
OBJECTIVE ORIANTED SOFTWAER TESTING

Topic Objective:

At the end of this topic the student will be able to understand:

 What is Testing?

 Software testing topics

 Testing methods

 Testing process

Definition/Overview:

Overview: Software Testing is an empirical investigation conducted to provide stakeholders

with information about the quality of the product or service under test, with respect to the

context in which it is intended to operate. This includes, but is not limited to, the process of

executing a program or application with the intent of finding software bugs.

Key Points:

1. What Software Testing Is and Isn't

Testing can never completely establish the correctness of computer software. Instead, it

furnishes a criticism or comparison that compares the state and behaviour of the product

against oraclesprinciples or mechanisms by which someone might recognize a problem.

These oracles may include (but are not limited to) specifications, comparable products, past

versions of the same product, inferences about intended or expected purpose, user or

customer expectations, relevant standards, applicable laws, or other criteria.

The separation of debugging from testing was initially introduced by Glenford J. Myers in

1979. Although his attention was on breakage testing ("a successful test is one that finds a

bug"[citation needed]), it illustrated the desire of the software engineering community to

separate fundamental development activities, such as debugging, from that of verification.

Dave Gelperin and William C. Hetzel classified in 1988 the phases and goals in software

testing in the following stages:

 Until 1956 - Debugging oriented
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 1957-1978 - Demonstration oriented

 1979-1982 - Destruction oriented

 1983-1987 - Evaluation oriented

 1988-2000 - Prevention oriented

Over its existence, computer software has continued to grow in complexity and size. Every

software product has a target audience. For example, the audience for video game software is

completely different from banking software. Therefore, when an organization develops or

otherwise invests in a software product, it presumably must assess whether the software

product will be acceptable to its end users, its target audience, its purchasers, and other

stakeholders. Software testing is the process of attempting to make this assessment.

A study conducted by NIST in 2002 reports that software bugs cost the U.S. economy $59.5

billion annually. More than a third of this cost could be avoided if better software testing was

performed.

2. Overview of Our Testing Approach

2.1 Scope

A primary purpose for testing is to detect software failures so that defects may be

uncovered and corrected. This is a non-trivial pursuit. Testing cannot establish that a

product functions properly under all conditions but can only establish that it does not

function properly under specific conditions. The scope of software testing often

includes examination of code as well as execution of that code in various

environments and conditions as well as examining the aspects of code: does it do what

it is supposed to do and do what it needs to do. In the current culture of software

development, a testing organization may be separate from the development team.

There are various roles for testing team members. Information derived from software

testing may be used to correct the process by which software is developed.

2.2 Defects and failures

Not all software defects are caused by coding errors. One common source of

expensive defects is caused by requirements gaps, e.g., unrecognized requirements,

that result in errors of omission by the program designer. A common source of
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requirements gaps is non-functional requirements such as testability, scalability,

maintainability, usability, performance, and security.

Software faults occur through the following process. A programmer makes an error

(mistake), which results in a defect (fault, bug) in the software source code. If this

defect is executed, in certain situations the system will produce wrong results, causing

a failure. Not all defects will necessarily result in failures. For example, defects in

dead code will never result in failures. A defect can turn into a failure when the

environment is changed. Examples of these changes in environment include the

software being run on a new hardware platform, alterations in source data or

interacting with different software. A single defect may result in a wide range of

failure symptoms.

2.3 Compatibility

A frequent cause of software failure is compatibility with another application or new

operating system (or, increasingly web browser version). In the case of lack of

backward compatibility this can occur because the programmers have only considered

coding the programs for, or testing the software, on the latest operating system they

have access to or else, in isolation (no other conflicting applications running at the

same time) or under 'ideal' conditions ('unlimited' memory; 'superfast' processor; latest

operating system incorporating all updates, etc). In effect, everything is running "as

intended" but only when executing at the same time on the same machine with the

particular combination of software and/or hardware. These are some of the hardest

failures to predict, detect and test for and many are therefore discovered only after

release into the larger world with its largely unknown mix of applications, software

and hardware. It is likely that an experienced programmer will have had exposure to

these factors through "co-evolution" with several older systems and be much more

aware of potential future compatibility problems and therefore tend to use tried and

tested functions or instructions rather than always the latest available which may not

be fully compatible with earlier mixtures of software/hardware. This could be

considered a prevention oriented strategy that fits well with the latest testing phase.
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2.4 Input combinations and preconditions

A problem with software testing is that testing under all combinations of inputs and

preconditions (initial state) is not feasible, even with a simple product. This means

that the number of defects in a software product can be very large and defects that

occur infrequently are difficult to find in testing. More significantly, non-functional

dimensions of quality (how it is supposed to be versus what it is supposed to do) -- for

example, usability, scalability, performance, compatibility, reliability -- can be highly

subjective; something that constitutes sufficient value to one person may be

intolerable to another.

2.5 Static vs. dynamic testing

There are many approaches to software testing. Reviews, walkthroughs or inspections

are considered as static testing, whereas actually executing programmed code with a

given set of test cases is referred to as dynamic testing. The former can be, and

unfortunately in practice often is, omitted, whereas the latter takes place when

programs begin to be used for the first time - which is normally considered the

beginning of the testing stage. This may actually begin before the program is 100%

complete in order to test particular sections of code (modules or discrete functions).

For example, Spreadsheet programs are, by their very nature, tested to a large extent

"on the fly" during the build process as the result of some calculation or text

manipulation is shown interactively immediately after each formula is entered.

2.6 The software testing team

Software testing can be done by software testers. Until the 1950s the term "software

tester" was used generally, but later it was also seen as a separate profession.

Regarding the periods and the different goals in software testing there have been

established different roles: test lead/manager, test designer, tester, test

automater/automation developer, and test administrator.

2.7 Software Testing (Testing)

Though controversial, software testing may be viewed as an important part of the

software testing (Testing) process.[citation needed] In Testing, software process
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specialists and auditors take a broader view on software and its development. They

examine and change the software engineering process itself to reduce the amount of

faults that end up in defect rate. What constitutes an acceptable defect rate depends on

the nature of the software. An arcade video game designed to simulate flying an

airplane would presumably have a much higher tolerance for defects than mission

critical software such as that used to control the functions of an airliner. Although

there are close links with Testing, testing departments often exist independently, and

there may be no Testing function in some companies.

Software Testing is a task intended to detect defects in software by contrasting a

computer program's expected results with its actual results for a given set of inputs.

By contrast, QA is the implementation of policies and procedures intended to prevent

defects from occurring in the first place.

3. The Testing Perspective

Software testing methods are traditionally divided into black box testing and white box

testing. These two approaches are used to describe the point of view that a test engineer takes

when designing test cases.

3.1 Black box testing

Black box testing treats the software as a black box without any knowledge of internal

implementation. Black box testing methods include equivalence partitioning,

boundary value analysis, all-pairs testing, fuzz testing, model-based testing,

traceability matrix, exploratory testing and specification-based testing.

Specification-based testing aims to test the functionality according to the

requirements. Thus, the tester inputs data and only sees the output from the test

object. This level of testing usually requires thorough test cases to be provided to the

tester who then can simply verify that for a given input, the output value (or

behavior), is the same as the expected value specified in the test case. Specification-

based testing is necessary but insufficient to guard against certain risks.

The black box tester has no "bonds" with the code, and a tester's perception is very

simple: a code MUST have bugs. Using the principle, "Ask and you shall receive,"
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black box testers find bugs where programmers don't. BUT, on the other hand, black

box testing is like a walk in a dark labyrinth without a flashlight, because the tester

doesn't know how the back end was actually constructed. That's why there are

situations when 1. A black box tester writes many test cases to check something that

can be tested by only one test case and/or 2. Some parts of the back end are not tested

at all

3.2 White box testing

White box testing (a.k.a. clear box testing, glass box testing, transparent box testing,

translucent box testing or structural testing) uses an internal perspective of the system

to design test cases based on internal structure. It requires programming skills to

identify all paths through the software. The tester chooses test case inputs to exercise

paths through the code and determines the appropriate outputs. In electrical hardware

testing, every node in a circuit may be probed and measured; an example is in-circuit

testing (ICT).

Since the tests are based on the actual implementation, if the implementation changes,

the tests probably will need to change, too. For example ICT needs updates if

component values change, and needs modified/new fixture if the circuit changes. This

adds financial resistance to the change process, thus buggy products may stay buggy.

Automated optical inspection (AOI) offers similar component level correctness

checking without the cost of ICT fixtures, however changes still require test updates.

While white box testing is applicable at the unit, integration and system levels of the

software testing process, it is typically applied to the unit. While it normally tests

paths within a unit, it can also test paths between units during integration, and

between subsystems during a system level test. Though this method of test design can

uncover an overwhelming number of test cases, it might not detect unimplemented

parts of the specification or missing requirements, but one can be sure that all paths

through the test object are executed.
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3.3 Grey Box Testing

In recent years the term grey box testing has come into common usage. This involves

having access to internal data structures and algorithms for purposes of designing the

test cases, but testing at the user, or black-box level.

Manipulating input data and formatting output do not qualify as grey-box because the

input and output are clearly outside of the black-box we are calling the software under

test. This is particularly important when conducting integration testing between two

modules of code written by two different developers, where only the interfaces are

exposed for test. Grey box testing may also include reverse engineering to determine,

for instance, boundary values or error messages.

3.4 Acceptance testing

Acceptance testing generally involves running a suite of tests on the completed

system. Each individual test, known as a case, exercises a particular operating

condition of the user's environment or feature of the system, and will result in a pass

or fail boolean outcome. There is generally no degree of success or failure. The test

environment is usually designed to be identical, or as close as possible, to the

anticipated user's environment, including extremes of such. These test cases must

each be accompanied by test case input data or a formal description of the operational

activities (or both) to be performedintended to thoroughly exercise the specific

caseand a formal description of the expected results.

Acceptance Tests/Criterion (in Agile Software Development) are usually created by

business customers and expressed in a business domain language. These are high

level tests to test the completeness of a user story or stories 'played' during any

sprint/iteration. These tests are created ideally through collaboration between business

customers, business analysts, testers and developers, however the business customers

(product owners) are the primary owners of these tests. As the user stories pass their

acceptance criteria, the business owners can be sure of the fact that the developers are

progressing in the right direction about how the application was envisaged to work

and so it's essential that these tests include both business logic tests as well as UI

validation elements (if need be).
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Acceptance test cards are ideally created during sprint planning or iteration planning

meeting, before development begins so that the developers have a clear idea of what

to develop. Sometimes (due to bad planning!) acceptance tests may span multiple

stories (that are not implemented in the same sprint) and there are different ways to

test them out during actual sprints. One popular technique is to mock external

interfaces or data to mimick other stories which might not be played out during an

iteration (as those stories may have been relatively lower business priority). A user

story is not considered complete until the acceptance tests have passed.

3.5 Regression Testing

Regression testing is any type of software testing which seeks to uncover software

regressions. Such regressions occur whenever software functionality that was

previously working correctly stops working as intended. Typically regressions occur

as an unintended consequence of program changes. Common methods of regression

testing include re-running previously run tests and checking whether previously fixed

faults have re-emerged.

Experience has shown that as software is developed, this kind of reemergence of

faults is quite common. Sometimes it occurs because a fix gets lost through poor

revision control practices (or simple human error in revision control), but often a fix

for a problem will be "fragile" in that it fixes the problem in the narrow case where it

was first observed but not in more general cases which may arise over the lifetime of

the software. Finally, it has often been the case that when some feature is redesigned,

the same mistakes will be made in the redesign that were made in the original

implementation of the feature.

Therefore, in most software development situations it is considered good practice that

when a bug is located and fixed, a test that exposes the bug is recorded and regularly

retested after subsequent changes to the program. Although this may be done through

manual testing procedures using programming techniques, it is often done using

automated testing tools. Such a test suite contains software tools that allow the testing

environment to execute all the regression test cases automatically; some projects even

set up automated systems to automatically re-run all regression tests at specified

intervals and report any failures (which could imply a regression or an out-of-date
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test). Common strategies are to run such a system after every successful compile (for

small projects), every night, or once a week. Those strategies can be automated by an

external tool, such as BuildBot.

Regression testing is an integral part of the extreme programming software

development method. In this method, design documents are replaced by extensive,

repeatable, and automated testing of the entire software package at every stage in the

software development cycle.

Effective regression tests generate sufficient code execution coverage to exercise all

meaningful code branches. Therefore, software testing is a combinatorial problem.

However, in practice many combinations are unreachable so the problem size is

greatly reduced. Every boolean decision statement requires at least two tests: one with

an outcome of "true" and one with an outcome of "false". As a result, for every line of

code written, programmers often need 3 to 5 lines of test code.

Traditionally, in the corporate world, regression testing has been performed by a

software testing team after the development team has completed work. However,

defects found at this stage are the most costly to fix. This problem is being addressed

by the rise of developer testing. Although developers have always written test cases as

part of the development cycle, these test cases have generally been either functional

tests or unit tests that verify only intended outcomes. Developer testing compels a

developer to focus on unit testing and to include both positive and negative test cases

3.6 Non Functional Software Testing

Special methods exist to test non-functional aspects of software.

o Performance testing checks to see if the software can handle large quantities of

data or users. This is generally referred to as software scalability. This activity

of Non Functional Software Testing is often times referred to as Load Testing.

o Usability testing is needed to check if the user interface is easy to use and

understand.
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o Security testing is essential for software which processes confidential data and

to prevent system intrusion by hackers.

o Internationalization and localization is needed to test these aspects of software,

for which a pseudolocalization method can be used.

In contrast to functional testing, which establishes the correct operation of the

software (correct in that it matches the expected behavior defined in the design

requirements), non-functional testing verifies that the software functions properly

even when it receives invalid or unexpected inputs. Software fault injection, in the

form of fuzzing is an example of non-functional testing. Non-functional testing,

especially for software, is designed to establish whether the device under test can

tolerate invalid or unexpected inputs, thereby establishing the robustness of input

validation routines as well as error-handling routines. Various commercial non-

functional testing tools are linked from the Software fault injection page; there are

also numerous open-source and free software tools available that perform non-

functional testing.

4. Testing process

A common practice of software testing is performed by an independent group of testers after

the functionality is developed before it is shipped to the customer. This practice often results

in the testing phase being used as project buffer to compensate for project delays, thereby

compromising the time devoted to testing. Another practice is to start software testing at the

same moment the project starts and it is a continuous process until the project finishes.

In counterpoint, some emerging software disciplines such as extreme programming and the

agile software development movement, adhere to a "test-driven software development"

model. In this process unit tests are written first, by the software engineers (often with pair

programming in the extreme programming methodology). Of course these tests fail initially;

as they are expected to. Then as code is written it passes incrementally larger portions of the

test suites. The test suites are continuously updated as new failure conditions and corner cases

are discovered, and they are integrated with any regression tests that are developed. Unit tests

are maintained along with the rest of the software source code and generally integrated into
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the build process (with inherently interactive tests being relegated to a partially manual build

acceptance process). Testing can be done on the following levels:

 Unit testing tests the minimal software component, or module. Each unit (basic component)

of the software is tested to verify that the detailed design for the unit has been correctly

implemented. In an object-oriented environment, this is usually at the class level, and the

minimal unit tests include the constructors and destructors.

 Integration testing exposes defects in the interfaces and interaction between integrated

components (modules). Progressively larger groups of tested software components

corresponding to elements of the architectural design are integrated and tested until the

software works as a system.

 System testing tests a completely integrated system to verify that it meets its requirements.

 System integration testing verifies that a system is integrated to any external or third party

systems defined in the system requirements.

Before shipping the final version of software, alpha and beta testing are often done

additionally:

 Alpha testing is simulated or actual operational testing by potential users/customers or an

independent test team at the developers' site. Alpha testing is often employed for off-the-shelf

software as a form of internal acceptance testing, before the software goes to beta testing.

 Beta testing comes after alpha testing. Versions of the software, known as beta versions, are

released to a limited audience outside of the programming team. The software is released to

groups of people so that further testing can ensure the product has few faults or bugs.

Sometimes, beta versions are made available to the open public to increase the feedback field

to a maximal number of future users.

Finally, acceptance testing can be conducted by the end-user, customer, or client to validate

whether or not to accept the product. Acceptance testing may be performed as part of the

hand-off process between any two phases of development.

After modifying software, either for a change in functionality or to fix defects, a regression

test re-runs previously passing tests on the modified software to ensure that the modifications

haven't unintentionally caused a regression of previous functionality. Regression testing can

be performed at any or all of the above test levels. These regression tests are often automated.
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More specific forms of regression testing are known as sanity testing, when quickly checking

for bizarre behavior, and smoke testing when testing for basic functionality. Benchmarks may

be employed during regression testing to ensure that the performance of the newly modified

software will be at least as acceptable as the earlier version or, in the case of code

optimization, that some real improvement has been achieved.

Topic : The Testing Perspective

Topic Objective:

At the end of this topic the student will be able to understand:

 Object-Oriented Concepts

 Testing Perspective

 Design Models

 Object-Oriented Programming Paradigm

 Polymorphism

Definition/Overview:

Overview: A programming language can support multiple paradigms. For example programs

written in C++ or Object Pascal can be purely procedural, or purely object-oriented, or

contain elements of both paradigms. Software designers and programmers decide how to use

those paradigm elements. Object-oriented programming (OOP) is a programming paradigm

that uses "objects" and their interactions to design applications and computer programs.

Programming techniques may include features such as encapsulation, modularity,

polymorphism, and inheritance. It was not commonly used in mainstream software

application development until the early 1990s. Many modern programming languages now

support OOP.
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Key Points:

1. Object-Oriented Concepts

Object-oriented programming can trace its roots to the 1960s. As hardware and software

became increasingly complex, quality was often compromised. Researchers studied ways to

maintain software quality and developed object-oriented programming in part to address

common problems by strongly emphasizing discrete, reusable units of programming logic.

The methodology focuses on data rather than processes, with programs composed of self-

sufficient modules (objects) each containing all the information needed to manipulate its own

data structure.

The Simula programming language was the first to introduce the concepts underlying object-

oriented programming (objects, classes, subclasses, virtual methods, coroutines, garbage

collection, and discrete event simulation) as a superset of Algol. Simula was used for physical

modeling, such as models to study and improve the movement of ships and their content

through cargo ports. Smalltalk was the first programming language to be called "object-

oriented".

OOP may be seen as a collection of cooperating objects, as opposed to the more conventional

model, in which a program is seen as a list of tasks (subroutines) to perform. In OOP, each

object is capable of receiving messages, processing data, and sending messages to other

objects.

Each object can be viewed as an independent machine with a distinct role or responsibility.

The actions (or "operators") on the objects are closely associated with the object. For

example, the data structures tend to carry their own operators around with them (or at least

"inherit" them from a similar object or class). The conventional approach tends to consider

data and behavior separately.

2. Testing Perspective

The concept of objects and instances in computing had its first major breakthrough with the

PDP-1 system at MIT which was probably the earliest example of capability based

architecture. Another early example was Sketchpad made by Ivan Sutherland in 1963;

however, this was an application and not a programming paradigm. Objects as programming
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entities were introduced in the 1960s in Simula 67, a programming language designed for

making simulations, created by Ole-Johan Dahl and Kristen Nygaard of the Norwegian

Computing Centerin Oslo. (They were working on ship simulations, and were confounded by

the combinatorial explosion of how the different attributes from different ships could affect

one another. The idea occurred to group the different types of ships into different classes of

objects, each class of objects being responsible for defining its own data and

behavior.)[citation needed] Such an approach was a simple extrapolation of concepts earlier

used in analog programming. On analog computers, mapping from real-world

phenomena/objects to analog phenomena/objects (and conversely), was (and is) called

'simulation'. Simula not only introduced the notion of classes, but also of instances of classes,

which is probably the first explicit use of those notions. The ideas of Simula 67 influenced

many later languages, especially Smalltalk and derivatives of Lisp and Pascal.

The Smalltalk language, which was developed at Xerox PARC in the 1970s, introduced the

term object-oriented programming to represent the pervasive use of objects and messages as

the basis for computation. Smalltalk creators were influenced by the ideas introduced in

Simula 67, but Smalltalk was designed to be a fully dynamic system in which classes could

be created and modified dynamically rather than statically as in Simula 67. Smalltalk and

with it OOP were introduced to a wider audience by the August 1981 issue of Byte magazine.

In the 1970s, Kay's Smalltalk work had influenced the Lisp community to incorporate object-

based techniques which were introduced to developers via the Lisp machine. In the 1980s,

there were a few attempts to design processor architectures which included hardware support

for objects in memory but these were not successful. Examples include the Intel iAPX 432

and the Linn Smart Rekursiv.

Object-oriented programming developed as the dominant programming methodology during

the mid-1990s, largely due to the influence of C++[citation needed]. Its dominance was

further enhanced by the rising popularity of graphical user interfaces, for which object-

oriented programming seems to be well-suited. An example of a closely related dynamic GUI

library and OOP language can be found in the Cocoa frameworks on Mac OS X, written in

Objective C, an object-oriented, dynamic messaging extension to C based on Smalltalk. OOP

toolkits also enhanced the popularity of event-driven programming (although this concept is

not limited to OOP). Some feel that association with GUIs (real or perceived) was what

propelled OOP into the programming mainstream.
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At ETH Zrich, Niklaus Wirth and his colleagues had also been investigating such topics as

data abstraction and modular programming. Modula-2 included both, and their succeeding

design, Oberon, included a distinctive approach to object orientation, classes, and such. The

approach is unlike Smalltalk, and very unlike C++.

Object-oriented features have been added to many existing languages during that time,

including Ada, BASIC, Fortran, Pascal, and others. Adding these features to languages that

were not initially designed for them often led to problems with compatibility and

maintainability of code.

In the past decade Java has emerged in wide use partially because of its similarity to C and to

C++, but perhaps more importantly because of its implementation using a virtual machine

that is intended to run code unchanged on many different platforms. This last feature has

made it very attractive to larger development shops with heterogeneous environments.

Microsoft's .NET initiative has a similar objective and includes/supports several new

languages, or variants of older ones, and also uses the idea of a virtual machine, which

enables it to run on other platforms besides Microsoft's (one implementation for Linux and

Mac OS X being the Mono Project).

More recently, a number of languages have emerged that are primarily object-oriented yet

compatible with procedural methodology, such as Python and Ruby. Probably the most

commercially important recent object-oriented languages are Visual Basic .NET (VB.NET)

and C#, both designed for Microsoft's .NET platform, and Java, developed by Sun

Microsystems. VB.NET and C# both support cross-language inheritance, allowing classes

defined in one language to subclass classes defined in the other language. Recently many

universities have begun to teach Object-oriented design in introductory computer science

classes.

Just as procedural programming led to refinements of techniques such as structured

programming, modern object-oriented software design methods include refinements such as

the use of design patterns, design by contract, and modeling languages (such as UML).
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3. Design Models

There are a number of programming challenges which a developer encounters regularly in

object-oriented design. There are also widely accepted solutions to these problems. The best

known are the design patterns codified by Gamma et al, but in a broader sense the term

"design patterns" can be used to refer to any general, repeatable solution to a commonly

occurring problem in software design. Some of these commonly occurring problems have

implications and solutions particular to object-oriented development.

3.1 Gang of Four design patterns

Design Patterns: Elements of Reusable Object-Oriented Software is an influential book

published in 1995 by Erich Gamma, Richard Helm, Ralph Johnson, and John Vlissides,

sometimes casually called the "Gang of Four". Along with exploring the capabilities

and pitfalls of object-oriented programming, it describes 23 common programming

problems and patterns for solving them. As of April 2007, the book was in its 36th

printing.

3.2 Object-orientation and databases

Both object-oriented programming and relational database management systems

(RDBMSs) are extremely common in software today. Since relational databases don't

store objects directly (though some RDBMSs have object-oriented features to

approximate this), there is a general need to bridge the two worlds. There are a number

of widely used solutions to this problem. One of the most common is object-relational

mapping, as found in libraries like Java Data Objects and Ruby on Rails' ActiveRecord.

There are also object databases which can be used to replace RDBMSs, but these have

not been as commercially successful as RDBMSs.

4. Object-Oriented Programming Paradigm

Initially, computers were programmed using binary code that represented control sequences

fed to the computer CPU. This was difficult and error-prone. Programs written in binary are

said to be written in machine code, which is a very low-level programming paradigm.
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To make programming easier, assembly languages were developed. These replaced machine

code functions with mnemonics and memory addresses with labels. Assembly language

programming is also a low-level paradigm although it is a second generation paradigm.

Although assembly language is an improvement over machine code, it is still prone to errors,

and difficult to debug and maintain.

The next advance was the development of procedural languages. These third-generation

languages, the first described as high-level languages, use vocabulary related to the problem

being solved. For example, COBOL (Common Business Oriented Language) uses terms like

file, move and copy.

FORTRAN (FORmula TRANslation) and ALGOL (ALGOrithmic Language) were

developed mainly for scientific and engineering problems, although one of the ideas behind

the development of ALGOL was that it was an appropriate language to define algorithms.

BASIC (Beginners All purpose Symbolic Instruction Code) was developed to enable more

people to write programs. All these languages follow the procedural paradigm. That is, they

describe, step by step, exactly the procedure that should be followed to solve a problem.

The problem with procedural languages is that it can be difficult to reuse code and to modify

solutions when better methods of solution are developed. In order to address these problems,

object-oriented languages (like Eiffel, Smalltalk and Java) were developed. In these

languages data, and methods of manipulating the data, are kept as a single unit called an

object. The only way that a user can access the data is via the object's methods. This means

that, once an object is fully working, it cannot be corrupted by the user. It also means that the

internal workings of an object may be changed without affecting any code that uses the

object.

A further advance was made when declarative programming paradigms were developed. In

these languages the computer is told what the problem is, not how to solve the problem.

Given a database or a set of rules, the computer searches for a solution. In declarative

programs, the computer is not given a procedure to follow. Instead, the desired results are

described directly. One example is XAML (pronounced zammel [ˈzmɫ̩]), a declarative

language used to describe user interfaces in Silverlight and WPF.
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Another recent programming paradigm is functional programming. Programs written using

this paradigm use functions, which may call other functions (including themselves). These

functions have inputs and outputs. Variables, as used in procedural languages, are not used in

functional languages. Functional languages make a great deal of use of recursion.

5. Polymorphism

In simple terms, polymorphism is the ability of one type, A, to appear as and be used like

another type, B. In strongly typed languages, this usually means that type A somehow derives

from type B, or type A implements an interface that represents type B.

In non-strongly typed languages (dynamically typed languages) types are implicitly

polymorphic to the extent they have similar features (fields, methods, operators). In fact, this

is one of the principal benefits (and pitfalls) of dynamic typing.

Operator Overloading the numerical operators +,-,/,* allow polymorphic treatment of the

various numerical types Integer, UnSigned Integer, Float, Decimal, etc; each of which have

different ranges, bit patterns, and representations. Another common example is the use of the

"+" operator which allows similar or polymorphic treatment of numbers (addition), strings

(concatenation), and lists (attachment). This is a lesser used feature of polymorphism.

The primary usage of polymorphism in industry (object-oriented programming theory) is the

ability of objects belonging to different types to respond to method, field, or property calls of

the same name, each one according to an appropriate type-specific behavior. The programmer

(and the program) does not have to know the exact type of the object in advance, and so the

exact behavior is determined at run time (this is called late binding or dynamic binding).

The different objects involved only need to present a compatible interface to the clients (the

calling routines). That is, there must be public or internal methods, fields, events, and

properties with the same name and the same parameter sets in all the Superclasses,

Subclasses, and potentially Interfaces. In principle, the object types may be unrelated, but

since they share a common interface, they are often implemented as Subclasses of the same

Superclass. Though it is not required, it is understood that the different methods will also

produce similar results (for example, returning values of the same type).
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Dynamic language performance is hindered by the extra checks and searches that occur at

each call site. Straightforward implementations have to repeatedly search class precedence

lists for members and potentially resolve overloads on method argument types each time you

execute a particular line of code. In an expression such as o.m(x, y) or x + y, dynamic

languages need to check exactly what kind of object o is, what is m bound to for o, what type

x is, what type y is, or what "+" means for the actual runtime type of x and y. In a statically

typed language (or with enough type hints in the code and type inferencing), you can emit

exactly the instructions or runtime function calls that are appropriate at each call site. You

can do this because you know from the static types what is needed at compile time.

Dynamic languages provide great productivity enhancements and powerful terse expressions

due to their dynamic capabilities. However, in practice code tends to execute on the same

types of objects each time. This means you can improve performance by remembering the

results of method searches the first time a section of code executes. For example, with x + y,

if x and y are integers the first time that expression executes, we can remember a code

sequence or exactly what runtime function performs addition given two integers. Then each

time that expression executes, there is no search involved. The code just checks that x and y

are integers again, and dispatches to the right code with no searching. The result can literally

be reduced to inlined code generation with a couple of type checks and an add instruction,

depending on the semantics of an operation and method caching mechanisms used.

In object-oriented programming languages, the term polymorphism has different, but related

meanings; one of these, parametric polymorphism, is known as generic programming in the

Object Oriented Programming Community and is supported by many languages including

C++, C# and Java.

Generics allow you compile time type safety and other benefits and/or disadvantages

depending on the language's implementation. C++ implements parametric polymorphism

through templates. The use of templates requires the compiler to generate a separate instance

of the templated class or function for every permutation of type parameters used with it,

which can lead to code bloat and difficulty debugging. A benefit C++ templates have over

Java and C# is that they allow for template metaprogramming, which is a way of pre-

evaluating some of the code at compile-time rather than run-time.

Java parametric polymorphism is called generics and implemented through type erasure.
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C# parametric polymorphism is called generics and implemented by reification, making C#

the only language of the three which supports parametric polymorphism as a first class

member of the language. This design choice is leveraged to provide additional functionality,

such as allowing reflection with preservation of generic types, as well as alleviating some of

the limitations of erasure (such as being unable to create generic arrays). This also means that

there is no performance hit from runtime casts and normally expensive boxing conversions.

When primitive and value types are used as generic arguments, they get specialized

implementations, allowing for efficient generic collections and methods.

In Section 2 of this course you will cover these topics:
Testing Analysis And Design Models

Class Testing Basics

Topic : Testing Analysis And Design Models

Topic Objective:

At the end of this topic the student will be able to understand:

 An Overview

 Black box testing

 Web application security scanner

 Boundary value analysis

 Test automation

 White box testing

 Requirements Model

Definition/Overview:

Overview: Software Testing is an empirical investigation conducted to provide stakeholders

with information about the quality of the product or service under test , with respect to the

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

20
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



context in which it is intended to operate. This includes, but is not limited to, the process of

executing a program or application with the intent of finding software bugs.

Key Points:

1. An Overview

Testing can never completely establish the correctness of computer software. Instead, it

furnishes a criticism or comparison that compares the state and behaviour of the product

against oraclesprinciples or mechanisms by which someone might recognize a problem.

These oracles may include (but are not limited to) specifications, comparable products, past

versions of the same product, inferences about intended or expected purpose, user or

customer expectations, relevant standards, applicable laws, or other criteria.

Over its existence, computer software has continued to grow in complexity and size. Every

software product has a target audience. For example, the audience for video game software is

completely different from banking software. Therefore, when an organization develops or

otherwise invests in a software product, it presumably must assess whether the software

product will be acceptable to its end users, its target audience, its purchasers, and other

stakeholders. Software testing is the process of attempting to make this assessment.

A study conducted by NIST in 2002 reports that software bugs cost the U.S. economy $59.5

billion annually. More than a third of this cost could be avoided if better software testing was

performed

2. Black box testing

Black box testing takes an external perspective of the test object to derive test cases. These

tests can be functional or non-functional, though usually functional. The test designer selects

valid and invalid inputs and determines the correct output. There is no knowledge of the test

object's internal structure.

This method of test design is applicable to all levels of software testing: unit, integration,

functional testing, system and acceptance. The higher the level, and hence the bigger and

more complex the box, the more one is forced to use black box testing to simplify. While this
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method can uncover unimplemented parts of the specification, one cannot be sure that all

existent paths are tested.

3. Web application security scanner

A web application security scanner is program which communicates with a web application

through the web front-end in order to identify potential security vulnerabilities in the web

application and architectural weaknesses. It performs a black-box test. Unlike source code

scanners, web application scanners don't have access to the source code and therefore detect

vulnerabilities by actually performing attacks.

A web application security scanner can facilitate the automated review of a web application

with the expressed purpose of discovering security vulnerabilities, and are required to comply

with various regulatory requirements. Web application scanners can look for a wide variety

of vulnerabilities, including:

 Input/Output validation: (Cross-site scripting, SQL Injection, etc.)

 Specific application problems

 Server configuration mistakes/errors/version

4. Boundary value analysis

Boundary value analysis is a software testing design technique used to determine test cases

covering off-by-one errors. To apply boundary value analysis, a test case at each side of the

boundary between two partitions is selected. In the above example this would be 0 and 1 for

the lower boundary as well as 12 and 13 for the upper boundary. Each of these pairs consists

of a "clean" and a "negative" test case. A "clean" test case should lead to a valid result. A

"negative" test case should lead to specified error handling such as the limiting of values, the

usage of a substitute value, or a warning. Boundary value analysis can result in three test

cases for each boundary; for example if n is a boundary, test cases could include n-1, n, and

n+1.

A further set of boundaries has to be considered when test cases are set up. A solid testing

strategy also has to consider the natural boundaries of the data types used in the program. If

working with signed values, for example, this may be the range around zero (-1, 0, +1).

Similar to the typical range check faults, there tend to be weaknesses in programs in this

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

22
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



range. e.g. this could be a division by zero problem where a zero value may occur although

the programmer always thought the range started at 1. It could be a sign problem when a

value turns out to be negative in some rare cases, although the programmer always expected

it to be positive. Even if this critical natural boundary is clearly within an equivalence

partition it should lead to additional test cases checking the range around zero. A further

natural boundary is the natural lower and upper limit of the data type itself. E.g. an unsigned

8-bit value has the range of 0 to 255. A good test strategy would also check how the program

reacts at an input of -1 and 0 as well as 255 and 256.

The tendency is to relate boundary value analysis more to so called black box testing, which

is strictly checking a software component at its interfaces, without consideration of internal

structures of the software. But looking closer at the subject, there are cases where it applies

also to white box testing.

After determining the necessary test cases with equivalence partitioning and subsequent

boundary value analysis, it is necessary to define the combinations of the test cases when

there are multiple inputs to a software component.

5. Test automation

Test automation is the use of software to control the execution of tests, the comparison of

actual outcomes to predicted outcomes, the setting up of test preconditions, and other test

control and test reporting functions. Commonly, test automation involves automating a

manual process already in place that uses a formalized testing process.

Although manual exploratory testing can find many defects in a software application, it is a

laborious and time consuming process. In addition it may not be effective in finding certain

classes of defects. Test automation is a process of writing a computer program to do testing

that would otherwise need to be done manually. Once the testing has been automated, a large

number of test cases can be validated quickly. This is most cost effective for software

products that will have a long shelf life, because even minor patches over the lifetime of the

application can cause features to break which were working at an earlier point in time. There

are two ways to design the tests:
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 Black box testing. The test developer has no knowledge of the inner workings of the

program. The tests cover all the cases that an end user would run into. The completeness of

the tests depends on the test developer's expertise using the application.

 White box testing. The test developer has full knowledge of the inner workings of the

program. The tests ensure each pathway through the source code has been exercised and is

working properly. Its completeness can be measured by Code coverage metrics.

There are two general approaches to test automation:

 Graphical user interface testing. A testing framework generates user interface events such as

keystrokes and mouse clicks, and observes the changes that result in the user interface, to

validate that the observable behavior of the program is correct.

 Code-driven testing. The public (usually) interface to classes, modules, or libraries are tested

with a variety of input arguments to validate that the results that are returned are correct.

Test automation can be expensive, and it is usually employed in combination with manual

exploratory testing. It can be made cost-effective in the longer term though, especially in

regression testing. One way to generate test cases automatically is model-based testing where

a model of the system is used for test case generation, but research continues into a variety of

methodologies for doing so.

What to automate, when to automate, or even whether one really needs automation are crucial

decisions which the testing (or development) team has to take. Selecting the correct features

of the product for automation largely decides the success of the automation. Unstable features

or the features which are undergoing changes should be avoided.

Many test automation tools provide record and playback features that allow users to record

interactively user actions and replay it back any number of times, comparing actual results to

those expected. The advantage of this approach is that it requires little or no software

development. This approach can be applied to any application that has a graphical user

interface. However, reliance on these features poses major reliability and maintainability

problems. Relabelling a button or moving it to another part of the window may require the

test to be re-recorded.
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A variation on this type of tool is for testing of web sites. Here, the "interface" is the web

page. This type of tool also requires little or no software development. However, such a

framework utilizes entirely different techniques because it is reading html instead of

observing window events.

A growing trend in software development is to use testing frameworks such as the xUnit

frameworks (for example, JUnit and NUnit) which allow the code to conduct unit tests to

determine whether various sections of the code are acting as expected under various

circumstances. Test cases describe tests that need to be run on the program to verify that the

program runs as expected.

Code driven test automation is a key feature of Agile software development. Proponents of

this methodology argue that it produces software that is both more reliable and less expensive

than code that is tested by manual exploration. It is considered more reliable because the code

coverage is better, and because it is run constantly during development rather than once at the

end of a waterfall development cycle. And it is less expensive because the developer

discovers the defect immediately upon making a change, when it is least expensive to fix.

6. White box testing

White box testing (a.k.a. clear box testing, glass box testing, transparent box testing,

translucent box testing or structural testing) uses an internal perspective of the system to

design test cases based on internal structure. It requires programming skills to identify all

paths through the software. The tester chooses test case inputs to exercise paths through the

code and determines the appropriate outputs. In electrical hardware testing, every node in a

circuit may be probed and measured; an example is in-circuit testing (ICT).

Since the tests are based on the actual implementation, if the implementation changes, the

tests probably will need to change, too. For example ICT needs updates if component values

change, and needs modified/new fixture if the circuit changes. This adds financial resistance

to the change process, thus buggy products may stay buggy. Automated optical inspection

(AOI) offers similar component level correctness checking without the cost of ICT fixtures,

however changes still require test updates.
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While white box testing is applicable at the unit, integration and system levels of the software

testing process, it is typically applied to the unit. While it normally tests paths within a unit, it

can also test paths between units during integration, and between subsystems during a system

level test. Though this method of test design can uncover an overwhelming number of test

cases, it might not detect unimplemented parts of the specification or missing requirements,

but one can be sure that all paths through the test object are executed. Typical white box test

design techniques include:

 Control flow testing

 Data flow testing

 Branch Testing

7. Requirements Model

The Requirements model (or VEE model) is a systems development model designed to

simplify the understanding of the complexity associated with developing systems. In systems

engineering it is used to define a uniform procedure for product or project development.

The Requirements model is a graphical representation of the systems development lifecycle.

It summarizes the main steps to be taken in conjunction with the corresponding deliverables

within computerized system validation framework.

The VEE is a process that represents the sequence of steps in a project life cycle

development. It describes the activities and results that have to be produced during product.

The left side of the VEE represents the decomposition of requirements, and creation of

system specifications. The right side of the V represents integration of parts and their

verification. V stands for "Verification and Validation" 77

The Requirements model is used to regulate the software development process within the

German federal administration. Nowadays it is still the standard for German federal

administration and defence projects, as well as software developers within in the region.

The concept of the Requirements model was developed simultaneously, but independently, in

Germanyand in the United Statesin the late 1980s. The US Requirements model, as

documented in the 1991 proceedings for the National Council on Systems Engineering, was

developed for satellite systems involving hardware, software, and human interaction. It has
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now found wide-spread application in commercial as well as defence programs. Its primary

use is in and Project Management throughout the project lifecycle.

One fundamental characteristic of the US Requirements model is that time and maturity

move from left to right and one cannot move back in time. All iteration is along a vertical line

to higher or lower levels in the system hierarchy, as shown in the figure. This has proven to

be an important aspect of the model. The expansion of the model to a dual-Vee concept is

treated in reference .

As the Requirements model is publicly available many companies also use it. In project

management it is a method comparable to PRINCE2 and describes methods for project

management as well as methods for system development. The Requirements model while

rigid in process, can be very flexible in application, especially as it pertains to the scope

outside of the realm of the System Development Lifecycle normal parameters.

Topic : Class Testing Basics

Topic Objective:

At the end of this topic the student will be able to understand:

 Ways to Test a class: Benefits

 Separation of interface from implementation

 Limitations of class testing

 Applications

 Adequacy of Test Suites for a Class

 Scenario testing

Definition/Overview:

Overview: In computer programming, class testing is a software design and development

method where the programmer verifies that individual units of source code are working

properly. A class is the smallest testable part of an application. In procedural programming a
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class may be an individual program, function, procedure, etc., while in object-oriented

programming, the smallest class is a method, which may belong to a base/super class,

abstract class or derived/child class. Ideally, each test case is independent from the others;

Double objects like stubs, mock or fake objects as well as test harnesses can be used to assist

testing a module in isolation. Class testing is typically done by software developers to ensure

that the code other developers have written meets software requirements and behaves as the

developer intended.

Key Points:

1. Ways to Test a class: Benefits

The goal of class testing is to isolate each part of the program and show that the individual

parts are correct. A class test provides a strict, written contract that the piece of code must

satisfy. As a result, it affords several benefits. Class tests find problems early in the

development cycle.

Class testing allows the programmer to refactor code at a later date, and make sure the

module still works correctly (i.e. regression testing). The procedure is to write test cases for

all functions and methods so that whenever a change causes a fault, it can be quickly

identified and fixed. Readily-available class tests make it easy for the programmer to check

whether a piece of code is still working properly. Good class test design produces test cases

that cover all paths through the class with attention paid to loop conditions.

In continuous class testing environments, through the inherent practice of sustained

maintenance, class tests will continue to accurately reflect the intended use of the executable

and code in the face of any change. Depending upon established development practices and

class test coverage, up-to-the-second accuracy can be maintained.

Class testing helps to eliminate uncertainty in the units themselves and can be used in a

bottom-up testing style approach. By testing the parts of a program first and then testing the

sum of its parts, integration testing becomes much easier.

A heavily debated matter exists in assessing the need to perform manual integration testing.

While an elaborate hierarchy of class tests may seem to have achieved integration testing, this

presents a false sense of confidence[who?] since integration testing evaluates many other
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objectives that can only be proven through the human factor. Some argue[who?] that given a

sufficient variety of test automation systems, integration testing by a human test group is

unnecessary. Realistically,[citation needed] the actual need will ultimately depend upon the

characteristics of the product being developed and its intended uses. Additionally, the human

or manual testing will greatly depend on the availability of resources in the organization.

Class testing provides a sort of living documentation of the system. Developers looking to

learn what functionality is provided by a class and how to use it can look at the class tests to

gain a basic understanding of the class API.

Class test cases embody characteristics that are critical to the success of the class. These

characteristics can indicate appropriate/inappropriate use of a class as well as negative

behaviors that are to be trapped by the class. A class test case, in and of itself, documents

these critical characteristics, although many software development environments do not rely

solely upon code to document the product in development.

On the other hand, ordinary narrative documentation is more susceptible to drifting from the

implementation of the program and will thus become outdated (e.g. design changes, feature

creep, relaxed practices in keeping documents up-to-date).

2. Separation of interface from implementation

Because some classes may have references to other classes, testing a class can frequently spill

over into testing another class. A common example of this is classes that depend on a

database: in order to test the class, the tester often writes code that interacts with the database.

This is a mistake, because a class test should never go outside of its own class

boundary[citation needed]. Instead, the software developer should create an abstract interface

around the database connection, and then implement that interface with their own mock

object. By abstracting this necessary attachment from the code (temporarily reducing the net

effective coupling), the independent class can be more thoroughly tested than may have been

previously achieved. This results in a higher quality class that is also more maintainable.

3. Limitations of class testing

Testing cannot be expected to catch every error in the program - it is impossible to evaluate

all execution paths for all but the most trivial programs. The same is true for class testing.
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Additionally, by definition class testing only tests the functionality of the units themselves.

Therefore it will not catch integration errors, or broader system level errors (such as functions

performed across multiple units, or non-functional test areas such as performance). Class

testing is more effective if it is used in conjunction with other software testing activities. Like

all forms of software testing, class tests can only show the presence of errors; it cannot show

the absence of errors.

Software testing is a combinatorial problem. For example, every Boolean decision statement

requires at least two tests: one with an outcome of "true" and one with an outcome of "false".

As a result, for every line of code written, programmers often need 3 to 5 lines of test code.

To obtain the intended benefits from class testing, a rigorous sense of discipline is needed

throughout the software development process. It is essential to keep careful records not only

of the tests that have been performed, but also of all changes that have been made to the

source code of this or any other class in the software. Use of a version control system is

essential. If a later version of the class fails a particular test that it had previously passed, the

version-control software can provide a list of the source code changes (if any) that have been

applied to the class since that time.

It is also essential to implement a sustainable process for ensuring that test case failures are

reviewed daily and addressed immediately. If such a process is not implemented and

ingrained into the team's workflow, the application will evolve out of sync with the class test

suite ― increasing false positives and reducing the effectiveness of the test suite.

4. Applications

4.1 Extreme Programming

Class testing is the cornerstone of Extreme Programming, which relies on an

automated class testing framework. This automated class testing framework can be

either third party, e.g. xUnit, or created within the development group.

Extreme Programming uses the creation of class tests for test-driven development.

The developer writes a class test that exposes either a software requirement or a

defect. This test will fail because either the requirement isn't implemented yet, or
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because it intentionally exposes a defect in the existing code. Then, the developer

writes the simplest code to make the test, along with other tests, pass.

Most code in a system is class tested, but not necessarily all paths through the code.

Extreme Programming mandates a 'test everything that can possibly break' strategy,

over the traditional 'test every execution path' method. This leads developers to

develop fewer tests than classical methods, but this isn't really a problem, more a

restatement of fact, as classical methods have rarely ever been followed methodically

enough for all execution paths to have been thoroughly tested[citation needed].

Extreme Programming simply recognizes that testing is rarely exhaustive (because it

is often too expensive and time-consuming to be economically viable) and provides

guidance on how to effectively focus limited resources.

Crucially, the test code is considered a first class project artifact in that it is

maintained at the same quality as the implementation code, with all duplication

removed. Developers release class testing code to the code repository in conjunction

with the code it tests. Extreme Programming's thorough class testing allows the

benefits mentioned above, such as simpler and more confident code development and

refactoring, simplified code integration, accurate documentation, and more modular

designs. These class tests are also constantly run as a form of regression test.

4.2 Techniques

Class testing is commonly automated, but may still be performed manually. The IEEE

does not favor one over the other. A manual approach to class testing may employ a

step-by-step instructional document. Nevertheless, the objective in class testing is to

isolate a class and validate its correctness. Automation is efficient for achieving this,

and enables the many benefits listed in this article. Conversely, if not planned

carefully, a careless manual class test case may execute as an integration test case that

involves many software components, and thus preclude the achievement of most if

not all of the goals established for class testing.

Under the automated approach, to fully realize the effect of isolation, the class or code

body subjected to the class test is executed within a framework outside of its natural

environment, that is, outside of the product or calling context for which it was
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originally created. Testing in an isolated manner has the benefit of revealing

unnecessary dependencies between the code being tested and other units or data

spaces in the product. These dependencies can then be eliminated.

Using an automation framework, the developer codes criteria into the test to verify the

correctness of the class. During execution of the test cases, the framework logs those

that fail any criterion. Many frameworks will also automatically flag and report in a

summary these failed test cases. Depending upon the severity of a failure, the

framework may halt subsequent testing.

As a consequence, class testing is traditionally a motivator for programmers to create

decoupled and cohesive code bodies. This practice promotes healthy habits in

software development. Design patterns, class testing, and refactoring often work

together so that the most ideal solution may emerge.

4.3 Class testing frameworks

Class testing frameworks, which help simplify the process of class testing, have been

developed for a wide variety of languages. It is generally possible to perform class

testing without the support of specific framework by writing client code that exercises

the units under test and uses assertion, exception, or early exit mechanisms to signal

failure. This approach is valuable in that there is a non-negligible barrier to the

adoption of class testing. However, it is also limited in that many advanced features of

a proper framework are missing or must be hand-coded.

5. Adequacy of Test Suites for a Class

In software development, a test suite, less commonly known as a validation suite, is a

collection of test cases that are intended to be used to test a software program to show that it

has some specified set of behaviours. A test suite often contains detailed instructions or goals

for each collection of test cases and information on the system configuration to be used

during testing. A group of test cases may also contain prerequisite states or steps, and

descriptions of the following tests. Collections of test cases are sometimes incorrectly termed

a test plan, a test script, or even a test scenario.
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Occasionally, test suites are used to group similar test cases together. A system might have a

smoke test suite that consists only of smoke tests or a test suite for some specific functionality

in the system. It may also contain all tests and signify if a test should be used as a smoke test

or for some specific functionality.

An executable test suite is a test suite that is one that can be executed by a program as

opposed to manually. This usually means that a test harness, which is integrated with the

suite, exists the test suite and the test harness together can work on a sufficiently detailed

level to correctly communicate with the system under test (SUT).

A test suite for a primarily testing subroutine might consist of a list of numbers and their

primarily (prime or composite), along with a testing subroutine. The testing subroutine would

supply each number in the list to the primarily tester, and verify that the result of each test is

correct. The counterpart of an executable test suite is an abstract test suite.

6. Scenario testing

Scenario testing is a software testing activity that uses scenario tests, or simply scenarios,

which are based on a hypothetical story to help a person think through a complex problem or

systemfor a testing environment or they could be a description written in prose. The ideal

scenario has four key characteristics. It is a story that is motivating, credible, complex, and

easy to evaluate. These tests are usually different from test cases in that test cases are single

steps and scenarios cover a number of steps. Test suites and scenarios can be used in concert

for complete system testing.

In Section 3 of this course you will cover these topics:
Testing Interactions

Testing Class Hierarchies
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Topic : Testing Interactions

Topic Objective:

At the end of this topic the student will be able to understand:

 User-centered interaction design

 Relationship with user interface design

 Interaction design domains

 Sampling Test Cases

 Orthogonal Array Testing

 Component Acceptance Testing

 Protocol Testing

Definition/Overview:

Overview: Interaction Design (IxD) is the discipline of defining the behavior of products and

systems that a user can interact with. The practice typically centers around complex

technology systems such as software, mobile devices, and other electronic devices. However,

it can also apply to other types of products and services, and even organizations themselves.

Interaction design defines the behavior (the "interaction") of an artifact or system in response

to its users. Certain basic principles of cognitive psychology provide grounding for

interaction design. These include mental models, mapping, interface metaphors, and

affordances. Many of these are laid out in Donald Norman's influential book The Design of

Everyday Things. Academic research in Human Computer Interaction (HCI) includes

methods for describing and testing the usability of interacting with an interface, such as

cognitive dimensions and the cognitive walkthrough. Interaction designers are typically

informed through iterative cycles of user research. They design with an emphasis on user

goals and experience, and evaluate designs in terms of usability and affective influence.
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Key Points:

1. User-centered interaction design

As technologies are often overly complex for their intended target audience, interaction

design aims to minimize the learning curve and to increase accuracy and efficiency of a task

without diminishing usefulness. The objective is to reduce frustration and increase user

productivity and satisfaction.

Interaction design attempts to improve the usability and experience of the product, by first

researching and understanding certain users' needs and then designing to meet and exceed

them. (Figuring out who needs to use it, and how those people would like to use it.)

Only by involving users who will use a product or system on a regular basis will designers be

able to properly tailor and maximize usability. Involving real users, designers gain the ability

to better understand user goals and experiences. (see also: User-centered design) There are

also positive side effects which include enhanced system capability awareness and user

ownership. It is important that the user be aware of system capabilities from an early stage so

that expectations regarding functionality are both realistic and properly understood. Also,

users who have been active participants in a product's development are more likely to feel a

sense of ownership, thus increasing overall satisfaction.

2. Relationship with user interface design

Interaction Design is often associated with the design of system interfaces in a variety of

media (see also: Interface design, Experience design) but concentrates on the aspects of the

interface that define and present its behavior over time, with a focus on developing the

system to respond to the user's experience and not the other way around. The system interface

can be thought of as the artifact (whether visual or other sensory) that represents an offering's

designed interactions. Interactive voice response (Telephone User Interface) is an example of

interaction design without graphical user interface as a media.

Interactivity, however, is not limited to technological systems. People have been interacting

with each other as long as humans have been a species. Therefore, interaction design can be

applied to the development of all solutions (or offerings), such as services and events. Those
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who design these offerings have, typically, performed interaction design inherently without

naming it as such.

3. Interaction design domains

Interaction designers work in many areas, including software interfaces, (business)

information systems, internet, physical products, environments, services, and systems which

may combine many of these. Each area requires its own skills and approaches, but there are

aspects of interaction design common to all.

Interaction designers often work in interdisciplinary teams as their work requires expertise in

many different domains, including graphic design, programming, psychology, user testing,

product design, etc (see below for more related disciplines). Thus, they need to understand

enough of these fields to work effectively with specialists.

4. Sampling Test Cases

A test case in software engineering is a set of conditions or variables under which a tester will

determine whether an application or software system meets specifications. The mechanism

for determining whether a software program or system has passed or failed such a test is

known as a test oracle. In some settings an oracle could be a requirement or use case. It may

take many test cases to determine that a software program or system is functioning correctly.

Test cases are often referred to as test scripts, particularly when written. Written test cases are

usually collected into test suites.

In order to fully test that all the requirements of an application are met, there must be at least

one test case for each requirement unless a requirement has sub-requirements. In that

situation, each sub-requirement must have at least one test case. This is frequently done using

a traceability matrix. Some methodologies, like RUP, recommend creating at least two test

cases for each requirement. One of them should perform positive testing of requirement and

other should perform negative testing. Written test cases should include a description of the

functionality to be tested, and the preparation required to ensure that the test can be

conducted.
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What characterizes a formal, written test case is that there is a known input and an expected

output, which is worked out before the test is executed. The known input should test a

precondition and the expected output should test a postcondition.

5. Orthogonal Array Testing

Orthogonal array testing is a systematic, statistical way of testing. Orthogonal arrays could be

applied in user interface testing, system testing, regression testing, configuration testing and

performance testing. All orthogonal vectors exhibit orthogonality. Orthogonal vectors exhibit

the following properties:

 Each of the vectors convey information different from any other vector in the sequence, i.e.,

each vector conveys unique information therefore avoiding redundancy.

 On a linear addition, the signals may be separated easily.

 Each of the vectors are statistically independent from each other.

When linearly added, the resultant is the arithmetic sum of the individual components.

Benefits include:

 Provides uniformly distributed coverage of the test domain.

 Concise test set with fewer test cases is created.

 All pair-wise combinations of test set created.

 Arrives at complex combinations of all the variables.

 Simpler to generate and less error prone than test sets created manually.

 Reduces testing cycle time.

 It does not guarantee the extensive coverage of test domain

6. Component Acceptance Testing

In engineering and its various subdisciplines, acceptance testing is black-box testing

performed on a system (e.g. software, lots of manufactured mechanical parts, or batches of

chemical products) prior to its delivery.[citation needed] In others, it is known as functional

testing, black-box testing, release acceptance, QA testing, application testing, confidence

testing, final testing, validation testing, or factory acceptance testing.
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In software development, acceptance testing by the system provider is often distinguished

from acceptance testing by the customer (the user or client) prior to accepting transfer of

ownership. In such environments, acceptance testing performed by the customer is known as

user acceptance testing (UAT). This is also known as end-user testing, site (acceptance)

testing, or field (acceptance) testing.

Acceptance testing generally involves running a suite of tests on the completed system. Each

individual test, known as a case, exercises a particular operating condition of the user's

environment or feature of the system, and will result in a pass or fail boolean outcome. There

is generally no degree of success or failure. The test environment is usually designed to be

identical, or as close as possible, to the anticipated user's environment, including extremes of

such. These test cases must each be accompanied by test case input data or a formal

description of the operational activities (or both) to be performedintended to thoroughly

exercise the specific caseand a formal description of the expected results.

Acceptance Tests/Criterion (in Agile Software Development) are usually created by business

customers and expressed in a business domain language. These are high level tests to test the

completeness of a user story or stories 'played' during any sprint/iteration. These tests are

created ideally through collaboration between business customers, business analysts, testers

and developers, however the business customers (product owners) are the primary owners of

these tests. As the user stories pass their acceptance criteria, the business owners can be sure

of the fact that the developers are progressing in the right direction about how the application

was envisaged to work and so it's essential that these tests include both business logic tests as

well as UI validation elements (if need be).

Acceptance test cards are ideally created during sprint planning or iteration planning meeting,

before development begins so that the developers have a clear idea of what to develop.

Sometimes (due to bad planning!) acceptance tests may span multiple stories (that are not

implemented in the same sprint) and there are different ways to test them out during actual

sprints. One popular technique is to mock external interfaces or data to mimick other stories

which might not be played out during an iteration (as those stories may have been relatively

lower business priority). A user story is not considered complete until the acceptance tests

have passed.
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7. Protocol Testing

In general, protocol testers work by capturing the information exchanged between a Device

Under Test (DUT) and a reference device known to operate properly. In the example of a

manufacturer producing a new keyboard for a personal computer, the Device Under Test

would be the keyboard and the reference device, the PC. The information exchanged between

the two devices is governed by rules set out in a technical specification called a

"communication protocol". Both the nature of the communication and the actual data

exchanged are defined by the specification. Since communication protocols are state-

dependent (what should happen next depends on what previously happened), specifications

are complex and the documents describing them can be hundreds of pages.

The captured information is decoded from raw digital form into a human-readable format that

permits users of the protocol tester to easily review the exchanged information. Protocol

testers vary in their abilities to display data in multiple views, automatically detect errors,

determine the root causes of errors, generate timing diagrams, etc.

Some protocol testers can also generate traffic and thus act as the reference device. Such

testers generate protocol-correct traffic for functional testing, and may also have the ability to

deliberately introduce errors to test for the DUT's ability to deal with error conditions.

Topic : Testing Class Hierarchies

Topic Objective:

At the end of this topic the student will be able to understand:

 Class Hierarchies

 Test case

 Refinement Possibilities

 Testing Abstract Classes

Definition/Overview:
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Overview: A test plan is a systematic approach to testing a system such as a machine or

software. The plan typically contains a detailed understanding of what the eventual workflow

will be.

Key Points:

1. Class Hierarchies

A test plan documents the strategy that will be used to verify and ensure that a product or

system meets its design specifications and other requirements. A test plan is usually prepared

by or with significant input from Test Engineers.

Depending on the product and the responsibility of the organization to which the test plan

applies, a test plan may include one or more of the following:

 Design Verification or Compliance test - to be performed during the development or approval

stages of the product, typically on a small sample of units.

 Manufacturing or Production test - to be performed during preparation or assembly of the

product in an ongoing manner for purposes of performance verification and quality control.

 Acceptance or Commissioning test - to be performed at the time of delivery or installation of

the product.

Service and Repair test - to be performed as required over the service life of the product.

Regression test - to be performed on an existing operational product, to verify that existing

functionality didn't get broken when other aspects of the environment are changed (e.g.,

upgrading the platform on which an existing application runs).

A complex system may have a high level test plan to address the overall requirements and

supporting test plans to address the design details of subsystems and components.

Test plan document formats can be as varied as the products and organizations to which they

apply, but there are three major elements of a test strategy that should be described in the test

plan: Test Coverage, Test Methods, and Test Responsibilities.

Test coverage in the test plan states what requirements will be verified during what stages of

the product life. Test Coverage is derived from design specifications and other requirements,
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such as safety standards or regulatory codes, where each requirement or specification of the

design ideally will have one or more corresponding means of verification. Test coverage for

different product life stages may overlap, but will not necessarily be exactly the same for all

stages. For example, some requirements may be verified during Design Verification test, but

not repeated during Acceptance test. Test coverage also feeds back into the design process,

since the product may have to be designed to allow test access (see Design For Test).

Test methods in thealso includes, what data will be collected, and how that data will be stored

and reported (often referred to as "deliverables"). One outcome of a successful test plan

should be a record or report of the verification of all design specifications and requirements

as agreed upon by all parties.

2. Test case

A test case in software engineering is a set of conditions or variables under which a tester will

determine whether an application or software system meets specifications. The mechanism

for determining whether a software program or system has passed or failed such a test is

known as a test oracle. In some settings an oracle could be a requirement or use case. It may

take many test cases to determine that a software program or system is functioning correctly.

Test cases are often referred to as test scripts, particularly when written. Written test cases are

usually collected into test suites.

In order to fully test that all the requirements of an application are met, there must be at least

one test case for each requirement unless a requirement has sub-requirements. In that

situation, each sub-requirement must have at least one test case. This is frequently done using

a traceability matrix. Some methodologies, like RUP, recommend creating at least two test

cases for each requirement. One of them should perform positive testing of requirement and

other should perform negative testing. Written test cases should include a description of the

functionality to be tested, and the preparation required to ensure that the test can be

conducted.

What characterizes a formal, written test case is that there is a known input and an expected

output, which is worked out before the test is executed. The known input should test a

precondition and the expected output should test a postcondition.
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3. Refinement Possibilities

Under special circumstances, there could be a need to run the test, produce results, and then a

team of experts would evaluate if the results can be considered as a pass. This happens often

on new products' performance number determination. The first test is taken as the base line

for subsequent test / product release cycles.

A variation of test cases are most commonly used in acceptance testing. Acceptance tests are

done performed by a group of end-users or clients of the system to ensure the developed

system meets the requirements specified. User acceptance tests are differentiated by the

inclusion of happy path or positive test case.

Besides a description of the functionality to be tested, and the preparation required to ensure

that the test can be conducted, the most time consuming part in the test case is the test scripts.

Writer, BA or QA engineer has to spend tons of time to list out the detail of input, expected

output, precondition and postcondition. Knowledge transformation is also hard if there are

many members involved in this test cycle. Reading test script is time consuming,

communication is expensive, the misunderstanding could happen everywhere. How can we

simplify the process of writing test script, modifying the test script to sync the change of the

requirements and design, and improve the quality of QA? Nowadays, many companies are

using screen capture or screen recorder software to generate a video as the primary part of

test scripts. This will reduce the misunderstanding, shorten QA cycle and improve the

productivity.

4. Testing Abstract Classes

In software engineering, an abstract type is a type in a nominative type system which is

declared by the programmer, and which has the property that it contains members which are

also members of some declared subtype. In many object oriented programming languages,

abstract types are known as abstract base classes, interfaces, traits, mixins, flavors, or roles.

Note that these names refer to different language constructs which are (or may be) used to

implement abstract types.

Abstract types are an important feature in statically typed OO languages. They do not occur

in languages without subtyping. Many dynamically typed languages have no equivalent
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feature (although the use of duck typing makes abstract types unnecessary); however traits

are found in some modern dynamically-typed languages. Many authors argue that classes

should be leaf classes (have no subtypes), or else be abstract.

Abstract types are useful in that they can be used to define and enforce a protocol; a set of

operations which all objects that implement the protocol must support. The fact that many

languages disallow instantiation of abstract types (and force subtypes to implement all needed

functionality) further ensures program correctness. There are several mechanisms for creating

abstract types, which vary based on their capability.

 Full abstract base classes are classes either explicitly declared to be abstract, or which contain

abstract (unimplemented) methods. Except the instantiation capability, they have the same

capabilities as a concrete class or type. Full abstract types were present in the earliest versions

of C++; and the abstract base class remains the only language construct for generating

abstract types in C++. A class having only pure virtual methods is often called a pure virtual

class; it is necessarily abstract.

 Common Lisp Object System includes mixins, based on the Flavors system developed by

David Moon for Lisp Machine Lisp. (It should be noted that CLOS uses generic functions,

defined apart from classes, rather than member functions defined within the class).

 Java includes interfaces, an abstract type which may contain method signatures and constants

(final variables), but no method implementations or non-final data members. Java classes

may "implement" multiple interfaces. An abstract class in Java may implement interfaces and

define some method signatures while keeping other methods abstract with the "abstract"

keyword.

 Traits are a more recent approach to the problem, found in Scala and Perl 6 (there known as

roles), and proposed as an extension to Smalltalk (wherein the original implementation was

developed). Traits are unrestricted in what they include in their definition, and multiple traits

may be composed into a class definition. However, the composition rules for traits differ

from standard inheritance, to avoid the semantic difficulties often associated with multiple

inheritance.

In Section 4 of this course you will cover these topics:
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Testing Distributed Objects

Testing Systems

Topic : Testing Distributed Objects

Topic Objective:

At the end of this topic the student will be able to understand:

 Basic Concepts

 Internet Protocol Suite

 Non-Determinism

 Basic Client/Server Model

 Local and Remote Interfaces

 Temporal Logic

 Until

 The Ultimate Distributed System The Internet

 Web Servers

Definition/Overview:

Overview: Distributed objects are software modules that are designed to work together, but

reside either in multiple computers connected via a network or in different processes inside

the same computer. One object sends a message to another object in a remote machine or

process to perform some task. The results are sent back to the calling object.

Key Points:

1. Basic Concepts

Local and distributed objects differ in many respects. Here are some of them:

 Life cycle : Creation, migration and deletion of distributed objects is different from local

objects
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 Reference : Remote references to distributed objects are more complex than simple pointers

to memory addresses

 Request Latency : A distributed object request is orders of magnitude slower than local

method invocation

 Object Activation : Distributed objects may not always be available to serve an object request

at any point in time

 Parallelism : Distributed objects may be executed in parallel.

 Communication : There are different communication primitives available for distributed

objects requests

 Failure : Distributed objects have far more points of failure than typical local objects

 Security : Distribution makes them vulnerable to attack.

2. Internet Protocol Suite

The Internet Protocol Suite (commonly known as TCP/IP) is the set of communications

protocols used for the Internet and other similar networks. It is named from two of the most

important protocols in it: the Transmission Control Protocol (TCP) and the Internet Protocol

(IP), which were the first two networking protocols defined in this standard. Today's IP

networking represents a synthesis of several developments that began to evolve in the 1960s

and 1970s, namely the Internet and LANs (Local Area Networks), which emerged in the mid-

to late-1980s, together with the advent of the World Wide Web in the early 1990s.

The Internet Protocol Suite, like many protocol suites, may be viewed as a set of layers. Each

layer solves a set of problems involving the transmission of data, and provides a well-defined

service to the upper layer protocols based on using services from some lower layers. Upper

layers are logically closer to the user and deal with more abstract data, relying on lower layer

protocols to translate data into forms that can eventually be physically transmitted.

The Internet Protocol Suite resulted from work done by Defense Advanced Research Projects

Agency (DARPA) in the early 1970s. After building the pioneering ARPANET in 1969,

DARPA started work on a number of other data transmission technologies. In 1972, Robert

E. Kahn was hired at the DARPA Information Processing Technology Office, where he

worked on both satellite packet networks and ground-based radio packet networks, and

recognized the value of being able to communicate across them. In the spring of 1973, Vinton

Cerf, the developer of the existing ARPANET Network Control Program (NCP) protocol,
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joined Kahn to work on open-architecture interconnection models with the goal of designing

the next protocol generation for the ARPANET.

By the summer of 1973, Kahn and Cerf had worked out a fundamental reformulation, where

the differences between network protocols were hidden by using a common internetwork

protocol, and, instead of the network being responsible for reliability, as in the ARPANET,

the hosts became responsible. Cerf credits Hubert Zimmerman and Louis Pouzin, designer of

the CYCLADES network, with important influences on this design.

With the role of the network reduced to the bare minimum, it became possible to join almost

any networks together, no matter what their characteristics were, thereby solving Kahn's

initial problem. One popular saying has it that TCP/IP, the eventual product of Cerf and

Kahn's work, will run over "two tin cans and a string." There is even an implementation

designed to run using homing pigeons, IP over Avian Carriers, documented in RFC 1149.

A computer called a router (a name changed from gateway to avoid confusion with other

types of gateways) is provided with an interface to each network, and forwards packets back

and forth between them. Requirements for routers are defined in.

The idea was worked out in more detailed form by Cerf's networking research group at

Stanford in the 197374 period, resulting in the first TCP specification . (The early networking

work at Xerox PARC, which produced the PARC Universal Packet protocol suite, much of

which existed around the same period of time, was also a significant technical influence;

people moved between the two.)

DARPA then contracted with BBN Technologies, Stanford University, and the University

College London to develop operational versions of the protocol on different hardware

platforms. Four versions were developed: TCP v1, TCP v2, a split into TCP v3 and IP v3 in

the spring of 1978, and then stability with TCP/IP v4 the standard protocol still in use on the

Internet today.

In 1975, a two-network TCP/IP communications test was performed between Stanford and

University College London (UCL). In November, 1977, a three-network TCP/IP test was

conducted between sites in the US, UK, and Norway. Several other TCP/IP prototypes were

developed at multiple research centers between 1978 and 1983. The migration of the
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ARPANET to TCP/IP was officially completed on January 1, 1983 when the new protocols

were permanently activated.

In March 1982, the US Department of Defense declared TCP/IP as the standard for all

military computer networking. In 1985, the Internet Architecture Board held a three day

workshop on TCP/IP for the computer industry, attended by 250 vendor representatives,

promoting the protocol and leading to its increasing commercial use.

3. Non-Determinism

In computer science, a nondeterministic algorithm is an algorithm with one or more choice

points where multiple different continuations are possible, without any specification of which

one will be taken.

In the standard theory of computation, the term algorithm stands for a deterministic

algorithm. However, it employs models of computation, such as the nondeterministic finite

state machine, that use nondeterminism.

In algorithm design, nondeterministic algorithms are often used as specifications. This is

natural when the problem solved by the algorithm inherently allows multiple outcomes, or

when there is a single outcome but there are multiple ways to get there and we simply don't

care which of them is chosen. What these cases have in common is that the nondeterministic

algorithm always arrives at a valid solution, no matter which choices are made at the choice

points encountered underway.

Another use of nondeterministic algorithms is made in Computational complexity theory.

There, it is customary to define nondeterministic algorithms that do not always arrive at a

correct solution, but are guaranteed to arrive at a correct solution if the right choices are made

underway. The choices are effectively guesses in a search process. It turns out that a large

number of real-life problems can be naturally stated in this way, and the most famous

unresolved question in computing theory is about such problems.

In theoretical computer science, a Turing machine is a theoretical machine that is used in

thought experiments to examine the abilities and limitations of computers.
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In essence, a Turing machine is imagined to be a simple computer that reads and writes

symbols one at a time on an endless strip of paper tape by strictly following a set of rules. It

determines what action it should perform next according to its internal "state" and what

number it currently sees. An example of one of a Turing Machine's rules might thus be: "If

you are in state 2 and you see an 'A', change it to a B and move left."

In a deterministic Turing machine, the set of rules prescribes at most one action to be

performed for any given situation. A non-deterministic Turing machine (NTM), by contrast,

may have a set of rules that prescribes more than one action for a given situation. For

example, a non-deterministic Turing machine may have both "If you are in state 2 and you

see an 'A', change it to a 'B' and move left." and "If you are in state 2 and you see an 'A',

change it to a 'C' and move right." in its rule set.

An ordinary (deterministic) Turing machine (DTM) has a transition function that, for a given

state and symbol under the tape head, specifies three things: the symbol to be written to the

tape, the direction (left or right) in which the head should move, and the subsequent state of

the finite control. For example, an X on the tape in state 3 might make the DTM write a Y on

the tape, move the head one position to the right, and switch to state 5.

A non-deterministic Turing machine (NTM) differs in that the state and tape symbol no

longer uniquely specify these things; rather, many different actions may apply for the same

combination of state and symbol. For example, an X on the tape in state 3 might now allow

the NTM to write a Y, move right, and switch to state 5 or to write an X, move left, and stay

in state 3.

It is a common misconception that quantum computers are NTMs. It is believed but has not

been proven that the power of quantum computers is incomparable to that of NTMs. That is,

problems likely exist that an NTM could efficiently solve but that a quantum computer

cannot. A likely example of problems solvable by NTMs but not by quantum computers in

polynomial time are NP-complete problems.

4. Basic Client/Server Model

The client-server software architecture model distinguishes client systems from server

systems, which communicate over a computer network. A client-server application is a
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distributed system comprising both client and server software. A client software process may

initiate a communication session, while the server waits for requests from any client.

Client-server describes the relationship between two computer programs in which one

program, the client program, makes a service request to another, the server program. Standard

networked functions such as email exchange, web access and database access, are based on

the client-server model. For example, a web browser is a client program at the user computer

that may access information at any web server in the world. To check your bank account

from your computer, a web browser client program in your computer forwards your request

to a web server program at the bank. That program may in turn forward the request to its own

database client program that sends a request to a database server at another bank computer to

retrieve your account balance. The balance is returned to the bank database client, which in

turn serves it back to the web browser client in your personal computer, which displays the

information for you.

The client-server model has become one of the central ideas of network computing. Most

business applications being written today use the client-server model. So do the Internet's

main application protocols, such as HTTP, SMTP, Telnet, DNS, etc. In marketing, the term

has been used to distinguish distributed computing by smaller dispersed computers from the

"monolithic" centralized computing of mainframe computers. But this distinction has largely

disappeared as mainframes and their applications have also turned to the client-server model

and become part of network computing.

Each instance of the client software can send data requests to one or more connected servers.

In turn, the servers can accept these requests, process them, and return the requested

information to the client. Although this concept can be applied for a variety of reasons to

many different kinds of applications, the architecture remains fundamentally the same.

The most basic type of client-server architecture employs only two types of hosts: clients and

servers. This type of architecture is sometimes referred to as two-tier. It allows devices to

share files and resources. The two tier architecture means that the client acts as one tier and

application in combination with server acts as another tier.

These days, clients are most often web browsers, although that has not always been the case.

Servers typically include web servers, database servers and mail servers. Online gaming is
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usually client-server too. In the specific case of MMORPG, the servers are typically operated

by the company selling the game; for other games one of the players will act as the host by

setting his game in server mode.

The interaction between client and server is often described using sequence diagrams.

Sequence diagrams are standardized in the Unified Modeling Language. When both the

client- and server-software are running on the same computer, this is called a single seat

setup.

Another type of network architecture is known as peer-to-peer, because each host or instance

of the program can simultaneously act as both a client and a server, and because each has

equivalent responsibilities and status. Peer-to-peer architectures are often abbreviated using

the acronym P2P. Both client-server and P2P architectures are in wide usage today. You can

find more details in Comparison of Centralized (Client-Server) and Decentralized (Peer-to-

Peer) Networking. both client server and a2dp will work on windows and linex.

A thin client (sometimes also called a lean or slim client) is a client computer or client

software in client-server architecture networks which depends primarily on the central server

for processing activities, and mainly focuses on conveying input and output between the user

and the remote server. In contrast, a thick or fat client does as much processing as possible

and passes only data for communications and storage to the server.

Many thin client devices run only web browsers or remote desktop software, meaning that all

significant processing occurs on the server. However, recent devices marketed as thin clients

can run complete operating systems such as Debian Linux, qualifying them as diskless nodes

or hybrid clients. Some thin clients are also called "access terminals."

As a consequence, the term "thin client", in terms of hardware, has come to encompass any

device marketed as, or used as, a thin client in the original definition even if its actual

capabilities are much greater. The term is also sometimes used in an even broader sense

which includes diskless nodes.

The thin client is a PC with less of everything. In designing a computer system, there are

decisions to be made about processing, storage, software and user interface. With the reality

of reliable high-speed networking, it is possible to change the location of any of these with
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respect to the others. A gigabit/s network is faster than a PCI bus and many hard drives, so

each function can be in a different location. Choices will be made depending on the total cost,

cost of operation, reliability, performance and usability of the system. The thin client is

closely connected to the user interface.

In a thin client/server system, the only software that is installed on the thin client is the user

interface, certain frequently used applications, and a networked operating system. This

software can be loaded from a local drive, the server at boot, or as needed. By simplifying the

load on the thin client, it can be a very small, low-powered device giving lower costs to

purchase and to operate per seat. The server, or a cluster of servers has the full weight of all

the applications, services, and data. By keeping a few servers busy and many thin clients

lightly loaded, users can expect easier system management and lower costs, as well as all the

advantages of networked computing: central storage/backup and easier security.

Because the thin client is relatively passive and low-maintenance, but numerous, the entire

system is simpler and easier to install and to operate. As the cost of hardware plunges and the

cost of employing a technician, buying energy, and disposing of waste rises, the advantages

of thin clients grow. From the user's perspective, the interaction with monitor, keyboard, and

cursor changes little from using a thick client.

A single PC can usually power five or more thin clients. A more powerful PC or server can

support up to a hundred thin clients at a time. A high-end server can power over 700 clients.

Thin clients are a great investment for schools and businesses who want to maximize the

number of workstations they can purchase on a budget. A simple $70 unit could replace a

computer in a school or business. It would also save a lot of power in the long run, due to low

power consumption.

5. Local and Remote Interfaces

The graphical user interface, understood as the use of graphic icons and a pointing device to

control a computer, has over the last four decades a steady history of incremental refinements

built on some constant core principles. Several vendors have created their own windowing

systems based on independent code but sharing the same basic elements that define the

WIMP paradigm. There have been important technological achievements and enhancements
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to the general interaction were given in small steps over previous systems and there have

been a few significant breakthroughs in terms of use, but the same organizational metaphors

and interaction idioms are still in use.

Because most of the very early IBM PC and compatibles lacks any common true graphical

capability (they only shared the 80-column basic text mode compatible with the original

MDA display adapter), a series of file managers arose, including Microsoft's DOS Shell,

which features typical GUI elements as menus, push buttons, lists with scrollbars and mouse

pointer. The name Text user interface was later invented to name this kind of interface. Many

MS-DOS text mode applications, like the default text editor for MS-DOS 5.0 (and related

tools, like QBasic), also shared the same philosophy. The IBM DOS Shell included with IBM

DOS 5.0 supported both text display modes and actual graphics display modes, making it

both a TUI and a GUI, depending on the chosen mode.

Advanced file managers for MS-DOS were able to redefine character shapes with EGA and

better display adapters, giving some basic low resolution icons and graphical interface

elements, including an arrow (instead of a coloured cell block) for the mouse pointer. When

the display adapter lacks the ability to change the character's shapes, they default to the

CP437 character set found in the adapter's ROM.Some popular utility suites for MS-DOS, as

Norton Utilities (pictured) and PC Tools used these techniques as well.

6. Temporal Logic

In logic, the term temporal logic is used to describe any system of rules and symbolism for

representing, and reasoning about, propositions qualified in terms of time. It is sometimes

also used to refer to tense logic, a particular modal logic-based system of temporal logic

introduced by Arthur Prior in the 1960s. Subsequently it has been developed further by

computer scientists, notably Amir Pnueli, and logicians.

Temporal logic was first studied in depth by Aristotle, whose writings are filled with an early,

partially-developed form of first-order temporal modal binary logic. Any logic which uses the

existential quantifier or the universal quantifier is said to be a predicate logic. Any logic

which views time as a sequence of states is a temporal logic, and any logic which uses only

two truth values is a binary logic.
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Consider the statement: "I am hungry." Though its meaning is constant in time, the truth

value of the statement can vary in time. Sometimes the statement is true, and sometimes the

statement is false, but the statement is never true and false simultaneously. In a temporal

logic, statements can have a truth value which can vary in time. Contrast this with an

atemporal logic, which can only handle statements whose truth value is constant in time.

In a temporal logic we can then express statements like "I am always hungry", "I will

eventually be hungry", or "I will be hungry until I eat something".

Temporal logic has found an important application in formal verification, where it is used to

state requirements of hardware or software systems. For instance, one may wish to say that

whenever a request is made, access to a resource is eventually granted, but it is never granted

to two requestors simultaneously." Such a statement can conveniently be expressed in a

temporal logic.

Temporal logic always has the ability to reason about a time line. So called linear time logics

are restricted to this type of reasoning. Branching logics, however, can reason about multiple

time lines. This presupposes an environment that may act unpredictably. To continue the

example, in a branching logic we may state that "there is a possibility that I will stay hungry

forever." We may also state that "there is a possibility that eventually I am no longer hungry."

If we do not know whether or not I will ever get fed, these statements are both true.

Two early contenders in formal verifications were Linear Temporal Logic (a linear time logic

by Amir Pnueli and Zohar Manna) and Computation Tree Logic, a branching time logic by

Edmund Clarke and E. Allen Emerson. The fact that the second logic is more efficient than

the first does not reflect on branching and linear logics in general, as has sometimes been

argued. Rather, Emerson and Lei show that any linear logic can be extended to a branching

logic that can be decided with the same complexity.

7. Until

In computer science control flow (or alternatively, flow of control) refers to the order in

which the individual statements, instructions or function calls of an imperative or functional

program are executed or evaluated.
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Within an imperative programming language, a control flow statement is a statement whose

execution results in a decision being made as to which of two or more control flows should

be followed. For non-strict functional languages, functions and language constructs exist to

achieve the same ends, but they are not necessarily called control flow statements.

8. The Ultimate Distributed System The Internet

The Internet is a global network of interconnected computers, enabling users to share

information along multiple channels. Typically, a computer that connects to the Internet can

access information from a vast array of available servers and other computers by moving

information from them to the computer's local memory. The same connection allows that

computer to send information to servers on the network; that information is in turn accessed

and potentially modified by a variety of other interconnected computers. A majority of

widely accessible information on the Internet consists of inter-linked hypertext documents

and other resources of the World Wide Web (WWW). Computer users typically manage sent

and received information with web browsers; other software for users' interface with

computer networks includes specialized programs for electronic mail, online chat, file

transfer and file sharing.

The movement of information in the Internet is achieved via a system of interconnected

computer networks that share data by packet switching using the standardized Internet

Protocol Suite (TCP/IP). It is a "network of networks" that consists of millions of private and

public, academic, business, and government networks of local to global scope that are linked

by copper wires, fiber-optic cables, wireless connections, and other technologies.

Many computer scientists see the Internet as a "prime example of a large-scale, highly

engineered, yet highly complex system". The Internet is extremely heterogeneous. (For

instance, data transfer rates and physical characteristics of connections vary widely.) The

Internet exhibits "emergent phenomena" that depend on its large-scale organization. For

example, data transfer rates exhibit temporal self-similarity. Further adding to the complexity

of the Internet is the ability of more than one computer to use the Internet through only one

node, thus creating the possibility for a very deep and hierarchal sub-network that can

theoretically be extended infinitely (disregarding the programmatic limitations of the IPv4

protocol). However, since principles of this architecture date back to the 1960s, it might not
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be a solution best suited to modern needs, and thus the possibility of developing alternative

structures is currently being looked into.

9. Web Servers

The term web server mean a computer program that is responsible for accepting HTTP

requests from clients (user agents such as web browsers), and serving them HTTP responses

along with optional data contents, which usually are web pages such as HTML documents

and linked objects (images, etc.).

Topic : Testing Systems

Topic Objective:

At the end of this topic the student will be able to understand:

 Introduction

 Open Database Connectivity

 System testing

 Testing the whole system

 Types of system testing

 Distributed Systems

Definition/Overview:

Overview: In computing, Open Database Connectivity (ODBC) provides a standard software

API method for using database management systems (DBMS). The designers of ODBC

aimed to make it independent of programming languages, database systems, and operating

systems.
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Key Points:

1. Introduction

The ODBC Specification offers a procedural API for using SQL queries to access data. An

implementation of ODBC will contain one or more applications, a core ODBC "Driver

Manager" library, and one or more "database drivers". The Driver Manager, independent of

the applications and DBMS, acts as an "interpreter" between the applications and the

database drivers, whereas the database drivers contain the DBMS-specific details. Thus a

programmer can write applications that use standard types and features without concern for

the specifics of each DBMS that the applications may encounter. Likewise, database driver

implementors only need to know how to attach to the core library. This makes ODBC

modular.

To write ODBC code that exploits DBMS-specific features requires more advanced

programming: an application must use introspection, calling ODBC metadata functions that

return information about supported features, available types, syntax, limits, isolation levels,

driver capabilities and more. Even when programmers use adaptive techniques, however,

ODBC may not provide some advanced DBMS features. The ODBC 3.x API operates well

with traditional SQL applications such as OLTP, but it has not evolved to support richer types

introduced by SQL:1999 and SQL:2003.

ODBC provides the standard ofubiquitous data access because hundreds of ODBC drivers

exist for a large variety of data sources. ODBC operates with a variety of operating systems

and drivers exist for non-relational data such as spreadsheets, text and XML files. Because

ODBC dates back to 1992, it offers connectivity to a wider variety of data sources than other

data-access APIs. More drivers exist for ODBC than drivers or providers exist for newer

APIs such as OLE DB, JDBC, and ADO.NET.

Despite the benefits of ubiquitous connectivity and platform-independence, systems designers

may perceive ODBC as having certain drawbacks. Administering a large number of client

machines can involve a diversity of drivers and DLLs. This complexity can increase system-

administration overhead. Large organizations with thousands of PCs have often turned to

ODBC server technology (also known as "Multi-Tier ODBC Drivers") to simplify the

administration problems.
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Differences between drivers and driver maturity can also raise important issues. Newer

ODBC drivers do not always have the stability of drivers already deployed for years. Years of

testing and deployment mean a driver may contain fewer bugs.

Developers needing features or types not accessible with ODBC can use other SQL APIs.

When not aiming for platform-independence, developers can use proprietary APIs, whether

DBMS-specific (such as TransactSQL) or language-specific (for example: JDBC for Java

applications).

2. Open Database Connectivity

In computing, Open Database Connectivity (ODBC) provides a standard software API

method for using database management systems (DBMS). The designers of ODBC aimed to

make it independent of programming languages, database systems, and operating systems.

The ODBC Specification offers a procedural API for using SQL queries to access data. An

implementation of ODBC will contain one or more applications, a core ODBC "Driver

Manager" library, and one or more "database drivers". The Driver Manager, independent of

the applications and DBMS, acts as an "interpreter" between the applications and the

database drivers, whereas the database drivers contain the DBMS-specific details. Thus a

programmer can write applications that use standard types and features without concern for

the specifics of each DBMS that the applications may encounter. Likewise, database driver

implementors only need to know how to attach to the core library. This makes ODBC

modular.

To write ODBC code that exploits DBMS-specific features requires more advanced

programming: an application must use introspection, calling ODBC metadata functions that

return information about supported features, available types, syntax, limits, isolation levels,

driver capabilities and more. Even when programmers use adaptive techniques, however,

ODBC may not provide some advanced DBMS features. The ODBC 3.x API operates well

with traditional SQL applications such as OLTP, but it has not evolved to support richer types

introduced by SQL:1999 and SQL:2003.

ODBC provides the standard of ubiquitous data access because hundreds of ODBC drivers

exist for a large variety of data sources. ODBC operates with a variety of operating systems
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and drivers exist for non-relational data such as spreadsheets, text and XML files. Because

ODBC dates back to 1992, it offers connectivity to a wider variety of data sources than other

data-access APIs. More drivers exist for ODBC than drivers or providers exist for newer

APIs such as OLE DB, JDBC, and ADO.NET.

Despite the benefits of ubiquitous connectivity and platform-independence, systems designers

may perceive ODBC as having certain drawbacks. Administering a large number of client

machines can involve a diversity of drivers and DLLs. This complexity can increase system-

administration overhead. Large organizations with thousands of PCs have often turned to

ODBC server technology (also known as "Multi-Tier ODBC Drivers") to simplify the

administration problems.

Differences between drivers and driver maturity can also raise important issues. Newer

ODBC drivers do not always have the stability of drivers already deployed for years. Years of

testing and deployment mean a driver may contain fewer bugs.

Developers needing features or types not accessible with ODBC can use other SQL APIs.

When not aiming for platform-independence, developers can use proprietary APIs, whether

DBMS-specific (such as TransactSQL) or language-specific (for example: JDBC for Java

applications).

3. System testing

System testing of software or hardware is testing conducted on a complete, integrated system

to evaluate the system's compliance with its specified requirements. System testing falls

within the scope of black box testing, and as such, should require no knowledge of the inner

design of the code or logic.

As a rule, system testing takes, as its input, all of the "integrated" software components that

have successfully passed integration testing and also the software system itself integrated

with any applicable hardware system(s). The purpose of integration testing is to detect any

inconsistencies between the software units that are integrated together (called assemblages)

or between any of the assemblages and the hardware. System testing is a more limiting type

of testing; it seeks to detect defects both within the "inter-assemblages" and also within the

system as a whole.
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4. Testing the whole system

System testing is performed on the entire system in the context of a Functional Requirement

Specification(s) (FRS) and/or a System Requirement Specification (SRS). System testing is

an investigatory testing phase, where the focus is to have almost a destructive attitude and

tests not only the design, but also the behaviour and even the believed expectations of the

customer. It is also intended to test up to and beyond the bounds defined in the

software/hardware requirements specification(s). System testing includes the Load testing

and Stress Testing. Once the Load testing and Stress testing is completed successfully, the

next level of Alpha Testing or Beta Testing will go ahead.

5. Types of system testing

The following examples are different types of testing that should be considered during

System testing:

5.1 GUI software testing

In computer science, GUI software testing is the process of testing a product that uses

a graphical user interface, to ensure it meets its written specifications. This is

normally done through the use of a variety of test cases. Most clients in client/server

and web-based systems deliver system functionality using a GUI. When testing

complete systems, the tester must grapple with the additional functionality provided

by the GUI. GUIs make testing systems more difficult for many reasons: the event-

driven nature of GUIs, unsolicited events, many ways in/many ways out and the

infinite input domain problems make it likely that the programmer has introduced

errors because he could not test every path.

Available literature on testing GUIs almost exclusively tends to focus on tools as the

solution to the GUI testing problem. With few exceptions, papers on this topic pay

attention to GUI test design, but have concentrated on how automated regression-test

suites can be built and maintained.

To generate a good set of test cases, the test designer must be certain that their suite

covers all the functionality of the system and also has to be sure that the suite fully

exercises the GUI itself. The difficulty in accomplishing this task is twofold: one has
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to deal with domain size and then one has to deal with sequences. In addition, the

tester faces more difficulty when they have to do regression testing.

The size problem can be easily illustrated. Unlike a CLI (command line interface)

system, a GUI has many operations that need to be tested. A very small program such

as Microsoft WordPad has 325 possible GUI operations. In a large program, the

number of operations can easily be an order of magnitude larger.

The second problem is the sequencing problem. Some functionality of the system may

only be accomplishable by following some complex sequence of GUI events. For

example, to open a file a user may have to click on the File Menu and then select the

Open operation, and then use a dialog box to specify the file name, and then focus the

application on the newly opened window. Obviously, increasing the number of

possible operations increases the sequencing problem exponentially. This can become

a serious issue when the tester is creating test cases manually.

Regression testing becomes a problem with GUIs as well. This is because the GUI

may change significantly across versions of the application, even though the

underlying application may not. A test designed to follow a certain path through the

GUI may not be able to follow that path since a button, menu item, or dialog may

have changed location or appearance.

These issues have driven the GUI testing problem domain towards automation. Many

different techniques have been proposed to automatically generate test suites that are

complete and that simulate user behavior.

Most of the techniques used to test GUIs attempt to build on techniques previously

used to test CLI programs. However, most of these have scaling problems when they

are applied to GUIs. For example, Finite State Machine-based modeling where a

system is modeled as a finite state machine and a program is used to generate test

cases that exercise all states can work well on a system that has a limited number of

states but may become overly complex and unwieldy for a GUI
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5.2 Usability testing

Usability testing is a technique used to evaluate a product by testing it on users. This

can be seen as an irreplaceable usability practice, since it gives direct input on how

real users use the system. This is in contrast with usability inspection methods where

experts use different methods to evaluate a user interface without involving users.

Usability testing focuses on measuring a human-made product's capacity to meet its

intended purpose. Examples of products that commonly benefit from usability testing

are web sites or web applications, computer interfaces, documents, or devices.

Usability testing measures the usability, or ease of use, of a specific object or set of

objects, whereas general human-computer interaction studies attempt to formulate

universal principles.

A Xerox Palo Alto Research Center (PARC) employee wrote that PARC used

extensive usability testing in creating the Xerox Star, introduced in 1981. Only about

25,000 were sold, leading many to consider the Xerox Star a commercial failure.

The Google Book Search preview, of the Inside Intuit book, says, "... in the first

instance of the Usability Testing that later became standard industry practice, LeFevre

recruited people off the streets... and timed their Kwik-Chek (Quicken) usage with a

stopwatch. After every test... programmers worked to improve the program.") Scott

Cook, Intuit co-founder, said, "... we did usability testing in 1984, five years before

anyone else... there's a very big difference between doing it and having marketing

people doing it as part of their... design... a very big difference between doing it and

having it be the core of what engineers focus on.

Cook may not have known of the PARC work, but it sounds more like he knew it only

related to marketing design, as opposed to engineering and re-engineering decisions

based on direct user input. In any event, at the time of this writing Google seems to

have no Usability Testing projects between the PARC work and Quicken, but many

after Quicken became a top commercial seller.
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5.3 Performance testing

Performance Testing covers a broad range of engineering or functional evaluations

where a material, product, system, or person is not specified by detailed material or

component specifications: rather, emphasis is on the final measurable performance

characteristics.

Performance testing can refer to the assessment of the performance of a human

examinee. For example, a behind-the-wheel driving test is a performance test of

whether a person is able to perform the functions of a competent driver of an

automobile.

In the computer industry, software performance testing is used to determine the speed

or effectiveness of a computer, network, software program or device. This process can

involve quantitative tests done in a lab, such as measuring the response time or the

number of MIPS (millions of instructions per second) at which a system functions.

Qualitative attributes such as reliability, scalability and interoperability may also be

evaluated. Performance testing is often done in conjunction with stress testing.

5.4 Compatibility testing

Compatibility testing, part of software non-functional tests, is testing conducted on

the application to evaluate the application's compatibility with the computing

environment.

5.5 Load testing

Load testing is the process of putting demand on a system or device and measuring its

response.

In mechanical systems it refers to the testing of a system to certify it under the

appropriate regulations, e.g. Lifting Operations and Lifting Equipment Regulations

(LOLER) in the UK. Load testing is usually carried out to a load 1.5 times the Safe

Working Load (SWL). Periodic recertification is required.
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The term load testing is used in different ways in the professional software testing

community. Load testing generally refers to the practice of modeling the expected

usage of a software program by simulating multiple users accessing the program

concurrently. As such, this testing is most relevant for multi-user systems, often one

built using a client/server model, such as web servers. However, other types of

software systems can also be load tested. For example, a word processor or graphics

editor can be forced to read an extremely large document; or a financial package can

be forced to generate a report based on several years' worth of data. The most accurate

load testing occurs with actual, rather than theoretical, results.

When the load placed on the system is raised beyond normal usage patterns, in order

to test the system's response at unusually high or peak loads, it is known as stress

testing. The load is usually so great that error conditions are the expected result,

although no clear boundary exists when an activity ceases to be a load test and

becomes a stress test.

There is little agreement on what the specific goals of load testing are. The term is

often used synonymously with performance testing, reliability testing, and volume

testing.

5.6 Volume testing

Volume Testing belongs to the group of non-functional tests, which are often

misunderstood and/or used interchangeably. Volume testing refers to testing a

software application with a certain amount of data. This amount can, in generic terms,

be the database size or it could also be the size of an interface file that is the subject of

volume testing. For example, if you want to volume test your application with a

specific database size, you will expand your database to that size and then test the

application's performance on it. Another example could be when there is a

requirement for your application to interact with an interface file (could be any file

such as .dat, .xml); this interaction could be reading and/or writing on to/from the file.

You will create a sample file of the size you want and then test the application's

functionality with that file in order to test the performance.
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5.7 Stress testing

Stress testing is a form of testing that is used to determine the stability of a given

system or entity. It involves testing beyond normal operational capacity, often to a

breaking point, in order to observe the results. Stress testing may have a more specific

meaning in certain industries.

5.8 Security testing

Security Testing: (The) Process to determine that an IS (Information System) protects

data and maintains functionality as intended. The six basic security concepts that need

to be covered by security testing are: confidentiality, integrity, authentication,

authorization, availability and non-repudiation.

5.9 Scalability testing

Scalability Testing, part of the battery of non-functional tests, is the testing of a

software application for measuring its capability to scale up or scale out - in terms of

any of its non-functional capability - be it the user load supported, the number of

transactions, the data volume etc. Performance, Scalability & Reliability (PSR) are

usually considered together by Software Test professionals.

6. Distributed Systems

A distributed system is a collection of processors that do not share memory. Each processor

has its own local memory. The processor communicates with one another through various

communication networks, such as high-speed buses or telephone lines.

Distributed computing deals with hardware and software systems containing more than one

processing element or storage element, concurrent processes, or multiple programs, running

under a loosely or tightly controlled regime.

In distributed computing a program is split up into parts that run simultaneously on multiple

computers communicating over a network. Distributed computing is a form of parallel

computing, but parallel computing is most commonly used to describe program parts running

simultaneously on multiple processors in the same computer. Both types of processing
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require dividing a program into parts that can run simultaneously, but distributed programs

often must deal with heterogeneous environments, network links of varying latencies, and

unpredictable failures in the network or the computers.

Organizing the interaction between the computers that execute distributed computations is of

prime importance. In order to be able to use the widest possible variety of computers, the

protocol or communication channel should not contain or use any information that may not

be understood by certain machines. Special care must also be taken that messages are indeed

delivered correctly and that invalid messages, which would otherwise bring down the system

and perhaps the rest of the network, are rejected.

Another important factor is the ability to send software to another computer in a portable way

so that it may execute and interact with the existing network. This may not always be

practical when using differing hardware and resources, in which case other methods, such as

cross-compiling or manually porting this software, must be used.

A variety of distributed computing projects have grown up in recent years. Many are run on a

volunteer basis, and involve users donating their unused computational power to work on

interesting computational problems. Examples of such projects include the Stanford

University Chemistry Department Folding@home project, which is focused on simulations of

protein folding to find disease cures and to understand biophysical systems; World

Community Grid, an effort to create the world's largest public computing grid to tackle

scientific research projects that benefit humanity, run and funded by IBM; SETI@home,

which is focused on analyzing radio-telescope data to find evidence of intelligent signals

from space, hosted by the Space Sciences Laboratory at the University of California,

Berkeley (the Berkeley Open Infrastructure for Network Computing (BOINC), was originally

developed to support this project); OurGrid, which is a free-to-join peer-to-peer grid provided

by the idle resources of all participants; LHC@home, which is used to help design and tune

the Large Hadron Collider, hosted by CERN in Geneva; and distributed.net, which is focused

on finding optimal Golomb rulers and breaking various cryptographic ciphers.

Distributed computing projects also often involve competition with other distributed systems.

This competition may be for prestige, or it may be a matter of enticing users to donate

processing power to a specific project. For example, stat races are a measure of the work a

distributed computing project has been able to compute over the past day or week. This has
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been found to be so important in practice that virtually all distributed computing projects

offer online statistical analyses of their performances, updated at least daily if not in real-

time.

In Section 5 of this course you will cover these topics:
Components, Frameworks, And Product Lines

Conclusion

Topic : Components, Frameworks, And Product Lines

Topic Objective:

At the end of this topic the student will be able to understand:

 Introduction

 Models

 Deploying model-based testing

 Deriving tests algorithmically

 Test case generation

Definition/Overview:

Overview: A Data Control Language (DCL) is a computer language and a subset of SQL,

used to control access to data in a database.SQL (Structured Query Language) is a database

computer language designed for the retrieval and management of data in relational database

management systems (RDBMS), database schema creation and modification, and database

object access control management.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

66
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Key Points:

1. Introduction

Object oriented testing is software testing in which test cases are derived in whole or in part

from a model that describes some (usually functional) aspects of the system under test (SUT).

The model is usually an abstract, partial presentation of the system under test's desired

behavior. The test cases derived from this model are functional tests on the same level of

abstraction as the model. These test cases are collectively known as the abstract test suite.

The abstract test suite cannot be directly executed against the system under test because it is

on the wrong level of abstraction. Therefore an executable test suite must be derived from the

abstract test suite that can communicate with the system under test. This is done by mapping

the abstract test cases to concrete test cases suitable for execution. In the case of online

testing (see below), the abstract test suite exists only as a concept but not as an explicit

artifact.

There are many different ways to "derive" tests from a model. Because testing is usually

experimental and based on heuristics, there is no one best way to do this. It is common to

consolidate all test derivation related design decisions into a package that is often known as

"test requirements", "test purpose" or even "use case". This package can contain e.g.

information about the part of the model that should be the focus for testing, or about the

conditions where it is correct to stop testing (test stopping criteria).

Because test suites are derived from models and not from source code, model-based testing is

usually seen as one form of black-box testing. In some aspects, this is not completely

accurate. Model-based testing can be combined with source-code level test coverage

measurement, and functional models can be based on existing source code in the first place.

Model-based testing for complex software systems is still an evolving field.

2. Models

An example of a model-based testing workflow (offline test case generation). IXIT refers to

"implementation extra information" and denotes here the total package of information that is

needed when the abstract test suite is converted into an executable one. Typically it includes

information about test harness, data mappings and SUT configuration.
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Especially in Model Driven Engineering or in OMG's model-driven architecture the model is

built before or parallel to the development process of the system under test. The model can

also be constructed from the completed system. Recently the model is created mostly

manually, but there are also attempts to create the model automatically, for instance out of the

source code. One important way to create new models is by model transformation, using

languages like ATL, a QVT-like Domain Specific Language.

Model-based testing inherits the complexity of the domain or, more particularly, of the

related domain models. In this paper the authors discuss the requirements related to model-

based testing in the domain of Information Systems.

2.1 Deploying model-based testing

There are various known ways to deploy model-based testing, which include online

testing, offline generation of executable tests, and offline generation of manually

deployable tests.

Online testing means that a model-based testing tool connects directly to a system

under test and tests it dynamically.

Offline generation of executable tests means that a model-based testing tool generates

test cases as a computer-readable asset that can be later deployed automatically. This

asset can be, for instance, a collection of Python classes that embodies the generated

testing logic.

Offline generation of manually deployable tests means that a model-based testing tool

generates test cases as a human-readable asset that can be later deployed manually.

This asset can be, for instance, a PDF document in English that describes the

generated test steps.

3. Deriving tests algorithmically

The effectiveness of model-based testing is primarily due to the potential for automation it

offers. If the model is machine-readable and formal to the extent that it has a well-defined

behavioral interpretation, test cases can in principle be derived mechanically.
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Often the model is translated to or interpreted as a finite state automaton or a state transition

system. This automaton represents the possible configurations of the system under test. To

find test cases, the automaton is searched for executable paths. A possible execution path can

serve as a test case. This method works if the model is deterministic or can be transformed

into a deterministic one. Valuable off-nominal test cases may be obtained by leveraging un-

specified transitions in these models.

Depending on the complexity of the system under test and the corresponding model the

number of paths can be very large, because of the huge amount of possible configurations of

the system. For finding appropriate test cases, i.e. paths that refer to a certain requirement to

proof, the search of the paths has to be guided. For the test case selection multiple techniques

are applied.

4 Test case generation

Theorem proving has been originally used for automated proving of logical formulas. For

model-based testing approaches the system is modeled by a set of logical expressions

(predicates) specifying the system's behavior. For selecting test cases the model is partitioned

into equivalence classes over the valid interpretation of the set of the logical expressions

describing the system under test. Each class is representing a certain system behavior and can

therefore serve as a test case.

The simplest partitioning is done by the disjunctive normal form approach. The logical

expressions describing the system's behavior are transformed into the disjunctive normal

form. The classification tree-method provides a more sophisticated hierarchical partitioning.

Also partitioning heuristics are used supporting the partitioning algorithms, e.g. heuristics

based on boundary value analysis.

4.1 Test case generation by constraint logic programming

Constraint programming can be used to select test cases satisfying specific constraints

by solving a set of constraints over a set of variables. The system is described by the

means of constraints. Solving the set of constraints can be done by Boolean solvers

(e.g. SAT-solvers based on the Boolean satisfiability problem) or by numerical
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analysis, like the Gaussian elimination. A solution found by solving the set of

constraints formulas can serve as a test cases for the corresponding system.

4.2 Test case generation by model checking

Originally model checking was developed as a technique to check if a property of a

specification is valid in a model. We provide a model of the system under test and a

property we want to test to the model checker. Within the procedure of proofing, if

this property is valid in the model, the model checker detects witnesses and

counterexamples. A witness is a path, where the property is satisfied, whereas a

counterexample is a path in the execution of the model, where the property is violated.

These paths can again be used as test cases.

4.3 Test case generation by symbolic execution

Symbolic execution is often used in frameworks for model-based testing. It can be a

means in searching for execution traces in an abstract model. In principle the program

execution is simulated using symbols for variables rather than actual values. Then the

program can be executed in a symbolic way. Each execution path represents one

possible program execution and can be used as a test case. For that, the symbols have

to be instantiated by assigning values to the symbols.

4.4 Test case generation by using an event-flow model

A popular model that has recently been used extensively for testing software with a

graphical user-interface (GUI) front-end is called the event-flow model that represents

events and event interactions. In much the same way as a control-flow model

represents all possible execution paths in a program, and a data-flow model represents

all possible definitions and uses of a memory location, the event-flow model

represents all possible sequences of events that can be executed on the GUI. More

specifically, a GUI is decomposed into a hierarchy of modal dialogs; this hierarchy is

represented as an integration tree; each modal dialog is represented as an event-flow

graph that shows all possible event execution paths in the dialog; individual events are

represented using their preconditions and effects. An overview of the event-flow

model with associated algorithms to semi-automatically reverse engineer the model
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from an executing GUI software is presented in this 2007 paper. Because the event-

flow model is not tied to a specific aspect of the GUI testing process, it may be used

to perform a wide variety of testing tasks by defining specialized model-based

techniques called event-space exploration strategies (ESES). These ESES use the

event-flow model in a number of ways to develop an end-to-end GUI testing process,

namely by checking the model, test-case generation, and test oracle creation.

4.5 Test case generation by using an Markov chains model

Markov chains are an efficient way to handle MBT, here call Statistical Model Based

Testing. Markov chains can be understood as Finite State Machine weighted by

probability on transitions. Collection of probability builds a profile. Model Based

Testing from Markov chains uses a random process to generate test case conformed to

the targeted profile. We say "usage model" and "usage profile, when the probability

pool defines the usage of the system. For example, the "Bing Bang" approach of

Integration testing is defined as Usage Model Testing. In that case, test case results

analysis provides system under test reliability.

Statistical Model Based Testing is also powerful for test process improvement.

Because of its probability, random test case generation is controlled and driven to

converge to the target. For example, by using a "usage profile", generated test cases

will, in a statistical way, test the most used SUT functions before the others.
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