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Overview

The intent of the system is to provide a component server and end-client that will be used as a source-control system for software development.  With the construction of large software system, many pieces are partitioned to each developer.  As the development process unfolds, each developer will be responsible for the testing and integration with other pieces.  This system provides a convenient tool to centralize each piece of a software system, providing access to all developers of the team.

The system realizes these software pieces as a concept called a component.  A component is a cohesive set of files along with a collection of dependencies on other components.  Three types of components may exist within the system: a module, program, or system.  A module is a set of source code, documentation and other related files, a program is a collection of modules with documentation files, and a system is a collection of programs and related files.

The server manages each component; where it is responsible for version control, file serving, security, storage, and meta-data.  Version control provides developers with a mechanism to update components while maintaining older versions that may be depended on.  File serving is an essential responsibility where the server processes requests from developers to transmit a component’s artifacts to the client machine.  Since many developers will be working on a single system, it is imperative that one developer does not make changes to another’s component.  The server provides user based security on each component, allowing changes only by a component’s owner.  When a component is handed off to the server, it must properly store both the component’s artifacts (files), as well as any meta-data relating to the version, description, and dependencies of the component.

This document provides analysis and design of an architecture that meets the goals of the component server and end-client program described above.  

Use Case Analysis

Although the overview provided a scenario is which the system will be used, as well as a few responsibilities of the component server, this section describes the major use cases as seen from the user’s perspective.  To begin, it is important to understand the various groups of users who may act upon the system, and provide a general description of their typical use.  Below is a list of major actors with their descriptions:

1. Developer

The developer is the typical user of the system and will be responsible for the construction of various components for a software system.  Not only must the developer be able to construct and update components that he/she owns, but the developer must also be able to browse and extract all components since he/she might depend upon them.  This document takes the approach of use case analysis primarily through the eyes of this user, although the others are not overlooked.

2. Program Manager

This user is responsible for managing the tasks that must be completed in a software system so it can be done within cost and on schedule.  The only major use of the component server by the manager could be the assignment of developers to particular components, especially if new developers are hired to replace old ones.

3. System Architect

The system architect is responsible for the analysis and design of the system architecture, and as such will probably need access to all components in order to publish analysis and design specs for each component.

4. System Administrator

It is assumed that a system administrator exists to maintain the component server for a project.  The administrator is granted complete control of the system in case of any emergencies that cannot be accomplished through normal user access.  In particular, the administrator must assign users to the project manager role, so they can properly manage the architects and developers.

As stated in the developer description, the following use case analysis revolves around the uses required by the developer.  The assumption is made that a system architect has global control of all components, but carefully wields this power as to not disrupt the work of any one developer.  Below is a list of major use cases for the system:

1. Login To Server


In order for any user to make use of the component server, he/she must login in the system for authentication and authorization purposes.  Every use case within the system depends upon this one.


Actor(s): Developer, System Architect, Program Manager

2. Create New Component


This use allows the user to create a new component and store it on the component server.  Creating a new component consists of providing a name and description, a set of files, and any component dependencies.


Actor(s): Developer, System Architect

3. Retrieve Component Listing


This use case allows the user to retrieve the current set of component names and version numbers that exist on the server without sending all the meta-data related to each component.


Actor(s): Developer, System Architect, Program Manager

4. Retrieve Component Version History


By specifying a component name, this use case provides all the versions that exist for the component and the change log from version to version.  This use case may not be part of the actual implementation due to time constraints.


Actor(s): Developer, System Architect, Program Manager

5. Extract Component


An essential feature of the component server, this use case allows a user to specify a component for extraction to the client-end.  Only a single version is returned, with all of its artifacts and its dependency artifacts saved to a particular directory of choice.


Actor(s): Developer, System Architect

6. Retrieve Component View


By specifying a component’s name and version number, the user can retrieve a view of the component’s meta-data relating to its description, file set, and component dependencies.


Actor(s): Developer, System Architect, Program Manager

7. Update Component

The use case provides primarily the developer with the option to update a component he/she owns by providing a new description, adding, removing, or updating files, and changing any component dependencies.

Actor(s): Developer, System Architect

8. Check Component Dependency Updates

The use case allows the user to check whether any dependencies of a component have been updated (i.e. a new version available), allowing the user to begin integration of the new version with the current component.

Actor(s):  Developer

9. User Management

This use case provides a Program Manager and System Administrator with the ability to update ownership of a component or assign “System Architect” status on a particular system.

Actor(s): System Administrator, Program Manager

Below is a use case diagram showing two of the actors and the use cases they act upon.  You may notice that all use cases depend upon “Login To Server”, meaning that every action requires the user to be authenticated.  The System Architect acts upon the system in the same way as the developer, except he/she has global extract access.  

[image: image1.png]Creste Companent

Upcste Companent uspss
etreve Component
Liting =

etreve Component wuses:

Version Hitary
Login To server

oevdoper vt Conporen
J— ke
o

Check Component
Dependency Updites,





Critical Issues
Identifying the critical issues of the component server architecture allows for a solid understanding of any major pitfalls that could arise during the design, development, and runtime of the system.  Below is a listing of some critical issues that were identified during the analysis of the architecture, and the decisions that were made surrounding these issues. 

1. Responsiveness of Client Interaction with Interface

Concern:

Due to the nature of a client-server architecture, it must be assumed that any operations that are requested by the client to the server may take considerable time as a result of network communication, a heavy server load, or computational effort.  This execution time can leads to serious performance issues surrounding the responsiveness of the client interface.

Resolution:

To allay this concern, the client program should be developed as a multi-threaded application, with a worker thread responsible for processing any requests to the server.  However, this creates new issues revolving around thread management.  In particular, the worker thread must be careful with updates to the user interface, and should therefore call BeginInvoke on the Form to update any controls.

2. Un-uniform and Asynchronous Arrival of Operations

Concern:

The nature of user interface events causes the execution of operations to be asynchronous as well as the responses, although some order must be maintained.  Also, since the user may request operations in bunch, it could cause performance issues with regards to the responsiveness of the system.

Resolution:

To solve this concern, a message-based architecture will be implemented using a definition of messages for each particular operation and response, and FIFO queues will be constructed to impose order and uniformity.  Message-based systems have a whole new set of issues that arise that must also be dealt with.

This message-based architecture will use a set of three threads that work in conjunction with one another to handle user events, process operations with the server, and handle and received responses.  The parent thread of the client will be the user interface, while the communication child thread will make and receive calls to the remote server through the use of a remotable object, and the receiver thread will process any responses and update the UI in accordance with resolution #1.

3. Queue Checking By the Communication and Receiver Threads

Concern:

With the use of multiple threads running on the client, it should be noted that we would like to limit the number of clock cycles used by the child threads of the user interface to increase its responsiveness as it appears to the user.  As such, a policy must be put in place to determine when and how the child threads check for messages on their appropriate queues.

Resolution:

The policy to resolve this situation will be to block the child threads when their respective queues are empty.  To properly block and then wake a child thread for message processing, the interface thread will make use of a ManualResetEvent.  A ManualResetEvent allows the thread to wake when an event has been triggered.  Two such events must exist, one for each child thread of the client program.

4. Concurrent Server Requests

Concern:

Since many developers will access the component server, possibly at once, the architecture should be able to appropriately handle the load as the concurrent accesses increase, without serious performance degradation. 

Resolution:

The server should be implemented as a multi-threaded system, allowing many accesses to occur at once.  This leaves two options when using .NET Remoting.  The first is a server-activated approach using single-call remote objects.  However, this approach has the drawback that a remote object must be created and destroyed on each request.  To allay this drawback, pooling of remote objects could be implemented to avoid the overhead of construction and garbage collection, but this would take a decent amount of developer time.  Instead, the approach taken will be to use client-activated remote objects, where each client has their own instance of a remote object running on the server to handle requests.

5. Client-Server Meta-Data Synchronization

Concern:

As the component server system begins to collect information regarding components, an issue arises concerning the transfer and synchronization of meta-data between the client and server.  Potentially, the component server could host thousands of components, resulting in a considerable size of the data that may be transferred to the client.

Resolution:

The approach of the architecture is to use lazy-loading of meta-data on the client.  This refers to the idea that information should be sent on demand as needed by the end user. The use cases of the system align with this resolution.  On startup of the client, only the component names and version numbers will be retrieved.  When a client wants to view a particular component’s meta-data, the application will first check to see if it is available locally, and if not it will request that component’s meta-data from the server and save it locally for reuse.

6. File Serving

Concern:

Some files may be large and as result may be sent by blocks over the network.

Resolution:

Since a client-activated object will be used, the remote object will exist after the client’s call.  Each file needed for transfer will first be read into a byte array, and that byte array will be used as a return value from the remote object in order for the client to retrieve the data, and write it out to a file.

Module Partitions

The component server architecture is partitioned into two fundamental pieces, the server and the end-client program.  From these two major pieces, a number of partitions can be found.


Client Partitions
1. User Interface

This partition is responsible for the user interface display and all the event handlers that associated to events that may arise from user interaction.

2. Communicator

This partition encapsulates the logic behind the communication thread of the message-based architecture found on the end-client program.  It is responsible for creating a connection to the remote server, pulling messages off the sender queue, making calls to the server, and placing the results on the receiver queue for processing.  The sender queue and sender de-queue event are also a part of this module.

3. Receiver

This partition encapsulates the logic behind the receiver thread.  Its main responsibility is to process any messages found in the receiver queue, and update the user interface controls where appropriate.

4. Message Wrapper

This partition plays a central part in the message-based architecture.  It is responsible for taking any user requests that should be made to the server and wrapping them into an object that preserves the call.  It is also responsible for building messages that store the responses from the server so they can be handled by the receiver thread when it is ready.

5. Component

This is a simple module that contains a few data structures that are responsible for holding meta-data about a component, its files, and any dependencies it may have.

Client Program Module Diagram:
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Server Partitions

1. Startup

This module provides the bootstrapping to the component server and is responsible for setting up the appropriate communication channels as well as initializing the data structures with data found in the system files.

2. Meta-Data Persistence

The responsibilities of this module include the loading and saving of meta-data found in the “Component” data structure to the proper manifest files.

3. File System Handler

This partition manages the component server’s file system hierarchy that is explained in more detail in the Views section of the document.  It also handles the loading, saving, and version control of files.

4. Component Server

This partition is the crux of the system and provides the core functionality as outlined by the use case analysis.  

5. Component

This is a simple module that contains a few data structures that are responsible for holding meta-data about a component, its files, and any dependencies it may have.

Server Program Module Diagram:
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System Views

There are few views into the system that are of relative importance to the overall architecture.  The first and most obvious being the user interface that each user will interact with.  The second view is the file system structure that the server will use to organize components, meta-data (manifest files), and files.  

Due to the complexity of the project and the limited time in order to complete it, the bare essentials approach to the user interface was taken.  To begin using the program, a user would select “Login” from the File menu, and a dialog box would appear asking for authentication information.  Once the user was authenticated, the list box on the left would be filled with all available components listed by name and version number.  The option to sort the list by component type, referring to module, program, or system may be found above the left-hand list box.  Following the population of the component list, the user may click on a component to view its meta-data.  This data is populated in the “Component View” group box.  The “Files” list box would provide a listing of filenames and their versions the component depends upon.  The same could be said for the “Components” list box, except the user also has the ability to click on a component within this box to view its meta-data.  To keep track of the components the user has viewed, a dropdown combo box is provided to navigate prior selections.

When a component has been selected and is being viewed by the user, the option to update, extract and check for new dependencies are available through the buttons.  Although not shown, both the “Create New” and “Update” options will provide the user with a step-by-step wizard interface to help aid the process.
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The layout of the physical file system on the server is an important aspect of the system and as such this document provides a view into how components will be managed and stored.  To begin, all files will be stored relative to a root directory defined by the server.  From this root directory, two directories will exist.  The first is a manifest directory that will store each component’s meta-data.  For each version of a component that exists, there will exist a separate manifest file.  The second directory is for the storage of component files.  This directory is further broken down by each component.  Within each component’s directory, a set of files that a component refers to will exist.  Each file’s name will follow the convention of filename.version.extension.  This will allow for multiple versions of a file to exist as a component is updated over time.  Below is a layout of the directory structure:

/server root directory

/manifests

ComponentServer.1.xml

ComponentServer.2.xml

ComponentClient.1.xml

MessageWrapper.1.xml

/components


/ComponentServer



IComponentServer.1.cs



ComponentServer.1.cs



ComponentServer.2.cs



Design.1.doc


/ComponentClient



ComponentClientForm.1.cs


/MessageWrapper



MessageWrapper.1.cs

System Activities

To describe the activities of the system, a few diagrams are provided.  Rather than focus on top-level activities that are fairly obvious, the decision was made that the most complex activity should be taken and analyzed.  Below are two diagrams that demonstrate the use case of updating a component.  This is perhaps the most complex activity and it provides a solid understanding of the overall architecture.  The same use case is also analyzed in the Design section of this document.  In particular, a sequence diagram is provided that demonstrates how the client processes the update event from the user click to the response of the server being placed in the receiver queue.

The diagram below exhibits the behavior of the client after a user has clicked on the Update button located in the Component View Group Box.  The interaction with the user will be done through a step-by-step wizard interface.  First, the user is asked if he/she would like to add any new files to a component and is given the opportunity to select them from a hard drive.  The next step prompts the user with the current version’s file set, and asks whether any of them have been updated.  The user chooses each updated file and selects the new one from the hard drive.  At that point, the user is asked if any files should be removed from the updated component.  

Once the component’s file information has been handled, the next step in the wizard is to update the list of component dependencies.  This is simply done by choosing from an available list of components.  Throughout the steps of the wizard, a Component data structure is populated.  After the user has confirmed the update, each new and updated file is wrapped in a message and en-queued for processing by the communicator thread.  Finally, a message is constructed and en-queued that represents the new meta-data for the component.
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The next activity diagram depicts the process of starting up the server and it handling the request to update a component’s meta-data.  Continuing from the previous example, this diagram represents the last call that was wrapped by the client and sent to the communicator queue.

The server startup begins by loading all the component manifest files located in the manifest directory.  This information is wrapped into Component data structures and stored in the ServerResources singleton object.  Following those tasks, the server setups the communication channel and registers the ComponentServer remote object.  The server is now ready to accept incoming requests.

When a client makes a request for the first time, a new remote object is instantiated and placed in its own thread for that client.  With the request to update a component, a Component data structure is serialized over the network to the server.  Using this data structure, the files that the component refers to are checked to see if they exist within the file system.  The component dependencies are also verified against the current information on the server.  Once the verification of files and components are completed, the version number is incremented and the new data structure is stored in the ServerResources object.  Finally, the new meta-data for the component is persisted to a manifest file, and the new version number is returned to the client.
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System Events

Most events within the component server architecture are located in the client application and are user interface specific.  Since the user interface has not been completely defined within this document, the event list below will not contain all possibly UI events, but rather a subset that is related to the interface described in the Views section of this document.  Beyond the user interface events, there are two events that specifically used for the communication and receiving child threads.

1. OnClickLoginMenuItem

This event is triggered when the user selects the login menu item found under the file menu.  It is responsible for opening a dialog box that requests the user’s name and password for the component server system.  Once the credentials have been gathered, they are authenticated against the server.

2. OnClickCreateMenuItem

This event is triggered when the user selects the ‘create new’ menu item found under the file menu.  This event displays a step-by-step wizard interface to create a new component for the user.

3. OnSelectType

This event is triggered when the user changes the current component filter selection found above the component list box.  By changing the current filter type, the component list is updated to reflect only that new filter. 

4. OnSelectComponentList

This event is triggered when the user selects a component within the component list box found on the left.  By selecting a component, the application updates the component view area with the appropriate information.  If the information does not currently exist on the client, a request is made to the server.

5. OnClickUpdate

When the user clicks on the update button, this event is triggered.  The user is prompted with a step-by-step wizard interface to update the current component.  These steps are detailed in the activity section of the document.

6. OnClickCheck

When the user clicks on the check button, this event makes a request to the server to see if any new versions exist for the component’s dependencies.

7. OnClickExtract

When the user clicks on the extract button, this event prompts the user with a dialog requesting a path to save all the files that are sent from the server.  Once the path information has been entered, each file for the current component and its dependencies is sent from the server and saved in the given path.

8. OnSelectViewHistory

This event is triggered when the user changes the current selection found in the view history combo box.  By making a new selection, the component view information is updated accordingly. 

9. OnSelectComponentDependency

This event is triggered when the user selects one of the current component’s dependencies.  By making this selection, the component view area is updated to reflect the component that was selected.

10. Communicator Wake Event

This is a manual reset event that is toggled by the user interface thread when a message is stored on the communicator queue.  This event triggers the waking of the communicator to process messages on its thread.

11. Receiver Wake Event

This is a manual reset event that is toggled by the communicator thread when a message is stored on the receiver queue.  This event triggers the waking of the receiver to process messages on its thread.

System Design

A preliminary design was carried out for the architecture to ease the timing demands of the implementation.  This design is in no way complete, but it does describe the various classes that comprise the system as well as provide a sequence diagram describing the interaction between the objects in the client application.
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The diagram above depicts the static structure of the client application.  Below is a short description of each class.

1. ComponentClientForm

This class provides the main entry point into the client application and logically represents the user interface.  This class is responsible for providing the logic that handles all the user interface events described earlier.  Beyond user interface concerns, this class contains a communicator and receiver class that is responsible for handling communication with the component server.

2. MessageWrapper

This class implements IComponentServer and is responsible for taking the method calls defined in the interface and saving the state of that call so it can be made at a future time.

3. Communicator

This class contains the logic that is required to operate the communication child thread within the client application.  In particular, the Process() method of this class will be used as a ThreadStart delegate, and will process any MessageWrapper objects that are stored within its queue.  It contains a ManualResetEvent to trigger when the communication thread should wake for processing without eating CPU cycles.

4. Receiver

This class contains the logic that is required to operate the receiver child thread within the client application.  It works in a similar fashion to the Communicator.  However, its queue has a collection of XmlNode’s, which describes the response from the server.

The next class diagram represents the static structure of the component server application.  Below is a brief description of each important class.

1. IComponentServer

This interface describes the expected behavior of the component server described by the use cases.

2. ComponentServer

This class implements the IComponentServer interface that providing the core functionality of the system.  It extends the .NET remoting infrastructure so it can be accessed by an external resource found on a different machine.

3. BootupServer

The class provides the entry point into the component server application and is responsible for the initial loading of meta data, setting up the data structures, and registering the ComponentServer class as an client-activated remote object.

4. ServerResources

This class is implemented as a singleton that contains the data structures for the component server application.  Only one instance of this class exists, and its methods will be thread-safe so they can be accessed simultaneously by many ComponentServer threads.

5. ManifestPersistence

This class is responsible for loading, updating, and creating new manifest files that contain the component’s meta-data.  These files are stored as XML documents.

6. FileSystemHandler

This class encapsulates the logic for interacting with the file system; in particular the creation of new component directories as well as dealing with the files that are found within those directories.  
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The above diagram depicts the data structures used throughout the system.  Please note that the ComponentIdentity class is used to limit the amount of duplication that would occur from an entire component graph.  Also, it limits the amount of information that must be transferred on the request for component names of the system.

To conclude the preliminary design, a sequence diagram is provided that demonstrates the object calling sequence initiated by the update of a component.  In particular, it shows the interaction between the form, communicator, and receiver threads, and how a message is stored on the queue, processed, and handed off to receiver for a UI update.
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Conclusion

To conclude, this architecture document provides a thorough analysis and preliminary design for a component server system that includes both a server and client application.  This component server system provides its end-users with the ability to manage and distribute software components ranging from modules to full-blown systems.  The major features include creating a new component, updating a component, retrieving a component list and a particular component’s meta-data, and extracting a component for download to a client machine.

A few critical issues were identified early in the analysis that helped guide the remaining work involving module partitioning, activities, and design.  These critical issues were the responsiveness of the client interface, un-uniform and asynchronous arrival of operations, proper timing to check queues, concurrent server requests, meta-data synchronization, and file serving. 

The overall system was broken up into two major segments, the client and server application.  Within each application, a number of modules were identified and assigned particular responsibilities.  The client application contained user interface, communicator, receiver, message wrapper and component partitions.  The server application contained startup, meta-data persistence, file system handler, component server, and component partitions.

Two major views into the system architecture were documented; those being the user interface and server file system structure.  

As far as the activities of the system are concerned, the document took the approach of describing the most complex use case, updating a component.  In particular, the client aspect of updating a component involved the steps of file and component selection, as well as wrapping the server calls in a message to be placed on the queue.  On the server side, a higher level of activity was provided.  The steps to startup a server were given, as well as the major tasks involved with processing the update of a component’s meta-data.

Finally, a preliminary design of the system was drawn out that included client and server class structures as well as the common data structures.  With this information, the implementation of a component server system will be straightforward.
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