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1 Executive Summary
The Virtual Display System is a completely configurable display environment which facilitates remote users to communicate with any software project management/configuration system as well as to collaborate among themselves in a visually intuitive fashion using latest human computer interaction technologies. It incorporates a suite of collaboration and conferencing functionalities like real time voice and text/email messaging, data conferencing through electronic whiteboards, application sharing that can assist geographically dispersed teams of software developers to interact and collaborate closely inorder to manage project information and generate artifacts like design documents, UML models, code base, test cases etc.

The VDS system provides a one stop shop for all the vital statistics about all software projects which may be underway. It can help project managers keep track of project activities and milestones. Developers/ QA team can use it to continuously monitor their work queues/ bug queues, manage their workflows, track pending activities in each iteration, view results of test cases to validate the code integration process, manage project artifacts etc. Project Managers can used the VDS tool to create work packages, monitor timelines, view project status reports, publish project information, milestones and discussion threads  in Wiki pages.
The VDS will provide a bird’s eye view into any software project. This can help geographically dispersed teams of software developers, QA teams, product managers as well as even the Client to have an overall view about the heath of the project but at different levels of granularity. The system could drive highly effective collaboration through Wikis between product managers, developers and testers to discuss and document feature requests, acceptance criteria, design principles, deployment options and host of other topics.
The VDS is geared for a table top or whiteboard display with a spatial orientation of the controls which can quick launch any functionality.Preferably we’ll call this a ubiquitous UI Shell which will embed all the necessary controls and tool boxes need to facilitate its collaboration and communication features.The VDS can be cloned any number of times and configured to include a subset of the features as may be applicable to the context in which the VDS is deployed.

The VDS system is designed in the context of the Virtual Repository Testbed Server System (VRTS) which is a collection of virtual servers, namely the Repository Server which holds the software artifacts, Testbed Server to provide a continuous integration test environment for the code base, Primary Collaboration Server that provides manages remote collaboration through voice/text, scheduling, notification, wiki’s. The VDS system interfaces with the Primary Collaboration Server provisions all the information required to be displayed in the VDS.
This concept design document discusses the following features of VDS that are regarded as critical for its effectiveness.

1) Virtual Meetings that facilitates collaborative work on creating, retrieving, commenting, and/or editing any of the work artifacts like the design documents, UML sketches for high level designs, project timelines, other free hand drawings on the whiteboard etc.
2) Software Configuration Viewer that helps intuitive browsing of the source code linking it with the requirement specs on one hand and the test cases on the other.
3) Display work package and test results timelines

4) Query Builder to compose and issue ad-hoc queries to the repository servers to get specific information pertaining to a project. This should be in addition to canned reports for more general information.
5) Statistics, Metrics and reports should support HTML format in additional to XML.
The VDS is a complex communication and collaboration tool that seeks to incorporate display technologies that are still under active research and not yet available commercially.The current research in the realm of human computer interaction has been successful in the case of touch screens for point of sale terminals but the manner in which they will transform conventional desktop applications is not obvious at this point.The feasibility of touch screens/gesture sensitive user interfaces for creating full blown business centric desktop applications is still not established considering the volumes of information that needs to be queried over a sequence of interactions with the interface and then displayed ergonomically.
The following are the key issues concerning the design of the VDS system.Some of these issues have been addressed while other issues are contingent upon the feasibility of emerging human computer interaction tools in building any full blown real world application.
VDS User Interface:

This is one of the key issues to focus on since the VDS seeks to leaverage on cutting edge research being carried out in the field of gesture recognition and voice recognition.Some of this research has culminated in software development toolkits and APIs that can be used to prototype simple applications and simple user interface activities. Microsoft has Speech Application Programming Interface or SAPI  to allow the use of speech recognition and speech synthesis within Windows applications. The Speech Application SDK provides a template for creating new speech applications with Visual Studio .NET. 
Similarly it is possible for the VDS application to respond to hand movements and other gestures and deliver relevant information.However it is not possible to accomplish this with software only approach but a combination of hardware and software. Microsoft Surface is the technology that fits the bill.It provides a multi-touch contact, a multi-user experience for users who can simply touch the user interface to interact with it in all possible manners. Microsoft Surface applications can be written in Windows Presentation Foundation or XNA. Though Microsoft Surface SDK 1.0 is currently available as developer units, the technology is still extremely niche and is not a mainstream technology for use with dektop applications. For this reason, the user interface is designed in a conventional desktop application in mind.

This design document excludes any discussion about the hardware and software components that constitutes a touch or gesture controlled interactive whiteboard/table top display environment.
It will make a firm assumption that such interactive display interfaces are completely feasible and standardized to the extent that any desktop application can made compatible for such displays with minimal refactoring. For example we’ll not discuss in this document which hand gestures trigger which UI control or behavior.
Network Topology:

This is the most fundamental design issue because the whole feasibility of the large collaboration tool like VDS is contingent upon the proper choices we make and there is a multitude of factors that we need to factor in.

As stated earlier, real time collaboration features like voice chat and video conferencing among numerous VDS consoles is quite difficult to support and implement in a conventional client-server topology in an efficient manner. The server needs to relay this streaming traffic to multitude nodes which are dynamic and can connect or teardown at any point. Multicasting huge volumes of streaming data to several dynamic nodes will certainly not be a practical solution from bandwidth perspective. Inorder to support such services reliably and efficiently we have to adopt a distributed and decentralized peer to peer network topology.

However these are not the only features that VDS has to support. For the other features like project management and monitoring, a client-server driven topology is the feasible choice as it is more secure than P2P, allows archiving of contents centrally, allows better management of the consoles and other group based activities. As a matter of fact, in case any collaboration feature that does not mandate continuous streaming of traffic is ideally suited for server driven solution. The design suggests a blended approach based on the feature.  
Data Persistence:

The VDS has massive data storage requirements generated from the active collaboration features that it supports. Planning efficient storage architecture is critical to addressing scalability issues when dealing with large volumes of data that change frequently and those that change less frequently. The speed of retrieval of content like videos, text messages, wiki pages are critically important and storing them in a relational database makes it slower to retrieve them. Inorder to achieve scalability we need distributed databases which are complex to implement and slower e.g making joins across multiple databases is prohibitively expensive. Recent advances in distributed file systems and their successful adoption in several data intensive applications to store gigabytes of images, video files, chat messages makes it an choice to store data like BLOBS which cannot be efficiently stored and retrieved from databases. The design proposes a multi pronged strategy for data persistence depending of the type of data being persisted. Data like the images, past chat messages, podcasts, recorded video streams, thumbnails will be stored in the file system of the collaboration server. If there are multiple collaboration servers, then a distributed file system will be used. Project statistics reports, work package timelines, custom reports that are expensive to generate and need to accessed often can also be persisted in the file system as HTML/PDF files.This will speed up subsequent retrieval times for these data items.Information related to VDS users, security settings, project configuration, work packages can be persisted in the database.
Data Caching:

The design proposes multi-tiered caching of data both at the client and the servers to speed up frequently executed use cases. This will result in faster response time and a interactive user experience.The ideal candidate use cases for caching are templates, frequently accessed project reports, file repository views, recent notifications/chat messages, free hand sketches, UML diagrams, recent files added or updated using the VDS. Either the actual content is cached or links to those contents is cached. In the latter case, the actual documents can be lazily loaded when the user clicks on the links. The design proposes use of a completely distributed, middle tier object caching mechanism as the in-memory persistence layer.
Network Traffic
There will be a lot of network traffic between the VDS console and the servers they connect to which is generated due to typical collaborative activities like diagramming, video streaming, voice chats, file transfers which are data intensive. The network traffic due to direct client-server interactions like downloading project statistics and reports is less voluminous in nature because that data does not require to be multicast to all the connected VDS clients. In the case of text messages, even though the data needs to be multicast by the server to connected VDS clients, the size of the payload is too small and random to cause a bandwidth problem. 
Another relevant issue with web based VDS console is that in a web interface there is limit to the amount of processing that can be carried out in the browser client which necessitates that the data should be transferred almost in the form in which it should be rendered in the VDS. This limits us to available data compression options that we can used within web browser and also limits our option to optimize data formats to minimize the size of the payload. The browser is not efficient in processing large amounts of data and can suffer from serious performance bottlenecks in transforming large amounts of data from one format to another through say XSLT.
Hence the design for the time being proposes to implement VDS as a conventional windows client application capable of performing client side processing like data format transformations quickly and efficiently.

In future the user interface should be written in Windows Presentation Foundation as it is consistent with the design recommendation to develop VDS as a Microsoft Surface application which can leaverage on advanced user interface technology.
We’ll explore compression techniques like GZIP compression and local caching of frequently accessed content on the client machines as we brainstorm implementation ideas for the various use cases.  The objective is to prevent the communication between the client and server from getting too chatty.
Security
VDS is a distributed system that will connect with the VRTS servers remotely over the network. The VDS can be used within a secure LAN or on a public unsecure network. Hence it is necessary to make provisions to ensure that no unauthorized access to data takes place. However it is not feasible to encrypt entire payloads of data for obvious performance overheads that can seriously impact the user experience. The design assumes that the network security is adequate enough and intercepting chunks of data may not be useful ot a hacker as it may be difficult to reconstruct the information without access to the console. The sole purpose of security is to secure access to the VDS terminal to authorized users only through a user name and password. This information will be encrypted and send over the network. To ensure authorized fine grained access to information, system wide privileges for users will be set up in consonant with their project/task allocations. The VDS console will dynamically configure itself to expose only relevant functionality to the users. The design recommends all user account and preferences data to be stored only in the database so that it is secure.  

Concurrent Usage
The scalability of the VDS depends on the VRTS servers like the collaboration server, repository server ability to handling numerous client requests arriving simultaneously. Calculating the server load will require a number of factors to be taken in to consideration like the server configuration, the type of requests being queued up, amount of data being transferred to and from servers that constitute the VRTS. Scaling up servers vertically might work really well for the VDS clients that we might want to support. Vertical scaling works only up to a point.

The design takes in to consideration the future possibility of thousands of simultaneous active clients which leaves us with the option to horizontally scale up the servers. Thus the collaboration server could be running on several hosts and each of them processing client requests actively. Within the collaboration server, the features that it supports are implemented as separate processes. This will ensure that one heavily used server functionality does not affect the availability of others. Further inter-process communication on a single host is far less expensive than a inter-process communication between two physically remote hosts.
With horizontal scaling out of servers, the design introduces the problem of load balancing requests between servers. The simple approach we’ll take is to inform users of failure to connect with a server and allow them to connect to any other available servers. The design does’nt discuss about transparent failureover between servers when they are overloaded.
2 Introduction

It is a common scenario to find a software company uses different tools to manage different activities within the project teams. Some of the tools are used for project management and tracking. Others are used for offline collaboration like emails or real time collaboration like the IM tools and Voiceover IP voice call software. There are several other tools that are used to provide code configuration management, continuous and automated build/test environments, tools for issue/bug tracking, tools to build project Wikis so on and so forth. Additionally developers use UML tools for software modeling.
It is not necessarily bad to use specific tools which are best suited for specific purposes. However there is an issue of consolidating data that are handled by these tools in to some common repository so that they are not lost and can be quickly looked up at a later period of time. Furthermore all of this summarized information should be made available in a unified interface which is easily accessible to all the stakeholders in the project to ensure adequate visibility. The purpose of the VDS is to try to accomplish seamless integration between these various information sources and render them in an intuitive manner within a single interface. This is absolutely critical to collaborative software development process which is a norm these days. In this respect the design of the VDS should allow for integration with third party tools where ever it makes sense like integration with subversion for source control, Microsoft Project for project management or visio for diagramming etc.
One of the key factors that determine the design is the mode of deployment of the VDS and there are several tradeoffs that need to be considered here.
The VDS client interface is feature rich and need to display loads of project information at any point. Building feature rich client interfaces for web browsers has conventionally been a difficult task because the time a browser takes to execute huge chunks of client code and render them can severely impair interactivity of user experience. Furthermore there are incompatibility issues across browsers that make the rendering logic inconsistent and complex. However the significant advantage is that we do not need to deploy the VDS clients on several hosts and mandate them to have compatible operating system and .NET framework installed to run the client. Further content delivery over the internet over the standard http port is not restricted by firewalls. In the client-server application, much of processing can be done at the client end which allows us to optimize the amount of data that the client/server needs to exchange, thereby reducing overhead and latency. However client server application can work reliably only within the LAN. With technology on the web tier continuously improving (e.g silverlight browser plugin that enables animation and vector graphics), it should be an advantage to support VDS system on the web so that all clients can be supported. This will involve refactoring some of the code from the client side to the VDS server. The prototyping code of the VDS assumes a client-server mode of deployment within a LAN.
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Figure 1: Basic User Activity diagram

3 Project Obligations

The VDS console will provide the following collaboration and display functionalities.
Virtual meeting place with facility for electronic white board. The white board will permit users to draw hand sketches, embed multimedia drawings and share documents with other connected users.

Project Configuration Viewer that displays all the related project artifacts in one place. It will involve the requirement specifications, the design documents, implementation code, test suites etc.

Document Viewer to browse the source code, test results, charts, and diagrams and display them as HTML pages.

Graphics viewer to render various kinds of charts related to project schedule and timelines. This includes charts for work package timelines and test results timelines.
Query Builder that allows users to compose queries using dynamic parameters and persist the query so that it can be re-run at a later point of time.
The VDS system will have a UI Shell that will embed the communication control panel and toolbox with controls to launch the various functionalities. The controls can be dragged on to the canvas.
The VDS system will interact primarily with the collaboration server which will broker the request to other servers in the network like the repository server and the test harness server.

As a part of the implementation prototype to support the VDS architecture, a design for a graphical charting engine is provided which can display various project charts and statistics, typically the timelines for the work packages and test results. The graphical charting engine can be configured by the user and will render visual data from XML format.

4 Top Level Architecture

This section starts with the deployment diagram for the VDS and identify the important processes and the interactions between them. The discussion also provides a detailed discussion about the VRTS servers and how they will feed data to the various consoles.

4.1 Server Deployment Diagram
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Figure 2: Server Deployment Diagram
4.2 Server Components

The VDS system comprises of several VDS clients that connect to the VRTS over the internet. The client request is intercepted by one or more collaboration servers that brokers the request to relevant parts of the VRTS. The collaboration server looks up into the cache servers to see if the content is cached. These cache servers stored data in one large distributed hashmap. If the relevant data item can be looked up by key, then it is promptly returned back to the client. Other wise the collaboration server needs to access data from either the static file server which persists data that will normally not be stored in the database. It may also need to connect to repository server or test harness server depending on the type of request.

VDS Collaboration Servers: 
The collaboration servers are the most important servers in the VDS that process all the client requests and brokers these requests to various parts of the system. There will be more than one instance of the collaboration server required to achieve desired scalability and failover. The collaboration servers will maintain an active session with the various VDS consoles and process the incoming requests.

The collaboration servers will host a number of continuously running processes each of which will be responsible to provide some functionality that user requests for. It will also host processes that do not directly serve user requests. To cite an example, it will have job scheduling system that can be used to dispatch offline notifications, messages to concerned users whenever some important time based activity happens in the system like the project end date or milestone is reached.
The current design recommends the collaboration server to bundle all the functionality each of which is implemented as separate processes. There are several advantages to this design approach. Deploying the collaboration server on more number of hosts automatically scales out all the functionality it supports. Since any of the collaboration features cannot operate in isolation and needs to communicate data back and forth, running them on separate physical hosts incurs the network overhead in addition to the inter-process communication overhead. This can can more than offset the scalability advantages we might make and simply adds more complexity to the system. Furthermore in case of users need to communicate with separate servers for specific pieces of functionality to be delivered, the authentication credentials will need to to be forwarded to each of these servers to ensure secure access.
As depicted in the diagram, the collaboration servers will make extensive use of the cached servers to persist and retrieve work in progress data pertaining to the various VDS clients. It will also store the recently accessed files/document, chat messages, query reports, wiki pages, repository views etc in the cached servers.

We’ll focus our discussion primarily on the design of the VDS Collaboration Server

Static File Server:

As stated earlier, the heterogeneity of the VDS data makes it difficult to use a single relational database to save all information. Particularly a relational database is not suitable to store large volumes of image files, audio/video files, objects or text messages. Some of this information do not benefit from the security and transaction integrity that a conventional database provides and the overhead of storage and retrieval. Hence the static file server will be used to persist such information cheaply. However unlike the cache servers which are in-memory caches and hence temporary, information in the static file server is saved to the file system directly and is persistent. The design recommends the use of a very high-performance, completely distributed memory object caching system.
VDS Respository Server:

The repository holds all of the software code base, test files, test results, and other project artifacts that have been checked in and added to the project baseline. Any item added to the repository is certified and can have multiple versions. The repository supports check-in and check-out of products.
Inorder to keep the design simple and avoid difficult merge conflicts we can adopt the strategy of File locking where once one developer checks out a file, others can read that file, but no one else is allowed to change that file until that developer checks in the updated version.
The design assumes that the implementation of the repository server is already in place and will strictly focus on provisioning the repository services on the VDS console.
VDS Test Harness Server:

Test Harness Server is a continuous build/test environment which runs the certified code from the VDS repository, preferably at periodic intervals or on a demand basis. The test harness server includes a test builder which compiles the source code into assemblies. The test harness system loads the assembly, runs the test and publishes the results in XML format. The results are stored in the test harness server itself and also pushed on to the VDS cache server in HTML format. The test harness system maintains a list of all builds and test results associated with them.
The Test harness system will include a scheduler to trigger the build and test activities at periodic intervals. The system will look at the test configuration file to load relevant files and associated dependencies from the VDS Repository and start the build. 
The Test harness system will also include the notification mechanism to notify users about the results of a particular build. The email address of the users is provided in the test configuration file. This is important so that users can be immediately notified if there is a build failure or a test failure so that they can correct the code in the repository.

The design assumes that the implementation of the test harness server is already in place and will strictly focus on displaying the build/test results on the VDS console.

VDS Cache Servers:

Effective content caching both at the client and server side is fundamental to the scalability and performance of the VDS System.There are lot of opportunities for caching content in VDS system through the use of use static files on the disk and allowing those files to be publish directly. This includes images, chat messages, video/audio streams , frequently accessed documents, query reports so on and so forth. Write-Behind Caching will be used for all database updates in which the database is syncronized with cache after some configurable period of time. We can maintain a write-behind queue of the data that needs to be updated in the database. This results in extremely improved performance as database updates is completely ayschronous.
The cache can be used to store complete object graphs, atomic values, pre-computed reports etc.Inorder to ensure that cache can be used reliably as a data source we need a cache invalidation strategy to ensure that stale data items are evicted from the cache.Also in the event of a cache miss, the request should not block and wait till the item is retrieved and put into the cache.
VDS Console:

VDS Console is an interactive user interface to the VRTS that can either behave as an conventional desktop application controlled by a mouse/keyboard or as a multitouch whiteboard or table top display that can respond to natural hand gestures, voice or touch. Assuming the fact we develop the VDS with the look and feel of a conventional application, it can be easily ported as a Microsoft surface application with some changes to the GUI to retrofit it to the unique interface of the surface application by using custom controls. It is not obvious at this point how the surface application interface can be moulded for intensely business focused systems like real time collaboration, white boarding, chat, email etc. 
The user interface section of this document also includes a spatial view of the VDS Console which is more suited for tabletop or interactive whiteboard display than a desktop. 
This document excludes any discussion about the hardware and software components that makes such a touch or gesture controlled interactive whiteboard/table top display environment possible.
4.3 VDS Peer to Peer Topology
The design recommends upfront that we adopt different strategies suited to the collaboration feature that we want to implement. For streaming audio/video conferencing, the design will adopt a distributed peer to peer architecture and establish point-to-point communication between endpoints using TCP protocol to transport media payload.
Incase archiving of media contents is required, then the server should come into picture to provide a centralized archiving repository.

Let’s illustrate it with a diagram and a follow-up discussion
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The Host Cache Server which is any cache server we have discussed maintains a current user/ IP address map which can be looked up to establish a P2P connection between two end points.
The VDS consoles sync up the information at regular intervals and cache it locally.

Things are more complicated in case both the two end points are behind a port restricted NAT or a firewall that restricts UDP. In that case direct P2P connection cannot be established between the two entities as peer discovery proces fails. The alternative is to use TCP and relay traffic through a host with a public IP address. In this case collaboration server is assumed to be public routable IP address.

4.4 Top Level Architecture
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Figure 3: Top Level Architecture
4.5 Architecture Overview
The architecture of the VDS system provided in the preceeding section shows the VDS console(s) connecting to the collaboration server over a remote network.The underlying communication channel is provided by Windows Presentation Foundation (WPF) which abstracts out the underlying complexity. The architecture displays the servers in the VRTS as a part of a single LAN network.The servers will use the WCF Net Tcp transport protocol to establish extremely efficient communication within the LAN. Interprocess communication between the various processes that hosted by each of these servers is best accomplished using the Named Pipes. As far as remote communication is concerned it is a tradeoff between network latency/performance versus the universal accessibility of the application.

In case we need to support web based VDS consoles accessing the services over HTTP, we can use the WCF HTTP transport protocol. If we relax the requirement to having WCF running at both endpoints of the communication channel which is the case here, we can choose much efficient TCP protocol for communication.  
4.6 Collaboration Server
Since the collaboration servers are the primary servers that the VDS consoles can connect to, the first task of the collaboration server is to authenticate/authorize the users. This validation happen in the database and the authorization object is returned back in reponse. The authorization object contains the access priviledges and client preferences of the user who is trying to log in. This authorization object is send back to the VDS console along with the unique work session identifier created for the login session. The authorization object is used to configure the VDS console display dynamically. All subsequent requests and payloads transferred by the user to the server is associated with this work session identifier. This helps to track user activities and maintain state across server invocations. More importantly this identifier is used as a key prefix to store all cached items on the cache server for this user.
The collaboration server hosts several processes running continuosly to handle user activities. They are
· VDSSketchBoardManager

· VDSChatManager

· VDSVideoStreamManager

· VDSNotificationManager

· VDSRepositoryManager

· VDSWikiPagesManager

· VDSDocumentViewer

· VDSProjectDashBoardManager

· VDSProjectSnapshotBuilder

· VDSProjectDataManager

· VDSSecurityManager

4.7 Static Repository Server

This will be ideally implemented as a distributed file system (DFS) where the data storage can be distributed transparently across multiple servers. A DFS namespace can provide a virtual view of shared folders so that users can navigate the namespace without needing to know the server names or shared folders hosting the data. The DFS namespace can also be used to publish common applications like word, visio to remote users. There are several options to implement DFS including the out-of-the-box support for DFS that Windows Server 2003 provides. This however suffers from a limitation that the only way to identify a file in the file system is by the file name as it is not possible to attach any metadata information to a file regarding its contents. This feature is desirable as the the file system is going to be used to store and retrieve volumes of unstructured and semi-structured information. Currently there is no technology in windows environment that accomplishes although WinFS (Windows Future Storage) provided a similar concept.
4.8 Project Repository Server
Project Repository Server represents the main storage of all the certified project artifacts, code bases and other related documentation. Repository server acts as version control system that uses the file system for storage and maintains multiple versions of the files. The repository allows files to be checked out by users and uses a file locking mechanism that disallows the same file to be checked out for editing by another user. This obviates the need to merge conflicting changes to the same file being submitted by multiple concurrent users.

The Project Repository server provides a service that takes a test configuration file from the Test Harness server and sends out the latest readonly versions of the files in the repository for testing purposes.

The Project Repository server provides the mechanism for the Collaboration server to request any arbitary files either in write mode (checked-out) or in read mode. If any of the file is already checkout, a readonly version of the file will be provided and client will be notified that the changes will not be submitted back to the server until and unless the checked out file is returned back to the repository.
4.9 Test Harness Server

The Test harness server contains a scheduler that schedules the build/testing cycle at periodic intervals. The test harness system send a bunch of test configuration files belonging to the various test suites that need to executed to the Project Repository Server. The Repository server send across the latest versions of the file. The Test harness server invokes the build processor to compile the files into test libraries and then execute them. After the results are obtained , they are stored in XML format in the cache servers along with the build id.

Incase the build fails or the test fails, the Test harness uses the in-build  notification service to notify the users indicated in the test configuration file about the failure of the build an including the failure details.
4.10  Database Server

Database server is used to store user profiles and preferences.It stores information about various projects, work packages, timelines, project resources, team calendars and other information which is structured and confidential in nature. The database is updated using a write-behind strategy in which modified cache entries are asynchronously written to the datasource after a configurable delay. For Write-Behind caching, the cache server will maintain a write-behind queue of the data that needs to be updated in the database. When the user updates X in the cache, X is added to the write-behind queue and after the specified write-behind delay the underlying database will be updated with the latest value of X. 
4.11  Cache Servers

As has been discussed earlier, the design recommends the use of a distributed memory object caching mechanism. Since the data is held in memory it is not persistant and will be lost. Hence only work-in-progress data will be stored in the cache and quickly moved to the file server or the database.

The cache can be started by a simple daemon service which runs in a completely separate address space and is not affected by any other applications. The cache can be accessed through a C# client API remotely and transparently from any other server processes. The API can be used to persist atomic data or complete C# object graphs. The cache can be started up on any machine with spare RAM by just starting the daemon service there. The C# client handles all the complexity of identify the managed cache nodes and storing and retrieving data from the appropriate cache nodes in the network. The application code simply puts or gets data from the cache.
The design proposes the use of open sourced memcached
 which is currently used by the largest production websites on the internet to cache terrabytes of video/audio and images.
4.12 Conclusion

The architecture design discusses about various data communication strategies to minimize network performance overhead. The design discusses partitioning out the various activities into separate processes. The design describes the type of data that will be exchanged back and forth between servers. The design recommends a extremely simple yet highly efficient caching strategy to ensure high performance  and server thoroughput.
5 Use Cases

The purpose of this section is to describe the principle actors and the use cases identified for Virtual Display System. The list of use cases are not exhaustive but include the important ones from the functionality point of view. 

5.1 Principal Actors
5.1.1 Product Manager
A Product Manager is responsible for specifying the functional requirements of the system which could include adding new features or enhancement of existing ones. The manager should be able to come up with a requirement specification that is fairly comprehensive and unambiguous from a development or testing standpoint.

The VDS system will help the Product Managers accomplish the following:

1) Brainstorm new ideas with the development team through wiki pages.

2) Log new feature requests through issue tracking software, assign ownership and monitor progress
3) Use virtual meeting place to visually communicate ideas to a larger audience.

4) Plan product roadmaps and rollout schedules for new features based on implementation progress.

5.1.2 Software Developer
A Software Developer will use the VDS system on a daily basis to do the following:

1) Check the work queue to identify activities that needs immediate focus.

2) Send notifications to the required stakeholders after completion of an activity. For e.g. after feature completion send a notification to QA team to test it.
3) Prepare Unit Test Plans and share it with the QA team.

4) Monitor test results streaming in from the continuous build/test environment and correct integration failures or notify appropriate teams immediately. 
5.1.3 Project Manager
A Project Manager will use the VDS system to accomplish the following: 
1) Monitor timelines and progress on the work package items.
2) Schedule and assign activities to individuals

3) Review codebase and discuss design issues, refactoring options with developers
4) Publish software artifacts and ensure its security and privacy

5) Use traceability matrix to correlates any baseline documents, code and test cases to ensure requirements are met

5.1.4 Testing/Quality Assurance
Quality Assurance team is responsible for quality of the code deliverables and ensures that it meets the functional requirements and is bug free. The responsibility extends to design process, change management, configuration management and release management. This requires the team to have an overall view of the entire development process. VDS can help them to achieve this level of visibility.
1) The Test Harness system can be used to monitor a code repository and run continuous integration tests on it to check the validity of the code check-ins.

2) The test results can be published to the multiple VDS clients either periodically or on an on-demand basis. This will help the QA team to check the validity of the available build prior to testing on it.

3) The VDS system can help the QA team to manage their regression / functional testing suites.
4) The VDS system can use the collaboration server to pull the results of any regression test failures.

5) The VDS system will notify the Testing team of any changes in the requirements or code changes that may necessitates updating of one or more relevant test cases.

5.1.5 Administrator
The Administrator is responsible for setting up the VDS and has overriding privileges for system configuration and settings. The VDS should allow him to accomplish the following:
1) Allow role based access to various tools in the VDS for different categories of users

2) Create and maintain user accounts for VDS.

3) Notify in case of any problems connecting to the collaboration server

5.1.6 Conclusions
Since the VDS need to provide a gamut of features to support various categories of users, the user interface should provide quick and easy accessibility to those features in the form of quick launch tools. For instance in the Project Dashboard, the quick launch tools below pull out all the default information relevant to the user project. The user can then utilize the quick launch feature to search for other project data he might be interested in.
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The VDS will provide a canvas on which the tools can be dragged to launch the feature. Once the feature is closed the canvas will be cleaned up.
The VDS needs to incorporate a universal document viewer to easily view documents in Word, HTML, XML or PDF formats.

The VDS needs to provide browsing capabilities for several tasks. Hence the browsing experience can be made faster by keeping track of recently accessed items and combining a full text search feature.
It will also provide message center to send offline notifications as well as real-time text and voice messages to online collaborators.

The VDS system will require a separate administration console to manage the whole system. It may not be possible to dynamically turn on and turn off features on the VDS clients especially if they are deployed on multiple host machines. 
Many of the advanced security access control features can only be effectively applied if the VDS is a hosted service accessible only with the help of a web browser.
5.2 Use Cases
This section list out the uses cases identified for the various actors in the system. Each use case is assigned an identifier and the purpose of the use case is given. 
In this section the main use cases correpsonding to VDS display are listed. Each of these use cases helps to springboard several other use cases that accomplish key functions of communication and collaboration. Those use cases are listed in detail the following sections.

In the following section, a detailed level description of all the use cases is provided.
	Use Case Name
	Actors
	Purpose

	VDS001Login
	All VDS Users
	The login use case meant to authenticate and authorize VDS users 

	VDS002MessageCenterDisplay

	Authorized Users
	The Message Center is opened which is the nerve center for all collaborative based communication.


	VDS003ProjectDashboardDisplay
	Authorized Users
	The Project Dashboard contains all project specific details and statistics. The Information displayed is role based.


	VDS004SketchBoardDisplay
	Authorized Users
	SketchBoard provides a canvas on which users can launch collaborative interactive whiteboard sessions.


	VDS005QueryBuilderDisplay
	Authorized Users
	QueryBuilder is used to compose and issue adhoc queries to the VRTS and retrieve project information. Also hosts canned reports.


	VDS006VideoConsoleDisplay
	Authorized Users
	VideoConsole display is the mutimedia center of VDS which can host multiple webcams for conferencing. It has a media player to play contents like podcasts published within projects.


	VDS007RepositoryExplorer
	Authorized Users
	Allows to browser the project repository contents in a intuitive fashion and displays the contents of the files in HTML or PDF format within a universal document viewer embedded in it.



	VDS008ProjectWiki
	Authorized Users
	The project wiki is the discussion forum where developers and testers can blog about a project features, schedule meeting, share team calendars. 


5.3 Detailed Use Cases
The main use cases are listed below.
	Use Case Name
	VDS001Login

	Description
	Use case is used to log in authorized VDS users into the system

	Actor
	All actors identified in section 5.1

	Preconditions
	The VDS Console should be invoked

	Main Steps
	1) User enters the user name
2) User enters the password
3) User enters project name
4) User clicks Login! Button

	Alternate Steps
	Login failed! Display Message and refresh Login form

	Success
	User is authorized. VDS Console is displayed. Project Related information is displayed.


	Use Case Name
	VDS002MessageCenterDisplay

	Description
	Message Center Tab is displayed in the VDS Console

	Actor
	All actors identified in section 5.1

	Preconditions
	User has been logged in successfully

	Main Steps
	1. User clicks om Message Center tab.

2. Display a list of collaborators or project team members on the left panel. Users who are online and currently logged in are highlighted.
3. Clicking on the start call link initiates a voice chat with the collaborator.

4. There is the option to invite new collaborators.

5. The project discussion forums are listed on the right panel along with the list of active collaborators and latest files that are shared.

6. The talk center displays the ongoing chat conversation between participants.

7. The notification window can be used to send offline notifications or messages to collaborators.

8. The video conferencing panels lists out all the active webcams of the collaborators logged into the system.

9. The launch console button launches the video console that hosts the webcams of the active participants in a conference.

	Alternate Steps
	None

	Success
	Message Center is displayed with all the available options 


	Use Case Name
	VDS003ProjectDashboardDisplay

	Actor
	All actors identified in section 5.1

	Preconditions
	Authorized VDS Users

	Main Steps
	1) User clicks on the Project Dashboard tab.

2) The quick start tool box is displayed on the left pane.
3) Project information is displayed at the top of the right pane.

4) The default view on the panel is the work queue.
5) Clicking on repository explorer pulls the source repository into view

6) Clicking on each quick start button refreshes the right pane with relevant information

	Alternate Steps
	None

	Success
	ProjectDashboardDisplay is shown with all available options


	Use Case Name
	VDS004SketchBoardDisplay

	Actor
	All actors identified in section 5.1

	Preconditions
	Authorized VDS Users

	Main Steps
	1) User clicks on the sketchboard tab on VDS console
2) System displays the sketchboard of the logged in user by default

3) The initial sketchboard is blank.

4) The user can share this sketchboard with multiple collaborators.

5) User can click on the sketchboard of any other collaborators to edit it locally and needs to notify the owner of the changes periodically.
6) The toolbox on the right provides the templates and tools to draw free hand sketches, package diagram, server deployments, work flows etc.

	Alternate Steps
	None

	Success
	The Sketchboard is displayed with all the relevant options.


	Use Case Name
	VDS005QueryBuilderDisplay

	Actor
	All actors identified in section 5.1

	Preconditions
	Authorized VDS Users

	Main Steps
	1) User click on the query builder tab on VDS Console
2) System displays the query builder panel.

3) On the left side there is a drop down list of canned reports that are available. Canned reports are frequently viewed reports that are executed with standard arguments and without manual intervention.

4) Query Builder provides the option to create adhoc queries by selecting columns from any tables and dynamically forming conditional criteria.
5) The results output from the query execution is displayed in a browser embedded in the right pane in HTML format.

	Alternate Steps
	None

	Success
	QueryBuilder is displayed with relevant options. 


	Use Case Name
	VDS006VideoConsoleDisplay

	Actor
	All actors identified in section 5.1

	Preconditions
	Authorized VDS Users.
User clicks launch console in the Message Center

	Main Steps
	1) The web cams of the active collaborators will be listed in the center.
2) The web cam of the logged in user is the first in the list.

3) Contols are provided to start and stop the web cam, voice stream, to record the any streaming web cam.
4) Project discussions can be stored as podcasts which can be replayed later using a embedded media player.

	Alternate Steps
	None

	Success
	VideoConsole is displayed and the active web cams are visible.


	Use Case Name
	VDS007RepositoryExplorer

	Actor
	All actors identified in section 5.1

	Preconditions
	Authorized VDS Users.

User clicks Repository Explorer in the Project Dashboard

	Main Steps
	1) Repository explorer lists the documents stored in the repository server in a hierarchy.

2) On clicking any document in the explorer, the contents are displayed in HTML format.

3) Similarly the revision history for that particular document is also displayed. Clicking on any particular revision will display the contents that are included as part of that revision.


	Alternate Steps
	None

	Success
	RepositoryExplorer is displayed and intital project directory is displayed for browsing


	Use Case Name
	VDS008ProjectWiki

	Actor
	All actors identified in section 5.1

	Preconditions
	Authorized VDS Users.

User clicks ProjectWiki tab in the Console

	Main Steps
	1) The recently uploaded wikis are displayed in the left panel along the author who uploaded it.

2) All the project Wikis are listed alongside

3) New Wiki pages can be created and linked to existing site. The pages are displayed and edited in HTML format.

4) Wiki pages can be indexed and tagged using metadata information.



	Alternate Steps
	None

	Success
	Wiki pages are displayed in the embedded browser.


6 User Interface Views
As stated earlier the VDS console will have the design of a conventional web application in order to illustrate all the functionality that needs to be supported. The design layout can be modified at a later date to be compatible with any interactive user interface technology that we choose to implement. At the moment it is assumed that a normal desktop application interface will be supported.
The screen shots of the main functionalities of the VDS have been provided followed by a detailed discussion. This discussion is relevant even when the UI needs be overhauled significantly to be rendered in new interactive environment.
6.1 VDS Console Log-In

This is the login screen for the VDS console. The User needs to provide the user name and password as well as the project he is assigned to inorder to authenticate and authorize him to access the system.
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Screenshot # 1
6.2 VDS Console – Message Center
This is the communication nerve center of the VDS. It manages all aspects of collaboration between the users of the system using offline messaging, online chat messages, video conferencing , real time document sharing etc. The screen shot is provided below:
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Screenshot # 2
6.2.1 Description

Message center displays the list of collaborators who are the project team members of the logged in user on the left pane.
Incase the collaborators are online, their names are highlighted and there is a link to call them directly for voice chat. This information about logged in users is transient and is a perfect candidate to cache in the cache servers and do repeated and quick lookups. When the user logs out or there is a long period of inactivity, the entry is deleted in the Cache server automatically. The default cache expiration policies are a perfect suited for this behavior.
The talk center is a generic chat window that can be used for one-to-one chatting or a collaborative chatting in a discussion lobby.
A Discussion Lobby allows a group of VDS users to chat together on some common topic. Clicking on the link “Enter Lobby” pops a simple window to allow users to select a existing lobby to enter or create a new one.

Who’s in here? lists out all collaborators who are active on a forum. Incase it is a new lobby or existing one, the logged in users can select more collaborators by clicking on Invite link.
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Also there is a list of recently shared documents on the discussion lobby between participants that is available for quick preview. All documents open in the universal document browser.

The notification window is used to send email notifications to collaborators who are offline.

The video conferencing panel on the bottom left shows all the active webcams of collaborators. When a user logs on to the VDS console, the system attempts to turn on the webcam on the user. In case the user allows, the webcam is turned on and this information is communicated back to cache servers thru the collaboration server.

Initially a thumbnail image of the collaborator is shown in the console to suggest that the web cam is on. This status is easily obtained from the cache servers. Also we obtain the user-network configuration map so that a P2P connection can be established directly to the endpoints in case they are not behind a firewall or a NAT. Once a P2P connection is established, live webcam feeds can be streamed down.

6.3 VDS Console – Video Conferencing Console
This is the video conference center that can host arbitrary number of webcams of collaborators and can be used for video chating. It provides a facility to record the video streams and replay them back. It also allows the team members to watch project related podcasts and training videos.
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Screenshot # 3
The video conferencing console allows multiple users to conduct a conference in a co-ordinated manner. These live web cam videos are streamed over P2P connections. The console provides an option to click on active web cams and record the videos for archival and replay purposes. In that case the file is first cached in the local VDS client and then synced up with the VDS system at a later point.
The locally available archived videos as well as the ones viewed recently are listed in the left pane and can be replayed in the media player provided below.

6.4 VDS Console – Project DashBoard
The following screenshot helps users lookup work package items and display its activities. The dashboard provides several quick launch buttons on the left pane. The current screen shows a complete work package breakup
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Screenshot # 4
6.5 VDS Console – Project Builds
Projects builds are the output of the continuous build/test environment running on the Test Harness server. The builds are scheduled at certain intervals of time and displayed below.
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Screenshot # 5
6.6 VDS Console – Dependency Graph
The Dependency Graph Viewer is used to display code dependency in the repository. Always the default project is taken and the latest branch is displayed. The dependency is either shown as a graph below or as a dependency matrix. The viewer is activated by clicking on the “depends” button on the left panel. 
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Screenshot # 6
6.7 VDS Console – Create Work Package
This screen is used to create new work packages. The work package requires a name, description, start date, completion date, people responsible and completion criteria. Although not mentioned in the UI, a work package can be regarded as an entity in the project workflow system and goes through several transitions before closure. In such a case we must create an attach a new workflow for this package 
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Screenshot # 7
6.8 Collaborative Diagramming
The sketch board provides the facility to do collaborative diagramming with remote users to generate project artifacts like package/component diagrams, deployment diagrams, work flows, activity diagrams etc. It allows a user to create a sketch board and share it with other collaborators. The user can collaborate on any sketch board by clicking on the other sketch boards sections and click on notify changes before he starts any modifications on the diagram to notify the owner of the scratchboard. This interface provides basic toolbox to draw free hand sketches, server deployment diagrams, package diagrams, workflows etc.
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Screenshot # 8
6.9 Query Builder
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Screenshot # 9
6.10 Universal Document Viewer
Universal document viewer as its name suggests is used to view all the documents in a web browser. The documents might be in HTML format or any format that the browser is able to render.

The document information is displayed on the left panel. This document can be downloaded from the repository or can be shared instantly as an attachment with other collaborators
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Purpose of the Project:

The goal of a Software Development Collaboration System, as shown in Figure 1, is to support
conduct of shared work activities of software development teams. Virtually all creative work is
done on Clients, which draw on resources provided by Collaboration, Repository, and Test
Harness servers. The purpose of Collaboration Server is to support management of people,
tasks, and information about software development projects. Repository Server manages all
certified code for each project, e.q., production, test, and prototype code that has been placed
under configuration control. Test Harness Server provides testing services for certified code.
The intent of the testing concept is to continuously run tests against the entire developing code
baseline as each new software component is added to the system.

In this project we develop an architecture for the Collaboration Server part of this system. We
call this part the Collaboration Server System (CSERV). A preliminary structure for this part is
shown in Figures 2, 3, and 4. Its purpose is to support conduct of shared work activities of
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Screenshot # 10
6.11 Source Repository Manager
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using System;
using System.Collections;
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Screenshot # 11
6.12  Project Wiki Manager
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Screenshot # 12
7 VDS Console Modules
The VDS Console needs to support complex features and communication with other server entities. This requires a lot of code to be carefully partitioned into modules/packages so that each module is responsible for handling functionality. The modules should interact only through well-defined interfaces. This enforces the high cohesion and less coupling design principle that makes the code changes manageable. 
The module/package organization given below is strictly top-down in nature with modules at higher level of abstraction depending on lower level of abstraction.
All the services are provided in the lower layers in the package hierarchy.
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Figure 4: Package Diagram VDS Console
7.1 VDS Console Modules Description
As shown in the diagram above, the VDS console comprises of a lot of modules or subsystems each supporting a particular feature.In this section each of these module functionalties are described briefly.
The subsequent sections will discuss in detail one of the console modules that is fairly representative of the overall complexity and  functionality of the VDS console.
7.2 VDSConsoleConfigurer
This module uses the VDS Security Manager inorder to display/activate toolsets which are appropriate for the logged in user. This ensures that users can only access a subset of functionality he/she is authorized to. While a dynamic layout of controls and toolsets is a ideal implementation whenever a user logs in, an easier implementation is to disable the controls like buttons and links to prevent access.

All user authorization information is configured by an administrator and stored in the database.  
7.3 SketchboardToolset
The sketch board provides a blank canvas along with tools to generate free hand drawing and other drawing types like UML diagrams, package diagrams etc. The sketch board provides build in collaboration features that will enable users to collaborate on any drawing in almost real time.
Collaborative diagramming can be accomplished in a much more efficient manner by providing multiple sketchboards for users that can reside on the server rather than on the client. This will save a lot of bandwidth usage that would otherwise be required to continuously relay the sketches and diagrams back and forth between multiple collaborators and the server. We also need to archive this diagram at some point which does require the server to hosts these sketch boards in the user session being maintained by server for each logged in user.

The design recommends the multiple sketch board canvases to be embedded within a web browser in the VDS console. These sketch boards will be hosted in the collaboration server or preferably in the cache servers and attached to the user work session. In case a user wants collaborators to work with him on the diagram or the sketch, all he needs to do is to instruct the server to expose the sketch board through an accessible page link and send a notification to invited collaborators to click on the link. The user sketch board is immediately shared for other to draw upon. Hence whenever a user creates a new sketch board and subsequently draws on it or invites others to collaborate; the server does the bulk of the processing at its end. Since this is a request-reponse driven interaction between the client and the server, the changes to the sketch board may not be immediately available on the client console unless a page refresh directive is issued at periodic intervals. With Ajax based server calls, these sketch boards can be updated asynchronously without any user intervention to accomplish real time collaboration behavior. 
A XAML Browser Application combines the power of WPF advanced graphics and XAML markup to build graphics intensive applications targeted to the web browser. This should be ideal to support any form of 2D, 3D collaborative diagramming toolset on a ordinary browser.

7.4 Chat Session ToolSet
Text messaging between collaborators does not suffer from the bandwidth constraints because the data does not require to be streamed between the endpoints. The size of the messages is extremely small and can be delivered using store and forward technique without upsetting the user experience. In sum, it does mandate stringent latency requirements. Text chatting can be implemented with the normal client server multicating model that works extremely well.

Sending offline chat messages can be simply implemented by caching those messages meant for a particular user in the system. When the user logs in using the VDS console, it refreshes the host cache with his latest network information (IP address/Port). Once the server knows the destination address, it can empty the user’s pending message queue.
Chat sessions can also be actively used to share work-in-progress documents among collaborators before they are commited to the repository.Such documents should reside in the cache server and quick launch links can be published to the all collaborators for repeated viewing. This eliminates the need to send documents back and forth between multiple clients during the chat session and saves bandwidth.
In sum, the design recommends that the server broker such kinds to communication between the clients rather than the clients communicating one on one.
7.5 VDS Registry Manager
This component is optional and is required only if we need to support local caching on the VDS clients.Ideal candidates for local caching are the list of collaborators of a user which remains more or less static during the duration of a project.Also any user preferences specific to the VDS console. The local cache configuration can be stored in the windows registry like location, encryption etc. 
The VDS registry manager can be used cache this information and retrieve it locally from the registry.
7.6 Project DashboardToolSet
The project dashboard displays comprehensive information about the project status, work package configuration, timelines, build/test results, code dependency graphs etc. This information is available in different servers in the VRTS and needs to be provisioned by the collaboration server as and when the dashboard is displayed in the console or user requests for it. The dashboard shows the default project that a user is assigned at any point in time. In case the user is assigned multiple projects, then there is option to show all dashboards at the same time. The dashboards will stacked one upon the other in some order which makes sense.
Since the project dashboard will retrieve volumes of information based on user query, it is recommend to lazily load data rather than eager fetch it. 

7.7 VDSXMLChartingEngine
The XMLChartingEngine is included as a part of the VDS Client Console in the above module diagram. There will be a XMLChartingEngine running in the Collaboration Server as well. And why at both places ? That is because, it may be efficient to build dependency graphs, timeline graphs and other statistical graphs on the fly from an XML data source either at the client end or to delegate that functionality to the server side, depending on the type of client. Incase of a web based VDS console, there is limited processing that can be accomplished at the client browser. On the other hand the VDS console implemented as a thick client is ideally suited to do this processing locally. In that case the server only needs to send the XML markup data describing the chart and the client parses it appropriately using the VDSXMLChartingEngine.

The charting engine should be able to generate all sorts of project charts from XML markup.

7.8 VDSDataManagerToolSet
Incorporates a SQL query builder and validator that allows users to build dynamic queries and pull specific information not available in preconfigured or canned reports.

The VDS Client does not maintain any direct connection with the database but rather issues a XML file to the collaboration server which contains the SQL, format of the result display and callback parameters.The collaboration server connects to the VRTS database, executes the query, retrieves the result set, formats the result set  into the desired output format, calls back the VDS client and sends the results. This is an asynchronous process so that the user can perform other activities while the results are being retrieved for display.
7.9 RepositoryBrowserToolSet

The RepositoryBrowserToolSet allows users to browse a remote project repository and allows the user to check out files and lock it for editing purposes.The user is required to map client folder hierarchy to a similar folder hierarchy that resides in the remote repository. Checking out the file will transfer the latest version of the file from the repository to the local client. The file will be locked for any further editing by the repository server. The repository server will keep track of the client that checked out the file. If the file is being checked in and it is from the same client then the repository will allow it or reject it. File locking ensures that the repository server does not have to deal with merging conflicting changes from multiple clients automatically. This comes at the cost of disallow concurrent editing of files.
The repository browser will also show the multiple version numbers of a file along with the client responsible for that version.An older version can only be viewed and not checked out by the client. Whenever the repository browser is rooted at a particular remote folder, it recieves a XML file from the repository server containing all the files names, their versions and other metadata information like client/users.

The repository server will maintain a datastructure in the file system to keep track of all files that have been checked out as well as all the metadata information discussed above.
7.10  P2PNodeDiscovery
As stated we need to set up point-to-point communication channel between end points for some real time collaboration activities. P2P networks needs to be set up between end points. However in a network with dynamic peer nodes, connection setup and tear down process requires more than just obtaining the current network configuration information. We also needs to know if the nodes are behind a NAT or a firewall and identify alternate routes to relay traffic. All of this information is far from being static and keep changing all the time. This module is responsible to get the best path to a particular node in the network and to discover new nodes and update their information in the host server cache.
7.11 VDSVideoStreamToolSet
Video streaming has a host of issues to contend with and one of them is the current WPF support to capture images from the web cam. The solution often involves making calls into unmanaged DLLs. Further we need to make use of highly efficient codecs to encode and decode video frames so that they are not too big for transmission.
The purpose of this module is to provide wrapper classes to handle such issues and encapsulate the underlying complexity of streaming media content.
7.12 Conclusion

The partitioning of the modules above helps us to split up the overall complexity of the application into manageable units so that they can be designed, coded and unit tested in isolation. The integration points is through well defined interfaces. This also makes the code more maintainable.

The description of the modules presents a clear picture about the design and the data flow in the system.
8 VDS Sketch Board
As stated earlier, the design document will discuss in depth one of the VDS Console Modules which is representative of overall complexity of the system. The implementation tradeoffs and the issues analysis applies universally to all the other modules in the system.
In section 8.1.4 on client issues, we’ll discuss the interesting problem of audio/video conferencing among multiple collaborators which a compelling collaboration feature. We discuss a practical and smart design solution that facilitates such collaboration in real world.  
8.1.1 Design Overview

The sketch board is a collaborative diagramming tool that allows the creation all kinds of diagrams like UML, flowcharts, user interfaces, wireframes, entity-relationship diagrams etc. There are two ways in which such a feature can be designed.
The sketch board is either embedded in the VDS Console and runs within the console. The sketch board provides a canvas on which you can drag/drop and position objects. When the user wants to invite collaborators, the user sketch board needs to be shared with the participants each of whom can concurrently modify the diagram in view. This requires the diagram snapshots to be communicated to the server in rapid intervals and the server can then multicast it to the connected collaborators. This is the conventional design that quickly runs into scalability problems when there are a large number of users collaborating back and forth. The collaboration server brokering traffic becomes a bottleneck as well as the bandwidth requirements. The latency in data transmission offsets the advantages that one might have to draw locally on the client. Furthermore there is a complexity of handling synchronous updates which coupled with latency can stampede sequence of updates even before everyone gets a chance to see it.
A more pragmatic and feasible design approach is to allow the collaboration server to host arbitary number of scratchboards on behalf of the VDS Console users. Each of these scratchboards can be identified by a accessible URL which identifies them uniquely. Thus a normal web page can act as a drawing canvas and can support all the fancy features that any .NET form based canvas can provide. Traditionally it has been difficult to draw 2-D drawing/vector graphic on browsers but that has changed with excellent support from WPF/XAML technologies where we can build rich graphics libraries for use in web pages.

This server centric diagramming approach has the following compelling advantages:

1. Sharing of sketch board among multiple collaborators is immediately accomplished without need to write any code. Publish the URL of the sketch board and all users are on the same canvas right away.

2. Extremely bandwidth efficient as the real diagramming activity takes place in the server and stays there. All collaborators are looking at the same sketch board as and when changes happen.

3. The browsers can load the sketch board in a completely asynchronous fashion using Ajax.This will ensure that all clients will see the same thing at the same time which helps in better collaboration and prevents sequence of changes to be lost or overwritten due to latency.

4. The scratchboards reside on the server rather than the client. They can be archived more effectively in the repository server and do not need to be sent across explicitly by the client.

5. The sketch board can be shared with literally any user who has the VDS clients. All diagrams and artifacts can be viewed using a normal browser and hence the user does not have to have the collaborative diagramming feature enabled in his console. This is very important to provide read only access to diagrams to certain categories of users.

8.1.2 Context Diagram
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The context diagram shows the subsystems that sketch board uses to accomplish its functionality. The VDS console receives the user input to create a new sketch board or update an existing sketch board that either belongs to the user or to any of his collaborators.  

This request is send over the web server to the collaboration server which ultimately processes the request.

In case the existing sketch board is not being actively worked upon, it would have been already passivated in the cache server. The collaboration server reads in the sketch board in XML form and activates it in memory. All draw commands are used to update the web page residing in the collaboration server.
After certain period of inactivity the sketch board is passivated back to the cache server.
8.1.3 Dataflow Diagram
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The data flow diagram depicts the data flow in the sketch board system. The user requests a new sketch board to be created or share a remote sketch board. The request is send to the Collaboration server. The server creates a blank canvas webpage with the necessary drawing controls embedded in it. The metadata information about the sketch board includes its location on the server. The sketch board resides on the file server or the cache server in the form of an XML or XAML markup file till it is finally committed to the repository. 

The second stage of the diagram shows the user update a sketch board which is not held in active server memory space. The collaboration server retrieves the sketch board from the cache server in form of XML. The XML is parsed to render the drawing on the web page. The updated sketch board is updated so that all collaborators can view the latest changes.
8.1.4 Activity Diagram
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Description:
The activity diagram shows the various activities in the sketch board module.

In the above activity diagram, it is important to point out that the user can set preference to sync sketch board updates to the server or store the sketch boards locally. In case of local sketch boards, the server does not allow them to be shared with others and the user can download the sketch board in XML format and persist in local file system.

Another important point is that when the user elects to share his sketch board with other collaborators, then the server notifies the participants, if they are logged into the system instantly by flashing a message that some one wants to share the sketch board along with the link to edit it.  

Sketch boards can be in active state where they are being actively worked upon. When the sketch boards are submitted to the repository they are no longer in active state and may not be edited. For any changes, a new version needs to be created. 

The sketch board application hosted on the collaboration server provides a host of usability features like it can identify most common geometrical shapes that corresponds to free sketches called free strokes approximation,

facility to add common shapes/sketches to a user library so that they can be reused again in a different context.
8.1.5 Sketch board Design Issues

The sketch board will be an Intelligent Sketching Systems that can approximate free strokes in terms of geometric entities such as circles, polylines, curves and their combinations. Stroke processing consists of detecting vertices at the endpoints of linear segments of the stroke, then detecting and characterizing curved segments of the stroke. There are different techniques available like vertex detection, curvature and speed graphs for the stroke approximation. The goal of the system is to be able to create recognition systems which are user-independent and allow users to draw as they would naturally, without having to worry about issues such as where to start a stroke or which direction to draw certain shapes

Without delving into the technical nitty-gritty, Rubine’s algorithm
 can be used ideal for single stroke gestures recognition. Similarly it is possible to tidy up the sketches into 2D or possibly 3D geometrical figures. These are challenging aspects of the sketch board implementation.
Sketch board updates should be communicated to the various collaborators. The updates can be propagated at some very small and fixed interval of time as completely synchronous update is not practical. Since the sketch board has only a single copy on which people collaborate and draw, it eliminates the tricky problem we have to merge bits and pieces of drawing on individual sketch boards. Whenever the sketch board undergoes changes, there should be a server push of new content to all the user browsers so the changes are visible.
In order to prevent overlapping changes on the Sketch board, we can employ a simple mechanism to keep track of user making the change and display it on the scratch board. This will help others to co-ordinate their activities. Synchronization of user activities should be handled from a human interaction perspective rather than enforce serialized behavior using costly locking/unlocking of resources.  
The Sketch board will allow users to annotate any part on the diagram or the image with comments or text mostly describing it. The annotations can also constitute part of the keywords that can be used to lookup for the sketch boards at a later point in time. Annotations will consist only of free-form text entries. 
8.2 Audio/Video Conferencing

Audio/Video conferencing between multiple hosts or what can be necessarily termed as multi-point conferencing is conventionally implemented with the help of a Multipoint Control Unit (MCU) which is a combination of hardware and software to interconnect calls.

Instead of using a MCU, we could use decentralized multipoint where each node can exchange video and audio directly with the other nodes and do not need to be relayed through a central point.

Consider an example where a multipoint conference is set up between three clients. One client terminal (Client A) performs the Multipoint controller function. All the terminals could use multicast to participate in a decentralized conference. A Multipoint processor function on each node would mix and present the incoming audio and video signals to the user. A acts as a mixer, mixing its own packets with those of B and sending to C and vice versa.

This approach minimizes the need for specialized network resources. However, the network must be configured to support multicast.
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8.3 VDS Collaboration Server
The module organization from top to bottom. Top level modules depend on lower ones implicitly eeven though it may not be indicated by arrows.
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8.4 Module Description

8.4.1 Server Management Console

This is the admin console for the collaboration server. It will be mostly used to monitor the servers in the VRTS system. Most specifically the administrator can monitor the cache server and collect usage statistics. The administrator can browse the contents of the file server and purge or archive them.
The administrator is responsible for monitoring active user sessions on the server and configures security settings and authorization privileges for logged in users.
8.4.2 Request Processor

The collaboration servers receive various types of requests that are handled by different processes running in the server. The request processor intercepts these requests to determine the appropriate server response and delegate it to the executing process. This can be accomplished in .NET environment since one single process is capable of hosting multiple application domains each running a separate process.
8.4.3 VDS Security Module

This module is responsible for authenticating users and authorizing access to users. It creates a work session for the user on successful login and returns a session identifier or token back to the invoking client. This token is used as a prefix to store any temporary session data in the cache servers.
8.4.4 VDS Sketch Board Manager

This module is used to create a new sketch board for the user. The new sketch board is retained in memory and displayed to the user as a web page which supports the full functionality of drawing advanced 2D, 3D graphics. The sketch board is periodically saved in the cache servers since data in the memory can be lost. It could be stored either in XML format in which case it can be read or in binary format which is more compressed format for storage.

The sketch board is defined in a XML or preferably XAML format and it should be easy to recreate it on the web page from the markup. This is the main functionality of the sketch board manager. Additionally it uses the notification manager to notify users of the various events triggered on the sketch board like somebody send invites to others to collaborate on the sketch board or the user creates a local copy of the sketch board.
8.4.5 Query Dispatcher

The query dispatcher’s responsibility is to receive a SQL and execute it against the VDS database. It formats the results in HTML format and sends it back to the VDS console.

8.4.6 VDS Scheduler

The VDS Scheduler is Job scheduling system that triggers jobs at preconfigured intervals of time. It is extremely useful to send notifications to users at designed time like for example scheduler reminders. The scheduler can take project team calendars and set up automatic event reminders.
8.4.7 Notification Manager

The VSD notification manager works in concert with scheduler to send out periodic offline notifications to people in the notification list. It abstracts out the interface with the messaging system and handles all the formatting as per pre-configured email templates.

8.4.8 Cache Server Manager
This manager is the interface to the VDS Cache server and essentially uses the cache library client to store and retrieve information. Its task is to generate keys against which to store objects so that they can be looked up later. Also it manages the cache configuration and expiration policies.

8.4.9 Cache Session Manager

This process acts as a broker between multiple chat clients relaying messages back and forth. This could either be a point-to-point communication or a group conversation happening in a discussion lobby. The cache manager defines the call back methods and each chat client needs to implement those call back methods to handle the relayed data. Whenever a chat client joins a chat lobby, it registers itself with this service to receive call backs. The chat session manager also handles all the files that are exchanged during the course of the chat, stores them in the cache server and publish the links to access them subsequently.
8.4.10 Workflow Manager
This provides a simple workflow engine for the project management activities in the VDS. The workflow identifies each of the activities to be performed, the notification rules associated with them as well as the document flow in the system if they are associated with the activity. The engine will allow the user to configure the activity states and the state transition rules till they are completed.

8.5.10 VDS Dependency Analyzer
This module incorporates a in-build static parser that finds dependencies between C# , C++ files and display them in a dependency graph. The common dependencies types in the modules are composition, inheritance, imports, includes etc. The data is output in XML format and VDSXMLChartingEngine can build a dependency graph out of the input so that these dependencies can be visualized graphically.

Conclusion
The partitioning of the collaboration server into various modules helps us to manage the complexity of the code base. The code modules are more maintainable as they can be changed independent of each other. The modules’ being implemented as separate processes make them more reliable and provides better isolation between concurrent running processes.
8.5 VDS Collaboration Server

8.5.1 Context Diagram
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The context diagram shows the collaboration server and how it exchanges information with its environment.

The diagram shows that the collaboration server does not exchange any information with the test harness server. However it gets the test results/reports directly from the file server.

The test harness server interfaces with the repository server directly to execute test cases. The test harness server in turn saves its output directly to the file server in HTML format.

8.5.2 Work Flow Manager
Workflows are critical to collaboration system since it alerts users to important events happening in the system.
The collaboration server embeds a workflow manager that enables the flow of documents and messages through users as per some prescribed or configured rules in the system.
The Work Flow manager will maintain the definition for the activity type. 

Say for instance the bug resolution activity will be triggered when the developer checks in his code into the repository. This will send out a notification to the QA team manager about the bug fix being made. 

Also the QA person responsible for testing the fix will be notified. 

The Work Flow manager then tests the file server to see if the release has been tested using the Test Harness server. It will do so by looking up using the uniquely generated build number of which this fix is a part.

In case the test has passed, the workflow manager sends a notification to the QA team member to start testing the particular build. The build will be available in the test harness server. After testing is completed, the QA team member triggers a closure report on the fix that is communicated to all stakeholders.
There are two main components of the workflow manager. The rule definition engine which tells the activities that needs to be performed and in what sequence. This is defined in the XML format. An instance of this rule is applied to activity that it corresponds to. By instance of the rule we mean that if the rule says department heads need to be notified if some event X happens, the instance actually contains the email address of the concerned department heads so that notification can be send.

The workflow manager interfaces with users mostly in the form of pending tasks, notifications or TODO lists.

Incase the activity calls for scheduled notifications to be send, the work flow manager will use the scheduler and the notification manager to accomplish this functionality.
Now to focus on documents flowing through the workflow process, each one of them will be assigned some states until versioned or archived. The transition from one state to another is specific to the type of the document. These states can be implemented as tags which can be attached to the documents so they can be queried with at a later point of time.
While XML is excellent to configure rules in the system, it is not convenient to represent a rule instance that represents the states of the process (states of tasks and activities etc.). We’ll use the database to store such information as they incur less overhead than XML parsing.

8.5.3 Project Wiki Builder
The main purpose of this Wiki builder is to host various project wiki templates so that the user can create a new wiki by following the existing templates. In case it’s an existing wiki, the collaboration server hosting the Wiki page will allow authorized users to edit them inline. The Wiki also has references to project documents in the repository server but those are for read only purposes and cannot be checked out by users.
The wiki builder provides collaboration in a similar manner like sketch board except that the metadata definition is not in XML but HTML format directly.
The Wiki pages can be revised by the collaborators. In this case the page will be rendered with the latest two versions being displayed side by side with the mismatch sections highlighted. The user can then edit the changes that differ.
The Wiki pages will be stored in the file repository as HTML pages.

8.5.4 Activity Diagram
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This activity diagram shows some of the activities that collaboration server is expected to perform. As is obvious the collaboration server user extensive session tracking to monitor user activities and data.

Whenever a user is logged in, a unique work session is generated for the user and this is used to identify all transient data associated with the user session. 

Another point worth noting is that when a collaboration server is requested a documents which can be query reports, project documents or repository snapshots, images etc, it has not know where these items could possibly reside if they cen be present in multiple locations like the database, file server, cache server, repository etc. It uses a resource locator which given a resource identifier gives the location where its latest version could be available.

9  Design Issues

In this section we list out the design challenges that typically accompany a large collaborative system like the VDS. They are mostly categorized under system usability, performance, scalability, network communication, resource contentions synchronization of user actions, security, system availability so on and so forth.
9.1 Performance
9.1.1 Bandwidth Requirements

Streaming applications like videoconferencing, voice chats requires performance guarantees to ensure that they do not suffer from bandwidth contention from less critical applications like chat or file transfers etc. While a 250 millisecond delay will not be noticed in fetching data or rendering a image or diagram, a similar delay in a audio conversation or video conference make conversation an uneasy experience and results in dropped packets of information. For voice traffic the bandwidth usage should typically lie between 3-16 kilobytes/s for voice clarity although there are other factors like bandwidth available with the peer nodes, network conditions in between, CPU performance of the peer node etc. Also it assumes the best codec is used for compression/decompression based on connection speed. The size of the voice packets is around 67 bytes.
As far as IP based video conferencing is bandwidth of around 300-700Kbps is very common and should be symmetrical between endpoints. When an endpoint is used to host a multipoint conference, the maximum bandwidth for any single participant is the bandwidth allocated to that host divided by the number of locations participating. The more nodes are involved in the network, the more cumulative bandwidth is needed. 

An IP based video conferencing solution will naturally fit into the VDS system without requiring additional hardware and software that is required for a conventional ISDN system which cannot be embedded into the VDS directly. However supporting video on IP is one of the more difficult challenges among others. 
After provisioning appropriate bandwidth there are other bigger obstacles is getting real-time video traffic through firewalls and NAT. Since applications use dynamically allocated sockets for audio, video and data channels, a firewall must be able to allow such traffic through on an intelligent basis.  
We’ll use peer-to-peer streaming for both audio and video data to minimize bandwidth requirements. However the traffic will need to be relayed if the nodes are behind firewalls/NAT.

All other traffic between the client and the server is bursty in nature and does not impose any specific bandwidth needs, although high bandwidth is good.

The scope and duration of this design activity is not sufficient to undertake a capacity planning exercise based on concurrent load on the system. As a matter of fact the system is being designed only at a conceptual level.

However we can guess estimate some figures regarding the load on the server as we have done with the bandwidth requirements. 

9.2 Scalability
Scalability has been identified as an important concern right upfront for a collaborative system like the VDS. The limitations of vertical scalability of the servers have also been highlighted. The solution lies in scaling out rather than scaling up. 
The design recommends multiple instances of the collaboration server and cache servers running in a server farm. There should be clustering between these servers in case we have to support transparent failover and user session state migration. A load balancer would route traffic to the appropriate servers. The collaboration server should not hold any session state information for the user in memory but rather delegate that responsibility to the cache servers. This will make the failover transparent in case one of the instances of the collaboration server fails or the traffic gets rerouted right in the middle of a user session. Unlikely to happen if we support “sticky sessions”.
Another aspect of scalability is to cache as much data in memory as possible. As we know memory access is much faster than access from either the database or the file system. The VDS has several user cases that can be speeded up by quick access to cached data. For example, documents that are recently shared/ transferred among collaborators, recent chat transcripts, images and thumbnails, recently generated project reports/ statistics, online status of the users and monitoring their activities and broadcasting them to peers. As a matter of fact the VDS display snapshots of information and actual data is lazily loaded when the user demands it. Hence these snapshots can be cached in their entirety. There is information that are near static and change infrequently like a user’s assignment to a project, user profile and preferences, project repository folder structure etc. They can also be cached for some duration and evicted after the duration lapses or some changes are committed.
The third aspect of scalability is the answer to the key question? 

Is it practical for the server(s) to broker or relay all the traffic flowing between the collaborators in the system? 

While server based redirection helps, certain kinds of traffic that are streaming in nature requiring continuous available bandwidth are better suited to point-to-point or peer-to-peer delivery of content like voice and video.

Hence the design recommends that peer-to-peer network protocols and associated technologies should be used for such kinds of traffic. 

Lastly we make an important observation that many of the VDS activities can in fact be hosted by the server and the client should invoke the service and render the results. This will obviate the need for the client to synchronize its application data with the server. The advantage that one gets by processing data locally is more than offset by the cost of sending the results over to the server. This applies more to cases where this synchronization process needs to happen in rapid intervals like sketch boarding unlike chatting or email. 
Hence the approach is that for any such collaborative activities like white boarding, sharing team calendars, presentations, the server should host the service on behalf of the VDS client and only when the client invites other collaborators, the server should notify them to participate in such activity. This ensures that the server does not have to relay traffic back and forth between clients reducing the load on the server as well as network congestion.
9.2.1 Cache Structure

A cache is essentially a giant Hash Map distributed over possible multiple hosts which is held in memory and allows extremely fast lookups by keys. The values that can be persisted are complete object graphs in C# or atomic values. The cache provides a client that abstracts out the underlying memory storage and given key, returns the value which could be stored in one host or dispersed over multiple hosts.

The cache either evicts items or persist them to the file system based on some eviction policy. The least recent use eviction policy is ideal strategy and we’ll persist these items to the file system so that they can be reloaded when a cache miss occurs for those items. The C#/.NET memcached library is recommended for use.

9.2.2 Server Downloads Issues
Typical items for downloads from the server are files from the repository, query reports, build reports etc. For all cases where the user wants to download files to the local host, content will have to be explicitly transferred over the network from the server to client. The same applies to files loaded from the client to the server like email attachments or files uploaded during the chat process.
The size of files as well as associated metadata information about the files can be large. For instance when we browse a repository file depot using the VDS, we also need to extract version history and change lists associated with each file in the repository which adds up to the payload significantly. Now much of this metadata information can be cached locally since the once a version is committed, its related information is also fixed and is never changed. We only keep appending to this information. Regardless of the optimization strategies, the data transfer between the server and the client could be huge which makes it necessary to send it in blocks or chunks. We can use WCF stack which implements chunking at the channel level rather than handle the same functionality through custom code in the application layer. The chunk sizes can be configured.
WCF also provides the option to stream data which is much faster than sending it in chunks (roughly 1/5th of time), although data may be lost in case there are transmission errors on the way.

Data encoding is another issue that determines the size of the payload being transferred. There are three solutions to this problem depending on the scenario. 

Compression helps especially if the data is text or text encoded using Base64. Compression/decompression can be implemented using a custom WCF encoder/decoder. WCF provides a binary encoding which is far more bandwidth-efficient than the text encoding for sending binary data. In case interop is not required which means we have .NET environment on both endpoints of the communication channel, binary encoding is most efficient. However in case we require interop, then we can use MTOM encoding that transmits most XML in textual form, but optimizes large blocks of binary data by transmitting them as-is, without conversion to text

9.3 Usability

Larger displays enable users to create and manage many more windows, as well as to engage in more complex multitasking behavior. This makes task management difficult. Large displays lead to notification and window creation problems, as windows and dialog boxes pop up in unexpected places. Specifically for a large display, the users tend to loose track of multiple windows or dialogs. Since we are advocating the use of multi-modal input using touch, gesture or voice, it makes the console design overly complex as we have to deal with fuzzy recognition of the inputted signal. The absence of standard mouse and possibly keyboard will require us to choose a whole bunch of new interaction techniques like tapping responding to a mouse click, or a particular hand movement simulating a function key in the keyboard. These are by no means simple challenges to overcome either technically or from a human interaction prespective.
9.4 Security
The security issues in VDS are both at the network as well as at the application level and we’ll address both.
All users in the VDS system need to authenticate to the server before using any of its features. No user can engage in peer-to-peer activities without authenticating with the collaboration server.
Endpoint authentication is not sufficient as users need to be authorized as well to access functionality that is related to them. 
The login credentials will be encrypted and send to the server. Since AES is the standard symmetric encryption algorithm, it should suffice for this purpose. All subsequent communications may be un-encrypted since it save a lot of overhead caused due to the encryption/decryption process. As far as encrypting voice over IP is concerned, SRTP protocols allows it to happen with minimal effect on the quality of the calls it encrypts.

Authorization is application level security issue that will be handled by maintaining a authorization matrix in the database which lists user privileges against the various modules in the system. When the user logs in, this authorization matrix is downloaded and is used to configure the VDS console and disable unnecessary features.
One of the critical issues to examine is how security works with possibly multiple servers in a cluster where the user can potentially authenticate to one server and all subsequent requests are routed to another server. As stated in various places, all user activities are tracked by the server and work-in-progress data is held in the user session created exclusively for the duration of that login session. One of the solutions is to create a security identifier token that is passed to the client after successful login. On every subsequent request, this token is passed by the client to the server and used to identify the user work session. All work session data is stored in the cache server.
9.5 Synchronization

Synchronization of user activities is an important consideration for a collaboration environment and we should ensure that there is proper isolation of user activities so that one activity does not interfere with or overwrite another activity.
There are scenarios in which synchronization can be enforced cheaply like in the repository server where the server can keep track of the files being checked out in a in-memory data structure and ensure that it is locked from any further editing by other users. File locking will ensure that we do not have to merge conflicting file changes at a later date. Even if we get the file merge algorithm to work perfectly, the final result may not be what we expected. Hence this situation can be avoided completely by locking repository files.
However this is not feasible to implement for scratch boarding functionality where the same scratch board is being worked upon by multiple users. Hence the design suggests that sketch boards should be hosted by the server just like normal web pages and users can interact with them asynchronously. Since the scratch board is located on the server and is visible to all collaborators at the same time, it eliminates a number of problems related to synchronization of multiple sketch boards. With multiple sketch boards, for instance all sketch boards may not display the same sequence of changes that are happening due to some network congestion and if we try to merge them with what exists in the individual sketch boards we may end up with wrong results and the same gets propagated all over the place. The only practical way to get this working is to lock and allow only one user to edit at a time. This however defeats the true purpose of collaboration sketching.
As far synchronization of video calls and video streams is concerned, it should be pointed out that they are challenge from a human interaction perspective rather than technical. If everyone starts to chat simultaneously, there are no way the voices or video can be sequenced.
9.6 Concurrent Access

Collaboration server has to support multiple user requests hitting simultaneously. Some back of the envelope calculations are required to put concurrent usage figures in perspective. The VDS System will support 100 active concurrent users in the system at any point in time. Considering a project with average of 20 members, it translates to 5 projects being managed actively using VDS. Each user will be typically involved in the following activities during a login session:
1. View his/her work queue to find current TO-DO tasks – about 5 times/session
2. Open 3-4 sketch boards to work on – average of 1000 requests/session
3. Chat/Discussions with at most 5 people – let’s assume 200-500 requests/session
4. View the project build/test results – about 5 builds during work session
5. Read offline notifications –  about 10 notifications/session
6. View Project Repository / Check out Artifacts –  checkout/checkin about 50 files/session
We can aggregate over these values to reach a ball park figure of a single user issuing out about 1500 requests/session to the server. If there are two server instances, then each server handles about 75000 requests/session for 100 concurrent users.
Video conferencing is a scheduled activity and normally does not occur on the fly.

Voice calls and video calls do not impose any additional load on the server if they are conducted in P2P fashion.

Retrieving each work queue items typically takes about 0.5 sec from the database and a major portion of that time is spend in establishing the connection with the database. Incase the work queue item is fetched from the cache; it is on the order of 20ms and 150ms depending on how the data is stored. Retrieving object graphs from the cache will take longer and hence the time range.

Hence the server should spend about 50 seconds to fetch this data for 100 concurrent requests and 15 seconds at the most, if retrieving subsequently from the cache. This excludes the time to render the data on the console which depends on the network bandwidth at that point.
The server can create a new sketch board page in about 20ms. Creating 3-4 sketch boards will take about 100ms.
Retrieving an existing sketch board from the cache server will take 150ms but since the XML metadata needs to be translated back to HTML, this XSLT transformation can take upwards of 10 seconds for a 2 MB mark-up file. Recreating 3-4 sketch boards can take upwards of 50 sec.
Retrieving project build/test results can be processed by the server in about 150ms. This assumes that such reports are already generated by the test harness server and stored in the cache server. This also applies to display of canned reports which can be pre-executed. As far as supporting adhoc queries goes, the time is spend in establishing database connection itself and fetching results will take about 0.5 sec.
Sending chat messages to the server and broadcasting these messages back to the collaborators should take around 20 ms.
Conclusion

Two collaboration servers’ instances with standard hardware should be adequate to support 100 concurrent users. The servers should be running multiple processes to handle various activities. This provides the desired isolation and crash prevention. Inter-process communication within same instance is much faster and simpler.
At the implementation level we’ll use non-blocking synchronous I/O and thread pools. As far as threading of the processes is concerned, we should not ideally have more threads than the number of processors in the server. Large number threads will spend most of the time context switching without the server doing any actual work. A thumb rule is to use 2 threads per processor. So in a dual core processor we can use up to 4 threads.
Appendix A
The prototype includes a simple text to speech synthesizer that speaks a given text in a synthetic voice (typically using a phonetic dictionary and letter-to-sound rules for words not in the dictionary.
The text to speech synthesizer can be utilized in the VDS application for read out XML documents which are received from the server like the TODO list for a user. This will ensure that users can hear their emails or pending tasks or new tasks without being actively interacting with the VDS system or maybe the user is working on some other portion of the VDS. 

The synthesizer does not address a text normalization challenge which includes giving appropriate phonetic representation to exclamations, question marks, heteronyms, numbers, and abbreviations.
This prototype is a trivial implementation based in the Microsoft TTS library but demonstrates the possible areas in which text to speech could make the console more effective means to communicate information to the user.

Sample Code Provided Below:
BuildResults.XML

<?xml version="1.0" encoding="utf-8"?>

<Resultsxmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xsd="http://www.w3.org/2001/XMLSchema">

    <File>

      <BuildName>Build Number 123</BuildName>

      <BuildDate>Date 12/12/2008</BuildDate>

      <BuildStatus>Status Successful</BuildStatus>

    </File>   

</Results>

XmlTextReader reader = new XmlTextReader(AppDomain.CurrentDomain.BaseDirectory +   "results.xml");

            reader.MoveToContent();

            reader.Read(); // skip root   

            while (reader.Read())

            {

                string testId = null;

                string testResult = null;

                switch (reader.NodeType)

                {

                    case XmlNodeType.Element:

                        testId = reader.Name;

                        if (testId.StartsWith("Build"))

                        {

                            reader.Read();

                            testResult = reader.Value;

                            voice.Speak(testResult, SpeechVoiceSpeakFlags.SVSFDefault);

                        }                       

                        break;

                }

            }

            reader.Close();
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