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Testing Object Oriented Software

1.  Introduction

Software testing is a demanding job to be involved in.  It is only one part of the whole software development process, but is still important.  The reason for software testing in general is to produce defects in the software.  The defects can be found during any phase of the software development process.  To be more specific, testing is the process used to find the errors: not in fixing them.  There are many different features of testing other than the actual testing of the product. 

In addition to producing errors, testing is done to minimize the cost of producing the product.  Software costs can be minimized because it can prevent failures after deployment that could lead to loss of money, time, customers, and, in some cases, death [5].  Ensuring that software does only what it is supposed to do is important [5].  If it does more than what is expected, then testers need to anticipate that when testing so that it can be removed before deployment.  

McGregor and Sykes described testing as a not only a process that meets the general requirements [4].  It is a process that involves more than making sure that developers and programmers did a good job [4].  It makes sure that quality is still being incorporated into the software so that it can go on to the next step of testing right before deployment.  Although the testing processes are lengthy and thorough, no product can be 100% free of errors [5].  The quality can be improved enough for the software work adequately.

2.  Background

Kaner described how software testing back in the 1980s only included a few of the best practices [2].  Almost every tester shared the same belief and not many ventured far from it [2].  Since then testing processes have progressed to using newer techniques to keep up with technology.  These techniques have changed even further due to the use of object-oriented programming.  

2.1 Object-oriented programming 

Although some techniques may be the same, new ones had to be developed due to the difference in object oriented programming.  One of the main reasons is the fact the object oriented programming is based on objects.  The use of classes, inheritance, encapsulation, and polymorphism are other main differences.  They are important to testers because the approach to testing programs containing these new concepts is different [4].  

2.1.1 Objects


An object is an entity that is created containing certain values.  It will go through a series of functions and terminate with a desired result.  Objects are the main objective for testing processes because of their interaction with all parts of the program [4].  Some other focuses that testing processes will look for in objects is that they work with other objects correctly and are working the way it was specified in earlier software development stages [4].


Other aspects of an object are also important to testing.  Since an object is able to hide information, testing can become more difficult on any possible changes that may occur [4].  The existence of an object can be unpredictable and may at any point cause the program to fail [4].  The creation or destruction of an object can also cause failures.  It may seem that one object is hard to test, but it can become more complicated with a whole set of objects.  

2.1.2 Class


A class is a group of objects that contain the same characterizations [5].  Classes are a way to define what an object oriented program is and how it will execute.  To write the program, classes will need to be developed and created.  Objects will then be constructed from these classes [4].  Since classes provide a way for programs to work, testing them is very important and can be tricky.


Each function or operation in the class will need to contain precondition and postconditions, as they will come in handy when developing test cases.  Preconditions are used to show what kind of conditions must be held before the operation is implemented [4].  Postconditions are what will be expected of the function or operation in the class [3].
There may be some problems when testing classes.  In order for the class to be correctly utilized in a program, a proper instance of it must be created so that it may be tested.  A proper instance of the class must be created so that all operations can be properly tested [3].  Since some classes might rely on other classes in order to work, these classes must be tested first [4].


What testers will have to do in order to test classes is create an object and figure out how to make sure all attributes work correctly because there is no way to test a class line-by-line [3].

2.1.3 Inheritance


McGregor and Sykes describe inheritance as a relationship between classes [4].  It is when a base class can be implemented further through the use of derived classes [4].  Properties from a base class will also be the same for the derived class.  


A possible problem that may occur from inheritance is that if the class isn’t properly tested then it is capable of passing bugs down to other derived classes.  A way to keep this from happening is to test the class while it is being created [4].  A simple solution would be reusing test cases from the base class for all derived classes [4].  

2.1.4 Encapsulation


Encapsulation is the when an object hides its data from outside users [5].  Testers have to find a way to test the object properties to make sure they are working correctly.  Testing can be done by finding out what units or variables and instances have access to.  The outcomes that result from it are then tested [4].  Developers also have the option of adding in code that will allow only test cases to access certain data that is supposed to be hidden [5].

2.1.5 Polymorphism


Polymorphism is the process of using one object for different types [1].  It can also be described as being able to call functions or protocols with the same name for different objects of different classes [4]. Object oriented programming provides new insights on how testing may change in some areas, but it doesn’t change what needs to be done in the software development process. 

2.2 Software Development Process (Software Life Cycle) 

Testing is done throughout the software development process to make sure the product will work adequately [5].  All individuals are part of and work in the software development process.  For the software development process, testing can be done throughout any phase of the process even before coding even starts.  It’s up to each group to keep in close communication with each other to produce a good product.

The steps for most software developments follow this process.  The steps in the software process begin with the Requirements phase, followed by Analysis, Design, Programming and then testing specific to the software as a whole.  

The first part of the software development process is the requirements phase.  This phase involves gathering all requirements for the program [3].  Requirements gather is a way to understand what the program will do.  This stage could be difficult for developers and programmers who really just want to dive right into programming [5].  Preventing this would keep errors from happening and keep good organization with proper planning [6].  

Some documents that may result from the requirements process are essential use case model diagrams, an essential user interface prototype, business rules, constraints, and non-functional requirements.  The requirements stage details more on users and their use of the system while the next stage, analysis, focuses on the actual program [6].  

The analysis stage deals with how the actual program will be built.  This stage deals with what kind of objects will be used and their relationships with others [5].  The objective of an analysis model is to give developers and clients a good understanding of the problem and the requirements for the solution [4].  All documents written in the previous stage will be processed more in depth by the use of models [6].  

Possible models that may be produced are use case diagrams, class diagrams, package diagrams, sequence diagrams, state diagrams, and activity diagrams [4].  Use cases provide a way to discuss various roles of the program and its capability [6].  More specifically, if the program were a game, then use cases would involve a description of the game and it's ability to pause, stop, resume and start [4].  Use cases are simple descriptions comprised of only a couple of sentences but fully explain the use of a component.  Class diagrams contain a low level look of what the relationships will be and the functions of objects contained in them.  Constraints and attributes will also be mentioned [4].  Since, the analysis concentrates more on potential problems, the next stage will focus on solutions to the problem [4].

The design stage describes how the software will be built depending on the requirements from the previous stages [4].  This stage uses the models from the analysis stage and puts even more detail into them by focusing more on the solutions to the problems brought forth [4].  The result will be low-level software system architecture with low level databases, files, classes, and any other components [5].  Several other design issues are important to the design process.  For example, the type of design decisions to make deal with whether or not the whole software will be written entirely in object oriented programming [6].  This will help determine how the design will go right into the next stage of programming and coding the software.

Every model and design documents made in previous stages will now come together to produce the actual code that will be the software [6].  Coding the program can also reveal potential weaknesses from the design stage that developers were unaware of when designing the program [6].  If the design documents contained real in depth data, coding shouldn't be very difficult.  The next step in the process is testing and software deployment.

What can be discovered from the software development process is that a problem may be discovered in any level.  It will be solved and any steps following will need to be re-done to reflect the changes.  This shows how connected each process is and how each step can be affected with one problem found.  

2.2.1 How does testing fit into the development process?


Since testing can fit into any part of the development process, there is no reason to wait until after the coding stage for a program or model to be tested.  As explained before, an error found in any stage needs to be addressed immediately.  This will prevent any more errors to occur in the following stages.  An error found early will also decrease the cost if problems were found later.  Problems found later will then cause every stage prior to the model to be re-structured, thus costing more money and time.  It depends on what kind of test to be able to determine where exactly it will fit into the development process.  The many variations of testing processes or methods explain why they can fit anywhere in the development process. 

2.2.2 When does it occur?

It is up to the software project plan and testing project plan to determine the times for testing [5].  The motto for testers and developers in the software life cycle is to find errors by testing early.  Most of the components can be tested as they are being developed [4].  McGregor and Sykes believe that it's a bad idea to test at a time where the code or model changes will consume too much resources and costs for regression testing [4].  When testing is executed closer to the end of the software development process the cost of testing will increase while testing and fixing errors early will be least likely to cost as much.  

A common testing method is the Full-Life cycle Object Oriented Testing, also known as the FLOOT methodology.  It is a series of testing techniques used to development and test software [6].  This methodology greatly explains and details the wide variety of testing techniques throughout each process in the software development cycle.  

During the requirements stage, (Requirements Testing for FLOOT) there are no actual bits of code to test.  The use cases that are developed are tested [5].  The testing processes available are use-case scenario testing, prototype walk-throughs, and requirement reviews [5].  

The Analysis Testing stage requires a few more tests that will test the models that were developed since the previous stage.  Tests available during this stage are Model reviews, model walkthroughs, use-case scenario testing and prototype walkthroughs [5].  

The Design testing stage consists of model reviews, model walkthroughs, and prototype walkthroughs [5].  Implementation pertaining to how the software interface will look is designed here also.  

The Code testing stage contains the most tests because the tests are now focused on the actual code being written.  Class integration testing, class testing, code reviews, coverage testing, inheritance testing, regression testing, method testing, and path testing [5].  

For the FLOOT methodology, System testing receives its own category where it tests the software after the coding process is finished.  Function testing, installation testing, operations testing, stress testing, and support testing are available during this stage.

The last stage in the FLOOT methodology is User testing.  The testing processes available during this stage are alpha testing, beta testing, pilot testing and User acceptance testing.  Although regression testing is only mentioned in the code testing stage, it can occur in any stage because it is executed when a component or model is changed.  

This shows that the different types of testing each work in their own way and have their own requirements for when they are best utilized.  The FLOOT methodology is a good example of what is most commonly used when planning testing. 
2.3 The role of software testers

The role of software testers may be a little harder than the developers.  Not only do they need to understand the development process, they need to be able to anticipate possible errors of the software program [4].  They only create the test to make errors and a document to show the steps used.  Testers do not fix the errors that occur from their testing.  

There are many jobs that a tester will have to do in addition to testing that will be involved through many parts of the software development process including what happens after software deployment.  Since they can be involved through any part of the process, testers have to be in close communication with each worker from each stage to produce good test scripts for the software.  

2.3.1 Qualities and jobs of a tester


Testers not only work with developers and programmers, they also work with technical support and managers [1].  An obvious quality of a tester is the ability to multitask and “foresee” the future of programs implementations.  Technical support will work with testers to explain the problems that lead to the types of calls they get [1].  Most often, the calls they receive will be about problems with connecting any kind of peripherals to the computer the software is installed on.  If both divisions keep in close contact with one another, then the number of calls would be minimized thus decreasing technical support costs [1].  


All specifications that will be advertised with the product will need to be properly tested [1].  This also goes with how any errors that produces any injury or accident will be of high interest when testing.  This is important to prevent any potential lawsuits that would result from accidents produced by the software.  This would be one of the high-risk bugs found.


The simple objective of a tester is to find bugs.  There is a difference between that and finding the maximum amount of bugs in a program.  Cem Kaner believes this is more important because it involves covering more of the area of the software [1].  If there is only a small amount of time for the bugs to be detected and fixed, the most high-risk errors will be repaired [1].  


If there are too many high-risk bugs that need to be repaired, testers work in conjunction with managers to determine whether or not to delay shipment and deployment of the software [1].  Managers are concerned with the problems and want to know what it will take to fix the high risk ones.  If there are problems that won't lead to customer dissatisfaction, it won't affect the deployment of the software.  

It is a common mistake to think that testers are the ones responsible for the quality of a software product.  This is believed because they are the ones who are making sure the errors of the software are found and fixed.  What this also means that any problem with the product will cause everyone to point fingers at the testers because this was their job [1].  This also cause everyone else working on the software, other than testers, to not think about quality and develop models or code not up to good standards [2].  This quality needs to be achieved with the work of the developers, programmers, testers, and designers [1].  Quality can be increased by good relationships filled with communications by everyone involved with the software.

2.3.2 Testers’ relationship with developers & programmers


There are two different viewpoints when it comes to the attitudes of programmers and testers.  Programmers will become offended by potential errors that testers will bring.  The feeling of being able to prove that a program will produce errors will cause misunderstandings and "poor moral" between co-workers [1].  Kaner believed that this attitude would cause testers to look in the wrong areas for wrong components [1].  

Another misunderstanding of testing is that it is done to prove that "the program works correctly" [1].  Although this is somewhat true, it causes testers to miss errors they are not looking for and find only errors that they are expecting to happen.  Both attitudes are the result of poor communication between programmers and testers [1].  What also seems to be happening is misunderstanding the specifications and requirements that were brought forth in previous stages.  

Kaner believes that a good way to provide good relationships between managers, programmers and testers is for each to ignore the bad habits of others and focus on their own job at hand [1].  More specifically, there are many managers and programmers who work with only the deadline goal in mind wanting to put the product out on time not even thinking about whether the code is good or not [1].  This idea would make the testers the bad guys because they are slowing down the process especially when testers are doing exactly what they are supposed to do.  In the long run, if the product fails in any way, managers are more responsible for it and are the ones who make the final decisions about the quality of the product.  If all workers provide the correct documents and information about their level of work to make good decisions, a better relationship will evolve.

3.  Test Planning

The testing process consists of several phases before the tests are actually implemented.  The testers need to determine what needs to be done, who is able to perform tests, and what parts of the program should be tested.  What also needs to be included is how many times a test needs to be performed to achieve a desired result [4].  In the book, A Practical Guide to Testing Object-Oriented Software, the project test plan is described as a summarization of testing strategies to use [4].  It will contain everything that was discussed about who performs tests, frequency of testing and what is tested [4].  

3.1 Planning


Scheduling testing activities are somewhat easy because of the types of testing involved.  Before each test is implemented a test plan document will be created.  The test plan document will contain information on how to implement tests.  This will also be able to give an estimate on how long each process will take [4].  

Another part of planning is being able to incorporate how resources will be spent.  The resources required for testing are money, time, and most important the workers to implement activities [4].  McGregor and Sykes describe a more thorough testing activity will utilize more of the resources described [4].   

Some tests require extra hardware to be added to a system before it can fully be implemented.  Planning for this will involve being able to incorporate any extra hardware needed into the test plan correctly.  Failure to do this would possibly cause a loss of time because such equipment might not be available when the specific test is ready [4].  

It was previously explained that good communication between developers and testers provide a better working environment within the group.  This can also provide a better area for testers because they won't take as much time when testing [4].  Being involved with the most of the development process will let testers know much more of the system and their familiarity will reduce time in the testing stage.  

3.2 Who performs tests?


Developers and testers are the two roles who will be conducting most of the testing processes.  A developer's specific roles include analysis, design, programming, debugging and documenting [4].  A tester's role consists of test selection, constructing tests, executing and evaluating the results [4].  There are times when a developer can also take on the role of being both a programmer and a tester [5].  Other times, the developer and tester will work together on certain test cases or the test may work alone [5].


It may also depend on the type of test that will determine who will be the tester.  For example, programmers usually do unit testing while testers usually perform system testing without aid of programmers [4].  There are various ways for a test to be executed because of who is responsible for choosing, running and analyzing the tests.  Sometimes a developer would only be responsible for coding while a tester will run and analyze the tests [4].  Other times, the responsibility lies solely with the tester especially for critical life functions: which the government requires [4].  


More often it is difficult to identify who will do the testing during the software development process.  Decisions will be based on the availability of resources and workers at the time.  Government restrictions will also contribute to the decisions at hand.  

3.3 What pieces of program are tested?


There a few choices on this subject because there really is no specific part.  Testing parts of software vary from no testing at all or testing every component within the software system [4].  The best choice is to find a point between the two.  


Some classes might not need to be tested because they are reused from other software projects and the testing might be redundant.  Another method would be to test components that potential users of the program would use the most [4].  Random tests could be implemented testing whatever is chosen could cause the potential main functions of a program to fail and unhappy customers.

3.4 How is testing performed?


The implementation of testing relies on what the specifications and implementation were produced during the requirements stage.  The specification introduced in the beginning of the software development determines what kinds of testing are needed and how the testing will be performed in the testing stages [4].  Since specifications really help how testing will be performed, many different specifications written for classes, subclass and other components are needed [5].  If there were not enough specifications, then the next step would be searching for the implementation [4].  Implementation testing can also thoroughly test the components in software also.  


Testing is implemented differently throughout each stage, because of the different types of documents produced.  A test case is implemented in the beginning stages because of the absence of code [4].  A test case works where there is an input and the expected result from that input.  Each input and result will contain a somewhat detailed description to give a good result for the testing process.


A test case execution is the ability to run the software and see if the input and the expected result match were produced in the test case [4].  If the result from this stage differs from the test case, then it is likely that the software failed and will need to be fixed.  Then if the results match the test case then the software passed the test.


A test suite is a series of test cases organized for one specific component or aspect of the software.  Test suites can focus on the typical uses of the software.  

3.5 Project test plan documents


The common type of test plan templates to follow is the IEEE Standard Test Plan outline [4].  The IEEE Standard Test Plan will consist of different test plan documents each pertaining to the different types of testing to be implemented for different components.  The organization of each document will be the same and can be reused for more documents following after.  Each different object in the software to be tested will have its own test document.


All test documents will include the component to be tested and the approach that will be used to test the component.  The depth and size of the project will be included in the document.  This will contain a description of what the process will be like [4].  There needs to be enough background information so that anyone reading the test document will be able to understand what and how the testing process will proceed [5].  The objectives of the tests will need to be identified in addition to the resources needed to complete the testing process [4].  


Testing planning is a very important step to perform before actually testing.  It will be able to save money if implemented correctly.  Test planning will give other not in on the testing process an idea of what is going on and where the project stands on its completion time.  It can also be a way to organize all testing that needs to be executed extensively.  

4.  Testing Processes 

There are several testing processes that are still used for both non object-oriented programs and object-oriented programs.  Some tests were modified slightly to incorporate object-oriented program differences [4].  The following tests that can be used for either non object-oriented and OOP are model testing, integration testing, system testing, regression testing, and unit testing.  Unit testing was modified to be class testing [3].  Integration and interaction testing are considered to be using the same type of testing methodology, and seems to be used interchangeably.  For this purpose, interaction testing will be used and considered for both types.  Other tests were developed and used specifically for object-oriented programs are inheritance testing, object distribution testing, acceptance testing, and deployment testing.  

Almost all testing techniques work similar in that they each depend on the inputs and outputs of the code being tested.  The preconditions and postconditions are heavily relied on because they will be the basis of the specifications for all test cases.  It is up to developers and testers to understand the specifications so that they can create test cases that will record whether or not the code will pass or fail.

4.1 Model Testing


Model testing is implemented during the early planning stages [4].  Model testing involves using the use cases created from the requirements, analysis stage and, sometimes, the design stage.  After these stages, programmers are getting ready to code the program but want to make sure the design models created are correct before they start programming with incorrect design models [4].  


From this point in the testing process, developers will also compare the class diagram to the analysis model.  The test case in this situation is then also compared to the class diagrams and analysis models [4].  If it's possible to implement the input and receive the same results using the models and their specifications, then the test has passed [4].  In order for a test to pass, all hypothetical actions that were determined during the test case need to be able to work in the class and analysis models [4].  If there is no mention of the type of action in the class models, then the test failed.

Since model testing is implemented during the beginning stages of the software development process, it is imperative that the testing makes sure that the models produced can be created and modified to go into the next stage of development.  

The first stage in the development process is the requirements stage, which will produce a requirement model.  An example for this would be a game that was going to be built.  An example of a use case would be what happens when the game stops:

Stop Game:  Player stops game by clicking on the exit button from the menu

The test case that could be created from this use case is understanding the input and describing the expected output.  

Use Case: player stops game
Preconditions: Player has already started playing game

Test Input: Player clicks on Exit

Expected Output.  The game stops and the game window disappears.

There are also some criteria for model testing in the requirements testing.  Testers and developers will look for correctness, completeness, and consistency [4].  Correctness is a way to measure the accuracy for the model [4].  This is a way to make sure that each requirement can be accurately represented by a use case.  Completeness is making sure that use cases will be created for the all functionalities of the product and there are no unnecessary use cases for non-important functions [5].  Consistency is making sure use cases and models are describing functions the same every time in all other documents [4].  

This type of testing will find defects early in the development process, which, as stressed before, will keep costs low.  Finding errors in the initial stages in use cases will lead to correct models and correct code.  

4.3 Class testing


Class testing involves testing all components of a class including variables, data members, and functions [2].  Proper testing will ensure that all instances of the classes will work correctly [4].  

There are many factors that go into how a class can be tested.  Classes can be tested as a class being part of the system and as just an individual class.  Classes important to the functionality of the program will be tested extensively regardless of the cost [4].  There is more to the structure of a class that make testing difficult.  


Developers are those who are more likely to test classes because they are more familiar with the structure of the class [4].  A potential problem about developers testing their own code is that there may be errors in the class if the specifications aren’t fully understood [4].  This happens when someone else writes the test plan.  


Test plans should be written or prepared when a class is ready to be coded.  Class testing can also be done at different areas of the development cycle.  It is better to test the class before it is implemented into other parts of the software [4].  


Test cases are constructed from the class specifications.  To test the boundaries of the implementation of the class, specifications are augmented slightly through the use of the test cases.  Testing is almost similar to model testing where the inputs and outputs are recorded and compared to the class definitions and specification [4].  


Testing a class involves a test driver that will create an instance of the class so that it can be tested with a test case.  The driver will send messages to the instance and record the results that are sent back [4].  Data members and operations in the class will also have to be tested.  Since they are involved with the class and not the instance [4].  

For example, using the game example from the previous testing for models, there is an object in the game that moves with a certain velocity.  The velocity should be in between a certain value.  A velocity class will be created to make certain that the value will be in the correct value.  A tester will create an instance of the class and add in code to record the return values.  The return values will be compared to the expected value and the results of the test will be written to a log file.  The log file will record the number of times the test was executed and the number of times the test passed and failed.

The test cases for these classes are simple because the classes haven’t yet to become more complicated.  Classes do have the ability to be inherited from other classes.

4.2 Inheritance testing


Inheritance testing tests the use of the base class and derived class relationship.  The base class needs to be tested using the previous class testing process before the derived classes can be tested [4].  The base class needs to be thoroughly tested before any derived classes are to be tested [4].  If the base class was thoroughly tested, some of the test cases from that class can be used for the derived classes.  The test cases that can be used are those that were used to test areas from the base class that won’t be changed in the derived class [4].  

As most derived classes are, there will be added operations and code that refines the operations of the base class.  Some extra testing code would need to be added for operations that would be implemented in the derived class [4].  Since the code will be new, new test cases will have to be developed.  Code for an operation’s specification that may be changed in the derived classes can use the test cases from the base class [4].  An operation that is overridden can use the test cases from the base class, but the cases will need to revise to reflect the changes in the derived class [4].  This standard for understanding the difference between the base and derived classes is what makes inheritance testing a type of hierarchical incremental testing.  

As long as the base class and derived class are properly designed using proper substitution, testing will be easier because it also means that the test cases can be reused.  Depending on what the changes are in each derived class, it can be decided on what test cases need to be modified, added, or not used at all.  

4.4 Interaction testing


Interaction testing is used to test the connection between the main program to other objects [4].  More specifically, the relationship between classes and their objects at runtime will be tested [4].  Each individual class will have to be tested individually before they are test together.  When tested individually, the interaction between the two classes are examined so that proper test cases can be developed.


Interactions between objects are simply requests that are sent from one to the other [4].  It can also be defined as one class referencing another object.   The request is for the receiver to perform an operation.  An example of this is using a Timer instance in a game program.  The Timer instance can also declare another instance from another class, TimeObserve.  A function in the Timer class will send a message to the TimerObserve instance to bring back the time played so far.  


Problems from interactions don’t happen as much between two objects, but only from a set of objects [4].  Class testing will depend on if a class has a complex relationship with an object or if the relationship is just an association with an object [2].  Testing will be executed by creating instances and sending those as parameters in a class being tested.  What the testing will provide is assurance that the instances are properly used within the other class and removed properly [4].  

4.5 Regression Testing

Software systems always seem to go through changes and it doesn’t matter where in the software development process this may happen.  Regression testing is testing that is done after the software has been changed [5].  It makes sure that the parts tested before the changes are still working correctly [3].  It is very important to be able to identify the changes so that the proper tests can be implemented.  There is the possibility of being able to reuse test cases, but there are ramifications involved in doing so.

In order to save time and money, Kung and Hsia discussed that regression testing should only be performed on areas in the software where the changes have occurred or where components will be affected by the changes [3].  What only really need to be done is to identify the changes and impacts from the changes to pick the particular test cases that will re-test those components [5].  

Identifying the impacts of changed code in software is difficult.  Kung discussed the ripple effect idea, meaning that a change in software will ripple throughout the system [3].  What will really make this difficult is the separation of developers who modify and testers testing won’t know the changes [5].  Changes that can occur are data changes, method changes, class changes, or class library changes.  These changes will then need to be re-tested using the same test cases used before [3].  

After the changes are identified, then other components that will be affected by the changes are found.  These are also re-tested to make sure they still work correctly.  Not testing affected components means taking a risk and possibly sending out software with potential errors that may cause drastic results.  

Sometimes, components have a way of getting used to the test cases and seem to not produce accurate results.  If old test cases are used, then there needs to be some changes to the order of them so that correct results will appear [3].  Since the test cases are re-used, it is important to randomize these tests so that the output will still produce results and so that the system won’t get used to the inputs [5].  Not a whole lot of knowledge goes into retesting components, just someone who will be capable of executing the test cases.  The main objective of regression testing is making sure changed components and affected components are still working.  

4.6 Object Distribution Testing


Object testing tests the client to server architecture [4].  Client/server architectures all work around a thread, which is an execution within an operating system [4].  A thread contains its own data and a program counter.  When threads interact with object, they have to be synchronized in a specific order [4].  Only when objects interacts with each other does any possible defects of the synchronization occur [4].  


Testing will require a test case to be able to create multiple threads to make sure that synchronization is properly used [4].  Java has a keyword that is able to synchronize, but C++ doesn’t have a keyword [1].  C++ still does have the ability to synchronize when the creation of an instance for a monitor object is used [1].

4.7 System Testing


System testing is performed when the whole application is finished.  System testing consists of not only testing the application, but the operating system, virtual machines, web browsers, and hardware [4].  At this point in the software development system, there should be executable code available.  


Testing during this point is revealed as not only testing for defects in the program, but to test for problems with the operation of the system and the requirements for the system [5].  Back in the beginning of the software life cycle, the problems that were stated during the requirements stage each had a solution created during the analysis and design stages [4].  Testers are also making sure that there are no big gaps from the requirements and specifications made in the beginning of the development cycle [4].  


A system test plan is more detailed than the component plans used for the other forms of testing.  In this plan, all actions towards testing are defining the program as a whole [4].  Now, the program is used as future customers suppose it to.  Testers will make sure that the program, a game for example, will provide the entertainment for the customers or any other specifications and requirements that were produced in the first stage of the software development process.  Other programs on the computer will be executed to see if they interfere with the program environment [4].  


A technique, Orthogonal Defect Classification, developed by IBM is used for finding the faults that are in the software system [4].  Work Volume/Stress, Normal Mode, Recovery/Exception, Startup/Restart, Hardware Configuration, and Software configuration are the categories where faults are likely to occur.  Recovery is used so that the program will effectively catch an exception to avoid an error [4].  Hardware and Software configurations are important because not all users will have the same system with the same hardware.   This is important throughout testing also, because developers and testers should keep in mind that potential users won’t have the best equipment in their computer.  Not keeping in mind that all users will contain varied hardware and software will of course produce passing results for all test cases [4].


Stress testing is use all the resources of the computer to see how well the software will work under those conditions.  Techniques that would contribute to the stress of the software system are filling up the RAM memory with objects, filling up the hard drive with files, or filling internal data structures [4].  An unusual test that seems to be the favorite of the authors is moving the mouse back and forth really fast.  This causes the move-queue to overflow causing a program to crash if not handled properly [4].


There are other examples of stress testing that are implemented.  Classes that are to have a large number of instances are to be tested to make sure the program won’t crash due to the large amount of stress caused [4].  Another common problem that may be overlooked is when an object may reference to a video clip.  Although it is just a reference, the video clip will be put into memory possibly causing the computer to crash because of low memory [4].  Another overlooked problem is that sometimes programs will have to look up data that begins to grow over the years [4].  A business might need to be able to look up over five years of data when they use the program.  This type of problem can be tested better using life-cycle testing.  


There are two types of life cycles.  The first one is domain life cycle, which is used when key processes of a program are implemented [4].  Key processes can be when the software is going to run through a years worth of data.  Life-cycle testing involves being able to incorporate the huge loads of data that may be run using the software.  


What also needs to be tested before deployment is the software’s ability to install and uninstall.  The installer program should be easy to use and informative [4].  The uninstaller program should be just as easy and be able to return all used space back to the system.  No files or folders should be left when the program has finished uninstalling the software [4].  If that has not happened, then the test has failed.


There are other tests that are involved during the system testing phase.  Acceptance testing and deployment testing are the last tests that will be involved with the software.  

4.7.1 Acceptance Testing 


The customer at the customer location does acceptance testing before the software is ready to be deployed.  It’s basically a form of system testing [4].  The customer tests the program to make sure it is executing the way it is supposed to.  Not all customers require this but it is an option in development contracts [4].  


Acceptance testing is also a variation of user testing.  The actual users or testers can develop some of the user tests.  Some tests that users will perform are the stress tests.  Developers might thoroughly create a test case with such detail that all a user would do is execute it and report back the results [2].  These test cases only prove to be worthwhile if it is a way to provide a demonstration to users [2].  Beta tests are executed by letting the user use the software without specific test cases in mind.  The use of this type of test is cheap and effective, but can be expensive to give out to users when needing to get back the results [4].  

4.7.2 Deployment Testing



Deployment testing involves testing the software package for deployment as well as the packaging for the software system.  The packaging system must contain the proper information for installing the software [5].  Testing also ensures that the product is in working condition and the software systems variations that it will work on properly [5].  


The first test is a full installation of the software [4].  Other subsequent tests will be ones where only certain options of the software are installed.  Interactions between operations are important [4].  If certain options are not selected, testing is done to ensure that certain libraries and drivers won’t be installed for that unchecked option [4].  


Kaner believes that software is ready to be released when:

“it provides enough of the features, delivers enough of the benefits…, is documented well enough for the user, …has been sufficiently instrumented, documented, and troubleshot to be ready for field or phone support, is sufficiently ready for maintenance, localization or porting to the next environment, … and has few enough bugs [1].”

The software product must be able to work well enough in the field to work satisfactorily.  

Software testing is a part of the software development process, but still works throughout the whole process.  Without this, then development costs would be higher because of having to backtrack all errors back near the beginning.  Since each testing process requires a test plan before testing begins, it is required that each end with a test evaluation that reveals whether or not to test again.

5.  Test Evaluation


The purpose of the test evaluation process is to make sure the testing process is done and it also gives the tester the opportunity to refine their testing process to make sure quality is not lost [1].  Sometimes after reviewing the process, a tester might need to test again due to differences of the testing result.  A document will be created to include all information about the test process.  

5.1 Test Evaluation Document

The test evaluation document will contain a list of all failed tests along with possible faults (if known) [5].  The document contains the steps done to produces errors. In Object Oriented Software Testing, Siegel discusses that the root causal analysis is used to determine whether or not the ways the testing process can be improved [5].  The parts of the test scripts most important are those that will be used in following regression testing suites [5].  

The test evaluation document contains the information on the type of test executed and results of the test [5].  The author of the document will also include opportunities for changes on test approach optimization, test content optimization, and test optimization.

5.1.1 Fault Analysis

Fault analysis involves separating the faults from the failures [5].  Failures are the actual tests that failed because they didn’t adhere to the specifications when executed.  Testers have to compare the expected results to the results that came from the tests.  Testers should then investigate into each failure and try to figure out what the faults may be from each failed test case [5].  

The faults list is the next step from the failure list.  The fault will be actual code, design, or requirements that are the found to be the causes of the failures.  Not all faults can be found and Siegel believes this is okay because this can go back to the developer and they can obtain the job of figuring out what went wrong where [5].  

5.1.2 Test completion status


In order to make a decision on whether or not testing is finished; the test metrics of the testing process needs to be investigated [5].  The test metrics are all the data that has been collected throughout the testing process.  They include statistics of the number of failures and model coverage.  The results of the test need to be judged for quality.  This is compared to the specifications and objectives that went in the test plan.  Only two different outcomes can come from this.


If the objectives were not met and there are still some unanswered questions, then the test process is not complete [5].  The next step would be going right into the test approach and test content.  This is where the testing process will be refined so that the objectives of the test plan will be completely met.  If the objectives were met, then the decision must be made on whether or not the test should be expanded.


A good way to figure out on expanding the test process is to compare the original test plan to a test standard for the particular test.  Comparing the test plan to the standard will give an idea on whether or not there was enough time spent on the test process.  Test processes should be run at least once.  After the decision has been made, then the next step is evaluating the faults and failures of the test process.  

5.1.3 Root Causal Analysis


This phase of the evaluation usually requires more than one person working on the ideas on the causes for the failures and faults [5].  The main part of the causal analysis is the problem statement.  Secondary parts are some categories to be investigated and the rest will be the potential causes of the problem [5].  All members in the group just keep asking “why” in all categories until it cannot be answered anymore.  

5.1.4 Test approach optimization

Now that the root causes are identified, any ways of making the test approach better is now going to be implemented.  Testers will check and make sure that certain risks are applied in the approach.  The objectives of the test case during the different parts of the quality system need to be re-examined so that they still are following the initial objectives.  Any changes need to be recorded into the evaluation document [5].  Once the approach is re-evaluated, then the content to the test is evaluated.

5.1.5 Test content optimization

Testers will apply the new approach to the models and decide whether or not the model should change [5].  Technical components should be looked at to see if the content used should be changed or not.  The amount of failures against that certain test should play a factor in the decision process.  After model changes have been decided, they should be listed in the evaluation document.  

5.1.6 Optimization Approach as a whole


Now the whole process of optimizing the test should be evaluated as a whole.  Now the approach to wanting to update and change the test process needs to be looked over.  Testers will now evaluate the process they took for optimizing their test process [5].  Most of the time this part isn’t changed so much.

5.2 What to do with the Test evaluation document

The test evaluation document needs to be reviewed to make sure that it contains all information about optimizing the test process [5].  Changes in the optimization in this document will only pertain towards the quality of the approaches modified [2]. 

5.3 Relating back to the software development process (release date)

Now that the document is ready, testers will use this as a way to decide whether or not to test again using the same testing method.  If the types of testing are ones that are earlier in the software development, then more testing will resume and possibly coding will begin on the specific component.  If the testing is later in the process where the actual code is being tested, it may become a little more difficult.  If the release date is quickly approaching and testing is still being implemented in the system testing phase, there is the decision on whether or not the release date should be pushed back.  If a tester feels comfortable enough with their test process as described in the evaluation document, then there should be now problem moving on to the next stage in the development process of the software to actually let it go out to customers.  This will be a decision that rests on project managers with the help of evaluation documents and the results of all tests.

7.  Conclusion
The job of a software test is difficult and requires a lot of critical thinking.  A tester’s knowledge is just the same as one of a developer and must also contain intuitive thinking to find unknown bugs in a program.  A software tester has the job of trying to break the developer’s code by finding errors.  Finding these errors early in the software development process will cost less and might save time in the end.  

There is not one testing process for every software and this is what makes a tester’s job difficult. Because not all of the testing processes will work the same, it’s the role of the tester to decide which will work best.  Programs are not as easy as they were before.  Nowadays they contain millions of lines of code that need to be tested.  With object-oriented programming, new aspects have been introduced and testing processes have been refined.  All that can be done is practice, experience, and patience in ensuring that the software will perform without great error.
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Appendix





1.  Object-oriented programming involves more aspects than non-object oriented programming.  These aspects are what make object oriented testing different.  What are some differences and explain why they may make testing different?


	Object oriented programming is different because it is a language based on objects.  These objects have different ways of being implemented as do they have different characteristics.  These differences are the ability of turning objects into classes where they can be inherited and have other classes derived from them.  Some components of classes have the ability to be hidden from the main program where it’s unknown how the implementation of it is used.  Testing will be different because these instances of objects need to work correctly first in order for anything else beyond it to be tested.  





2.  The motto “Test early” was mentioned more than once, why is this important and how does this relate to the software development process?


	Testing early will cause fewer errors to appear out of nowhere in the final stages of the software development process.  It’s very important because the cost of testing early will be much lower in the beginning because there are fewer models to work from.  Finding errors later in the development process will cause each prior stage for the error-filled component to be re-evaluated and then changed.  If going back to the beginning for a component is highly necessary while it is currently in a far later stage, it will cost a lot more money and lots of time will be lost.  





3.  Quality assurance in software development is important.  What is a common misunderstanding of quality assurance and what problems may arise from it?


	The misunderstanding about quality assurance is that testers are believed to be the only ones who are involved in making sure that quality exists in the product.  Problems that will arise from it are that other developers and managers are assumed to not care about it, causing their jobs to be not concerned about the customer viewpoint on their work.  Any problems that may occur after deployment with the software are considered to be the tester’s fault as it is their job to look out for this sort of problem.  A solution to this problem is to realize that all individuals who are working on software must be able to keep quality in mind when they are working.   





4.  Name three types of software testing processes and how each is different.


	Three types of software testing are class testing, regression testing, and system testing.  Class testing is the testing of the class as a system by itself.  All aspects of the class are tested by creating an instance of the program where it own operations will be used as a way to compare the inputs to the preconditions and the outputs to the postconditions.  Regression testing is used when a component has changed and the testing is done to assure that it still works after changes have occurred.  Test cases can be re-used unless changes to specific requirements of the component will change to the postcondition.  System testing involves not only testing the software itself as a whole, but also testing the environment that it will be used in.  This means that the operating system, the hardware and software, and possible web browsers will have to be tested to insure that the program will still work correctly.





5.  Explain the significance of a test evaluation document and what may come of it.


	The significance of a test evaluation document is to determine whether or not the test case for a component has been thoroughly tested.  Depending on the number of failures and successes of the test cases, testers will use the document to decide if the tests need to be re-executed.  If so, then the approach and content of the test is examined to see if the test itself was the problem to the failures.  It not only gives the status of the test case being implemented, it is a way for testers to examine their own testing process.








