Software Engineering-“Solving problems by the development of quality software within cost, time and other constraints.”Types of constraints:-Limited cost, time, supply of people, abilities of people-Inherent complexity of the task we tackle-Limitations of hardware, of compilers, of algorithms, etc. Usual ‘goals’ of SQE:-Monitor and control quality and productivity-Predict and estimate quality and productivity-Understand and evaluate software development practices-Evaluate the impact of new technologies; test case is a specific setup-execute-report-teardown context associated to a test; tests and test cases can be organized into test suites; A test driver is software to run test cases; A test manager is software to track the success of test cases; OA & M: operations, administration and maintenance-a phase typically at the end of release cycles-may involve tracking a set of metric for each quality attribute; validation: are we building the right things? an activity is said to be a verification activity if it involves checking the subset relation <instances of invalid constructs, component constructs> A certification activity decides (gives a yes/no answer to) whether an actual measure is at least as great as a preset metric;a bug (i.e., a fault)an omission: the absence of some required functionalitya surprise: the execution of behavior that is not required e.g., reusing an inherited capability when one should not; Fault Model: Conformance-directed testing -Conformance to requirements or specifications-Relies on nonspecific fault model-Establish a test suite that is sufficiently representative of the requirements of the system-Should be fault sufficient (exercise specified features)Fault-directed testing-Seeks to reveal implementation faults-A specific fault model is required to direct potentially large probing of the implementation-Should be fault efficient (high probability of revealing a fault); Bug Hazards of OOP: Encapsulation-Obstacle for testing; Inheritance-Weakens encapsulation, creating global data problems-Overloading, reuse, specialization-Incorrect Initialization and Forgotten Methods-Inheritance structure-Multiple Inheritance-Abstract classes, Interfaces; Polymorphism-Dynamically bound messages hard to understand, error-prone-Can’t change polymorphic server without regards to client-Code is deceptively simple, but complex-Can produce strange results class hierarchy not defined well-Messages can be bound to wrong server Dynamic Binding-Many classes may use the same method name creates bugs-Methods are typically small Message Sequence and State-Cooperative control bugs-Delocalization bugs; Model-Based Testing: -A meta-model is the definition of a modeling technique: symbols used in its notation, rules for using these symbols, concepts associated with the symbols, and composition of symbols.-Consistency checking (i.e., model verification) requires a meta-model and a traceability model. It is not part of Binder ’s concerns. -Nor is model validation, which also requires a traceability model.-Binder ’s definition of verification is restricted to code and is not addressed.; The scope of a test is the collection of software components to be verified:-system: complete integrated application as a black box-integration: interactions of the components of a system or subsystem-unit: in OO, testing an instance of a class; modeling process:- from a problem description -to requirements (FRs and NFRs), -assumptions, use-cases and use-case diagrams-from a problem description-to use-case maps-to message sequence charts and class diagrams-to finite state machines and/or code; System Scope:- Complete, consistent and testable requirements are necessary to develop an effective test suite;- UML ’s use cases are typically assumed to capture the requirements when in fact they each capture a set of scenarios associated to some requirement; -Extended Use Cases:- the frequency of each use case-sequential dependencies (if not all relationships) between UCs-operational variables; Operational variables are inputs, outputs, and environment conditions that:- lead to « significantly different » paths of a use case This idea will carry through to UCMs-abstract the state of the system under test-result in « significantly different » system responses; Extended UC Test: - Intent:Build a system-level test suite by modeling essential capabilities as extended use-cases-Context: Applies if most, if not all, essential requirements of the SUT can be expressed as extended Use Cases-Strategy: A UC specifies a family of responses to be produced for specific combinations of external input and system state. This pattern represents these relationships as a decision table. Expected Faults: From combinational logic:-domain faults: usually on boundary of conditionsgo back to the triangle example… expired date… etc.-logic faults: logic of specification is incorrectly code dands, ors and nots got mixed up somewhere... (e.g., cash status)-incorrect handling of don ’t cares output needs to stay the same across different values for DCs-incorrect or missing dependency on pre-conditions a UC behaves correctly despite a violated pre-condition...From system scope:-undesirable feature interactions (or is it scenario interactions)e.g., ATM shut downs while user is doing a transaction!-incorrect output  (e.g., wrong balance)-abnormal termination (e.g., ATM eats your card…)-omissions and surprises; Use Case Maps: Building a Decision Table: -One of several distinct responses is to be selected according to distinct cases of input variables-These cases can be modeled by mutually exclusive boolean expressions on these variables-The response to be produced does NOT depend on the order in which the input variables are set or evaluated-The response to be produced does not depend on prior input or output; Working out the Variants: table with 2^n conditions: -we aim for as few variants covering as much as possible-each action must be produced by at least one variant. -If more than one combination of conditions can result in the same action, then explicit variants must be provided for these combinations.-A variant that can be inferred but is not given is an implicit variant: Implicit variants result from valid  abbreviations (don’t care and logically excluded cases) or incorrect modeling (can’t happen, don’t know)-A variable with don’t care decision variables can correspond to several cases: (p.129)necessary inputs with no effecte.g., parameters of a procedure not always used inputs that can be omitted a type-safe exclusion for non-boolean variable e.g., age cannot be over and under 25 at the same time; Faults to Catch in Decision Table: Incorrect value assigned to a decision table-Incorrect or missing operator in a predicate-Incorrect or missing variable in a predicate-Incorrect structure in a predicate (dangling else, etc.)-Incorrect or missing default case-Incorrect or missing actions-Extra actions-Structural errors in table ’s implementation-Missing or incorrect class or method signature when variants are implemented by dynamic binding-Generic errors: wrong versions, ambiguous reqs, incorrect or missing specification item; Test Generation Strategies: -For decision tables: All-Explicit Variants:each explicit variant is produced at least once equivalent to All-True Strategy-Each condition/All condition: The compact test suite (n+1 tests for n variables) is composed of test cases such that each variable is made true once with all other variables being false and one test case where all variables are true (for AND) or false (for OR logic). This heuristic bets on the independence of condition evaluation and the absence of faults that would mask an error.Simplistic examples: table 6.8 p.155 and table 6.9 p.156For Z = AB~C +AD
(pp.156-7) Need 4 variants for the first term Need 3 variants for the second term The number of tests increases linearly with the number of product terms OOTesting: A state machine is -a system whose output is determined by both current and past input. In contrast, the output of a combinational system is determined by current input only-A system has state-based behavior when identical inputs are not always accepted and, when accepted, may produce different outputs-No concurrency and potentially ignored inputs; State: An abstraction that summarizes the information concerning past inputs that is needed to determine the behavior of the system on subsequent inputsTransition: An allowable two-state sequence. A transition is caused by an event. It may result in an output action and must specify an accepting state and a resultant state. Event: An input or an interval of time. Action: The result or output that follows an event. Steps:Begin in initial state-Wait for an event for an indefinite interval-An event presents itself to the machine-If the event is not accepted in the current state ignore it-If the event is accepted in the current state, the designated transition is said to fire:  the associated output action (if any) is produced and the state designated as the resultant state becomes the current state. The current and resultant states may be the same.-The cycle is repeated from step 2, unless the resultant is the final state: Limitations of Basic Model: -It is not specific to Object-Oriented Systems-It has limited scalability-Concurrency cannot be modeled; White-box: Mutant testing: Basic idea:-Take a program and test data generated for that program-Create a number of similar programs (mutants), each differing from the original in one small way, i.e., each possessing a fault E.g., replace addition operator by multiplication operator-The original data are then run through the mutants-If test data detect differences in mutants, then the mutants are said to be dead-If they do not, the test data are deemed inadequate and the test data need to be re-examined, possibly augmented to kill the live mutant; Hypotheses:-Competent programmers: they write programs that are nearly correct-Coupling effect: Test data that distinguishes all programs differing from a correct one by only simple errors is so sensitive that it also implicitly distinguishes more complex errors Observations:-What about more complex errors, involving several statements? Do you really believe the coupling effect?-There is some empirical evidence of these hypotheses: State Pattern: State Object Pattern Problem How do you get different behavior from an object depending on its current state? Forces * want object to behave differently depending on it current state * don't want to complicate matters by adding flags and special test Solution * encapsulate state of object in another, separate object * delegate all state dependent behavior to this State Object; State Member Pattern Problem * when using State Object pattern, how do you decide whether a data member belongs in the owning or State Object class? Forces * difficult to determine which class data member (instance variable) should belong to * could place it in owning class and pass it to State Object class * could place it in State Object to begin with * for example,  the User Solution * if data member is required in single state, place it in the state * if data member is required in some but not all states, place it in common superclass* if data member is state-independent, place it in owning class and pass to State Object  * therefore:   o User is associated only with OnLoanStateo Reservations are passed; State-Driven Transitions PatternProblem* you are using a number of State Objects to implement a state machine* how do you get State Object ot change when the owning object's state changes? Solution have State Objects initiate the transformation from itself to new State Object public class Book { private BookState state; public void checkOutBy(User a User) {state.checkOut(this, aUser); }public void setState(BookState aState) {state = aState; }// other methods to follow}public  class AvailableBookState extends BookState { public boolean checkOut(Book aBook, Reservation aReservation, User aUser){ // perform check out activity aBook.setState(new OnLoanBookState());return true; }}Owner-Driven Transitions Pattern Problem* you are using a number of State Objects to implement a state machine * you are considering using State-Driven Transitions* how do your reuse State Object classes owning classes with different profiles Forces * State Object can be part of two different state machines* how does State Object know which state to transition to? Solution  * if State Objects are used by more than one owning class, and* if State Objects are part of different state machines * have owning objects initiated the transitions between states. public class Book { private BookState state; public void checkOutBy(User a User) {state.checkOut(this, aUser); setState(newOnLoanBookState());}// other methods}*   This pattern is in tension with Sate-Driven Transitions Pattern. Ant's buildfiles are written in XML. Each buildfile contains one project and at least one (default) target. Targets contain task elements. Each task element of the buildfile can have an id attribute and can later be referred to by the value supplied to this. The value has to be unique; Project 3 attribute: name,default,and basedir, description; Target attribute: name,depends, if, unless, description; each target gets executed only once, even when more than one target depends on it. <target name="A"/><targetname="B" depends="A"/><target name="C" depends="B"/><target name="D" depends="C,B,A"/>;the if and unless attributes only enable or disable the target to which they are attached. <target name="build-module-A" if="module-A-present"/> <target name="build-own-fake-module-A" unless="module-A-present"/>n the first example, if the module-A-present property is set (to any value), the target will be run. In the second example, if the module-A-present property is set (again, to any value), the target will not be run; The optional description attribute can be used to provide a one-line description of this target, which is printed by the -projecthelp command-line option. Targets without such a description are deemed internal and will not be listed, unless either the -verbose or -debug option is used; <tstamp/>;Tasks is a piece of code that can be executed-<name attribute1="value1" attribute2="value2" ... />where name is the name of the task, attributeN is the attribute name, and valueN is the value for this attribute-Tasks can be assigned an id attribute: <taskname id="taskID" ... />where taskname is the name of the task, and taskID is a unique identifier for this task. You can refer to the corresponding task object in scripts or other tasks via this name. For example, in scripts you could do: <script ... > task1.setFoo("bar");</script>;Properties A project can have a set of properties. These might be set in the buildfile by the property task, or might be set outside Ant. A property has a name and a value; the name is case-sensitive. Properties may be used in the value of task attributes. This is done by placing the property name between "${" and "}" in the attribute value. For example, if there is a "builddir" property with the value "build", then this could be used in an attribute like this: ${builddir}/classes. This is resolved at run-time as build/classes; Example Buildfile <project name="MyProject" default="dist" basedir="."><description>simple example build file</description> <!-- set global properties for this build --><property name="src" location="src"/> <property name="build" location="build"/><property name="dist"  location="dist"/><target name="init"><!-- Create the time stamp --><tstamp/><!-- Create the build directory structure used by compile --> <mkdir dir="${build}"/> </target> <target name="compile" depends="init"description="compile the source " ><!-- Compile the java code from ${src} into ${build} --><javac srcdir="${src}" destdir="${build}"/></target>  <target name="dist" depends="compile"description="generate the distribution" ><!-- Create the distribution directory --> <mkdir dir="${dist}/lib"/>   <!-- Put everything in ${build} into the MyProject-${DSTAMP}.jar file --><jar jarfile="${dist}/lib/MyProject-${DSTAMP}.jar" basedir="${build}"/> </target><target name="clean" description="clean up" ><!-- Delete the ${build} and ${dist} directory trees --><delete dir="${build}"/><delete dir="${dist}"/> </target></project>;Token Filters-filter token="year" value="2000"/>  <copy todir="${dest.dir}" filtering="true"> <fileset dir="${src.dir}"/></copy>will copy recursively all the files from the src.dir directory into the dest.dir directory replacing all the occurrences of the string @year@ with 2000; Path-like Structures -<classpath><pathelement path="${classpath}"/> <fileset dir="lib"><include name="**/*.jar"/></fileset><pathelement location="classes"/> <dirset dir="${build.dir}"><include name="apps/**/classes"/><exclude name="apps/**/*Test*"/></dirset><filelist refid="third-party_jars"/> </classpath>; <java classname="test.Main"> <arg value="-h"/><classpath><pathelement location="dist/test.jar"/><pathelement path="${java.class.path}"/></classpath></java>Junit import junit.framework.TestCase; public class TestThatWeGetHelloWorldPromptextends TestCase {public TestThatWeGetHelloWorldPrompt(String name) {super(name); }public void testSay() {HelloWorld hi = new HelloWorld();assertEquals("Hello World!", hi.say());}public static void main(String[] args) { junit.textui.TestRunner.run(TestThatWeGetHelloWorldPrompt.class); }}-To create our own simple test case, we need to follow these steps: 1. Create an instance of junit.framework.TestCase. 2. Define tests that return void and whose name begins with the string "test" (such as testWasTransactionSuccessful(), testShow(), etc.); JUnit tests do not require human judgment to interpret, and it is easy to run many of them at the same time. When you need to test something, here is what you do:   1. Annotate a method with @org.junit.Test 2. When you want to check a value, import org.junit.Assert.* statically, call assertTrue() and pass a boolean that is true if the test succeeds For example, to test that the sum of two Moneys with the same currency contains a value which is the sum of the values of the two Moneys, write:    @Test public void simpleAdd() {Money m12CHF= new Money(12, "CHF"); Money m14CHF= new Money(14, "CHF"); Money expected= new Money(26, "CHF"); Money result= m12CHF.add(m14CHF); assertTrue(expected.equals(result)); }; Fixture What if you have two or more tests that operate on the same or similar sets of objects? Tests need to run against the background of a known set of objects. This set of objects is called a test fixture. When you are writing tests you will often find that you spend more time writing the code to set up the fixture than you do in actually testing values-When you have a common fixture, here is what you do: 1. Add a field for each part of the fixture 2. Annotate a method with @org.junit.Before and initialize the variables in that method 3. Annotate a method with @org.junit.After to release any permanent resources you allocated in setup For example, to write several test cases that want to work with different combinations of 12 Swiss Francs, 14 Swiss Francs, and 28 US Dollars, first create a fixture: public class MoneyTest { private Money f12CHF; private Money f14CHF; private Money f28USD; @Before public void setUp() { f12CHF= new Money(12, "CHF");  f14CHF= new Money(14, "CHF"); f28USD= new Money(28, "USD"); }}; TestRunnerHow do you run your tests and collect their results? Once you have tests, you'll want to run them. JUnit provides tools to define the suite to be run and to display its results. To run tests and see the results on the console, run:    org.junit.runner.TextListener.run(TestClass1.class, ...); You make your JUnit 4 test classes accessible to a TestRunner designed to work with earlier versions of JUnit, declare a static method suite that returns a test.    public static junit.framework.Test suite() { return new JUnit4TestAdapter(Example.class); }; Expected ExceptionsHow do you verify that code throws exceptions as expected? Verifying that code completes normally is only part of programming. Making sure the code behaves as expected in exceptional situations is part of the craft of programming too. For example:    new ArrayList<Object>().get(0); This code should throw an IndexOutOfBoundsException. The @Test annotation has an optional parameter "expected" that takes as values subclasses of Throwable. If we wanted to verify that ArrayList throws the correct exception, we would write:  @Test(expected=IndexOutOfBoundsException.class ) public void empty() { new ArrayList<Object>().get(0); };  CruiseControl is a framework for a continuous build process(CI). It includes, but is not limited to, plugins for email notification, Ant, and various source control tools. A web interface is provided to view the details of the current and previous builds. # Building a Feature with Continuous Integration# Practices of Continuous Integration    * Maintain a Single Source Repository. * Automate the Build* Make Your Build Self-Testing * Everyone Commits Every Day * Every Commit Should Build the Mainline on an Integration Machine* Keep the Build Fast* Test in a Clone of the Production Environment* Make it Easy for Anyone to Get the Latest Executable* Everyone can see what's happening * Automate Deployment; Overview CruiseControl is composed of 2 main modules:    * the build loop: core of the system, it triggers build cycles then notifies various listeners (users) using various publishing techniques. The trigger can be internal (scheduled or upon changes in a SCM) or external. It is configured in a xml file which maps the build cycles to certain tasks, thanks to a system of plugins. Depending on configuration, it may produce build artifacts. * the reporting allows the users to browse the results of the builds and access the artifacts This modularity allows users to install CruiseControl where it will best fit their needs and environment. Using remoting technologies (HTTP, RMI), it is possible to control and monitor the CruiseControl build loop. Those are turned off by default for obvious security reasons. CruiseControl can be installed from source, or using the all in one binary installation. Futher information can be found in this documentation and/or in the wiki;  Starting:   1.  Before you Start 2. Install And Build CruiseControl3. Running the Build Loop* Setup a Working Area* Checkout a Project* Create a Delegating Build Script* Configure the Build Loop* Start the Build Loop* Reporting Build Status via Email4. Running the Reporting Application * Installing the Reporting Application* Getting the Build Artifacts Link Working 5. Modifying the HTML Reports6. Merging Other XML Files into the Logfile 7. Where to go Next  * Documentation* Mailing Lists; 1 Before you Start assumes that you already have a working project with the following features:   * built with a single target of a supported build tool ANT(all of the build steps for your project, including compiling, building jars, running tests, and generating the full software distribution * the project code is under version control of a supported version control tool CVS. This guide also assumes that there is a single output file from the build (for example, a zip file containing all of your jars, reports, documentation, and so on).

