CSE687 Object Oriented Design
MidTerm Exam B2                
Spring 2002


Midterm B2 – Instructor’s Solution
Name:_____________________________________   SUID:_____________
This is a closed book examination.  Please place all your books on the floor beside you.  You may keep one page of notes on your desktop in addition to this exam package.  All examinations will be collected promptly at the end of the class period.  Please be prepared to quickly hand in your examination at that time.

If you have any questions, please do not leave your seat.  Raise your hand and I will come to your desk to discuss your question.  I will answer all questions about the meaning of the wording of any question.  I may choose not to answer other questions.

You will find it helpful to review all questions before beginning.  All questions are given equal weight for grading, but not all questions have the same difficulty.  Therefore, it is very much to your advantage to answer first those questions you believe to be easiest.

1. Implement a function that accepts an STL container and computes the average of its contents.  Your function must be able to accept more than one type of container, say either a list or a vector, but you are required to show only that it is correct for a vector.


template <class cont> 
cont::value_type contAvg(const cont &c)
{
   cont::const_iterator it;
   cont::value_type sum = 0;
   if(c.empty())
      return sum;
   
   for(it=c.begin(); it!=c.end(); ++it)
   {
      sum += *it;
   }
   return (sum/c.size());
}

2. How does C++ support object oriented design?


The C++ Programming Language provides the following facilities:

· The class construct is the fundamental OOP facility.  Classes provide encapsulation of complex data and operations designed to correctly transform the data in ways consistent with the class’s abstraction.  This separates abstraction from implementation, allowing clients to stay ignorant of the class’s implementation details.

· Classes can have composition relationships with other classes by including instances of them as data members.

· A base class can be extended through inheritance.  Derived classes may redefine virtual functions provided by its base class(es) to modify their behavior in a way suitable for the abstraction of the derived class.  They may also extend the public interface of the base class by providing new public member functions.

· Clients may use a hierarchy of derived classes through a protocol provided by the base class.  Each of the derived classes responds to the protocol in a manner appropriate for that class, providing polymorphism.  Clients can choose to stay ignorant of the details that distinguish one derived class from another.
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Suppose that you are assigned the task of designing a software system to manage recording of student grades for a University.  Sketch the relationships, using OMT or UML diagrams, between the 5 most important classes in your design.  How would you support the Open/Closed principle in this design?

You are not expected to know the details of SU’s student records process.  You should simply invent a reasonable process as part of your design.


The grade administration process is very stable.  It has not changed much in decades.  We can support OCP in our software design by providing a protocol for grade reporting and deriving a new class to represent each change that may be required for special programs or new administration rules.

























4. Define a base class B and two derived classes D1 and D2 so that B provides a function that a client can use to create an instance of either derived class, as shown below.  B should not have to know the names of the derived classes:

D1 *pD1 = D1::create();
// creates a D1 object
D2 *pD2 = D2::create();
// creates a D2 object


template <class T> class B
{
  public:
    virtual ~B() {}
    static T* create() { return new T; }
    virtual void showSelf()
    {
      cout << "\n  " << typeid(*this).name();
    }
};

class D1 : public B<D1> { };

class D2 : public B<D2> { };



5. Given the classes:

class A { public: virtual void fun1(int); virtual int fun2(); void fun3(); … };
class B : public A { public: void fun1(int); virtual void fun4(); … }

show how you would call each of these five functions using a pointer of type A*.


A a;
A *pA = &a;
pA->fun1(5);
// calls A::fun1(5)
pA->fun2();

// calls A::fun2()
pA->fun3();

// calls A::fun3()

B b;
pA = &b;
pA->fun1(5);
// calls B::fun1(5)
pA->fun2();

// calls A::fun2()
pA->fun3();

// calls A::fun3()
dynamic_cast<B*>(pA)->fun4();
 



// calls B::fun4()







6. Please provide the definition of a function that accepts a pointer to a function with the signature int func(X &x), invokes the function, and returns the value computed if positive.  Otherwise it throws an exception with an error message.


int invoker(int(*fPtr)(X &x), X &x)
{
  int test = fPtr(x);
  if(test <= 0)
  {
    exception e("exception thrown: non positive result");
    throw e;
  }
  return fPtr(x);
}



7. Given the code fragments below, where the ellipsis (…) represents code that has not been disclosed to you:

class X { … };  class Y { public: explicit Y(const X& x); … }; 

what can you say about the compilation and execution of each of the following statements?  Describe each of the operations that occur as this code executes.

Y func(Y y) { … }
X x;
Y y = func(Y(x));


First Statement:
This function definition will compile as long as the Y type is known to the compiler and the function body is syntactically correct code.
When this function executes a copy constructor for Y is call to pass the y argument by value.  This creates a temporary on the func’s stack frame that will be destroyed when the function finishes.  The copy constructor is also called to return the result by value, creating another temporary.  Y::~Y() is called twice to destroy the two temporary Y objects created by copying.

Second Statement:
To compile X needs a default constructor which, if not defined by the class, will be generated only if no other constructor is declared by the class.  Otherwise compilation will fail.
Execution simply calls the default X constructor.

Third Statement:
This statement always compiles.  Since the promotion constructor 
Y(const X& x) is qualified by the explicit keyword, we cannot simply pass the X::x argument because the compiler will not allow implicit conversions using an explicit constructor.  We must explicitly invoke the promotion constructor as shown above.

The only constructor called to enter func is the promotion constructor Y(const X& x).  This creates a temporary, as described above.  The copy constructor Y::Y(const Y& y) is called to pass back the result by value.  Two calls to the destructor Y::~Y() are made to destroy the temporary return values.


8. Please describe how the Open/Closed Principle applies to your Project #3, statement attached on last page.

The Open/Closed Principle states that:

Software entities (classes, modules, functions) should be open for extension, but closed for modification.

Project #3 states that:

”The base processing class provides a protocol for derived classes to define application specific processing on all the files encountered in a scan.”

The design strategy here is to provide component scanner software that uses a base processing class pointer to carry out an operation on each component encountered during a scan.  Operations are defined by derived classes.  When clients want a specific processing application they register the appropriate derived class with the scanner, and the scanner uses the class polymorphically, that is without knowing any of its details other than the base protocol.  

Suppose you design a Scan class that has a next function to provide access to the next component in the scan, and a done function that returns a Boolean value that is true only when all of the components have been scanned.  Then we might write something like this:

    processing *pProc = &derivedObj;  // defines operation
    while(!scan.done())
        pProc->operation(scan.nextComp());

Each derived class defines an operation, e.g., display, status check, build, etc.
We’ve encapsulated the details of handling manifests and sequencing through them in a scanner class.  No other component needs to know those details.  

We can modify or add new operations without affecting the scanner.  The scanner does not need to know about processing other than how to use the base protocol.  The scanner and protocol are closed, and we extend them by providing derived operation classes.


9. Please provide the definition of a template-based class that provides a function object that that returns a string representing the type of the object that invoked it and the type of the template parameter.  Show how a client will use this function.

template <class T> class functor
{
  public:
    std::string operator()()
    {
      string types = "  invoker type: ";
      types += typeid(*this).name();
      types += "\n  template parameter type: ";
      types += typeid(T).name();
      return types;
    }
};

functor<double> myTypes;

cout << myTypes().c_str();




10. Given the declarations:

template <class T> class B { … private: T &t; }
class C : public B<std::string> { … private: const int len; }

write a constructor for B that takes a T argument.  Write a constructor for C that sets len to the length of its base’s string argument.  Where is C’s string argument created?  You may assume there are no data members other than the ones shown.


template <class T> class B
{
  public:
  //// first part of answer ///////
    B(const T& targ) : t(targ) {}
  /////////////////////////////////

    virtual void say()
    {
      cout << "\n  B's data member = " << t;
    }
  private:
    const T t;
};

class C : public B<std::string>
{
  public:

  //// second part of answer /////////////////////////////////
    C(const string &s) : B<string>(s), len((int)s.size()) {}
  ////////////////////////////////////////////////////////////
    virtual void say()
    {
      B<string>::say();
      cout << "\n  C's data member = " << len;
    }
  private:
    const int len;
};

 

Project #3 – Software Repository


     due Monday, April 08
Purpose:
The purpose of this project is to build a program that manages a structured set of files.  The files will be grouped into modules, programs, and systems:

· A module is represented by a file, called a manifest, that contains the path
 to each of its source, documentation, and test files.  A module’s manifest may also refer to another module’s manifest file if this module uses that module’s services.

· A program is represented by a manifest file that contains paths to each of its modules and its documentation and test files.

· A system is represented by a manifest file that contains paths to each of its programs, documentation, and test files.

All source code, documentation, and test files will be stored in directories named code, documentation, and test, under a Repository directory.  All module, program, and system manifests will reside in module, program, and system directories, respectively.

Your REPOSITORY project will provide a base processing class that, given the name of a manifest, scans that manifest and, recursively, all the manifests and files it refers to, performing some default operation on them
.  The base class will provide a protocol for derived classes to define application specific processing on all the files encountered in a scan.  Typical applications are display, checking status, or building an executable.


You should provide a scanning module that uses a pointer to the base processing class to apply processing actions to each file encountered on a scan.  The scanning module should not have to know the type of the processing object it points to, but simply apply its processing actions to every file.



Requirements:

Your REPOSITORY program:




1. shall compile and link from the command line, using VC++ 6.0, as provided in the ECS cluster and operate in the environment provided there
.



2. shall provide an executive module that reads the name of a manifest and the type of operation to be used and applies that operation to the named manifest and every manifest it refers to, either directly or recursively.  The operations shall include:

· display the name of each manifest’s component, e.g., system, program, or module name, and the names of every file referred to by a manifest

· extract all the files associated with the named manifest, either directly or indirectly, to a specified directory

· build a program or library file from all the files referred to by the named manifest either directly or indirectly




3. shall accept the name of a new manifest file to be created and allow the user to specify all of the manifests and files it refers to.



4. shall be delivered with manifests and files that represent all the code you provide for your REPOSITORY program.


5. shall provide the means for new operations, as in part 2, to be added to the REPOSITORY program without changing any of the existing modules you provide, except for the executive.  That is, your server modules should satisfy the open/closed principle: they should be open for extension, but closed to modifications.
� EMBED Visio.Drawing.6  ���








� The paths to use are specified below.


� Note that, if we define a component as anything represented by a manifest, e.g., module, program, or system, then scanning is just a process of walking the tree defined by all the component’s lower level components and files.  


� See notes on project submissions, handed out during the first class.


� You will need to supply compile.bat and run.bat files or dsp file for each manifest so that this operation can be carried out.  Of course, the bat or dsp files should be referred to by the manifest.





[image: image2.emf]grade

recording

protocol

registrar

EE&CS

student transcript

department

Syracuse

University

instructor

specialized

recording

process

uses

uses

_1079933672.vsd

