application after informing the Collaboration Manager acts as a mere participant letting the underlying Collaboration Manager to act as the host and just listens for messages from the Collaboration Manager. 

After registration, the Collaboration Manager either loads an existing drawing from the remote collaboration server if the application requested for it or creates a fresh drawing and builds a UI Element State table for this drawing.  
Participants would retrieve this Collaboration Manager’s contact details from the Collaboration Server when they try to connect to the session. The Collaboration Manager listens to incoming requests from participants. It performs the locking mechanism as explained earlier and broadcasts all UI changes to the participants in the list it maintains. The application which initiated this session is now considered a participant and the Collaboration Manager would broadcast to it as well.

Only this application can send a session terminate request to the Collaboration Manager indicating it to either save or discard the drawing and chat session to the Remote Collaboration Server.

Considering the scenario where the Collaboration Manager is addressing the needs of a session Participant, it would just receive broadcasted messages from another Collaboration Manager, identifying each message by the session unique name and forward it to the respective application.

Thus, many applications from Virtual Display Instances in the same screen can use the single Collaboration Manager to initiate and manage sessions, where data structures and cached drawings in the VD Short Term Storage are managed by this Collaboration Manager for each application. The Manager uses the Communication Library APIs of the Virtual Display Applications Tool Kit to broadcast messages, listen to requests and for other communication needs.

6.3. Virtual Apps Manager
Virtual Apps Manager is a central entity which manages Virtual Applications retrieved from the Remote Application Virtualization Server. Every Application Virtualization Client on a Virtual Display Screen would pull instances of Virtual Applications from this remote server and provide it to the Virtual Apps Manager to cache it temporarily. The next time when the user logs-in to a VD instance and requests for the same application, the Application Virtualization Client would first check with the Virtual Apps Manager if the application is still cached. If it finds the application cached, it sends it to the Application Virtualization Client.

The Virtual Apps Manager stores virtual applications and configurations for these applications in a dedicated storage area of the VD Short Term Storage. Although it is a short term storage, applications can be requested to be cached for a long duration of time which is managed by the Virtual Apps Manager. 

6.4. Virtual Memory Manager

Since each virtual display instance is an execution environment of its own which can host Virtual Applications, it needs execution memory and a file system which the applications can use. The Virtual Memory Manager allocates memory for each Virtual Display Instance based on need. If it finds that any of the Virtual Display Environments will require more memory than it initially allocated, then it dynamically provides the environment with more virtual memory from the local VD storage.
When a Virtual Display Instance is terminated by the user, the Virtual Memory Manager performs Garbage collection and thus manages the local Virtual Display memory. 

6.5. VDS Short Term Storage

The VDS Short Term Storage is just a data store which holds data temporarily as needed by applications. Such a short term storage is needed for applications which buffer streaming data such as webcam video and audio, storage of data structures used by VDS engine modules. The Virtual Display is provided with a local storage along with this short term storage to store data. The short term storage is a fast access storage area.

6.6. Virtual Display Applications Tool Kit

All the rich UI with appealing UI elements coupled with animation effects in bringing up the UI based on user actions along with styles and templates is all fetched from this Virtual Display Applications Tool Kit and rendered. The capability to communicate a variety of message types and retrieval of information from various back end content stores are all features also provided by this Virtual Display Applications Tool Kit. As the name suggests, it is a tool kit which can be used by applications of the Virtual Display to cater its needs and more.
The Virtual Display Applications Tool Kit is composed of

· Virtual Applications UI Store

· Communication Library

· QueryAll

6.6.1. Virtual Applications UI Store

The Virtual Applications UI Store houses all the custom controls, styles, templates and animation which any Virtual Display App can use to generate its user interface. For instance the UML Diagrammer tool can use the “ClassDiag” custom control to generate a Class Diagram which has a glossy opaque look with 3D effects. The UML Diagrammer tool’s drawing would just have a 
<ClassDiag Attribute=”Value”>DemoClass</ClassDiag> 
in its XAML markup which would be parsed and UI retrieved and generated from the Virtual Applications UI Store. 
This XAML markup can be saved and opened by any other Virtual Display since its VDS Engine would also have the Virtual Applications UI Store to generate the UI. 

The components of the Virtual Applications UI store will be created by UI Designers and not Developers. While the developers focus on the logic to retrieve and map content, Designers will create the necessary UI to represent this content. The integration of these has been made easy using XAML. Designers will use tools such as Microsoft Expression Blend and Adobe Photoshop to generate components for the Virtual Applications UI Store.
6.6.2. Communication Library

All the communication activities explained so far would make use of the services provided by the Communication Library which is made a part of the Virtual Display Applications Tool Kit. To broadcast messages, listening to incoming requests and streams, Connection to any type of back end systems for content such as Databases, Source Controls, and Real Time data generated by Servers are all supported by the Communication Library. Applications would by default have a reference to this library and would use its APIs for its collaboration needs.

6.6.3. QueryAll

The QueryAll bundle is a package of QueryAll libraries and a set of interpreters. User Queries using the QueryAll language against backend data sources are interpreted by the QueryAll Interpreter to actual queries which can be run against back end systems. There will be an interpreter written for each type of backend system such as Databases, Remote File System, Source Control and also Real Time Data generating Servers. 
The QueryAll libraries are used after interpretation to run these queries against the back end systems using the Communication Library to send requests and receive various message types. 

The QueryAll bundle is used by Virtual Display Applications which accept user commands and queries through speech to interpret and provide the facility to execute these queries. Applications would invoke the interpreter first to interpret the Speech to Text converted commands and then reference the QueryAll libraries to execute the interpreted queries. 

6.7. Communication

The Communication Layer is the underlying backbone through which all communication happens. The Layer would provide sessions, reliable communication with required security features. Each application of the Virtual Display would use a different port and the communication layer handles socket connections from various instances of an application from different virtual displays, routing data and provide an identity for the Virtual display to other Virtual Displays in communication. 

7. Modular Architecture of the Virtual Display Instance
The first time the Virtual Display is started up, the Virtual Display Manager spawns a Virtual Display Instance which then on acts as the Core Virtual Display Instance. Users will then have to create child Virtual Display Instances in this Core Virtual Display Instance to run applications. Each Virtual Display Instance is an environment to run applications and uses the underlying Virtual Display System Engine for support. The modules of each Virtual Display Instance and how they interact with the Virtual Display Server is depicted by the Package diagram and are explained below.
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Figure 7: Package Diagram of a Virtual Display Instance and its interaction with packages of Virtual Display Server

7.1. Modules of the Virtual Display Instance

7.1.1. UI Management

Every Virtual Display Instance has its own UI Management module which handles rendering to the display screen and also Interpretation of touch commands from the user. These modules are actually a part of the Windows Presentation Foundation since it handles the rendering of UI elements including controls and animation. The Visual Class of the WPF model handles all the rendering for the UI Elements. User interface controls derive from the Visual class and use it for persisting their rendering data. The UI Management would provide support for: 
· Output display: Rendering the XAML markup representing the drawing visual.
· Transformations: Performing transformations on a visual. 

· Hit testing: To determine coordinates of touch by the user on the UI elements.

Once the UI Management has processed the touch coordinates and reports a hit on a UI Element, the application takes care of Event handling.

7.1.2. Local VD Manager

The Local Virtual Display Manager acts as the Executive module which instantiates and controls the working of other modules of the Virtual Display Instance. It is spawned by the Virtual Display Manager of the Virtual Display Engine and managed by it. After all necessary resources for the Virtual Display have been provided by the VD Manager, the Local VD Manager instantiates the Application Virtualization Client to provide a sandbox execution environment for virtual applications. 
7.1.3. Application Virtualization Client

The roles and responsibilities of the Application Virtualization Client were discussed earlier. When it is instantiated by the Local Virtual Display Manager, the Application Virtualization Client internally creates a Virtual File System, Virtual Registry, Virtual Services and Virtual COM for the execution of virtual applications. This enables the concept of application virtualization where an application would seem to be installed on the local machine but is actually using virtual resources. 

It is the Application Virtualization Client which provides the environment for the execution of applications. After the user logs-into the Virtual Display Instance, the Application Virtualization Client talks to the Remote Application Virtualization Server to retrieve metadata about the applications which the current user is allowed to execute in this Virtual Environment. 
It then displays to the user the list of applications from which the user can choose to execute one or many applications. For an application launch, the Application Virtualization Client uses the Virtual App Loader to load the application into its own sandbox, which is nothing but a child application domain providing it with the Virtual File System, Registry and services. Once the application is loaded, it executes the application.

7.1.4. Access Control

Each Virtual Display Instance when created pops up a Login window with an onscreen Virtual Keyboard for the user to log-into the Virtual Display to view and execute applications from his set of Authorized to Execute Applications. The Access Control module talks to the Remote Authentication Server to authenticate the user and after authentication, the environment is configured for this current user and any collaboration from this user’s applications would use his username to identify itself.

7.1.5. Virtual App Loader
The Virtual App Loader is a part of the Application Virtualization Client whose responsibility is to retrieve and load a virtual application into memory. It retrieves an application instance from either the Remote Virtual Applications Store or the local cache if it has been cached from a previous session.

It talks to the Virtual Apps Manager of the VDS Engine to check whether the application has been locally cached. If the Virtual Apps Manager responds saying it has not been cached, then the Virtual App Loader communicates with the Remote Virtualization Server requesting for the application by sending the server the launch parameters and user information.

The Remote Virtualization Server streams back a package containing the application instance along with any configuration files which the Virtual App Loader unpacks and loads it into the memory. It also forwards the package to the Virtual Apps Manager who caches it in the local VD storage.
The next time the user logs in and requests for the application, the Virtual Apps Manager would provide the cached application which the Virtual App Loader loads and lets the Application Virtualization Client to execute it.
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Figure 8: Virtualization Process depicted with the packages identified using a Sequence Diagram
7.1.6. Virtual Application

Virtual Applications are light weight applications which heavily rely on the services provided by the Virtual Display Engine for its UI, Communication with external entities and resources. They contain internal logic to map content it retrieves from remote backend systems and represent them as UI Elements. Various categories of Virtual Applications are supported by the Virtual Display System Engine and are listed below:

· UML Diagrammer Tool

· White Board Tool

· DiversiTree Apps

· AnyTimeLine Apps

· QueryAll Tool

Common Tools on Virtual Display which include:
· Gesture Tool
· Virtual Keyboard

· Mike Sync Tool
These tools with their functionality are explained in further sections.

7.1.7. Camera Manager

Tiny high resolution cameras will be embedded on the touch screen strategically placed at different levels of the screen. The cameras would perhaps be around 2mm x 2mm in size similar to notebook cameras and its size will be relatively negligible on the touch screen when viewed by the user and can barely be noticed. 
The Camera manager identifies all the cameras in the range of the Virtual Display Instance at any point of time and if the application needs to stream the camera content to collaborators then the Camera Manager is notified of this and the Camera Manager activates these cameras in the region of the Virtual Display. 
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Figure 9: Diagram depicts how the Camera manager activates cameras for collaboration
Considering the Participant and Host scenario explained earlier, during a collaboration session, each participant maintains a list of participants for which it has to stream webcam video to perhaps named CamStreamToSendList. Initially this list would contain all the participants. Every other participant would receive the stream.
 A user X on the other end could choose to close the webcam window for user Y and when he does so, X’s Collaboration Manager would send a message to Y that he does not wish to view the camera stream. Y would then remove X from its CamStreamToSendList and stop sending its video stream to X. 

If X then decides to view the camera stream for Y, it would select Y from the internal Participant List it maintains and send a message to Y that it now wants to view Y’s camera stream. Y then adds X to its CamStreamToSendList and from then on X would receive Y’s video stream.

The Collaboration Manager does not manage the stream broadcast to participants centrally as it does for the collaboration session itself. Each participant broadcasts its video stream to other participant and this operation is not centrally controlled as no Locking mechanism is necessary. 

The only factor which is of concern is the loss of information which is handled by buffering the video stream in a Short term storage of the virtual display. The Camera Manager maintains this CamStreamToSendList and uses the underlying Communication Library APIs to broadcast streams to participants on this list. 
It also has a Listener which receives streams from other participants which it routes to the application which would have a UI Element such as a Media Player control to display the stream.

7.1.8. Speech

The Speech module is responsible for receiving and interpreting the speech commands to the application. A user would first have to configure the mike on his custom pen to use it for the current Virtual Display by entering the unique ID generated by the custom pen on the MikeSync Tool available in the list of applications provided by the Virtual Display Instance. 

A Virtual Display Screen has a single Hardware Receiver which would receive transmissions from the mikes used by all users using the Display screen on their own Virtual Display instances. Each of these Virtual Display Instances has its Speech module listening to these transmissions received.
These transmissions would be identified by the unique ID of the mike from which the transmission is generated from. Thus, for every incoming stream, the Speech module can easily identify if the current transmission message has an ID which matches the ID entered by the user using the MikeSync tool and accepts this message.
It then internally has a Speech to text converting module which would interpret this transmission message to text and feed this textual command to the application. Since each application can be identified by its name a sample voice transmission can be: “QueryAll, Select Table X…” and the Speech module would know to which application the current message should be routed to.
7.2. Modules of the Virtual Display Server
The Virtual Display Server is actually a conceptual Server bundle which internally contains servers that can be hosted independently and several such virtual instances can be in place specific to projects or teams to which any Virtual Display Client can be connected using ad-hoc networks. Some of these can form a part of a larger system such as the Virtual Repository Test Bed Server System and other such Systems which would generate content for the Virtual Display Applications. Servers and components of the Virtual Display Server are explained below:

7.2.1. Authentication Server

Authentication Server could be a part of the central Authentication System for the company which manages employee access to systems and various profiles. The Virtual Display Instance would use the services of this Authentication Server to authenticate the current user before letting the user use the Virtual Display Instance.

7.2.2. Application Virtualization Server

The Application Virtualization Server hosts virtualized application packages and streams them to the client computers for local execution. The Application Virtualization Server has an internal component which monitors and records all installation and setup processes for an application and creates an execution image with files which all the necessary information about an application. These files would allow that application to run in a virtual environment. This component is named the Sequencer by Microsoft in its implementation of its Application Virtualization Server while Citrix names it the Streaming Profiler. 

This virtualized package of files representing the application is stored internally into the Virtual Applications Store by the Application Virtualization Server and retrieved on demand from Application Virtualization Clients. 

The Application Virtualization Server also maintains metadata about this application including executable name, launch parameters, values for environment variables and also the icons for these applications. 

Every time the user logs in, the Application Virtualization server retrieves the metadata for all the applications this user is allowed to execute from the Users Profile Manager and streams it to the Application Virtualization Client. 

When it retrieves a request for an application from the client, it retrieves the application package from the Virtual Applications Store and also fetches user saved configuration for this application from the Application Contexts Manager and streams it to the Client. 
7.2.3. Users Profile Manager

Users Profile Manager stores and retrieves the Authorized to Execute Applications Set for each user. The Application Virtualization Server would request for this set by forwarding the current user’s username and the Users Profile Manager would build an XML file of set of applications with their configuration parameters and other metadata from the internal store and send it back to the Server.
7.2.4. Application Contexts Manager

Each application created to execute on the Virtual Display Instances would retrieve content from various back end systems. A user might use an application to retrieve content from his project’s Database while another user might use the same application but to retrieve content from another Database. Thus, for each user, the configuration values will be saved and retrieved the next time the user launches the application. These configurations are stored and maintained by the Application Context Manager and the Application Virtualization Server would request this module for the current user’s configuration for the requested application.
7.2.5. Virtual Applications Store

This is just a data store where all the virtualized application packages and configurations are stored and retrieved from.

7.2.6. Collaboration Server

The roles and responsibilities of a Collaboration Server were discussed earlier. The modules of the Collaboration Server are:
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Figure 10: Module diagram for the Collaboration Server
7.2.6.1. Collaboration Server Executive

Instantiates and controls the working of other modules of the Collaboration Server.

7.2.6.2. Collaboration Sessions Manager

Maintains a list of ongoing Public and Private Collaboration Sessions between Virtual Applications.

7.2.6.3. Private Sessions Authentication

For each Private Session, this module maintains a participants list received by the Collaboration Session Host which acts as invites to participants against which a connection request from a participant is compared against.

7.2.6.4. Collaboration Hosts

Maintains a list of Collaboration Hosts and their contact details so that when a participant requests to join a session, the executive would use this module to return back the communication details of the Collaboration host so that the participant can join the session.

7.2.6.5. Request/Response Handler

The Request/Response Handler is a Windows Communication Foundation implementation of a service which listens to requests from Virtual Display Clients. The various requests were discussed earlier and these would be forwarded to the Executive module which handles the request and uses this module to send the response back to the clients.
7.2.6.6. Collaboration Content Provider

The Collaboration Content Provider provides most of the data Virtual Applications need to generate UI. This Provider can be configured to provide data from any type of back end store such as Databases, Source controls or even Real Time generated data from Servers.
When the Virtual Display System is integrated with the Virtual Repository Test Bed System (VRTS), the Collaboration Content Provider would generate the following content:

· A network of work package descriptions that define the flow and sequencing of all work activities for the project.

· Notifications and brief status reports associated with each work package, generated perhaps once a week.

· Calendars and schedules.  Schedules contain information that depict work that has completed with resources expended, and work yet to be completed with milestone dates.  

7.2.6.7. Collaboration Save/Retrieve Manager

Dynamic UI generated by VD Apps and custom Drawings drawn during a Collaboration Session including Audio recordings are saved by the Collaboration Save/Retrieve Manager into the VDS Long Term Storage data store. They can be retrieved at any later time by VD Client apps.

7.2.6.8. Collaboration Store

The Collaboration Store is a local data store used to store the data structures used by other modules including participant lists for Private Sessions, Ongoing sessions, Collaboration Host’s communication details.
7.2.7. VDS Long Term Storage

The VDS Long Term Storage is a data store to persist dynamically generated UI by VDS Apps, Drawings created during Collaboration Sessions and Audio Recordings. UI is persisted as XAML markup and audio streams can be stored in a particular encoding such as mp3 or wav. These objects can be retrieved at any later time directly by Virtual Display System Client applications.

7.2.8. Back End Content Providing Systems

This is a set of content providing sources such as Databases, File Stores, Source Controls, Real Time data generating Servers. The Virtual Application can connect to these systems and retrieve data.

8. Goods of the Virtual Applications Store
8.1. Virtual Meeting Tool 
The Virtual Meeting Tool is a tool used for collaboration between participants to create, retrieve, and discuss items stored in the VD Long Term Storage or other Repository Servers. 

UI markup generated by tools such as DiversiTree apps or AnyTimeLine apps which are discussed further in the document can also be retrieved from the VD Long Term Storage on which Collaborators can discuss about. These Diagrams cannot be edited though and are static in nature. They can only be edited by the tools which generated them. 
8.1.1. Talking to the tool

The Virtual Meeting Tool can be used to display documents such as text files, pdf files. It allows users to edit these files by letting the user select an area of text and the user is then required to ‘talk’ to the tool of the edit to be made. When the user ‘talks’ to the tool it uses the Virtual Display Instance’s Speech module to receive Speech converted to Text information from it. The tool would then feed the text to its internal Query interpreter module which would interpret the text by matching it against a predefined set of commands and notify the tool of the interpreted command. The tool would then perform the requested operation.

A predefined command could read: “Replace All <var1> With <var2>.”
A Sample user query could be received from the Speech module as: “Replace All and With or.” 
A Query interpreter of the QueryAll bundle will be used by the application to parse the input text into words and match it with the predefined command with var1 = “and” and var2 = “or” and interpret the command to an actual string replace query and provide it to the application. The application can then refer to the QueryAll libraries to execute the query on the text. 
8.1.2. Virtual Meeting tool as a UML Diagrammer

This tool can also be used by users to draw UML diagrams. In the Diagrammer mode, the tool would basically contain a drawing area and a Tool Box.  A User can drag components from the UML elements Tool Box on to the drawing surface and these can be moved around the drawing area. The user will also have the flexibility to draw a UML component as a free hand sketch which will be transcribed into the corresponding UI Element by the tool. 

All the UML Elements are integrated as a set within the Virtual Applications UI Store of the Virtual Display Applications Tool Kit.

Thus, when the application is run, it populates its tool box with UI elements from this set of the Virtual Apps UI Store which the user can use to generate UML Diagrams. When the user drags perhaps a Class Diagram Element from the tool box into the drawing area, XAML markup for this Class Diagram Element is generated and included in the current Drawing markup stored internally. The Rendering agent of the UI Management then reads this XAML markup for the Class Diagram and uses the Virtual Applications UI Store to transcribe the markup to an actual drawing of the element onto the screen.
Thus, every UML element including connectors when dragged into the drawing area is under the hood included to the drawing as XAML markup including coordinate information and attribute values for each component. Each element will be identified by a unique name on the current drawing.

The Prototype available in the Appendix section of the document shows how a Class Diagram Image is randomly placed on the drawing. A sample dynamically generated XAML for a drawing is also available in the Appendix section.

8.1.3. UML Diagrammer in Collaboration Mode
The Virtual Meeting tool can be launched in a Collaboration mode as a host or a participant by the user. In the host mode, the tool informs the internal Collaboration Manager as described earlier which would manage the collaboration process broadcasting UI updates to all participants. 

In the Virtual Meeting tool as a UML Diagrammer, every UML UI Element would have a tiny lock icon embedded in it when the drawing is in a Collaboration mode. This lock icon indicates if the current UI Element is locked by a participant or is free of a lock. When a user tries to move an element by using the custom pen, a PenDown event is fired which would immediately use the underlying Collaboration Manager to communicate with the Host sending a lock request. If the element is already locked by another participant, then the Host rejects the lock request and so this Diagrammer will do nothing for the PenDown event. 

If the Host grants the lock then the element’s PenDown event sets a bool value to true and the further PenMove event will move the element based on the custom pen’s touch coordinates on the screen. Once the user lifts the custom pen off the screen then a PenUp event is fired which would send an Unlock request on the object to the Collaboration Host.  

To edit the properties of an existing UI element, the user double clicks on the tool which makes the element editable and the user can now ‘talk’ to the application to edit the properties.

8.1.4. Free hand Drawings 

When the user randomly places the custom pen at any point on the drawing area other than over UI elements, the tool instantly recognizes that the user is attempting to draw a free hand drawing and brings up a custom UI element similar to a Canvas control with a border surrounding the area of the pen. Any pen movement in this Canvas is drawn as is like an actual pen being used to draw on the wall. When the user draws close to the bounds of the Canvas, the tool immediately resizes the Canvas size accommodating more drawing area for the user to draw on. The Border around the canvas is visible only when the element has focus.
This Canvas has a Move and Resize icons embedded in it just as how the Prototype’s custom Grid indicates. It can now be moved around, resized or even deleted by Collaboration Participants. There is a static Trash Can Image at the bottom of the tool. Dragging any UI Element into this Image would delete that UI element from the drawing. Elements can also be deleted using Voice commands from the user by identifying the element with its unique name.

This Canvas defines a Single_Click event and a Double_Click event. When the pen is being used to draw free hand diagrams, that is, a touch on the screen followed by dragging the pen to make a pattern, the Single_Click event followed by Pen_Move events draw the diagram onto the screen. 
When the user taps the canvas twice with the custom pen, a Double_Click event is fired which would trigger the tool to transcribe the drawing in the canvas to one of the existing UI Element of the Tool Box. The Canvas control and the drawing get replaced by this new UI Element. 
If the transcribed drawing is not the one the user intended to draw, then the user can undo the operation by drawing an horizontal curve from left to right on the gesture area of the application. Thus, internally the application maintains a limited history of operations by recording pervious XAML markup states of elements in the short term storage area and retrieved during Undo or Redo operations. 

8.1.5. Gesture Area

A gesture area to the bottom right corner of an application can be used to draw a combination of lines and their variations which get interpreted as commands to the application. For each application, the interpretation of gesture area commands vary but the set of drawings remain the same. The drawing set can comprise of {straight vertical line drawn bottom up, straight vertical line drawn top down, Lines drawn as an X mark…} . 
The application can map each of these drawings when drawn in the gesture area to custom commands. The Gesture component is made a part of the Virtual Applications UI Store and an application needs to just refer to it and provide the Mapping table and the UI management takes care of the rendering and the component can be used to map the drawing to the command.

How random lines drawn by the user are converted to straight lines and as to how they can be identified using coordinates and line properties are explained further in the document.

 A Prototype for Text to Speech Implementation is available in the Appendix which demonstrates how SSML can be used to represent text to be spoken and how Help Messages and User Friendly Error Messages can be communicated to the user by the tool using Speech responses. 

The Prototype available in the Appendix section also demonstrates how free hand drawings can be drawn on the UI using WPF and the internal XAML representation of the drawing is also available in this section.

8.2. DiversiTree Application
DiversiTree App represents a wide range of applications basically whose content can be visualized using a Tree or a Hierarchical structure.
8.2.1. Usage Scenarios of the DiversiTree Application 
· A custom DiversiTree App can be configured as an Employee Information Tool which can be used by any Employee to visualize the entire hierarchy of Employees of a company starting from the CEO to any developer in the lower order of the hierarchy. Each Node of this tree can have additional Properties to it, for e.g. an Employee’s node can be clicked once to view his Designation, Account and Project to which he belongs.
· The Human Resources Team can further customize this Employee Information DiversiTree App by editing an employee node’s properties to instead show his Tax information and the amount of Paid leaves the employee has used up.

· Networks and Infrastructure Department can configure a custom DiversiTree App to control Network Domains and to visualize all the machines and servers under a domain. For each set of machines or for a particular machine node in the tree, the team can govern the access control and machine rights based on the user of that machine.

· A Software Architect can use a custom configuration of the DiversiTree App to view projects he is responsible for and for each Project node, the next level of children nodes could represent the various modules of the project, and for each module the Class Files which make up that module, and for each Class file, its Public and Private members. Such an application would aid architects to manage project information and its usage can be extended to even store work packages and milestone information for each module and whether that module holds a status of completed or work under progress.

8.2.2. DiversiTree Configuration Create and Customize Tool
We see that there are diverse ways in which the DiversiTree Apps can be configured and customized to the needs of users. Customers will be provided with a DiversiTree Configuration Create and Customize Tool which can be run on the Virtual Display Instance or on standalone machines for the purpose of creation of custom configurations of the DiversiTree application which suits their needs.
This tool basically requires the user to map content to each level of the Tree structure and also choose the UI representation for any particular level. And that is all will be needed to build a DiversiTree Configuration which can be checked into the Virtual Apps Store. 

When a user launches the DiversiTree application with the custom Configuration created, it would use the configuration to retrieve the content and dynamically generate UI and integrate the content with it for each level of the tree based on the UI configuration chosen and display the UI to the user. 

 

This tool allows the user to choose from a variety of back end systems which can provide content such as Databases, Datastores, XML data Files, Source Controls or even Real Time Generated data from servers.
The user can choose the number of levels in the hierarchy and map each level to perhaps a particular Column of a Database. For example a level of the hierarchy can be mapped to the Database column managed by the Collaboration Server indicating work packages or milestones.

The user then has to choose from a Rich UI Tool Kit for the UI representation for every Hierarchy Level. For example, the user could choose to show all nodes at Level 3 as a Blue Opaque Glossy Rectangle selected from the UI Toolkit.  The user can also choose from a collection of animation representing the way a node would split into child nodes. For instance the user can choose the Whirlpool animation effect for the transition from Level 2 to Level 3. 

All this information is saved in a configuration file and is stored at the Virtual Display Server for a specific user or for a class of users. When a user logs-into the Virtual Display instance and launches the DiversiTree app, the Application Virutalization Client would also retrieve the configuration file for this user. 
It will use the configuration to retrieve data for each level from the configured back-end system sources, internally map them and dynamically insert the content within UI Element markup chosen by the user from the Virtual Applications UI Tool kit. It then lets the Rendering agent of the UI management display the UI with selected animations to the user.
8.2.3.  Usage of DiversiTree App
Nodes of a DiversiTree App UI can be split into child nodes using voice commands like: 
"DiversiTree, SHOW Employees UNDER Manager James." 
Which breaks a node to child nodes and this can be repeated until the leaf node where the application can read out a custom user friendly message: 
"THE PARTICULAR FIELD CANNOT BE SPLIT FURTHER!" 
Two clicks on a node will also split a node and two clicks on it again will pull the child nodes back inside the parent node. 

The actual query set against which the command would be compared against is 
“DiversiTree, SHOW <LevelNameNodes> UNDER <LevelName> <NodeName>”
 

There could be instances when the content at a particular level is so very large and the user would wish to see a particular node’s children only. He can do so using queries against the application using voice commands as well identifying the particular node or a subset of nodes using pattern matching techniques. 

The DiversiTree App provides a Gesture area at the bottom of the application screen where user gestures using the custom pen are mapped to internal commands. If the user drags the pen in a straight line vertically down in the gesture area, the hierarchy tree would scroll down. If the user drags the pen vertically upwards, then the diagram would scroll upwards. User can also scroll the diagram horizontally towards the left or right of the screen. 

 The DiversiTree uses the underlying Communication Library to retrieve data from various Data stores, the Virtual Applications UI Tool kit to render UI for the content and the QueryAll bundle to interpret user queries. 
8.3. AnyTimeLine Apps

AnyTimeLine Apps represents a wide range of applications basically whose content can be visualized using a Timeline. 

8.3.1. Usage Scenarios of the AnyTimeLine Application 

· Managers can use the AnyTimeLine App to view a timeline of work packages indicating the various stage of each work package such as completed or in progress. The timeline can also depict the span of time from start to completion.
· Test Engineers or Developers can use the AnyTimeLine application to view a timeline of test configurations which also depicts the pass/fail status of tests from the first test run to the last recorded test run.

· Statistics recorded over a period of time such as profits of a company in a timeframe can be depicted on a timeline by the AnyTimeLine app.

8.3.2. AnyTimeLine Configuration Create and Customize Tool
Customers will be provided with a AnyTimeLine Configuration Create and Customize Tool which can be run on the Virtual Display Instance or on standalone machines for the purpose of creation of custom configurations of the AnyTimeLine application to suit their needs.

This tool basically requires the user to provide any source which provides a Time-Value content and the type of UI representation for the timeline fields. The tool will generate a configuration file for the chosen configuration which can be checked into the Virtual Apps Store at the Virtual Display Server. 

When a user launches the AnyTimeLine application with the custom Configuration created, it would use the configuration to retrieve the content and dynamically generate UI and integrate the content with it based on the UI configuration chosen and display it to the user. 
This tool allows the user to choose from a variety of back end systems which can provide content such as Databases, Datastores, XML data Files, Source Controls or even Real Time Generated data from servers.
The user can even choose levels of hierarchy and map each level to perhaps a particular Column of a Database. This is needed for scenarios where the user clicks on a UI element depicting a value on the time line and that would bring to the user more detailed information. 
E.g. the user is viewing a timeline which shows test configurations run for the last few months and he decides to click on one of these configurations, the tool should pull out the test results log for that test configuration and display it to the user.

So the first level of the hierarchy will be mapped to the Database column managed by the Collaboration Server indicating test configurations and the second level will be mapped to perhaps a server which accepts a test configuration name as a parameter and returns back the test results for that test configuration.
The user then has to choose from a Rich UI Tool Kit for the UI representation of the Timeline and also for every Hierarchy Level. The user can also choose from a collection of animation representing the way a time line will animate the timeline generation and display process. 
All this information is saved in a configuration file and is stored at the Virtual Display Server for a specific user or for a class of users. When a user logs-into the Virtual Display instance and launches the AnyTimeLine app, the Application Virutalization Client would also retrieve the configuration file for this user. 
It will use the configuration to retrieve Time-Value data from the configured back-end system sources, internally compute the time frame, generate the time line and dynamically insert the content within UI Element markup chosen by the user from the Virtual Applications UI Tool kit. It then lets the Rendering agent of the UI management display the UI with selected animations to the user.
8.3.3. Working and Usage of the AnyTimeLine Application
The AnyTimeLine Application will ideally check the content retrieved for the Time values and sort them if they are not already sorted. Based on the range of time values from the start time to the end time, it computes the time frame. The tool can display yearly stats, monthly, weekly, daily, hourly to the order of every minute and second. 

So if it finds the time frame spanning across years, it generates a timeline with values depicted from the start year to the end year. If the time frame spans across few weeks of a month, then it generates a timeline showing values for week1 to week4 of a month. 
Once the time line is generated and displayed to the user, the user can use the Gesture area provided by the application to scroll the diagram to the left or right. 

If the values are configured at different levels, then clicking an element on the time line will cause the tool to dynamically fetch the next level of values for that element. The Time line is blurred out at the background when the next level is being viewed which has the current focus now. The user will double tap outside the current element in focus twice to go back to the previous level view. 

 

The user can ‘talk’ to the tool to direct it to display values for a particular time frame. If the current time frame is showing values yearly, then the user can query the tool to display the time line for the month of December, of the year 2008. So the query can start from the order of minutes of the hour of the day of the month of the year if the data for it is available.
The tool will always have the first level of Time-Value data and queries against these can be retrieved from the locally fetched data. User queries for values down the hierarchy level will be fetched dynamically from the Collaboration Server and if no data was available, the application uses the internal Text to Speech module to respond back with a custom User Friendly message.

8.4. QueryAll tool
The QueryAll tool supports ad-hoc queries into any of the content providing back end systems such as the Repository or Collaboration Server Databases, Source Controls. It is a tool to which users can talk to, asking it to fetch information. Users can call out to the application to select tables and all or a subset of attributes from each table also limiting the results to a subset of records based on some user requested conditions.
The way QueryAll tool works internally is:

· The QueryAll tool listens to the Speech module of the Virtual Display System Engine for Speech to Text converted commands.  
· The tool then uses the underlying QueryAll bundle of the Virtual Display Applications Tool Kit, invoking the respective interpreter to convert the textual command to an actual query which can be run against a content provider. 
· It then references the QueryAll libraries of the QueryAll bundle to execute the query against that content provider to retrieve information. 

The QueryAll tool uses rich UI elements from the Virtual Applications UI Store to display the content such as custom Grids, Timelines, Trees bundled with a predefined set of animation. It contains internal logic to Databind the content it receives to these UI elements.

8.4.1. The QueryAll language

All user commands by speech to Virtual Display Applications need to be spoken in the QueryAll language. QueryAll Language syntax will be designed and structured to be used to query the Virtual Display Applications for displaying content. 

The QueryAll Language will be developed with commands to be used against a diverse set of back end content providing systems. Thus, there will be DataSource specific commands made as a part of the QueryAll Language.

 This QueryAll language will be documented and provided to users to learn and use against the Virtual Display Applications. 

Examples of QueryAll language syntax run against the QueryAll tool is: 
“QueryAll, Source Database”
<QueryAll tool displays the current selected source as Database>

“QueryAll, ConnectTo Database EmployeeDB Username X Password Y”
<QueryAll tool responds by saying: “Connected to EmployeeDB” and visually shows the database as a UI element on screen>
“QueryAll, Select Table Employees”
<QueryAll tool responds by saying: “Table Employees Selected” and visually shows the database as a UI element on screen>

When the user said “Source Database”, the tool internally references to the QueryAll interpreter which interprets queries against Databases. The Source can be Source Controls, File Store IP addresses, etc. These commands are internally interpreted to actual queries by their corresponding interpreters against the data source. The interpreters can also have predefined Stored Procedures to return optimized queries which can be run against Databases. 

Voice commands can also be directed towards the QueryAll tool as well such as “QueryAll, Show Results using DiversiTree. “ and the QueryAll tool would launch the DiversiTree app providing it with the content it had already fetched. 
The QueryAll tool also provides a feature for a user to save Queries and schedule to run them periodically. Such a feature can perhaps be used to let the QueryAll inform Developers or Test Engineers when a periodic auto Build was performed or a Test Configuration was run against code in the Source control and the logs of the operations are available to view.
8.5. Common Tools on Virtual Displays
While each user has a predefined set of applications he is authorized to execute on a Virtual Display Instance, there are certain common tools which will be provided to all users and needed by the user for the usage of other tools such as:

8.5.1. Virtual Keyboard

On screen Virtual Keyboard is used by the user to log into a Virtual Display Instance and to configure the MikeSync tool. It can also act as a replacement to voice commands where the user can directly type the commands addressed to a tool.

8.5.2. Mike Sync Tool

The Mike Sync Tool is used to register a custom pen with an inbuilt mike with a Virtual Display Instance. Once registered, all commands spoken to that mike is directed to that Virtual Display Instance. The custom pen generates a unique ID which needs to be entered to this MikeSync tool using the Virtual Keyboard. Speech to Text cannot be used yet since the mike is not configured. 

The tool then registers the ID with the Speech Module of the Virtual Display System Engine. The Speech module now recognizes incoming transmission from any mike using the ID associated with it and listeners of each Virtual Display Instance pick up the transmission intended for them based on the ID.

9. Critical Issues
9.1. Communication Latency

The Virtual Display System’s applications are all distributed applications and one of the primary bottlenecks limiting the performance of distributed applications is Communication Latency.  The cost of communication operations become higher than computation operations because of the overhead in framing messages, the amount of data sent across and the bandwidth of the network itself. 

Latency issues due to the network can be reduced by employing high performance network hardware whereas communication latency due to the communication software can only be resolved by developing more efficient communication libraries. Thus, the Communication Library of the Virtual Display Applications Tool Kit should be well designed for applications to communicate seamlessly with reduced communication latency. The QueryAll libraries should also be architected well so that it generates efficient queries and stored procedures to retrieve data from back end data sources. 

Less frequent communication between applications
The Collaboration Host can ensure that during Collaboration on Diagrams, less frequent communication is sent across towards participants. The locking mechanism can be controlled to send less data across by letting a participant hold a lock and make any number of changes and then release the lock. Only then will the data be broadcasted to all participants. This can be done instead of sending changes real time as and when user drags an object, the other participants need not see this drag operation. In this way lesser amount of data is sent across to Collaborators.
The only data which will always be transferred is Voice and Video Streams. The applications need not handle the streaming of Voice streams and can let the Voice be transferred using the existing VOIP line or telephone line of company. Whenever collaborators join sessions, VOIP communication can be initiated between senders and receivers of that virtual display screen and let the hardware and custom software aid in the routing of messages.

One of the reasons why XAML markup representation of UI elements was chosen is because it is a flat file and can easily be encoded and compressed and sent across to collaborators. Also by integrating all UI elements and communication libraries locally with each Virtual Display Engine, communication between collaborators is just plain markup. This would reduce the payload sent across the communication line considerably. 

Furthermore, Virtual Display Applications ensure that not the entire drawing is streamed each time edits are made to a drawing but just the modified element is sent across to all collaboration participants. The request type such as a locking request is an embedded attribute in the UI element sent across to the Collaboration Host thus separate request messages do not have to be sent across. 

Communication Latency still exists though in retrieving content from back end data stores in generating visuals and thus the applications should ensure that they fetch only required data which can be visualized by the user at one instant of time. As and when the user interacts with the application requesting to see more data, the application can fetch more content on demand.

Retrieving Virtual applications over the network would also add to the network traffic and is one disadvantage of Application Virtualization. But this can be overcome since the application once retrieved is cached locally by the Virtual Display. So if a user uses an application so very frequently on a Virtual Display instance, it will always be fetched from the local cache and still be virtualized into its own sandbox execution environment. If the user was a visiting user who used the application once and would not later, the internal Virtual Apps manager can dispose the application off of the local storage.

Besides, the tools are light weight applications which mostly rely on the libraries and elements of the Virtual Display Applications Tool Kit and other modules of the Virtual Display Engine. 

9.2. Information loss due to network issues

During collaboration if a user gets disconnected due to network issues, he does not lose any information of the collaboration drawing since the collaboration process is centralized. The collaboration host maintains and caches the entire drawing and chat history. So when the participant logs back in again, the Collaboration Host considers the request from this participant as a new connection request and broadcasts the entire drawing and chat history back to it. 

9.3. Practicality of Text to Speech

Since many users can use the same Virtual Display screen on their own Virtual Display instances, if an application generates a voice response, it is hard to direct this response to just one particular user. One can imagine the situation where each application run on separate Virtual display instances start generating voice responses and it would almost seem impossible for a user to comprehend if the response was directed to him or for the user operating the VD beside him. Thus, the Text To Speech functionality can be used to generate common responses for all users by the Core Virtual Display Instance. Such a feature can be used for any public announcements or for scheduled tasks where the VD can announce the availability of test results periodically to a class of users. 

9.4. Speech to Text
A similar situation as described above can occur when users ‘talk’ to their applications simultaneously where a VD may pick up speech commands from the adjacent user and process them. Voice frequency levels can be used by the VD hardware and software to get the correct transmission to the application since a mike is configured by MikeSync and Speech module to just use one Virtual instance at a time.
Another solution to this issue is to have a voice recognition feature wherein, when a user logs into a Virtual Display Instance, it will use the voice recognition feature to interpret commands only from that user. Either a user is expected to read out a sentence displayed by the VD during login for it to identify and store the user's voice for the current session or each employee's voice would have perhaps been stored in the VDS central server against which authentication is performed. This would imply processing overhead of matching voice with the stored voice sample for every command issued by the user.

 

9.5. Free Hand to Component Mechanism

The mechanism to convert free hand drawings to UML diagrams is an integral and necessary part of the Virtual Meeting tool in the UML Diagrammer mode and research needs to be done in this area for its implementation. 
One of the suggested techniques can be to first convert all lines drawn for a component into straight horizontal, vertical or 45 degrees to any axis. This can be accomplished easily by checking the start and end point and if they both lie in a fixed band either horizontally or vertically, they can be converted to a straight Horizontal or vertical line.
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The Points and Lines can then be compared based on coordinates and the number of lines against a predefined set of coordinates and points of actual components to transform a drawing into a component. 

For example a class diagram can be converted to straight lines by noticing the fact that there are 2 sets of 4 points each in a class diagram where each of the points in that set would share the same X Coordinate values. Also there exist 4 such sets wherein the points in these sets have the same Y Coordinates. The information can also be seen as a class diagram has a set of 4 Horizontal Lines and 2 Vertical Lines. 
Comparing coordinate and line information of the current drawing with existing set of rules and coordinate sets for an actual component can aid in the transformation of free hand drawings to Components. It is apparent though that such techniques would work only for a limited set of drawings and a set of rules need to be defined and provided to users for drawing components by free hand, for e.g. The free hand drawing of a class diagram should have 6 distinct lines drawn separately and that the user should not draw a square first without lifting the pen and then draw 2 lines.
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Another simpler way for the user to draw UML elements is to just write a Character on the screen which would internally be mapped to one of the UI Elements. Thus, if the user draws a ‘C’ on the screen, internally the tool can use a Text Recognition Software which would identify the drawing as the character ‘C’ and use a Hashtable map of Character - UI Element to get the value as “Class Diagram” and proceed to replace the ‘C’ drawing with a Class Diagram UI Element. 

In this approach, the user would need to be provided with a dictionary of character to UI Element mapping or let the tool provide on demand Help if the user forgets a particular mapping. The user can ‘talk’ to the tool saying, “VMT, What is the Character Code for CLASS DIAGRAM?” and the tool would use an internal Text to Speech implementation to respond back to the user by saying “C”.

Various other and perhaps much efficient strategies and algorithms need to be thought of and researched upon for free hand to component transformation before the development team chosen proceeds to implement this tool. 

10. Appendix
10.1. Visual Component Representation as markup
· Initial XAML from the designer:

<Window x:Class="VDSDummy.CoreVDSWindow"

    xmlns="http://schemas.microsoft.com/winfx/2006/xaml/presentation"

    xmlns:x="http://schemas.microsoft.com/winfx/2006/xaml"

    Title="Virtual Display Screen" Height="300" Width="300" 

    WindowStyle="SingleBorderWindow">

    <Grid ShowGridLines="False" Name="CoreGrid">

    </Grid>

</Window>

· Dynamically generated XAML file for the current Virtual Display Screen which can be stored in the Repository or sent to Collaborators:
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<CoreVDSWindow Title="Virtual Display Screen" WindowStyle="SingleBorderWindow" WindowState="Maximized" Width="300" Height="300" Visibility="Visible" xmlns="clr-namespace:VDSDummy;assembly=VDSDummy" xmlns:av="http://schemas.microsoft.com/winfx/2006/xaml/presentation">

    <av:Grid ShowGridLines="False" Name="CoreGrid">

        <MyGridControl Background="#FF87CEEB" Margin="25,25,25,25">

            <av:Button Width="90" Height="20" HorizontalAlignment="Right"
VerticalAlignment="Top">Create New VD</av:Button>

<av:Button Width="120" Height="20" Margin="0,0,90,0" HorizontalAlignment="Right"   VerticalAlignment="Top">Draw Class Diagram</av:Button>

<av:Button Width="90" Height="20" Margin="0,0,210,0" HorizontalAlignment="Right" VerticalAlignment="Top">Drawing Tool</av:Button>

<av:Image Source="pack://application:,,,/VDSDummy;component/ResizeIcon.gif" Stretch="None" HorizontalAlignment="Right" VerticalAlignment="Bottom" />

<av:Image Source="pack://application:,,,/VDSDummy;component/MoveIcon.gif" Stretch="None" HorizontalAlignment="Left" VerticalAlignment="Top" />

<av:Label Width="60" Height="40" HorizontalAlignment="Left" VerticalAlignment="Bottom">VD #0</av:Label>

            <MyGridControl Background="#FFFF6347" Width="1170" Height="614" Margin="25,25,25,25">

                <av:Button Width="90" Height="20" HorizontalAlignment="Right" 

VerticalAlignment="Top">Create New VD</av:Button>

<av:Button Width="120" Height="20" Margin="0,0,90,0" HorizontalAlignment="Right" VerticalAlignment="Top">Draw Class Diagram</av:Button>

<av:Button Width="90" Height="20" Margin="0,0,210,0" HorizontalAlignment="Right" VerticalAlignment="Top">Drawing Tool</av:Button>

<av:Image Source="pack://application:,,,/VDSDummy;component/ResizeIcon.gif" Stretch="None" HorizontalAlignment="Right" VerticalAlignment="Bottom" />

<av:Image Source="pack://application:,,,/VDSDummy;component/MoveIcon.gif" Stretch="None" HorizontalAlignment="Left" VerticalAlignment="Top" />

<av:Label Width="60" Height="40" HorizontalAlignment="Left" VerticalAlignment="Bottom">VD #1</av:Label>

<MyGridControl Background="#FFA9A9A9" Width="306.0009765625" Height="222" Margin="-340.99951171875,-161,390.99951171875,211">

<av:Button Width="90" Height="20" HorizontalAlignment="Right" VerticalAlignment="Top">Create New VD</av:Button>

<av:Button Width="120" Height="20" Margin="0,0,90,0" HorizontalAlignment="Right" VerticalAlignment="Top">Draw Class Diagram</av:Button>

<av:Button Width="90" Height="20" Margin="0,0,210,0" HorizontalAlignment="Right" VerticalAlignment="Top">Drawing Tool</av:Button>

<av:Image Source="pack://application:,,,/VDSDummy;component/ResizeIcon.gif" Stretch="None" HorizontalAlignment="Right" VerticalAlignment="Bottom" />

<av:Image Source="pack://application:,,,/VDSDummy;component/MoveIcon.gif" Stretch="None" HorizontalAlignment="Left" VerticalAlignment="Top" />

<av:Label Width="60" Height="40" HorizontalAlignment="Left" VerticalAlignment="Bottom">VD #2</av:Label>

<av:Rectangle Fill="#FFFFFFFF" Width="153.00048828125" Height="111" Margin="15,25,0,0" HorizontalAlignment="Left" VerticalAlignment="Top" />

<MyGridControl Background="#FF556B2F" Width="223.9990234375" Height="94" Margin="49.9990234375003,71,0.000976562499744205,-21">

<av:Button Width="90" Height="20" HorizontalAlignment="Right" VerticalAlignment="Top">Create New VD</av:Button>

<av:Button Width="120" Height="20" Margin="0,0,90,0" HorizontalAlignment="Right" VerticalAlignment="Top">Draw Class Diagram</av:Button>

<av:Button Width="90" Height="20" Margin="0,0,210,0" HorizontalAlignment="Right" VerticalAlignment="Top">Drawing Tool</av:Button>

<av:Image Source="pack://application:,,,/VDSDummy;component/ResizeIcon.gif" Stretch="None" HorizontalAlignment="Right" VerticalAlignment="Bottom" />

<av:Image Source="pack://application:,,,/VDSDummy;component/MoveIcon.gif" Stretch="None" HorizontalAlignment="Left" VerticalAlignment="Top" />

<av:Label Width="60" Height="40" HorizontalAlignment="Left" VerticalAlignment="Bottom">VD #3</av:Label>

<av:Rectangle Fill="#FFFFFFFF" Width="111.99951171875" Height="47" Margin="15,25,0,0" HorizontalAlignment="Left" VerticalAlignment="Top" />

<av:Line X1="114" Y1="58" X2="114" Y2="59" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="114" Y1="59" X2="115" Y2="60" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="115" Y1="60" X2="115" Y2="61" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="115" Y1="61" X2="116" Y2="62" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="116" Y1="62" X2="116" Y2="63" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="116" Y1="63" X2="117" Y2="64" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="117" Y1="64" X2="118" Y2="64" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="118" Y1="64" X2="119" Y2="64" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="119" Y1="64" X2="119" Y2="62" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="119" Y1="62" X2="120" Y2="61" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="120" Y1="61" X2="121" Y2="61" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="121" Y1="61" X2="121" Y2="59" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="121" Y1="59" X2="122" Y2="58" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="122" Y1="58" X2="123" Y2="58" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="123" Y1="58" X2="123" Y2="56" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="123" Y1="56" X2="123" Y2="55" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="123" Y1="55" X2="123" Y2="54" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="123" Y1="54" X2="124" Y2="53" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="124" Y1="53" X2="125" Y2="53" Stroke="#FF000000" StrokeThickness="2" />

<av:Line X1="125" Y1="53" X2="126" Y2="53" Stroke="#FF000000" StrokeThickness="2" />

                    </MyGridControl>

                </MyGridControl>

                <av:Image Source="pack://application:,,,/VDSDummy;component/ClassDiag.gif" 
 Stretch="None" Margin="1067,286,0,0" HorizontalAlignment="Left" 
 VerticalAlignment="Top" />

<av:Image Source="pack://application:,,,/VDSDummy;component/ClassDiag.gif" Stretch="None" Margin="649,354,0,0" HorizontalAlignment="Left" 
VerticalAlignment="Top" />

<av:Image Source="pack://application:,,,/VDSDummy;component/ClassDiag.gif" Stretch="None" Margin="1021,649,0,0" HorizontalAlignment="Left" 
VerticalAlignment="Top"   />

<av:Image Source="pack://application:,,,/VDSDummy;component/ClassDiag.gif" Stretch="None" Margin="171,327,0,0" HorizontalAlignment="Left" 
VerticalAlignment="Top" />

            </MyGridControl>

        </MyGridControl>

        <av:Button Width="100" Height="20" Margin="0,0,100,0" HorizontalAlignment="Right" 
 VerticalAlignment="Top">Save VD Layout</av:Button>

        <av:Button Width="100" Height="20" HorizontalAlignment="Right" VerticalAlignment="Top">Load VD 
 Layout</av:Button>

    </av:Grid>

</CoreVDSWindow>
10.2. Virtual Display Instance Demo
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10.2.1. CoreVDSWindow.xaml.cs
/////////////////////////////////////////////////////////////////////

// CoreVDSWindow.xaml.cs - Prototype for the model of VDS          //

//                                                                 //

// Language:    C#, Visual Studio 2008                             //

// Platform:    HP Pavilion dv5-1000us, Vista Business, SP1        //

// Application: Virtual Display System, Fall 2008                  //

// Karthik Parthiban, kparthib@syr.edu                             //

/////////////////////////////////////////////////////////////////////

/*

 * What this Prototype Demostrates:

 * ================================

 * The CoreVDSWindow is a prototype WPF implementation of the Virtual

 * Display System to demostrate various concepts and features discussed

 * in the Operational Concept Document.

 * 

 * It gives a visual represntation of Virtual Display Instances and 

 * how they can be instantiated from the Core Virtual Display. It 

 * goes to show how each virtual display instance created share the

 * same features as its creator thus making the display Virtual.

 * For illustration purposes the Virtual Displays are represented by 

 * a custom Grid element.

 * 

 * Converting Visual Components to markup to store in the Repository:

 * The prototype also demostrates dynamic generation and representation 

 * of content using XAML markup. It goes to show how drawings and dynamic

 * generated UI by the Virtual Display instances can be persisted on the store

 * or transferred across Virtual Displays during Collaboration.

 * The Protype lets the user save the UI layout to a file and later Load it 

 * back again at any later time. 

 * 

 * Free Hand Drawings:

 * The Prototype demostrates how Free hand drawings can be drawn and 

 * represented using XAML markup. It also lets a user place a Class Diagram

 * randomly on a virtual display instance.

 * 

 * Each Virtual Display Grid as demostrated by the protype can be 

 * resized and be moved around the screen to overlap. It illustrates how

 * Virtual Displays can be nested within one another.

 * 

 * In an actual scenario, each virtual display instance will be user context

 * specific based on the Authorized to Execute Application List and custom

 * configurations for each user. The prototype just gives a different coloring

 * for each virtual display to indicate this different context.

 * 

 * 

 * Required Files:

 * ===============

 * MyGridControl.cs

 * 

 */

using System;

using System.Collections.Generic;

using System.Linq;

using System.Text;

using System.Windows;

using System.Windows.Controls;

using System.Windows.Data;

using System.Windows.Documents;

using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.Imaging;

using System.Windows.Navigation;

using System.Windows.Shapes;

using System.Collections;

using System.Windows.Markup;

using System.IO;

using System.Xml;

namespace VDSDummy

{

    /// <summary>

    /// Interaction logic for CoreVDSWindow.xaml

    /// </summary>

    public partial class CoreVDSWindow : Window

    {

        private static int gridCount = 0;

        public static int GridCount

        {

            get { return CoreVDSWindow.gridCount; }

            set { CoreVDSWindow.gridCount = value; }

        }

        private static ArrayList colorsList = new ArrayList();

        public static ArrayList ColorsList

        {

            get { return colorsList; }

            set { colorsList = value; }

        }

        public CoreVDSWindow()

        {

            InitializeComponent();

            colorsList.Add(Brushes.SkyBlue);

            colorsList.Add(Brushes.Tomato);

            colorsList.Add(Brushes.DarkGray);

            colorsList.Add(Brushes.DarkOliveGreen);

            colorsList.Add(Brushes.BlanchedAlmond);

            colorsList.Add(Brushes.Black);

            colorsList.Add(Brushes.OldLace);

            colorsList.Add(Brushes.MistyRose);

            MyGridControl myGrid = new MyGridControl();                     

            CoreGrid.Children.Add(myGrid);        

            LoadCoreVDButtons();

        }

        /// <summary>

        /// Loads controls on Core VD

        /// </summary>

        private void LoadCoreVDButtons()

        {

            Button saveXamlBtn = new Button();

            saveXamlBtn.Content = "Save VD Layout";

            saveXamlBtn.Width = 100;

            saveXamlBtn.Height = 20;

            saveXamlBtn.VerticalAlignment = VerticalAlignment.Top;

            saveXamlBtn.HorizontalAlignment = HorizontalAlignment.Right;

            saveXamlBtn.Margin = new Thickness(0, 0, 100, 0);

            saveXamlBtn.Click += new RoutedEventHandler(saveXamlBtn_Click);

            CoreGrid.Children.Add(saveXamlBtn);

            Button loadXamlBtn = new Button();

            loadXamlBtn.Content = "Load VD Layout";

            loadXamlBtn.Width = 100;

            loadXamlBtn.Height = 20;

            loadXamlBtn.VerticalAlignment = VerticalAlignment.Top;

            loadXamlBtn.HorizontalAlignment = HorizontalAlignment.Right;

            loadXamlBtn.Click += new RoutedEventHandler(loadXamlBtn_Click);

            CoreGrid.Children.Add(loadXamlBtn);

        }

        /// <summary>

        /// Loads Saved XAML

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void loadXamlBtn_Click(object sender, RoutedEventArgs e)

        {

            TextReader reader = new StreamReader("../../../MyDrawing.xaml");

            XmlTextReader xmlRd = new XmlTextReader(reader);

            StringBuilder xamlContent = new StringBuilder();

            bool containsVDs = xmlRd.ReadToFollowing("MyGridControl");

            if (containsVDs)

            {

                xamlContent.Append(xmlRd.ReadOuterXml());

                string xamlContentStr = xamlContent.ToString();

                MemoryStream mStream = new MemoryStream();

                StreamWriter sWr = new StreamWriter(mStream);

                sWr.Write(xamlContentStr);

                sWr.Flush();

                mStream.Position = 0;

                MyGridControl newGrid = XamlReader.Load(mStream, new ParserContext()) as MyGridControl;

                if (newGrid != null)

                    CoreGrid.Children.Add(newGrid);

                mStream.Close();

                sWr.Close();

            }

            xmlRd.Close();

            reader.Close();

        }

        /// <summary>

        /// Saves current UI as XAML

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void saveXamlBtn_Click(object sender, RoutedEventArgs e)

        {

            string xamlLayout = XamlWriter.Save(this);

            FileStream fs = new FileStream("../../../MyDrawing.xaml", FileMode.Create, FileAccess.Write);

            fs.Close();

            TextWriter tw = new StreamWriter("../../../MyDrawing.xaml");

            tw.Write(xamlLayout);

            tw.Close();            

            this.CoreGrid.Children.Clear();

            LoadCoreVDButtons();

            CoreVDSWindow.GridCount = 0;

        }

    }

}

10.2.2. MyGridControl.cs
/////////////////////////////////////////////////////////////////////

// MyGridControl.cs - Custom Grid Control representing             //

//                    a Virtual Display Instance                   //

//                                                                 //

// Language:    C#, Visual Studio 2008                             //

// Platform:    HP Pavilion dv5-1000us, Vista Business, SP1        //

// Application: Virtual Display System, Fall 2008                  //

// Karthik Parthiban, kparthib@syr.edu                             //

/////////////////////////////////////////////////////////////////////

/*

 * Package Description:

 * ===================

 * This is a custom Grid Control which represents a Virtual Display 

 * with nested controls and defined events to demonstrate few 

 * features of the Virtual Display such as Free Hand Drawing, Moving

 * a VD about the screen, resizing a VD, placing an image on the VD

*/

using System;

using System.Collections.Generic;

using System.Linq;

using System.Text;

using System.Windows;

using System.Windows.Controls;

using System.Windows.Data;

using System.Windows.Documents;

using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.Imaging;

using System.Windows.Navigation;

using System.Windows.Shapes;

using System.Collections;

using System.Windows.Markup;

using System.IO;

using System.Xml;

namespace VDSDummy

{

    public class MyGridControl : Grid

    {

        public static int someCount = 10;

        private bool resizeImgClicked = false;

        private bool moveImgClicked = false;

        private Image resizeImage = null;

        private Image moveImage = null;

        private Image classImage = null;

        private Label VDCountLbl = null;

        private Rectangle drawingArea = null;

        private Point oldPosn = new Point();

        private bool draw = false;

        private int MyGridCount;

        public MyGridControl()

        {

            this.MyGridCount = CoreVDSWindow.GridCount++;

            someCount = 25;

            this.Margin = new Thickness(someCount, someCount, someCount, someCount);

            this.Background = (Brush)CoreVDSWindow.ColorsList[MyGridCount];

            Button createNewVDButton = new Button();

            createNewVDButton.Content = "Create New VD";

            createNewVDButton.Width = 90;

            createNewVDButton.Height = 20;

            createNewVDButton.VerticalAlignment = VerticalAlignment.Top;

            createNewVDButton.HorizontalAlignment = HorizontalAlignment.Right;

            this.Children.Add(createNewVDButton);

            createNewVDButton.Click += new RoutedEventHandler(createNewVDButton_Click);

            Button CreateClassDiagButton = new Button();

            CreateClassDiagButton.Content = "Draw Class Diagram";

            CreateClassDiagButton.Width = 120;

            CreateClassDiagButton.Height = 20;

            CreateClassDiagButton.VerticalAlignment = VerticalAlignment.Top;

            CreateClassDiagButton.HorizontalAlignment = HorizontalAlignment.Right;

            CreateClassDiagButton.Margin = new Thickness(0, 0, 90, 0);

            this.Children.Add(CreateClassDiagButton);

            CreateClassDiagButton.Click += new RoutedEventHandler(CreateClassDiagButton_Click);

            Button CreateDrawingAreaButton = new Button();

            CreateDrawingAreaButton.Content = "Drawing Tool";

            CreateDrawingAreaButton.Width = 90;

            CreateDrawingAreaButton.Height = 20;

            CreateDrawingAreaButton.VerticalAlignment = VerticalAlignment.Top;

            CreateDrawingAreaButton.HorizontalAlignment = HorizontalAlignment.Right;

            CreateDrawingAreaButton.Margin = new Thickness(0, 0, 210, 0);

            this.Children.Add(CreateDrawingAreaButton);

            CreateDrawingAreaButton.Click += new RoutedEventHandler(CreateDrawingAreaButton_Click);

            resizeImage = new Image();

            BitmapImage image = new BitmapImage();

            image.BeginInit();

            image.UriSource = new Uri("ResizeIcon.gif", UriKind.Relative);

            image.EndInit();

            resizeImage.Stretch = Stretch.None;

            resizeImage.Source = image;

            resizeImage.HorizontalAlignment = HorizontalAlignment.Right;

            resizeImage.VerticalAlignment = VerticalAlignment.Bottom;

            this.Children.Add(resizeImage);

            resizeImage.MouseMove += new MouseEventHandler(resizeImage_MouseMove);

            resizeImage.MouseLeftButtonDown += new MouseButtonEventHandler(resizeImage_MouseLeftButtonDown);

            resizeImage.MouseLeftButtonUp += new MouseButtonEventHandler(resizeImage_MouseLeftButtonUp);

            moveImage = new Image();

            image = new BitmapImage();

            image.BeginInit();

            image.UriSource = new Uri("MoveIcon.gif", UriKind.Relative);

            image.EndInit();

            moveImage.Stretch = Stretch.None;

            moveImage.Source = image;

            moveImage.HorizontalAlignment = HorizontalAlignment.Left;

            moveImage.VerticalAlignment = VerticalAlignment.Top;

            this.Children.Add(moveImage);

            moveImage.MouseMove += new MouseEventHandler(moveImage_MouseMove);

            moveImage.MouseLeftButtonDown += new MouseButtonEventHandler(moveImage_MouseLeftButtonDown);

            moveImage.MouseLeftButtonUp += new MouseButtonEventHandler(moveImage_MouseLeftButtonUp);                  

            VDCountLbl = new Label();

            VDCountLbl.Content = "VD #" + this.MyGridCount.ToString();

            VDCountLbl.Width = 60;

            VDCountLbl.Height = 40;

            VDCountLbl.HorizontalAlignment = HorizontalAlignment.Left;

            VDCountLbl.VerticalAlignment = VerticalAlignment.Bottom;

            this.Children.Add(VDCountLbl);

        }

        /// <summary>

        /// Creates a Drawing area for Free Hand drawing in the VD Instance

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void CreateDrawingAreaButton_Click(object sender, RoutedEventArgs e)

        {

            drawingArea = new Rectangle();           

            drawingArea.Fill = Brushes.White;

            drawingArea.Width = (this.ActualWidth / 2);

            drawingArea.Height = (this.ActualHeight / 2);

            drawingArea.HorizontalAlignment = HorizontalAlignment.Left;

            drawingArea.VerticalAlignment = VerticalAlignment.Top;

            drawingArea.Margin = new Thickness(15, 25, 0, 0);

            this.Children.Add(drawingArea);

            drawingArea.MouseLeftButtonDown += new MouseButtonEventHandler(drawingArea_MouseLeftButtonDown);

            drawingArea.MouseLeftButtonUp += new MouseButtonEventHandler(drawingArea_MouseLeftButtonUp);

            drawingArea.MouseMove += new MouseEventHandler(drawingArea_MouseMove);

        }

        /// <summary>

        /// Event handler to draw on the Drawing Canvas

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void drawingArea_MouseMove(object sender, MouseEventArgs e)

        {

            Point current = e.GetPosition(this);

            if (!draw)

            {

                oldPosn.X = current.X; oldPosn.Y = current.Y;               

            }

            else

            {

                Line myLine = new Line();

                myLine.Stroke = System.Windows.Media.Brushes.Black;

                myLine.X1 = oldPosn.X;

                myLine.X2 = current.X;

                myLine.Y1 = oldPosn.Y;

                myLine.Y2 = current.Y;

                myLine.StrokeThickness = 2;

                this.Children.Add(myLine);

                oldPosn.X = current.X;

                oldPosn.Y = current.Y;

            }

        }

        void drawingArea_MouseLeftButtonUp(object sender, MouseButtonEventArgs e)

        {

            draw = false;

        }

        void drawingArea_MouseLeftButtonDown(object sender, MouseButtonEventArgs e)

        {

            draw = true;

        }

        /// <summary>

        /// Places a Class Diagram Image randomly on the Virtual Display

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void CreateClassDiagButton_Click(object sender, RoutedEventArgs e)

        {

            classImage = new Image();

            BitmapImage image = new BitmapImage();

            image.BeginInit();

            image.UriSource = new Uri("ClassDiag.gif", UriKind.Relative);

            image.EndInit();

            classImage.Stretch = Stretch.None;

            classImage.Source = image;

            this.Children.Add(classImage);

            Random rand = new Random();

            classImage.HorizontalAlignment = HorizontalAlignment.Left;

            classImage.VerticalAlignment = VerticalAlignment.Top;

            classImage.Margin = new Thickness((double)rand.Next((int)this.ActualWidth), (double)rand.Next((int)this.ActualHeight), 0, 0);

        }

        /// <summary>

        /// Event Handler to move a virtual display screen around

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void moveImage_MouseMove(object sender, MouseEventArgs e)

        {

            Point current = e.GetPosition(this);

            if (moveImgClicked)

            {

                double newTop = this.Margin.Top + current.Y - 5;

                double newLeft = this.Margin.Left + current.X - 5;

                double newRight = this.Margin.Right - (current.X - 5);

                double newBottom = this.Margin.Bottom - (current.Y - 5);

                this.Margin = new Thickness(newLeft, newTop, newRight, newBottom);

            }

        }

        void moveImage_MouseLeftButtonUp(object sender, MouseButtonEventArgs e)

        {

            moveImgClicked = false;

        }

        void moveImage_MouseLeftButtonDown(object sender, MouseButtonEventArgs e)

        {

            moveImgClicked = true;

        }

        void resizeImage_MouseLeftButtonUp(object sender, MouseButtonEventArgs e)

        {

            resizeImgClicked = false;

        }

        void resizeImage_MouseLeftButtonDown(object sender, MouseButtonEventArgs e)

        {

            resizeImgClicked = true;

        }

        /// <summary>

        /// Event Handler to resize a virtual display screen

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void resizeImage_MouseMove(object sender, MouseEventArgs e)

        {

            try

            {

                Point current = e.GetPosition(this);

                if (resizeImgClicked)

                {

                    this.Width = current.X + 5;

                    this.Height = current.Y + 5;

                }

            }

            catch (Exception ex)

            {

                MessageBox.Show(ex.Message);

            }

        }

        /// <summary>

        /// Creates a Child Virtual Display

        /// </summary>

        /// <param name="sender"></param>

        /// <param name="e"></param>

        void createNewVDButton_Click(object sender, RoutedEventArgs e)

        {

            MyGridControl childControl = new MyGridControl();

            this.Children.Add(childControl);

        }

    }

}

10.3. Text To Speech Prototype Implementation

10.3.1. TextToSpeechDemo.xaml.cs
/////////////////////////////////////////////////////////////////////

// TextToSpeechDemo.xaml.cs - Prototype to demostrate uses of      //

//                            Text to Speech                       //

//                                                                 //

// Language:    C#, Visual Studio 2008                             //

// Platform:    HP Pavilion dv5-1000us, Vista Business, SP1        //

// Application: Virtual Display System, Fall 2008                  //

// Karthik Parthiban, kparthib@syr.edu                             //

/////////////////////////////////////////////////////////////////////

/*

 * What this Prototype Demostrates:

 * ================================

 * The TextToSpeech demo shows how text to speech can be used by 

 * virtual display applications to make the user experience more 

 * effective. The operational concept document for the Virtual 

 * display system indicates at several sections how text to speech

 * can be used by an application to respond back to the user.

 * 

 * This demo shows how the feature can be used to read out custom

 * Error messages for every operation and also a page specific 

 * Help provided by the tool.

 * 

 * Textual commands are represented using SSML.

 * 

 * An XML file of SSML messages can be stored and values can be 

 * read out based on conditions just as this prototype demostrates

 * 

 * Error messages are stored in ErrorMessages.xml and help content

 * is stored in HelpContents.ssml

 * 

 * 

 * Required Files:

 * ===============

 * MyGridControl.cs

 * 

 */

using System;

using System.Collections.Generic;

using System.Linq;

using System.Text;

using System.Windows;

using System.Windows.Controls;

using System.Windows.Data;

using System.Windows.Documents;

using System.Windows.Input;

using System.Windows.Media;

using System.Windows.Media.Imaging;

using System.Windows.Navigation;

using System.Windows.Shapes;

using System.Speech.Synthesis;

using System.Xml; //Added reference to System.Speech dll

namespace TextToSpeechUtility

{

    /// <summary>

    /// Interaction logic for Window1.xaml

    /// </summary>

    public partial class Window1 : Window

    {

        public Window1()

        {

            InitializeComponent();

            BitmapImage image = new BitmapImage();

            image.BeginInit();

            image.UriSource = new Uri("help.png", UriKind.Relative);

            image.EndInit();

            image1.Stretch = Stretch.Fill;

            image1.Source = image; 

            image1.MouseLeftButtonDown +=new MouseButtonEventHandler(image1_MouseLeftButtonDown);

        }

        void image1_MouseLeftButtonDown(object sender, MouseButtonEventArgs e)

        {            

            SpeechSynthesizer voice = new SpeechSynthesizer();

            PromptBuilder proBuilder = new PromptBuilder();

            proBuilder.AppendSsml("../../HelpContents.ssml");

            voice.Speak(proBuilder);

            voice.Dispose();

        }

        private void btnSubmit_Click(object sender, RoutedEventArgs e)

        {

            XmlTextReader reader;

            XmlReader re;

            SpeechSynthesizer voice;

            PromptBuilder proBuilder;

            if (txtUserInput.Text.Equals(String.Empty))

            {

                reader = new XmlTextReader("../../ErrorMessages.xml");

                reader.ReadToFollowing("InputFieldEmptyError");

                re = reader.ReadSubtree();

                voice = new SpeechSynthesizer();

                proBuilder = new PromptBuilder();

                proBuilder.AppendSsml(re);

                voice.Speak(proBuilder);

                voice.Dispose();

            }

            else

            {

                reader = new XmlTextReader("../../ErrorMessages.xml");

                reader.ReadToFollowing("ServerNotFoundError");

                re = reader.ReadSubtree();

                voice = new SpeechSynthesizer();

                proBuilder = new PromptBuilder();

                proBuilder.AppendSsml(re);

                voice.Speak(proBuilder);

                voice.Dispose();

            }

        }

    }

}

10.3.2. XML Error file read by Text to Speech utility
<?xml version="1.0" encoding="utf-8" ?> 

<!-- Error Messages with error codes can be added here -->

<ErrorMessages>

  <InputFieldEmptyError>

    <speak version="1.0" xmlns="http://www.w3.org/2001/10/synthesis"

         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

         xsi:schemaLocation="http://www.w3.org/TR/speech-synthesis/synthesis.xsd"

         xml:lang="en-US">      

      <voice gender="female" age="20">

        <p>

          One or more mandatory fields are left blank.

        </p>

        <p>

          Please enter a value for <emphasis>Pass Key</emphasis> and then click the <emphasis>Submit</emphasis> button.          

        </p>

      </voice>

    </speak>

  </InputFieldEmptyError>

  <ServerNotFoundError>

    <speak version="1.0" xmlns="http://www.w3.org/2001/10/synthesis"

         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

         xsi:schemaLocation="http://www.w3.org/TR/speech-synthesis/synthesis.xsd"

         xml:lang="en-US">

      <voice gender="female" age="20">

        <p>

          Could not establish connection with the remote Server. Please contact System Administrator.          

        </p>

      </voice>

    </speak>

  </ServerNotFoundError>

</ErrorMessages>

10.3.3. SSML file containing a help message used by Text to Speech utility
<speak version="1.0" xmlns="http://www.w3.org/2001/10/synthesis"

         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

         xsi:schemaLocation="http://www.w3.org/TR/speech-synthesis/synthesis.xsd"

         xml:lang="en-US">

  <voice gender="female" age="20">

    <p>

      <prosody pitch="-10%" range="-20%" volume="-20%" rate="medium">

        This is a sample Help File to demostrate text to speech.

        Help can be application specific and even page specific.

        All Fields in the current form are mandatory.

      </prosody>

    </p>

  </voice>

</speak>
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