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WARNING:

This document contains text copied from a number of sources, I have included references where possible. These are lecture notes, students assignments should always use correct referencing.

Software Testing

Validation and Verification

Software Testing and Analysis: Process, Principles and Techniques by Mauro Pezzè and Michal Young  

Assessing the degree to which a software system actually fulfills its requirements, in the sense of meeting the user's real needs, is called validation. Fulfilling requirements is not the same as conforming to a requirements specification. A specification is a statement about a particular proposed solution to a problem, and that proposed solution may or may not achieve its goals. Moreover, specifications are written by people, and therefore contain mistakes. A system that meets its actual goals is useful, while a system that is consistent with its specification is dependable.

"Verification" is checking the consistency of an implementation with a specification. Here, "specification" and "implementation" are roles, not particular artifacts. For example, an overall design could play the role of "specification" and a more detailed design could play the role of "implementation"; checking whether the detailed design is consistent with the overall design would then be verification of the detailed design. Later, the same detailed design could play the role of "specification" with respect to source code, which would be verified against the design. In every case, though, verification is a check of consistency between two descriptions, in contrast to validation which compares a description (whether a requirements specification, a design, or a running system) against actual needs.

Figure 1 sketches the relation of verification and validation activities with respect to artifacts produced in a software development project. The figure should not be interpreted as prescribing a sequential process, since the goal of a consistent set of artifacts and user satisfaction are the same whether the software artifacts (specifications, design, code, etc.) are developed sequentially, iteratively, or in parallel. Verification activities check consistency between descriptions (design and specifications) at adjacent levels of detail, and between these descriptions and code. Validation activities attempt to gauge whether the system actually satisfies its intended purpose.

 

[image: Click to collapse] 
Figure 1: Validation activities check work products against actual user requirements, while verification activities check consistency of work products.

Validation activities refer primarily to the overall system specification and the final code. With respect to overall system specification, validation checks for discrepancies between actual needs and the system specification as laid out by the analysts, to ensure that the specification is an adequate guide to building a product that will fulfill its goals. With respect to final code, validation aims at checking discrepancies between actual need and the final product, to reveal possible failures of the development process and to make sure the product meets end-user expectations. Validation checks between the specification and final product are primarily checks of decisions that were left open in the specification (e.g., details of the user interface or product features).

We have omitted one important set of verification checks from Figure 1 to avoid clutter. In addition to checks that compare two or more artifacts, verification includes checks for self-consistency and well-formedness. For example, while we cannot judge that a program is "correct" except in reference to a specification of what it should do, we can certainly determine that some programs are "incorrect" because they are ill- formed. We may likewise determine that a specification itself is ill-formed because it is inconsistent (requires two properties that cannot both be true) or ambiguous (can be interpreted to require some property or not), or because it does not satisfy some other well-formedness constraint that we impose, such as adherence to a standard imposed by a regulatory agency.

Validation against actual requirements necessarily involves human judgment and the potential for ambiguity, misunderstanding, and disagreement. In contrast, a specification should be sufficiently precise and unambiguous that there can be no disagreement about whether a particular system behavior is acceptable. While the term testing is often used informally both for gauging usefulness and verifying the product, the activities differ in both goals and approach..

Dependability properties include correctness, reliability, robustness, and safety. Correctness is absolute consistency with a specification, always and in all circumstances. Correctness with respect to nontrivial specifications is almost never achieved. Reliability is a statistical approximation to correctness, expressed as the likelihood of correct behavior in expected use. Robustness, unlike correctness and reliability, weighs properties as more and less critical, and distinguishes which properties should be maintained even under exceptional circumstances in which full functionality cannot be maintained. Safety is a kind of robustness in which the critical property to be maintained is avoidance of particular hazardous behaviors. 



System or Functional Testing

Software Testing and Analysis: Process, Principles and Techniques by Mauro Pezzè and Michal Young

A functional specification is a description of intended program behavior, distinct from the program itself. Whatever form the functional specification takes — whether formal or informal — it is the most important source of information for designing tests. Deriving test cases from program specifications is called functional testing.

Functional testing, or more precisely, functional test case design, attempts to answer the question "What test cases shall I use to exercise my program?" considering only the specification of a program and not its design or implementation structure. Being based on program specifications and not on the internals of the code, functional testing is also called specification-based or black-box testing.

Functional testing is typically the base-line technique for designing test cases, for a number of reasons. Functional test case design can (and should) begin as part of the requirements specification process, and continue through each level of design and interface specification; it is the only test design technique with such wide and early applicability. Moreover, functional testing is effective in finding some classes of fault that typically elude so-called white-box or glass-box techniques of structural or fault-based testing. Functional testing techniques can be applied to any description of program behavior, from an informal partial description to a formal specification, and at any level of granularity from module to system testing. Finally, functional test cases are typically less expensive to design and execute than white-box tests.

In testing and analysis aimed at verification — that is, at finding any discrepancies between what a program does and what it is intended to do — one must obviously refer to requirements as expressed by users and specified by software engineers. A functional specification, that is, a description of the expected behavior of the program, is the primary source of information for test case specification.

Functional testing, also known as black-box or specification-based testing, denotes techniques that derive test cases from functional specifications. Usually functional testing techniques produce test case specifications that identify classes of test cases and are instantiated to produce individual test cases.

The core of functional test case design is partitioning the possible behaviors of the program into a finite number of homogeneous classes, where each such class can reasonably be expected to be consistently correct or incorrect. In practice, the test case designer often must also complete the job of formalizing the specification far enough to serve as the basis for identifying classes of behaviors. An important side benefit of test design is highlighting the weaknesses and incompleteness of program specifications.

Deriving functional test cases is an analytical process that decomposes specifications into test cases. The myriad aspects that must be taken into account during functional test case specification makes the process error prone. Even expert test designers can miss important test cases. A methodology for functional test design helps by decomposing the functional test design process into elementary steps. In this way, it is possible to control the complexity of the process and to separate human intensive activities from activities that can be automated.

Sometimes, functional testing can be fully automated. This is possible, for example, when specifications are given in terms of some formal model, such as a grammar or an extended state machine specification. In these (exceptional) cases, the creative work is performed during specification and design of the software. The test designer's job is then limited to the choice of the test selection criteria, which defines the strategy for generating test case specifications. In most cases, however, functional test design is a human intensive activity. For example, when test designers must work from informal specifications written in natural language, much of the work is in structuring the specification adequately for identifying test cases.



Non-Functional Testing

Non-functional testing is the testing of a software application for its non-functional requirements. The names of many non-functional tests are often used interchangeably because of the overlap in scope between various non-functional requirements. For example, software performance is a broad term that includes many specific requirements like reliability and scalability.

Non-functional testing includes:
· Baseline testing 
· Compatibility testing 
· Compliance testing 
· Documentation testing 
· Endurance testing 
· Load testing 
· Localization testing and mangi testing 
· Performance testing 
· Recovery testing 
· Resilience testing 
· Security testing 
· Scalability testing 
· Stress testing 
· Usability testing 
· Volume testing



Black-Box Testing

The Art of Software Testing, Second Edition by Glenford J. Myers

One important testing strategy is black-box, data-driven, or input/output- driven testing. To use this method, view the program as a black box. Your goal is to be completely unconcerned about the internal behavior and structure of the program. Instead, concentrate on finding circumstances in which the program does not behave according to its specifications.

In this approach, test data are derived solely from the specifications (i.e., without taking advantage of knowledge of the internal structure of the program). 

If you want to use this approach to find all errors in the program, the criterion is exhaustive input testing, making use of every possible input condition as a test case. Why? If you tried three equilateral-triangle test cases for the triangle program, that in no way guarantees the correct detection of all equilateral triangles. The program could contain a special check for values 3842, 3842, 3842 and denote such a triangle as a scalene triangle. Since the program is a black box, the only way to be sure of detecting the presence of such a statement is by trying every input condition.

To test the triangle program exhaustively, you would have to create test cases for all valid triangles up to the maximum integer size of the development language. This in itself is an astronomical number of test cases, but it is in no way exhaustive; it would find errors where the program said that -3, 4, 5 is a scalene triangle and that 2, A, 2 is an isosceles triangle. To be sure of finding all such errors, you have to test using not only all valid inputs, but all possible inputs. Hence, to test the triangle program exhaustively, you would have to produce virtually an infinite number of test cases, which, of course, is not possible.

If this sounds difficult, exhaustive input testing of larger programs is even more of a problem. Consider attempting an exhaustive black- box test of a C++ compiler. Not only would you have to create test cases representing all valid C++ programs (again, virtually an infinite number), but you would have to create test cases for all invalid C++ programs (an infinite number) to ensure that the compiler detects them as being invalid. That is, the compiler has to be tested to ensure that it does not do what it is not supposed to do—for example, successfully compile a syntactically incorrect program.

The problem is even worse for programs having a memory, such as operating systems or database applications. For example, in a database application such as an airline reservation system, the execution of a transaction (such as a database query, a reservation for a plane flight) is dependent upon what happened in previous transactions. Hence, not only would you have to try all unique valid and invalid transactions, but also all possible sequences of transactions. 

This discussion shows that exhaustive input testing is impossible. Two implications of this are that (1) you cannot test a program to guarantee that it is error free and (2) a fundamental consideration in program testing is one of economics. That is, since exhaustive testing is out of the question, the objective should be to maximize the yield on the testing investment by maximizing the number of errors found by a finite number of test cases. Doing so will involve, among other things, being able to peer inside the program and making certain reasonable, but not airtight, assumptions about the program (for example, if the triangle program detects 2, 2, 2 as an equilateral triangle, it seems reasonable that it will do the same for 3, 3, 3).





VisualStudio provides a number of tests that can be created in a TestProject. A BlackBoxTests and MovieBookingSystem project have been provided for you. A CinemaManagementSystem DLL file is also provided for you and has already been added as a reference to both these projects. See the Appendix for more details on managed dynamic linked libraries (DLL’s) and the Class Library project.

Test documents are also provided in the form of Excel spreadsheets, and test results are also recorded in the same documents.

The next section of this document outlines a scenario for a cinema management system. We don’t have the code for this system, just the DLL, so using the description of the scenario (you would normally work from a requirements specification but this example is quite short) we will develop a series of black box tests.





The Scenario

Mike’s Cinema requires a new application for managing the purchase of tickets and booking of seats. 






The cinema has three screens.....



.... each screen has a certain number of seat rows and each row has the same number of seats.







The cinema shows a number of movies, each of which is shown on specific dates & times. 
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[image: http://t1.gstatic.com/images?q=tbn:ANd9GcSRUhAknXQKucVIc5KKAVsZDzRf-hMZdUsA_iepFwFmG7anO3Q&t=1&usg=__FKqPwQfwVLOpll7IXwQHk53Ftbw=]









Once they have selected a movie, they can select the seats they want (row and position in the row) and use a credit card to reserve the seats.












Once their PIN number is accepted and they have enough funds to pay for the tickets, the tickets are dispensed to the customer.




A cinema management system has already been created providing the following classes:

CinemaScreen, this represents one of the three screens in the cinema, and provides the number of rows in the theatre TotalSeatRows and the number of seats in the row SeatsPerRow.

Movie, this represents the movie being shown and provides the movie title Title and the price of a ticket Price.

MovieShowing, contains the screen number ScreenShowingFilm, title of the movie Title, date it’s showing DateOfShow, and time of show TimeOfShow. You can also check whether a seat is booked CheckSeatStatus or check whether seats are booked CheckSeatsStatus. Likewise, you can book/unbook a seat or seats, BookSeat, BookSeats, UnBookSeat & UnBookSeats. 

Cinema, manages the screens, movies and movie showings. GetScreen returns the CinemaScreen for the specified screen number. AddMovie adds a new movie to the cinema and you can get a movie using an indexer i.e. cinema[“movie title”]. You can read a list of the shows for a particular movie Showings, a specific showing FindShowing and add a new showing of a movie AddShowing.

PaymentSystem, allows you to check if a PIN is authorized CheckPin, DebitBalance and read the cash balance Balance. You can set the Pin SetPin and alter the cash balance Balance. This represents a simple fake payment system.

Likewise, a fake TicketDispenser will dispense a fake ticket DispenseTicket.

Ticket represents the ticket issued to the customer.

SeatPosition provides the row Row and position in the row PositionInRow of a seat.

The class diagram for this system is shown below together with a sequence diagram showing the process by which a cinema seat is booked.









In the BlackBoxSWTestResults spreadsheet, the first two tests check the PaymentSystem and are reproduced here.
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TEST 1:
Test the payment system PIN number handling.
First set the PIN to specific number.
Check an incorrect PIN number and ensure it fails.
Check the correct PIN number.

TEST2:
Debit the balance by 100.0 and balance should be deducted.
Repeat. Balance should be 0.0
Debit again, should fail indicating insufficient cash balance available.

In the BlackBoxUnitTests project add a UnitTest called PaymentTests.

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for UnitTest1
    /// </summary>
    [TestClass]
    public class PaymentTests
    {
        public PaymentTests()
        {
            //
            // TODO: Add constructor logic here
            //
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

        [TestMethod]
        public void TestMethod1()
        {
            //
            // TODO: Add test logic here
            //
        }
    }
}

The attribute [TestClass] indicates to VisuaStudio that this class contains methods which should be run when the project is executed. The [TestMethod] attribute, indicates that this method is a test which needs to be executed. Change the name of this test to TestPin.

Although, I’ve added the reference CinemaManagementSystem to the project for you, to use the classes you need to add the namespace at the top of the file with the using statement.

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for UnitTest1
    /// </summary>
    [TestClass]
    public class PaymentTests
    {
        public PaymentTests()
        {
            //
            // TODO: Add constructor logic here
            //
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

        [TestMethod]
        public void TestPin()
        {
            //
            // TODO: Add test logic here
            //
        }
    }
}

Because we only want to set the PIN once, as it will remain unchanged for the tests, we will set it in the constructor.

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for UnitTest1
    /// </summary>
    [TestClass]
    public class PaymentTests
    {
        public PaymentTests()
        {
            //
            // TODO: Add constructor logic here
            //

            PaymentSystem.SetPin("3456");
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

        [TestMethod]
        public void TestPin()
        {
        }
    }
}

Test 1 has two other steps..
Check an incorrect PIN number and ensure it fails.
Check the correct PIN number.

PaymentSystem.CheckPin() will check a PIN number for us. The first part of the test says an incorrect PIN should be used and the check should fail i.e. return false.
The unitary test needs to be told whether this check worked or failed. Asserts let us perform simple checks, and if the results are incorrect the test fails. To check if two values are the same we use..

Assert.AreEqual(value1, value2);

... to check if they are not equal, use ....

Assert.AreNotEqual(value1, value2);

Here, CheckPin() returns false if the PIN number is incorrect.

bool result;

result = PaymentSystem.CheckPin("1111");  Result is false

So we can test if this PIN check fails

bool result;

result = PaymentSystem.CheckPin("1111");  Result is false
Assert.AreEqual(result, false);  result == false are equal so test passes

Of course, when the PIN is correct the result is true. Here’s the complete PIN test.

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for UnitTest1
    /// </summary>
    [TestClass]
    public class PaymentTests
    {
        public PaymentTests()
        {
            //
            // TODO: Add constructor logic here
            //

            PaymentSystem.SetPin("3456");
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

        [TestMethod]
        public void TestPin()
        {
            bool result;

            result = PaymentSystem.CheckPin("1111");
            Assert.AreEqual(result, false);
            result = PaymentSystem.CheckPin("3456");
            Assert.AreEqual(result, true);
        }
    }
}

Here is the next test...
TEST2:
Debit the balance by 100.0 and balance should be deducted.
Repeat. Balance should be 0.0
Debit again, should fail indicating insufficient cash balance available.

First we add another [TestMethod] called TestDebit.
PaymentSystem.DebitBalance(cash) deducts the cash value from the balance and returns true. If there isn’t enough cash in the balance then false is returned. This check is therefore, very much like the previous test. However, we should also check if the cash balance has been deducted correctly.  PaymentSystem.Balance returns the current cash balance, so we can check if the value is correct. So that we know what the balance should be, we also use PaymentSystem.Balance to set an initial cash balance.

Say we know there should be £100.0 in the balance, then we can use this test...

Assert.AreEqual(100.0, PaymentSystem.Balance, "Cash balance is incorrect");

I’ve used a slightly different version of assert here, by including a message that will be displayed if the test fails. You can use whichever version of assert you want, this version helps you work out why a test fails, so is probably the one you should use most of the time.

Adding this test we get...

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for UnitTest1
    /// </summary>
    [TestClass]
    public class PaymentTests
    {
        public PaymentTests()
        {
            //
            // TODO: Add constructor logic here
            //

            PaymentSystem.SetPin("3456");
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

        [TestMethod]
        public void TestPin()
        {
            bool result;

            result = PaymentSystem.CheckPin("1111");
            Assert.AreEqual(result, false);
            result = PaymentSystem.CheckPin("3456");
            Assert.AreEqual(result, true);
        }

        [TestMethod]
        public void TestDebit()
        {
            bool result;

            PaymentSystem.Balance = 200.0;

            result = PaymentSystem.DebitBalance(100.0);
            Assert.AreEqual(true, result);
            Assert.AreEqual(100.0, PaymentSystem.Balance, 
                           "Cash balance is incorrect");

            result = PaymentSystem.DebitBalance(100.0);
            Assert.AreEqual(true, result);
            Assert.AreEqual(0.0, PaymentSystem.Balance, 
                           "Cash balance is incorrect");

            result = PaymentSystem.DebitBalance(1.0);
            Assert.AreEqual(false, result);
            Assert.AreEqual(0.0, PaymentSystem.Balance, 
                           "Cash balance is incorrect");

        }
    }
}

Run the all the tests..
[image: ]

...and you should see the test results as follows....
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I’ve made this one fail so you can see the assert message....
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Here are some tests for checking the MovieBooking class.

Create a new unit test file MovieBookingTest.

All the test require a Cinema object so we will add this to the constructor, and we also want a date and time to use for the movie show. Anything we need to create once during testing, we create in the constructor like this.

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for MovieBookingTest
    /// </summary>
    [TestClass]
    public class MovieBookingTest
    {
        private Cinema _cinema;
        private MovieShowing _show;
        private DateTime _date = DateTime.Today;
        private TimeSpan _time = DateTime.Now.TimeOfDay;

        public MovieBookingTest()
        {
            //
            // TODO: Add constructor logic here
            //
            _cinema = new Cinema();
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

    }
}

Most of the tests also need a MovieShowing object, and we could create a single instance of this and reset at the end of each test but there is a simpler method. You can provide a method that gets called before each test by marking it with the [TestInitialize] attribute.

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for MovieBookingTest
    /// </summary>
    [TestClass]
    public class MovieBookingTest
    {
        private Cinema _cinema;
        private MovieShowing _show;
        private DateTime _date = DateTime.Today;
        private TimeSpan _time = DateTime.Now.TimeOfDay;

        public MovieBookingTest()
        {
            //
            // TODO: Add constructor logic here
            //
            _cinema = new Cinema();
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

         // Use TestInitialize to run code before running each test 
         [TestInitialize()]
         public void InitMovieBooking() 
         { 
             CinemaScreen screen = _cinema.GetScreen(Screen.SCREEN_ONE);

             // We need to recreate this for each test
             // We could reset it after each test but this is the simplest solution
             _show = new MovieShowing(Screen.SCREEN_ONE, "MikesMovie", 
                                     screen.AvailableSeats, _date, _time);
         }

    }
}



TEST4
Check seat is not booked at valid position and then attempt to book the seat, since no seats have previously been booked this should pass.
Check if the seat has been booked.
Repeat for alternative seat position.
Since we must always check that seat is unbooked before booking it, ther e is no need to check if the same seat can be booked twice. 

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for MovieBookingTest
    /// </summary>
    [TestClass]
    public class MovieBookingTest
    {
        private Cinema _cinema;
        private MovieShowing _show;
        private DateTime _date = DateTime.Today;
        private TimeSpan _time = DateTime.Now.TimeOfDay;

        public MovieBookingTest()
        {
            //
            // TODO: Add constructor logic here
            //
            _cinema = new Cinema();
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

         // Use TestInitialize to run code before running each test 
         [TestInitialize()]
         public void InitMovieBooking() 
         { 
             CinemaScreen screen = _cinema.GetScreen(Screen.SCREEN_ONE);

             // We need to recreate this for each test
             // We could reset it after each test but this is the simplest solution
             _show = new MovieShowing(Screen.SCREEN_ONE, "MikesMovie", screen.AvailableSeats, _date, _time);
         }

        [TestMethod]
        public void BookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;
            
            seatPos = new SeatPosition(3, 3);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First seat booking failed");

            seatPos = new SeatPosition(3, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second seat booking failed");
        }

    }
}


TEST5
Book two a seats at a valid positions. 
Check seat is booked at valid position and then attempt to unbook the seat, since seat has previously been booked this should pass.
Check if the seat has been unbooked.
Repeat for second seat position.
Since we must always check that seat is booked before booking it, there is no need to check if the same seat can be unbooked twice. 


using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for MovieBookingTest
    /// </summary>
    [TestClass]
    public class MovieBookingTest
    {
        private Cinema _cinema;
        private MovieShowing _show;
        private DateTime _date = DateTime.Today;
        private TimeSpan _time = DateTime.Now.TimeOfDay;

        public MovieBookingTest()
        {
            //
            // TODO: Add constructor logic here
            //
            _cinema = new Cinema();
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

         // Use TestInitialize to run code before running each test 
         [TestInitialize()]
         public void InitMovieBooking() 
         { 
             CinemaScreen screen = _cinema.GetScreen(Screen.SCREEN_ONE);

             // We need to recreate this for each test
             // We could reset it after each test but this is the simplest solution
             _show = new MovieShowing(Screen.SCREEN_ONE, "MikesMovie", screen.AvailableSeats, _date, _time);
         }

        [TestMethod]
        public void BookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;
            
            seatPos = new SeatPosition(3, 3);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First seat booking failed");

            seatPos = new SeatPosition(3, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second seat booking failed");
        }

        [TestMethod]
        public void UnBookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;

            seatPos = new SeatPosition(4, 4);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(5, 5);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(4, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, 
                           "First seat unbooking failed");

            seatPos = new SeatPosition(5, 5);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, 
                           "Second seat unbooking failed");
        }
    }
}


TEST6
Check each seat is not booked at valid position and then attempt to book 4 seats, since no seats have previously been booked this should pass.
Check if each seat has been booked.
Repeat for 3 alternative seat positions.
Since we must always check that seat is unbooked before booking it, there is no need to check if the same seat can be booked twice. 


using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for MovieBookingTest
    /// </summary>
    [TestClass]
    public class MovieBookingTest
    {
        private Cinema _cinema;
        private MovieShowing _show;
        private DateTime _date = DateTime.Today;
        private TimeSpan _time = DateTime.Now.TimeOfDay;

        public MovieBookingTest()
        {
            //
            // TODO: Add constructor logic here
            //
            _cinema = new Cinema();
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

         // Use TestInitialize to run code before running each test 
         [TestInitialize()]
         public void InitMovieBooking() 
         { 
             CinemaScreen screen = _cinema.GetScreen(Screen.SCREEN_ONE);

             // We need to recreate this for each test
             // We could reset it after each test but this is the simplest solution
             _show = new MovieShowing(Screen.SCREEN_ONE, "MikesMovie", screen.AvailableSeats, _date, _time);
         }

        [TestMethod]
        public void BookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;
            
            seatPos = new SeatPosition(3, 3);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First seat booking failed");

            seatPos = new SeatPosition(3, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second seat booking failed");
        }

        [TestMethod]
        public void UnBookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;

            seatPos = new SeatPosition(4, 4);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(5, 5);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(4, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "First seat unbooking failed");

            seatPos = new SeatPosition(5, 5);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "Second seat unbooking failed");
        }

        [TestMethod]
        public void BookMultipleSeats()
        {
            SeatStatus status;
            SeatPosition[] seatPos = new SeatPosition[4];

            seatPos[0] = new SeatPosition(0, 0);
            seatPos[1] = new SeatPosition(1, 1);
            seatPos[2] = new SeatPosition(2, 2);
            seatPos[3] = new SeatPosition(3, 3);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First 4 seats booking failed");

            seatPos = new SeatPosition[3];
            seatPos[0] = new SeatPosition(1, 2);
            seatPos[1] = new SeatPosition(1, 4);
            seatPos[2] = new SeatPosition(1, 5);
            
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second 3 seats booking failed");
        }

    }
}

TEST7
Book 4 seats.
Check each seat is booked at a valid position and then attempt to unbook 4 seats, since the seats have previously been booked this should pass.
Check if each seat has been unbooked.
Repeat for 3 alternative seat positions.
Since we must always check that seat is booked before booking it, there is no need to check if the same seat can be unbooked twice. 


using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for MovieBookingTest
    /// </summary>
    [TestClass]
    public class MovieBookingTest
    {
        private Cinema _cinema;
        private MovieShowing _show;
        private DateTime _date = DateTime.Today;
        private TimeSpan _time = DateTime.Now.TimeOfDay;

        public MovieBookingTest()
        {
            //
            // TODO: Add constructor logic here
            //
            _cinema = new Cinema();
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

         // Use TestInitialize to run code before running each test 
         [TestInitialize()]
         public void InitMovieBooking() 
         { 
             CinemaScreen screen = _cinema.GetScreen(Screen.SCREEN_ONE);

             // We need to recreate this for each test
             // We could reset it after each test but this is the simplest solution
             _show = new MovieShowing(Screen.SCREEN_ONE, "MikesMovie", screen.AvailableSeats, _date, _time);
         }

        [TestMethod]
        public void BookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;
            
            seatPos = new SeatPosition(3, 3);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First seat booking failed");

            seatPos = new SeatPosition(3, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second seat booking failed");
        }

        [TestMethod]
        public void UnBookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;

            seatPos = new SeatPosition(4, 4);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(5, 5);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(4, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "First seat unbooking failed");

            seatPos = new SeatPosition(5, 5);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "Second seat unbooking failed");
        }

        [TestMethod]
        public void BookMultipleSeats()
        {
            SeatStatus status;
            SeatPosition[] seatPos = new SeatPosition[4];

            seatPos[0] = new SeatPosition(0, 0);
            seatPos[1] = new SeatPosition(1, 1);
            seatPos[2] = new SeatPosition(2, 2);
            seatPos[3] = new SeatPosition(3, 3);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First 4 seats booking failed");

            seatPos = new SeatPosition[3];
            seatPos[0] = new SeatPosition(1, 2);
            seatPos[1] = new SeatPosition(1, 4);
            seatPos[2] = new SeatPosition(1, 5);
            
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second 3 seats booking failed");
        }

        [TestMethod]
        public void UnBookMultipleSeats()
        {
            SeatStatus status;
            SeatPosition[] seatPos = new SeatPosition[4];

            seatPos[0] = new SeatPosition(0, 0);
            seatPos[1] = new SeatPosition(1, 1);
            seatPos[2] = new SeatPosition(2, 2);
            seatPos[3] = new SeatPosition(3, 3);
            _show.BookSeats(seatPos);

            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, 
                           "First 4 seats unbooking failed");

            seatPos = new SeatPosition[3];
            seatPos[0] = new SeatPosition(1, 2);
            seatPos[1] = new SeatPosition(1, 4);
            seatPos[2] = new SeatPosition(1, 5);
            _show.BookSeats(seatPos);

            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, 
                           "Second 3 seats unbooking failed");
        }
    }
}

TEST8
Select a non-existent seat position and unbook the seat, there is no specific return code for this but an exception error is generated.  

This test is slightly different because the code is expected to generate an exception which would stop the application running. We anticipate that this will occur in this test, so we want the task to pass when this exception occurs, because we are trying to force this to occur. Therefore, we also add the [ExpectedException] attribute.

Note: If you don’t run the application [image: ] or run the tests in debug mode [image: ], the code will stop when the exception occurs. The tests will only complete if you run the tests without debugging [image: ].

using System;
using System.Text;
using System.Collections.Generic;
using System.Linq;
using Microsoft.VisualStudio.TestTools.UnitTesting;

using CinemaManagementSystem;

namespace BlackBoxTests
{
    /// <summary>
    /// Summary description for MovieBookingTest
    /// </summary>
    [TestClass]
    public class MovieBookingTest
    {
        private Cinema _cinema;
        private MovieShowing _show;
        private DateTime _date = DateTime.Today;
        private TimeSpan _time = DateTime.Now.TimeOfDay;

        public MovieBookingTest()
        {
            //
            // TODO: Add constructor logic here
            //
            _cinema = new Cinema();
        }

        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

         // Use TestInitialize to run code before running each test 
         [TestInitialize()]
         public void InitMovieBooking() 
         { 
             CinemaScreen screen = _cinema.GetScreen(Screen.SCREEN_ONE);

             // We need to recreate this for each test
             // We could reset it after each test but this is the simplest solution
             _show = new MovieShowing(Screen.SCREEN_ONE, "MikesMovie", screen.AvailableSeats, _date, _time);
         }

        [TestMethod]
        public void BookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;
            
            seatPos = new SeatPosition(3, 3);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First seat booking failed");

            seatPos = new SeatPosition(3, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second seat booking failed");
        }

        [TestMethod]
        public void UnBookSeat()
        {
            SeatStatus status;
            SeatPosition seatPos;

            seatPos = new SeatPosition(4, 4);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(5, 5);
            _show.BookSeat(seatPos);

            seatPos = new SeatPosition(4, 4);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "First seat unbooking failed");

            seatPos = new SeatPosition(5, 5);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeat(seatPos);
            status = _show.CheckSeatStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "Second seat unbooking failed");
        }

        [TestMethod]
        public void BookMultipleSeats()
        {
            SeatStatus status;
            SeatPosition[] seatPos = new SeatPosition[4];

            seatPos[0] = new SeatPosition(0, 0);
            seatPos[1] = new SeatPosition(1, 1);
            seatPos[2] = new SeatPosition(2, 2);
            seatPos[3] = new SeatPosition(3, 3);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "First 4 seats booking failed");

            seatPos = new SeatPosition[3];
            seatPos[0] = new SeatPosition(1, 2);
            seatPos[1] = new SeatPosition(1, 4);
            seatPos[2] = new SeatPosition(1, 5);
            
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status);

            _show.BookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status, "Second 3 seats booking failed");
        }

        [TestMethod]
        public void UnBookMultipleSeats()
        {
            SeatStatus status;
            SeatPosition[] seatPos = new SeatPosition[4];

            seatPos[0] = new SeatPosition(0, 0);
            seatPos[1] = new SeatPosition(1, 1);
            seatPos[2] = new SeatPosition(2, 2);
            seatPos[3] = new SeatPosition(3, 3);
            _show.BookSeats(seatPos);

            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "First 4 seats unbooking failed");

            seatPos = new SeatPosition[3];
            seatPos[0] = new SeatPosition(1, 2);
            seatPos[1] = new SeatPosition(1, 4);
            seatPos[2] = new SeatPosition(1, 5);
            _show.BookSeats(seatPos);

            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.BOOKED, status);

            _show.UnBookSeats(seatPos);
            status = _show.CheckSeatsStatus(seatPos);
            Assert.AreEqual(SeatStatus.UNBOOKED, status, "Second 3 seats unbooking failed");
        }

        [TestMethod]
        [ExpectedException(typeof(Exception))]
        public void BookIncorrectSeat()
        {
            // Check illegal seat position
            SeatPosition seatPos = new SeatPosition(11, 11);
            _show.BookSeat(seatPos);
        }
    }
}


White-Box Testing

The Art of Software Testing, Second Edition by Glenford J. Myers

Another testing strategy, white-box or logic-driven testing, permits you to examine the internal structure of the program. This strategy derives test data from an examination of the program’s logic (and often, unfortunately, at the neglect of the specification).

The goal at this point is to establish, for this strategy, the analog to exhaustive input testing in the black-box approach. Causing every statement in the program to execute at least once might appear to be the answer, but it is not difficult to show that this is highly inadequate. Without belabouring the point, the analog is usually considered to be exhaustive path testing. That is, if you execute, via test cases, all possible paths of control flow through the program, then possibly the program has been completely tested. 

There are two flaws in this statement, however. One is that the number of unique logic paths through a program could be astronomically large. To see this, consider the trivial program represented in Figure 2. The diagram is a control-flow graph. Each node or circle represents a segment of statements that execute sequentially, possibly terminating with a branching statement. Each edge or arc represents a transfer of control (branch) between segments. The diagram, then, depicts a 10- to 20-statement program consisting of a DO loop that iterates up to 20 times. Within the body of the DO loop is a set of nested IF statements. Determining the number of unique logic paths is the same as determining the total number of unique ways of moving from point a to point b (assuming that all decisions in the program are independent from one another). This number is approximately 1014, or 100 trillion. It is computed from 520 + 519 + . . . 51, where 5 is the number of paths through the loop body. Since most people have a difficult time visualizing such a number, consider it this way: If you could write, execute, and verify a test case every five minutes, it would take approximately one billion years to try every path. If you were 300 times faster, completing a test once per second, you could complete the job in 3.2 million years, give or take a few leap years and centuries.

[bookmark: IMG_1] [image: Image from book]
Figure 2: Control-flow graph of a small program.
 
Of course, in actual programs every decision is not independent from every other decision, meaning that the number of possible execution paths would be somewhat less. On the other hand, actual programs are much larger than the simple program depicted in Figure 2. Hence, exhaustive path testing, like exhaustive input testing, appears to be impractical, if not impossible.

The second flaw in the statement “exhaustive path testing means a complete test” is that every path in a program could be tested, yet the program might still be loaded with errors. There are three explanations for this.

The first is that an exhaustive path test in no way guarantees that a program matches its specification. For example, if you were asked to write an ascending-order sorting routine but mistakenly produced a descending-order sorting routine, exhaustive path testing would be of little value; the program still has one bug: It is the wrong program, as it does not meet the specification.

Second, a program may be incorrect because of missing paths. Exhaustive path testing, of course, would not detect the absence of necessary paths.

Third, an exhaustive path test might not uncover data-sensitivity errors. There are many examples of such errors, but a simple example should suffice. Suppose that in a program you have to compare two numbers for convergence, that is, to see if the difference between the two numbers is less than some predetermined value. For example, you might write a IF statement as

if (a-b < c)
     Console.WriteLine ("a-b < c");

Of course, the statement contains an error because it should compare c to the absolute value of a-b. Detection of this error, however, is dependent upon the values used for a and b and would not necessarily be detected by just executing every path through the program.

In conclusion, although exhaustive input testing is superior to exhaustive path testing, neither proves to be useful because both are infeasible. Therefore, some combination of black box and white box testing is required.



The MovieBookingSystem project has been provided for you, which contains a class called MovieBooking, and the code for this class is shown below:

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

using CinemaManagementSystem;

namespace MovieBookingSystem
{
    class MovieBooking
    {
        private Cinema _cinema;

        public MovieBooking(Cinema cinema)
        {
            _cinema = cinema;
        }

        public Ticket[] MakeBooking(MovieShowing showing, string pin, 
                               uint numTicketsReqd, SeatPosition[] positions)
        {
            Movie movie = _cinema[showing.Title];
            Ticket[] tickets = null;

            if (showing.CheckSeatsStatus(positions) == SeatStatus.UNBOOKED)
            {
                showing.BookSeats(positions);

                if (PaymentSystem.CheckPin(pin) == true)
                {
                    if (PaymentSystem.DebitBalance(movie.Price * numTicketsReqd) == true)
                    {
                        tickets = new Ticket[numTicketsReqd];
                        for (int i = 0; i < numTicketsReqd; i++)
                        {
                            tickets[i] = TicketDispenser.DispenseTicket(showing);
                        }
                    }
                }
                else
                {
                    showing.UnBookSeats(positions);
                }
            }

            return tickets;
        }

        public Ticket MakeBooking(MovieShowing showing, string pin, 
                                  SeatPosition position)
        {
            Movie movie = _cinema[showing.Title];
            Ticket ticket = null;

            if (showing.CheckSeatStatus(position) == SeatStatus.UNBOOKED)
            {
                showing.BookSeat(position);

                if (PaymentSystem.CheckPin(pin) == true)
                {
                    if (PaymentSystem.DebitBalance(movie.Price) == true)
                    {
                        ticket = TicketDispenser.DispenseTicket(showing);
                    }
                }
                else
                {
                    showing.UnBookSeat(position);
                }
            }

            return ticket;
        }
    }
}


There are two methods we really need to test both called MakeBooking. One returns an array of Tickets or null if a problem is encountered, and the other returns a single Ticket. They are basically identical, so we will look at the method that returns a single ticket (highlighted above).

Add a TestProject called WhiteBoxTests. We will create a White Box test, because we can see how the code works and test individual flows through the code.

Visual Studio 2010
In  VisualStudio 2010 because you could create the tests automatically by right clicking on the method and picking Create Unit Tests...


[image: ]


... a dialog box appears....




Using the check boxes, you can pick complete classes or individual methods in the classes that you want to test. The test we want should already be selected. Finally, choose WhiteBoxTests as the Output project. Click OK.

You may see other dialog boxes at this point, click OK.

A unit test file is created, open this file and you will find code that looks something like this....

using MovieBookingSystem;
using Microsoft.VisualStudio.TestTools.UnitTesting;
using System;
using CinemaManagementSystem;

namespace WhiteBoxTests
{
    
    
    /// <summary>
    ///This is a test class for MovieBookingTest and is intended
    ///to contain all MovieBookingTest Unit Tests
    ///</summary>
    [TestClass()]
    public class MovieBookingTest
    {


        private TestContext testContextInstance;

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }

        #region Additional test attributes

        /// <summary>
        ///A test for MakeBooking
        ///</summary>
        [TestMethod()]
        public void MakeBookingTest()
        {
            Cinema cinema = null; // TODO: Initialize to an appropriate value
            MovieBooking target = new MovieBooking(cinema); // TODO: Initialize to an appropriate value
            MovieShowing showing = null; // TODO: Initialize to an appropriate value
            string pin = string.Empty; // TODO: Initialize to an appropriate value
            SeatPosition position = null; // TODO: Initialize to an appropriate value
            Ticket expected = null; // TODO: Initialize to an appropriate value
            Ticket actual;
            actual = target.MakeBooking(showing, pin, position);
            Assert.AreEqual(expected, actual);
            Assert.Inconclusive("Verify the correctness of this test method.");
        }
    }
}

This provides us with the basis of the test code we need.

Visual Studio 2012 (and onwards?)
[bookmark: _GoBack]In VisualStudio 2012 this feature was removed and the unit test project and test methods must be created by hand. Sadly, Microsoft removed quite a useful feature so other test frameworks could be supported.

For white box testing, we test each code flow in the method. The code flow for the MakeBooking method looks like this...






Taking the first code flow...



... we see that the code calls CheckSeatStatus() and passes it a seat position. An IF statement checks that it was UNBOOKED and if the seat is already booked the method just returns. Notice, the ticket is not dispensed so the method returns null.

First change the initialization code, from this...
Cinema cinema = null; // TODO: Initialize to an appropriate value
MovieBooking target = new MovieBooking(cinema); // TODO: Initialize to an appropriate value
MovieShowing showing = null; // TODO: Initialize to an appropriate value
string pin = string.Empty; // TODO: Initialize to an appropriate value
SeatPosition position = null; // TODO: Initialize to an appropriate value
Ticket expected = null; // TODO: Initialize to an appropriate value

...to this...
Cinema cinema = new Cinema();
Movie movie = new Movie("MikesMovie", 10.0);
cinema.AddMovie(movie);

MovieBooking target = new MovieBooking(cinema);

MovieShowing showing = new MovieShowing(Screen.SCREEN_ONE, "MikesMovie",                                                                    
                            cinema.GetScreen(Screen.SCREEN_ONE).AvailableSeats,
                            DateTime.Today,
                            DateTime.Now.TimeOfDay);

string pin = "1234";
PaymentSystem.SetPin(pin);

// Choose a seat position and book it so MakeBooking fails
SeatPosition position = new SeatPosition(0,0);
showing.BookSeat(position);

Ticket expected = null; 

Remove the Assert.Inconclusive() call.




Here’s the test for this first code path...

        [TestMethod()]
        public void MakeBookingTest()
        {
            Cinema cinema = new Cinema();
            Movie movie = new Movie("MikesMovie", 10.0);
            cinema.AddMovie(movie);

            MovieBooking target = new MovieBooking(cinema);

            MovieShowing showing = new MovieShowing(Screen.SCREEN_ONE, 
                                                  "MikesMovie",
                            cinema.GetScreen(Screen.SCREEN_ONE).AvailableSeats, 
                                                  DateTime.Today, 
                                                  DateTime.Now.TimeOfDay);

            string pin = "1234";
            PaymentSystem.SetPin(pin);

            // Choose a seat position and book it so MakeBooking fails
            SeatPosition position = new SeatPosition(0,0);
            showing.BookSeat(position);

            Ticket expected = null; 
            Ticket actual;

            actual = target.MakeBooking(showing, pin, position);
            Assert.AreEqual(expected, actual, 
                           "Should fail when seat already booked");
        }

We could test each code flow in this test method, but it makes more sense to create separate tests by copying and pasting this test and modifying it.



Taking the next code flow...



Seat status should be UNBOOKED but the PIN number should be incorrect. Copying and renaming the method, we set the PIN to “1234” but use a different PIN number “1111” when attempting to book the seat.

        [TestMethod()]
        public void MakeBookingPinTest()
        {
            Cinema cinema = new Cinema();
            Movie movie = new Movie("MikesMovie", 10.0);
            cinema.AddMovie(movie);

            MovieBooking target = new MovieBooking(cinema);

            MovieShowing showing = new MovieShowing(Screen.SCREEN_ONE, 
                                                 "MikesMovie",
                            cinema.GetScreen(Screen.SCREEN_ONE).AvailableSeats,
                                            DateTime.Today,
                                            DateTime.Now.TimeOfDay);

            string pin = "1234";
            PaymentSystem.SetPin(pin);
            pin = "1111";               Incorrect PIN

            // Choose a seat position
            SeatPosition position = new SeatPosition(0, 0);
                                        Don’t BookSeat for this test
            Ticket expected = null;

            Ticket actual;
            actual = target.MakeBooking(showing, pin, position);
            Assert.AreEqual(expected, actual, 
                           "Should fail when pin is incorrect");
        }



Here’s the next code flow...



Here, the seat status is unbooked, the PIN is valid and we attempt to debit the balance causing the funds to fail.

        [TestMethod()]
        public void MakeBookingDebitTest()
        {
            Cinema cinema = new Cinema();
            Movie movie = new Movie("MikesMovie", 10.0);
            cinema.AddMovie(movie);

            MovieBooking target = new MovieBooking(cinema);

            MovieShowing showing = new MovieShowing(Screen.SCREEN_ONE, 
                                                 "MikesMovie",
                            cinema.GetScreen(Screen.SCREEN_ONE).AvailableSeats,
                                            DateTime.Today,
                                            DateTime.Now.TimeOfDay);

            string pin = "1234";
            PaymentSystem.SetPin(pin);
            PaymentSystem.Balance = 0;        Clear the balance

            // Choose a seat position
            SeatPosition position = new SeatPosition(0, 0);

            Ticket expected = null;

            Ticket actual;
            actual = target.MakeBooking(showing, pin, position);
            Assert.AreEqual(expected, actual, 
                           "Should fail when insufficient funds available");
        }



The last flow successfully books the seat and issues the ticket.



        [TestMethod()]
        public void MakeBookingSuccess()
        {
            Cinema cinema = new Cinema();
            Movie movie = new Movie("MikesMovie", 10.0);
            cinema.AddMovie(movie);

            MovieBooking target = new MovieBooking(cinema);

            MovieShowing showing = new MovieShowing(Screen.SCREEN_ONE, 
                                                 "MikesMovie",
                            cinema.GetScreen(Screen.SCREEN_ONE).AvailableSeats,
                                            DateTime.Today,
                                            DateTime.Now.TimeOfDay);

            string pin = "1234";
            PaymentSystem.SetPin(pin);
 
            // Choose a seat position
            SeatPosition position = new SeatPosition(0, 0);

            Ticket expected = null;

            Ticket actual;
            actual = target.MakeBooking(showing, pin, position);
            Assert.AreNotEqual(expected, actual, 
                              "Should pass with ticket issued");
        }

Of course, we should check that the seat was booked and that the payment was deducted.
        [TestMethod()]
        public void MakeBookingSuccess()
        {
            Cinema cinema = new Cinema();
            Movie movie = new Movie("MikesMovie", 10.0);    Ticket costs 10.0
            cinema.AddMovie(movie);

            MovieBooking target = new MovieBooking(cinema);

            MovieShowing showing = new MovieShowing(Screen.SCREEN_ONE, 
                                                 "MikesMovie",
                            cinema.GetScreen(Screen.SCREEN_ONE).AvailableSeats,
                                            DateTime.Today,
                                            DateTime.Now.TimeOfDay);

            string pin = "1234";
            PaymentSystem.SetPin(pin);

            PaymentSystem.Balance = 10.0;      Set cash balance
 
            // Choose a seat position
            SeatPosition position = new SeatPosition(0, 0);

            Ticket expected = null;

            Ticket actual;
            actual = target.MakeBooking(showing, pin, position);
            Assert.AreNotEqual(expected, actual, 
                              "Should pass with ticket issued");

            SeatStatus actualStatus = showing.CheckSeatStatus(position);
            Assert.AreEqual(SeatStatus.BOOKED, actualStatus, 
                           "Seat should have been booked");

            Assert.AreEqual(0.0, PaymentSystem.Balance,   Expect no cash left
                           "Balance should have been debited"); 
        }



User Interface Testing

Warning: I have found the following testing process under VisualStudio 2010 to be a bit hit and miss. Therefore, I have provided hints that you may need to try in order to get the tests to run correctly.

Create a Windows Form application and add two textboxes, a label and a button.

	Label

	Property
	Value

	Name
	resultLabel

	Text
	0







	TextBox

	Property
	Value

	Name
	number1TextBox

	Text
	0







	TextBox

	Property
	Value

	Name
	number2TextBox

	Text
	0






	Button

	Property
	Value

	Name
	addButton

	Text
	Add







Double click on the button, and here’s the code:

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;

namespace SimpleFormForTesting
{
    public partial class Form1 : Form
    {
        public Form1()
        {
            InitializeComponent();
        }

        private void addButton_Click(object sender, EventArgs e)
        {
            int num1 = int.Parse(number1TextBox.Text);
            int num2 = int.Parse(number2TextBox.Text);
            int result = num1 + num2;

            resultLabel.Text = result.ToString();
        }
    }
}

Create a TestProject called GuiTests.
Add a new item to the TestProject and choose “Coded UI Test...”
[image: ]
[image: ]

With “Record actions...” selected, click OK.
The Coded UI Test Builder appears..
[image: ]

You can now record all actions being performed on a window or web application. Click the Record button. [image: ]
Now select the form we previously created and run it.

Hint: This may not work if the form is built for debugging, so you may need to run it as a Release. In the VisualStudio menu, switch to Release before running the application.
[image: ]

Run the application without debugging from the Debug menu and perform the actions you want to record. 
[image: ]

For example, with our simple form, enter a number in both TextBoxes and click the Add button. Pause the record before you close the form. [image: ]

With the recording complete, click the generate code button. [image: ]

Type in the name of the method
[image: ]
 Note: You can select an existing method name to overwrite e.g. if you made a mistake and have re-recorded the actions. 
Click Add and Generate.

The add assertions “cross-hairs” button is now enabled.

[image: ]

Drag the cross hair from the button to the label control so that we can test the results of the addition.
[image: ]

Warning: Make sure you select the Label from the running form.
 Don’t use the form in VisualStudio’s Design View, it doesn’t work.

Pick DisplayText, which is the property used to display text in a Label (at least as far as testing is concerned).
[image: ]

Click Add Assertion ...
[image: ]

...provide the sum of the two numbers you used.
[image: ]
Click Generate Code button again [image: ].
Type in the name of the assert method e.g. NumbersAreEqual
[image: ]
Note: You can select an existing method name to overwrite e.g. if you made a mistake. 
Click Add and Generate.

A CodedUITest1.cs file is created for you, here’s what it contains....
using System;
using System.Collections.Generic;
using System.Text.RegularExpressions;
using System.Windows.Input;
using System.Windows.Forms;
using System.Drawing;
using Microsoft.VisualStudio.TestTools.UITesting;
using Microsoft.VisualStudio.TestTools.UnitTesting;
using Microsoft.VisualStudio.TestTools.UITest.Extension;
using Keyboard = Microsoft.VisualStudio.TestTools.UITesting.Keyboard;


namespace GuiTests
{
    /// <summary>
    /// Summary description for CodedUITest1
    /// </summary>
    [CodedUITest]
    public class CodedUITest1
    {
        public CodedUITest1()
        {
        }

        [TestMethod]
        public void CodedUITestMethod1()
        {
            // To generate code for this test, select "Generate Code for Coded UI Test" from the shortcut menu and select one of the menu items.
            // For more information on generated code, see http://go.microsoft.com/fwlink/?LinkId=179463
            this.UIMap.AddNumbersTest();
            this.UIMap.NumbersAreEqual();
        }

        #region Additional test attributes

        /// <summary>
        ///Gets or sets the test context which provides
        ///information about and functionality for the current test run.
        ///</summary>
        public TestContext TestContext
        {
            get
            {
                return testContextInstance;
            }
            set
            {
                testContextInstance = value;
            }
        }
        private TestContext testContextInstance;

        public UIMap UIMap
        {
            get
            {
                if ((this.map == null))
                {
                    this.map = new UIMap();
                }

                return this.map;
            }
        }

        private UIMap map;
    }
}

The interesting code is highlighted and shows the two methods we created being called in sequence. First it runs the test then checks the result.

If the Coded UI Test Builder is closed and you want to re-run it for a test,  right click on the test method and from the menu select “Used Coded UI Test Builder...”
[image: ]

If you click in the tests code then you can run the test [image: ], alternatively you can run all the tests [image: ].

Remember, if you see an error like this....
[image: ]

Switch to release and re-record the actions.

Other features of UI Control Locator

•When the cross-hair is being dragged, the Add Assertions window becomes completely transparent. I can drop the cross-hair on a control which is behind it also. 
•Even though all controls are given default names based on their implementation, it is recommended that you rename them as appropriate. This will enhance the maintainability of your test. 
•Sometimes, it may not be possible to directly focus on the control you are interested in. In this case, drop the crosshair (or use Win+I) to locate a nearby control. Use the navigation buttons on the UI Control Locator to navigate to the selected control neighbors.  I have found it to be extremely useful for locating tables or table rows on an Html page. 
•If you rename (or delete) an already saved control, its definition is replaced in the UI Control Map. But any assertions which referenced the old control are not replaced. It is the user’s responsibility to ensure that all the old references are replaced. (Compiler will help you with error messages.) 
•The top level object in the UI Control Map is named UIMap.


Testing web applications is identical, try something like this and build a test just like the above.

    <br /><asp:TextBox ID="textBox2" runat="server" />
    <br /><asp:Label ID="resultLabel" runat="server" />
    <br /><asp:Button ID="addButton" Text="Add" runat="server" 
        onclick="addButton_Click" />

        protected void addButton_Click(object sender, EventArgs e)
        {
            int num1 = int.Parse(textBox1.Text);
            int num2 = int.Parse(textBox2.Text);
            int result = num1 + num2;

            resultLabel.Text = result.ToString();
        }





Lecture Task

Build a Windows application to demonstrate a working booking system, allowing new movies and showings to be added and displayed. Also allow a seat to be booked and any other functionality you feel is appropriate. Complete the testing of the Cinema Booking System by building a spreadsheet of the tests you will be using and then constructing the unit tests.





APPENDIX: Creating a Class Library

Often when we create classes they are very closely related or we would like to share the classes between applications. Instead of creating the classes directly in a Window, WPF or ASP.Net application, we can create them a Class Library and then reference the library in our application.

First create a windows form application. Now add a new Class Library project to the solution called MyClassLibrary as follows:

FileNew Project and select Class Library

 [image: ]

Change the name to “MyClassLibrary”, choose “Add to solution” so that the project gets added to the same Windows solution we have open.
[image: ]

Result should look something like this ...
[image: ]

Rename the class file from Class1 to MyClass and the code will look like this...

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

namespace MyClassLibrary
{
    public class MyClass
    {
    }
}

We’ll add a constructor, property and method to show that the class works when we use it later. The class stores a total which you can initialize, add a number and then read back the value.

using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

namespace MyClassLibrary
{
    public class MyClass
    {
        // Attribute
        private int _total;

        // Constructor
        public MyClass(int initialValue)
        {
            _total = initialValue;
        }

        // Property
        public int Total
        {
            get
            {
                return _total;
            }
            set
            {
                _total = value;
            }
        }

        // Method
        public void Add(int num)
        {
            _total = _total + num;
        }
    }
}

Build the project and you have a dll library which we can use with our window form application. Select the form application project in the SolutionExplorer, right click on it and pick Add Reference... from the menu.
[image: ]


This opens up the “Add Reference” dialog box. Pick the “Projects” tag and select the class library project you just created.
[image: ]

Click OK.

In the solution explorer, the References folder should show the class library.



Note1: Once you have the class library dll file, you don’t need the class library project to use it in an application i.e. the dll file is the important thing. In this case, select the Browse tab and select the dll file (probably from the library projects bin/Debug folder).

Note2: If you use the XML code documentation....
    /// <summary>
    /// 
    /// </summary>

and want the developer using your library to see the information then build the XML documentation ... 
Project PropertiesBuild
[image: ]
To use the generated .xml file for use with the IntelliSense feature, let the file name of the .xml file be the same as the assembly you want to support and then make sure the .xml file is in the same directory as the assembly. Thus, when the assembly is referenced in the Visual Studio project, the .xml file is found as well.

On the windows form add a Label, TextBox and button.

	Label

	Property
	Value

	Name
	resultLabel

	Text
	0







	TextBox

	Property
	Value

	Name
	numberTextBox

	Text
	0







	Button

	Property
	Value

	Name
	addButton

	Text
	Add to Total







[image: ]

In the code, we want to use the MyClass from the library.

Looking at the top of the file for this class we see the namespace “MyClassLibrary” that this class belongs to...
using System;
using System.Collections.Generic;
using System.Linq;
using System.Text;

namespace MyClassLibrary
{
    public class MyClass
    {

... it’s the same name as the project because we didn’t change it.

Now in our windows Form we add this namespace at the top of the file...

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;

using MyClassLibrary;

namespace QuickClassLibExample
{
    public partial class Form1 : Form
    {
        public Form1()
        {
            InitializeComponent();
        }

        private void addButton_Click(object sender, EventArgs e)
        {

        }
    }
}


If you can’t see this namespace it’s because you haven’t added a reference to the library. Now we can just use our class...

using System;
using System.Collections.Generic;
using System.ComponentModel;
using System.Data;
using System.Drawing;
using System.Linq;
using System.Text;
using System.Windows.Forms;

using MyClassLibrary;

namespace QuickClassLibExample
{
    public partial class Form1 : Form
    {
        MyClass myTotal;

        public Form1()
        {
            InitializeComponent();

            myTotal = new MyClass(0);
        }

        private void addButton_Click(object sender, EventArgs e)
        {
            int num = int.Parse(numberTextBox.Text);

            myTotal.Add(num);

            num = myTotal.Total;
            resultLabel.Text = num.ToString();
        }
    }
}

Remember, this class is coming from a completely different DLL file which can be used by many different applications in just this way. 
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