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1 Introduction

This document describes the architecture and some critical issues involved in developing a remote test-bed.

1.1 Definition of terms used

Three terms that are widely used in this document are the TEST HARNESS, REMTEST and the TESTBED. The test harness is a system which executes test when given information about the location of tests and returns results of the tests. The REMTEST module combines a test harness and a communication channel. The TESTBED is a network of REMTEST objects on remote systems that are connected to each other and work together. Some of the other terms are defined as and when needed.
1.2 Working of the TEST HARNESS
To understand the working of the remote test-bed it is necessary to have an understanding of the structure and functioning of the test harness. The Test Harness is capable of executing tests on any C# product as it is being developed. This is especially useful for large projects which are broken down into several modules.

Each module is developed independently starting from the lower ones that do not depend on other modules. During the course of the development several changes are made and tests need to be run to verify if the changes cause any other modules to break. The test harness makes this task simple by running a series of test on the respective modules at the click of a button and logging the results in different ways. 

1.3 Concept of REMOTE TESTBED & working of REMTEST
The aim of the remote test-bed is to distribute testing across a network to speed up the testing process as a whole. It must be understood that different modules are developed by different developers and are more likely to be distributed over several systems. The remote test-bed could use this fact to distribute testing by testing each module on the system on which it is developed. 
This can be done by running individual REMTESTS on each system. The REMTEST on an upper level module should then be able to control the testing of the lower level modules. Let the upper level REMTEST be called the TEST MASTER and the lower level REMTEST be called the TEST SLAVE. When the developer tests the test master, the test master should be capable of initiating tests on all the modules which are used by it. A module should have the functionality to act as a master or a slave at any given time.
Additionally while the test master is executing its test it requires the services of the lower level modules. Now these modules are remotely located. This implies that the test master should make what amounts to a remote procedure call on the test slave. The test slave should implement this service. 

The REMTEST should have an effective communication channel to communicate with other REMTESTS. The channel should support both synchronous and asynchronous communication. The synchronous channel would be needed to make a remote procedure call and the asynchronous channel would be used by the test master to send commands to the test slave and by the test slave to return the results of the tests to the test master.

1.4 Requirements of the remote test-bed
Some of the requirements of the remote test-bed as specified by the customer are

· The remote test-bed should partition the testing activities for a large project across multiple REMTESTS running on different machines and provide means to configure the testing environment of each machine, coordinate the disclosure of results and record persistent information concerning specific test runs.

· The remote test-bed should establish communication with identical peers/ REMTESTS on a remote machine, based on XML message passing. 

· It shall support division of testing activities for large projects across multiple machines by supporting test configuration for each master and transmitting results to the remote server
· It shall support the designation of any of the REMTEST programs as test master

· The test master should initiate testing and support pausing and aborting tests on user request.

· It should support pausing and aborting of tests on the local machine.

· It should save local testing results in an XML based file and transmit the results to the test master.

· It should record date-time stamp for each current test session and test module names and their last modified date time stamp with the local testing results.
· Lastly, the remote test-bed should provide the user with a testing summary including all tested module names, their last modified date-time stamps and pass or fail results for each test.

2 Users and use cases

2.1 Users

The remote test-bed is designed to aid software developers, working together developing product code in well defined modules across a network. This would enable them to test integrated product code without actually putting it all together. Some of the users who will find this remote test-bed useful and their use cases are described below.
2.1.1 Customer

The remote test-bed is being developed for a particular customer who will be the first user of this product. This customer can use the remote test-bed to test his product throughout his product development cycle.

2.1.2 Developer/Designer 

Any developer or designer aiming to develop robust software can use this remote test-bed during the development process to test his/her module and the module which he/she uses without physically putting together all the required modules. This is important since modules are changing constantly and the test-bed will always execute tests with the latest version of the modules without the developer having to know about it. This user is interested in knowing what tests passed and what tests failed, and if possible what caused them to fail.
2.1.3 Team Leader/ Project Manager

The team leader or project manager can execute tests on uppermost level modules check if each and every test of each module is satisfied. The remote testing feature would benefit these users the most as they would not have to wait for all the developers to send them their code. They could watch the development by their team members and would know how each developer is progressing. The output they would get is the number of tests that passed and the number of tests that failed. Further they would be interested in knowing what test failed, on what module of the product code did the test fail and who was the developer of the module in question. 
2.1.4 Product Test Engineer / Quality Analyst

The product test engineer or the quality analyst would want to know how the product code fared on bench mark tests and would probably run a different set of tests. The output this user would be interested in getting would be a progressive report on how the module evolves to perform better on these benchmarks. It would be a big advantage to be able to perform these tests without physically getting all the modules together.
Each of these users whether they want to verify if the product meets some requirements, check if it works for some special cases of inputs, rate the product or check if all the modules when put together would work as they should. They all can write some test cases with some test input and want to know how the application code reacts to their tests. Since they accomplish their task using the same routine, they can all use the same test harness core without any changes. All that is required of them is to write their tests, test data generators and loggers by deriving them from a common interface defined by the test harness. They would be given an option of what test results they need and in the format that they need.
2.2 Use cases
The REMTEST module is assumed to be active and running on each system that forms the distributed remote test-bed. To understand the use cases it is important to know that a REMTEST module has three operations that it can perform. Firstly it can run stand-alone in which it tests only the local module. Secondly, it can run in a test master mode where it tests all the modules whose services it uses in addition to the local module and lastly, it can run in a test-slave mode where it responds to commands from the test-master. The commands received may be function calls or running tests on its modules. 

Typically, the REMTEST will be running all the three operations concurrently. The use cases defined can be divided based on whether the REMTEST is running in the test-master mode or the stand-alone mode. 
2.2.1 Stand-alone mode

The user need not have much interaction with the test harness tool since he may run this tool very often and would like to make it work at the click of a mouse button. To provide this feature it is proposed that the test harness would get all the required information from the user in the form of a configuration file. The file that was last used will be opened and the tests can be executed by clicking a button. Otherwise, the user would have options to modify the configuration file through a graphical user interface. The following are some of the use cases in the stand-alone mode.

2.2.1.1 User executes a series of test

The user executes a series of tests on the local module. The modules and the tests are stored as dynamic link library (DLL) files; and the test data are stored in Extensible Markup Language (xml) format. The directory information of these files is stored in a configuration file. The configuration file also has details of the logging of results. The results can be logged on the console, memory or in a file. Additionally it should have an option to run tests on the local module or on the entire subsystem.
All the user has to do is click the test button once the configuration file has been defined. All the tests in the specified directory that are applicable are executed by the test harness part of the REMTEST, and a brief result telling the user the number of tests passed and the number and names of the tests which failed is shown on the console. 

2.2.1.2 User creates a new configuration file

Each time the user needs to change the way he/she tests, he/she can create a new configuration file by giving the directory information of the modules, tests and test data. On getting this command the test harness tool will open a blank editable window for the user to key in the configuration file.

2.2.1.3 User opens an existing configuration file

The user may open a configuration file that was previously saved. When this command is received the test harness will open the configuration file specified and display its contents on the graphical user interface. This will enable the user to know if the right configuration file has been loaded. The tests will now be executed with the information from this current file.

2.2.1.4 User modifies the configuration file

The user may want to edit the configuration file. This can be done using the graphical user interface where the configuration file is displayed. For example he/she may want to change the logger options or change the directory information of the project modules, test files and test data. This command brings the GUI to an edit mode where the user can make changes.

2.2.1.5 User saves the configuration file

The user will have the option of saving the configuration file as a new file or replace an existing file after editing it, prior to running the test harness. When this command is received the test harness will write the configuration file to disk.
2.2.2 Test-master mode

In the test-master mode the REMTEST should first test its local module. For this it may need the services of the lower level modules lying on a remote system. The REMTEST should have in addition to the interface of the remote module, information about the location of all the modules that it uses. In addition it should command all the lower level modules that it depends on to test themselves. For this too it should have all the information of the remote modules.

The information could include the IP address of the remote system where the module is located and the port number where the server of that remote module is listening. These can be stored in a file. This file is not going to change often but should be capable of being changed easily by the user. An understanding of this forms the basis of the use cases, some of which are described below.
2.2.2.1 User configures the network information

The user would initially need to configure the information of all the modules that it depends on. For example, with reference to the figure, module A uses the services of modules B, C and D and module C uses the services of modules E and D. Therefore, node A would have to have information about node B, node C and node D and node C should have information about node D and node E. All this information can be stored in some network configuration file which can be opened and edited by the user.
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Some of the more atomic uses cases could be to add a new node using a win-form, deleting a node and editing information about existing nodes.

2.2.2.2 User executes a set of tests
The user can start a series of tests on the test-master. The configuration of these tests is stored in configuration files which specify the location of the tests, the logging options and options for specifying the lower level modules that should be tested. 
2.2.2.3 User pauses the running of tests

The user could pause the tests that were initiated by that particular REMTEST. This implies that the tests that were initiated on a remote machine by the test-master should be capable of being paused.
2.2.2.4 User resumes the running of tests

The user could resume the tests that were initiated by that particular REMTEST. This implies that the tests that were initiated on a remote machine by the test-master should be capable of being resumed.

2.2.2.5 User aborts the running of tests

The user could ‘abort’ the tests that were initiated by that particular REMTEST. All the tests that were initiated by this test-master including all those tests in all the test slaves should be capable of being aborted.

2.3 Load Analysis

Now that the users and uses cases are known a load analysis model of the remote test-bed can be developed.

At any given time several instances of the test harness can be executed on a single REMTEST by different users. This implies that several threads would be running at once independent of each other, which would drastically increase the time taken to run a single test. The x-axis of the above graph represents the number of test harness threads that are going to be running at a given time and the y-axis represents the net time taken to execute a single test. 
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If a user sitting at his system is running local tests on the modules that he has modified, and some other REMTEST module is using his machine as a test-slave, he would have to wait for a long time for his tests to complete as the processor is being used by other REMTESTS. 
The test-master when executing a remote procedure call is sitting blocked waiting for the lower level module to process the call. Thus the network latency plays an important part in the time of execution of the tests. 

3 Graphical User Interface

3.1 Stand-Alone mode

The following screenshot suggests a graphical user interface for the REMTEST module when operating in the stand-alone mode. The input to the system in this mode is the configuration file and commands such as start testing, pause testing, resume testing and stop testing. The output from the system is a brief summary of the results and test logs if requested.

[image: image2.emf]REMTEST

REMTEST

Test-Master

Stand-Alone

TestPath = c:\Project X\Module A\Tests

Logger = File + Console

Stand-Alone mode -------------Ready

Local Machine Configuration File

Stand-Alone Tests ------------Result Summary

Tests obtained from path “C:\Project X\Module A\Tests”

Number of tests Executed = 18

Number of tests Passes = 16

Number of tests Failed = 2

Tests that Failed

1. Test P

2. Test Q

Message from Test P

……….

………..

Message from Test Q

……….

……….

Results written on file “C:\Project X\Module A\Tests\101604-1420.txt”

New

Open

Save

Close

Start Testing Pause Testing Resume Testing Abort Testing

Configuration File


The screenshot shows the stand-alone tab and the test-master tab. The stand-alone tab is found to be active and shows the configuration file window and the results window. The contents of the configuration file are shown in an editable text window. The configuration file should contain the path where the tests for the local module would be located. It could be a local path or a remote path. On the upper right corner are command buttons which allow the user to manipulate the local configuration file. These buttons are used to create a blank configuration file, open an existing configuration file, save the open configuration file after editing it and closing the configuration file.

On the top left are shown some command buttons for starting, pausing, resuming and aborting of tests. Below these buttons is a progress indicator, indicating the progress of the current task. 

The lower part of the screenshot shows a brief log of the test results. It shows the path from where the tests for this module were extracted, the number of tests executed and the number of tests passed and the number of those failed. It also informs the user the names of the tests that failed and a brief message from these tests. Finally it gives the user the name and path of the file where the detailed results were logged. Note the name of the file can be read as the October 24th 2004, the date the log file was created and 14:20 hours, the time the file was created.
3.2 Test-Master mode
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The following screenshot shows the user interface in the test-master mode. The additional feature in this mode is the ability of the user to edit the network configuration settings. There is a huge command button to perform this operation. It is to be noted that even in the test-master mode the REMTEST module needs a local configuration file for performing tests on the local module. 

The other difference between the stand-alone mode and the test-master mode is the way the summary of the test results is presented. A brief summary from each module is presented as it would be presented if the module were being tested stand-alone. 

Clicking on the edit network configuration module would bring up the following window which has options for adding a new node, removing a node, editing a node and exiting from this window (‘done’ button).
Below these command buttons is a list of nodes which have been previously configured. By selecting one of these nodes the user can see the properties of that node. The user can also edit the ip address, port number and the configuration file for these nodes here. 
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It should be noted that the test-master should have a configuration file for each node, which is needed to run local tests on those slave nodes. When all nodes have been configured clicking on the ‘done’ button would bring the user to the main window. Additionally menus and keyboard shortcuts could be provided to the user.
4 Context of Remote Test-Bed

The following diagram shows how the REMTESTS module come together to form the remote test-bed structure. The diagram shows a peer to peer system where each REMTEST is a peer. Although this is a peer to peer system, there is always a test master which commands the slaves. These slaves may in turn act as test-masters for other systems. The diagram shows just two REMTESTS.
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4.1 File System Interface

The REMTEST uses the services of the file system when it needs to execute user commands like save and open on configuration files. It also uses the file system when it needs to access C# project code, test modules and test data. Additionally the file systems services are required when user wants the logger to write the test results to a file. 

4.2 Graphical User Interface 

Each REMTEST has a user interface through which it receives user commands and configuration file information from the user and displays a summary of the results to the user. The GUI has commands that are needed for creating, opening, saving and closing configuration files. There are also commands for starting, pausing, resuming and aborting the execution of tests. The brief summary of the results including the test path, the number of tests passed the number of tests failed, the names of the tests that failed and messages from those tests. These are displayed on the GUI.

4.3 Product Code Interface

The product code which is to be tested, though in a file is considered to be a separate entity since the test harness executes the product code. The product code is got from the user as an input in the form of a DLL file. The tests are then executed on this product code and the REMTEST records the results of these tests. 

4.4 Network Services
It uses the network services when it is not in the stand-alone mode to access remote systems. The main form of communication is passing of messages. These messages are structured as XML data. The network configuration files hold information about remote systems. These are used by the REMTEST to form the xml files which are sent to remote systems using sockets. The network services also support remote procedure calls with asynchronous data communication.
4.5 Data Flow within the Test Harness
The following diagram shows how the test harness is divided into its processes and the flow of data between them.
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Data Flow Diagram of the Test Harness

While the context diagram showed how the test harness reacted with its environment the data flow diagram shows details on the flow of information inside the test harness bubble of the context diagram. The test harness is shown to be split into four processes, the input processing, the test manager, the testing process and the output processing. 

The input processing is at the level of the graphical user interface. It receives commands from the user and passes them on the test manager. The inputs received are the configuration file and the DLL files containing the tests and the project code. The configuration file contains the directory information, logger information and any other inputs the user might want to give. The output from this process is the C# assemblies derived from the DLL files. This is given to the test manager.

The test manager takes these C# assemblies, one by one, converts them to user defined data types (i.e. classes and their functions) and sends them to the testing process. 

The testing process is called once for each test. This performs the tests on the application code and sends the results back to the test manager. These results are then passed onto the output processing by the test manager.

The output processing occurs in and around the logger module. Here the results are converted into the correct format and pushed onto one of the three output devices, namely the console, memory or the disk.

5 Structure
5.1 Modules

The following diagram shows the division of the REMTEST into well defined modules each of which is responsible for a specific functionality of the REMTEST. The modules of the REMTEST can be divided into three main groups, namely the graphical user interface, the test harness and the communication group. The test harness group consists of the test aggregator, the test vector generator, the tester, the logger and the application tests. The communication group consists of the communication master the server, the client and the XML adapter.
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5.1.1 REMTEST Executive

This is the main executive module of the REMTEST. Its job is to instantiate the GUI, the test harness and the communication master. For the remote test-bed to function the REMTEST executive on each machine should be up and running. When this starts up it should throw up a GUI which will enable the user to run tests on the local module and also configure this as a test master and run tests in the test-master mode. It uses the services of the GUI module to accomplish this task. 
Additionally, on startup it should setup a server so that other REMTEST modules can contact it and use this REMTEST module as a slave. This is accomplished with the help of the communication master module. 
When there is a user command on the GUI the REMTEST executive instantiates the test aggregator module which then runs tests according to the command.
5.1.2 Graphical User Interface

The graphical user interface will be a simple interface which interfaces between the user and the REMTEST program. It will be responsible for receiving input commands from the user, displaying the progress of the test harness to the user and showing a summary of the results on the console. The commands from the user will be passed onto the REMTEST executive, which directs the operations of the entire REMTEST. Thus the GUI simply acts as an interface.

This module will use win-forms to provide a simple user interface. A discussion on this with some screenshots was presented in section three.
5.1.3 Test Aggregator

The test aggregator module can be considered as an executive module of the test harness. It receives commands such as start test, pause test, resume test and abort test from the REMTEST executive. To execute tests it needs the configuration file to be setup. This configuration file will have a path, where it searches for tests in DLL files that are derived from the standard interface and executes them. It should have a list of all the tests which are executed one by one. 
5.1.4 Test Vector Generator

This module is instantiated by the test aggregator. The input to this module is from an xml file on disk and the output from this module goes to the application test, which is used to test product code.

The test vector generator is responsible for supplying the test with structured data as required by the functions of the project code. This test data will be stored in an xml file since the xml file helps to store the data in a structured manner. Hence the test data generator should have the ability to do some kind of xml processing to access these files and derive the test data from them in the appropriate format. This data is then given as an input to the application test.

5.1.5 Tester

The input for this module is from the test aggregator and the output from this module is the results of the test which is passed onto the logger.

The tester module when given the command from the test aggregator will call all the application tests that have been registered with the latter. The tests will return a boolean value based on the results of the test to the tester. In a more verbose mode, it would return some message that will help the user to trace where exactly the test failed. These results will then be passed onto the logger which will log these results on the console, memory or file. These results will also be returned to the test harness executive, which will send them to the graphical user interface. 

5.1.6 Logger

The input to this module is from the tester and the outputs can be directed to the memory, to a file or to the console.

The logger is an output module which will receive the results of the tests from the tester and will be capable of putting the results either on the console, system memory or in a file on the disk as requested by the user. The logger will consist of a file logger, a console logger and a memory logger which will help to accomplish the required functionality. 

5.1.7 Application Test

This is the test code provided by the user which contains the tests that are to be executed on product code. It is in the form of DLL files which includes the test code and the meta-data. There should be some way of checking if the tests are valid and then executing them. If they are not valid they should be ignored. This can be done by reading the meta-data.
5.1.8 Communication Master

The communication master provides communication for the REMTEST. It sets up a server as soon as it is started up. Any messages that are received from the network at the server are sent to the REMTEST executive for processing. When the REMTESTa needs to send a message to REMTESTb, it is done using the communication master. The communication master of REMTESTa creates a client object which sends an xml message to the server on REMTESTb. It uses the services of the client and server modules to send and receive messages respectively.
5.1.9 Server

The server is set up by the communication master as soon as the REMTEST is started and it sits waiting for incoming messages from other clients. The messages received are in xml format which are then converted to their original form using the xml adapter. The output of the adapter is then passed onto the communication master. While communicating there should be some queue between the server and the communication channel, to prevent loss of data. This would be a important issue in the design of this module. 
5.1.10 Client

Whenever there is a need to send data to a remote system, the communication master creates a client object with information about the remote systems and the data to be sent. This data is converted to an xml message with the help of the xml adapter. The client module then connects to the server of the remote system, sends the xml message and disconnects from the server. Similar to the server, the client should have some sort of queue between the sender and the communication channel. 
5.1.11 XML Adapter

The xml adapter performs two functions. One of them is to convert data into xml messages, which is used by the client. The second function is to convert the xml message back into data, which is used by the server. The xml adapter actually consists of several sub-adapters which perform conversion of specific data objects.
5.2 Proposed Communication Channel Model

All communication involves sending and receiving only xml messages. The remote test-bed has a need for two types of communication channels. One is an asynchronous channel and the other is a synchronous channel. The following diagram shows both these channels.
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5.2.1 Asynchronous Communication Channel

The asynchronous communication channel is used primarily in two cases. One is when the test-master wants to send a command to one of its slaves and the other case is when the test-slave sends back the results after executing the command given to it. 
The upper of the communication channel depicts the channel used by the test-master to send a command to one of its slaves. The test-master’s client is puts an xml message containing the command into a blocking queue. The socket pulls out the message from the queue and sends it to the destination socket. At the destination the socket receives the message and puts it into another blocking queue. The test-slave’s server then removes the message from the blocking queue which is then sent for processing.

After processing the command the test slave’s client sends the results in an xml message using a similar arrangement. This is depicted in the middle communication channel in the figure. 

5.2.2 Synchronous Communication Channel

The test-master when executing its test will need the services of the lower level modules. This is done using a synchronous communication channel. The test-master makes a remote procedure call which can be converted into a message and executed on the lower-level module. Consider the case where in the test-master creates an object. This object will be created on a new thread on the remote machine. The test-master now makes function-calls on the remote object. These are translated to messages and sent to the thread that was created and calls are made on the remote system’s object. Any return value is then sent as an xml message back to the test-master through the same communication channel. The test-master after making the call sits blocked till it receives a reply from the lower level module. 
6 Activities

The activities of the REMTEST differ depending if it is running in the stand-alone, test-master or test-slave mode. All three modes have been explained here.

6.1 Stand-Alone Mode
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Activity Diagram -- Stand-Alone mode

The above diagram shows the activities of the REMTEST in the stand-alone mode. By default it starts by loading the previously used configuration file and waits for upper input. The user may want to create a new configuration file or open an existing one. He may want to then save the configuration file after making necessary changes. Once that is done and the command for starting tests is received, the REMTEST starts execution of tests. The results are then displayed and the system waits for user action. That can be either to shut down the REMTEST or run same tests again or change the configuration files.
6.2 Test-Master mode
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Activity Diagram – Test-Master mode

The above diagram shows the activities of the REMTEST when operated in the test-master mode. The master initially starts up the server and waits for user input. The user may give the command to start, pause, resume or abort testing. The user may also give the command to edit network configuration file and local configuration file. Since the activities of the configuration file were already explained in the stand-alone mode, they haven’t been depicted here. 
On the start command the REMTEST starts local tests and sends start testing commands to all its slaves that have been configured in the network configuration file. At this point the REMTEST is in ‘test in progress state’ and it may receive a pause or abort test command and this will cause the REMTEST to pause/abort local testing and also send pause/abort commands to all slaves. 

The user may then send a command to resume testing. This causes the REMTEST to resume testing on its local module and send resume testing commands to all its slaves. It then goes back to the ‘test in progress state’. At this point if testing is completed and all test results from all slaves have been received the REMTEST goes on to display the results on the GUI and perform logging as specified. Once that is completed the system then waits for user input. 

6.3 Test-Slave Mode

The following diagram shows the activities of the REMTEST module in the test-slave state. In this mode the REMTEST sits waiting for a command from the master. The command may be start, resume, pause or abort testing. The start test command and resume test command starts/resumes testing the local module and sends an acknowledgement to the master. The system then moves into the ‘test in progress state’. 
While in this state, if it receives a pause/abort testing command it pauses/aborts local testing and sends acknowledgement to the master. It can also complete testing before without receiving any commands. Once testing is complete and results are ready, the slave starts a client, connects to the server and sends all required results. The user may at this point of time shutdown the REMTEST module. 
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Activity Diagram – Test-Slave mode

Note:

More often then not, the REMTEST works in both the test-master and test-slave mode. It is to be understood that the master and slave are not even on different threads. Only for the sake of explaining the activities the REMTEST has been broken down into test-master and test-slave modes.

7 Critical Issues

7.1 Versioning

Issue: The remote test-bed system is designed to be used by several users at a given time. It is possible that one user may start a series of tests on a remote system. During the process of testing the user at the remote system may alter the product code. This will create all sorts of confusion. 

Possible Solution: One possible solution is to abort all tests and inform the test-master that code has been updated on the remote system. An elegant solution would be to make a copy all the product code and test code into another folder for each test-master using this slave. The copy of the code could be confined to that master and could used for testing only by him/her.  This would probably use up more resources, but would avoid conflicts. Additionally it would become necessary to time stamp all the product code and test code just before starting tests. 
7.2 Networking Issues

Issue: How will the test-master know that the slave is connected to the network and is processing its command?

Possible Solution: The slave can be designed to acknowledge each command received and inform its master. The master can wait for a stipulated amount of time for the acknowledgement. The user should be informed if the acknowledgement does not arrive within this stipulated time. This time should be greater than the highest possible network latency. Probably it could be a parameter that could be set by the user. 
Issue: What happens if the network connection breaks down after the acknowledgement is sent?

Possible Solution: The server will sit idly waiting for the reply from the slave system forever. One method would be to wait only for a stipulated amount of time for the results from the remote system. This time should be set by the user since the amount of time to perform the tests is unknown.

Issue: The test-master while executing local tests needs the services of the lower level modules. How is this going to be done efficiently?

Possible Solution: There are two methods by which this can be done. A simple method would be to transfer the product code to the upper level module. In this method the test-master could send a message asking the slave to send its current product code. The slave could then send the DLL files. These files would be referenced in the upper level module’s code and could be used to perform testing. The second method would be to make remote procedure calls on the lower level modules. This model has been proposed in this document though this requires more messages to be passed through the network. The advantage here is that the messages are much smaller as compared to the former case when entire files are transferred. 
7.3 Security

Since this is a distributed system, security becomes a very important issue both within the company and outside it. The concern here is that intellectual property is being transferred across a non-secure network. Whenever there is a security problem the first solution that comes to mind is to use some encryption. This would complicate the system. Another solution would be accepting data only from pre-defined systems. This issue needs more thought as security comes with a hefty price tag and the decision cannot be made without knowing how much the company using the remote test-bed wants to invest in terms of security. 
7.4 Threads and memory

Each system is going to be running several REMTEST instances with each instance having two to four threads. When running multiple threads on a single system two important issues need to be taken into account. One is deadlocks, and the other is the use of virtual memory. Deadlocks are pretty difficult to resolve and the system must be kept simple to prevent them (courtesy Dr. Fawcett). 
7.5 DLL and memory

Each test is in the form of a DLL. Once the work is done with a particular DLL there is now way to remove it from the memory of the system. To circumvent this problem, Dr. Fawcett suggested using these DLLs on different threads and killing the threads when there is no use of the DLL. This way the DLL will be unloaded from the memory. 
8 Conclusion
This operational concept document has outlined the purpose and requirements of the remote test bed. Following that the users and use cases have been discussed. The developer was found to be the most significant user and remote test bed has been designed with this user in mind. Some of the architectural issues like having configuration files and testing without repeated user intervention will benefit the developer the most. 

A prototype GUI which contained some basic use cases was shown in section 3. It was found that most of the use cases were related to the configuration files as this is the most significant of the inputs and is necessary for speedy usage of the remote test bed.

The context of the test harness and flow of data within it were then discussed. It was found that though the user can have some interaction with the system, it is possible to have very minimal interaction when used frequently. 

The REMTEST which formed the remote test bed was then broken down into simpler modules. It was shown that the three parts of the REMTEST are the test-harness, GUI and the networking part. All these were broken down into simple modules and the finality of each module was defined. 

Lastly, some of the critical issues were then discussed that would eventually affect the performance of the test harness if ignored.[image: image12.png]



Predicted Load vs. Execution Time





No. of TH Threads





Time taken for a test





� EMBED Visio.Drawing.11  ���








PAGE  
30

_1159528821.vsd
REMTEST Executive


Test Aggregator


Tester


Test Vector Generator


Logger


Graphical User Interface


Application Test


Communication Master


Server


Client


XML Adapter



_1159632241.vsd
Load Previously Used CFG File


Create New CFG File


Open Existing CFG File


Show blank CFG File Window


Load CFG File in Window


Get User Input

Get User Input


Save Current CFG


Get User Input

Run Test Harness


Load Code & Tests


Display Results


Get User Input

Close CFG File


Exit REMTEST



_1159723308.vsd
Start Server

Perform Network 
Configuration


Resume Testing on 
Local Test Harness


Send Resume Test 
Command to each 
configured Slave


Abort Testing on 
Local Test Harness


Send Abort Test 
Command to each 
configured Slave


Get User Input


Pause Testing on 
Local Test Harness


Send Pause Test 
Command to each 
configured Slave


Start Testing on 
Local Test Harness


Send Start Test 
Command to each 
configured Slave


Receive Results
From all Slaves


Test In Progress


Pause/ Abort 
Command Received 


Display Results


Shut Down Server
 and Exit



_1159727232.vsd
File System Interface


Graphical User Interface


Product Code


REMTEST


User Commands 
& CFG File


Summary of 
Test Results


File Handle


File Name


Network Services


File System Interface


Graphical User Interface


Product Code


REMTEST


User Commands 
& CFG File


Summary of 
Test Results


File Name


File Handle


Network Services


Network


XML Messages


XML Messages


REMTEST A


REMTEST B



_1159726103.vsd
Module A


Module C


Module B


Module E


Module D



_1159721920.vsd
Receive Command from Master


Send Ack to Master


Start Client


Connect to Master


Resume Testing on 
Local Module


Send Ack to Master


Send Ack to Master


Send Ack to Master


Abort Testing on 
Local Module


Send Results


Pause Testing on 
Local Module


Start Testing on 
Local Module


Finished Testing


User Input


Test In Progress



_1159539677.vsd
Server


Blocking Queue


Client


Socket


Server


Socket


Blocking Queue


Blocking Queue


Socket


Socket


Blocking Queue


Client


TEST MASTER


TEST SLAVE


Socket


Socket


Asynchronous Communication Channel


Synchronous Communication Channel



_1159438180.vsd
Form Title


Select and Type


?


Enter Text
Enter More Text


Status bar


Enter Text


Text


REMTEST



_1159449827.vsd
Form Title


Enter Text


Text


Enter Text


Enter Text


REMTEST- Network Configuration File



_1159438107.vsd
Form Title


Select and Type


?


Enter Text
Enter More Text


Status bar


Enter Text


Text


REMTEST



_1156791292.vsd
Input Processing


Configuration file, dll files


Test Manager


Testing Processes


Output Processor

C# assemblies


User Defined Data Types


Test Results


Test Results


Results on required device



