CSE687 Object Oriented Design
Midterm #4                
  Spring 2009

CSE687 Midterm #4
Name: ________Instructor’s Solution________________
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. Assuming that the diagrams, below, tell you everything you need to know, write an assignment operator for class D, in Figure 1.a.  Does that change for Figure 1.b?  If so, how?
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Answer:

  D& D::operator=(const D& d)

  {

    std::cout << "\n  assigning D";

    if(this == &d) return *this;

    static_cast<B&>(*this) = d;

    c = d.c;  // c is name of composed instance of C
    return *this;

  }

  modD& modD::operator=(const modD& md)

  {

    std::cout << "\n  assigning modD";

    if(&md == this) return *this;

    static_cast<B&>(*this) = md;
    if(md.pC)
      pC = new C(*md.pC);
    else

      pC = 0;
    return *this;

  }


Aggregation with C may create, use, and destroy the C instance in some member function of D.  If so, the last if statement should be removed.  This statement is appropriate when D holds a pointer, pC, to C.
2. Write a base cloner class providing a non-virtual function, clone(), that supplies newly created instances on the heap, and a pure virtual function void op().  Define a derived class so that its inherited clone() function returns base pointers to instances of this derived class.  Define the op() function so that it prints the name of its class.  Can you do this definition so that code for the op() function doesn’t need to be provided in the derived class?

Answer:

template <typename T> // T will be name of derived class
class clonerBase

{

public:

  clonerBase() {}

  clonerBase(const clonerBase<T>& cb) 

  { 

    std::cout << "\n  making copy of clonerBase<T>"; 

  }

  static clonerBase<T>* sclone() { return new T; }  
  // returns new default instance of derived
  static clonerBase<T>* sclone(T* pT) { return new T(*pT); }  
  // returns copy of derived
  clonerBase<T>* clone() // returns copy of derived, no argument needed
  { 

    T* temp = dynamic_cast<T*>(this);

    if(temp)

      return new T(*temp);

    else

      return 0;

  }

  virtual void op()=0 
  { std::cout << "\n  Hi from " << typeid(*this).name(); }

  virtual ~clonerBase<T>() {};

};

class clonerD1 : public clonerBase<clonerD1>

{

public:

  void op() { std::cout << "\n  Hi from clonerD1"; }

};


You were asked to return a new instance – nothing said about making that a copy as a clone() might be expected to do.  I’ve shown, here, how to return a copy with a non-virtual (static) function and with a non-static non-virtual function. See MT4Q2 in Midterm\CodeSp09 for running demo.
3. Discuss how the Liskov Substitution Principle, applies to Project #3
.  Why is this crucial for Project #3?

Answer:

LSP states that “Functions that use pointers or references statically typed to some base class must be able to use objects of classes derived from the base through those pointers or references without any knowledge specialized to the derived classes”.
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The ITest demo, handed out in class, shows that, because C++ supports LSP, the test harness can use test drivers that implement the ITest interface without any knowledge of the specific types used by the test driver designer.  The harness simply loads a dll, gets the address of its object factory, uses that to create a test driver object, typed as an ITest, so the harness stays blissfully ignorant of those implementation details.

The level of abstraction provided by the ITest interface is essential, since the types used by test driver designers are unknown to the test harness, and are likely to change with each new test.  The test harness simply needs to know the interface declaration and how to access an object factory.  This can either be a static function in the ITest interface or a well-known global function (that is, the test harness and testdriver designers agree on the factory function signature).

Without this abstraction, the test harness code would have to be modified for each new test class in order to instantiate and use instances.

Note:
A discussion of creating and running tests through a test interface by the Test Harness Executor is a necessary part of this answer.  This is the most important thing the test harness does.
4. Write code for an ITest interface, for Project #3, and a separate Object Factory.  Implement the interface with a class, Module1Test, that tests code in Module1.  Evidently, the methods of Module1 have not been specified here, so make up two for this question.

Answer:
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struct ITest 

{

  virtual bool test()=0;
  virtual ~ITest() {}
};
Class factory

{
public:
  ITest* Create();
};
class Module1

{

public:

  void opA(std::string& s) { s = "Lucretia Borge"; }

  std::string opB(const std::string& s)

  {

    if(s == "Arnold") return "terminator";

    if(s == "Wiley") return "cayote";  // note misspelled

    if(s == "Luke") return "Darth";

    return "Don't know";

  }

};

class Module1Test : public ITest

{

public:

  bool test()

  {

    if(mod.opB("Arnold") != "terminator") return false;

    if(mod.opB("Wiley") != "Coyote") return false;

    if(mod.opB("Luke") != "Darth") return false;

    std::string s = "ardvark"; mod.opA(s);

    if(s != "Lucretia Borge") return false;

    return true;

  }

private:

  Module1 mod;

};

ITest* factory::Create() { return new Module1Test; }

void main()

{
  factory f;
  ITest* pTest1 = f.Create();

  std::cout << "\n  Module1 test "
            << ((pTest1->test()) ? "passed" : "failed") << "\n\n";
}
5. What is meant by the term “loosely coupled design”.  How do you promote loosely coupled designs in your projects?

Answer:

Loosely coupled designs support extensions and are robust against changes among their parts.  A design is loosely coupled when major parts
 don’t depend on the implementation details of the other parts with which they interact.

We implement loosely coupled designs by using interfaces and object factories (see the answer to question #6, below).  It is often possible to loosely couple through parameterized designs with templates as well.  Here, we strive to build classes that can use a variety of types, as template parameters, without causing any changes in the parameterized classes.  Of course, we sometimes have to depend on specialization to make this work for all the classes we need for a specific design.  This makes the coupling stronger for that type, but in a relatively benign way.


6. Given code that satisfies the class interface below:

namespace VSHelpS09

{

  class Node

  {

  public:

    Node(const std::string& value="");

    void add(Node* pNode);

    size_t size();

    Node* nextUnmarkedChild();

    bool& isMarked();

  private:

    std::vector<Node*> nodePtrs;

    bool visited;

  };
}


Write code for a function that will do a depth first search of a graph of these nodes that have been previously connected, using the constructor and add functions.  Note that no graph class is implied.  Just use the nodes, defined elsewhere, to exercise your DFS(Node*) function.  You are not asked to write any of the Node class implementation.

Answer:

void walk(Node* pNode)

{

  std::cout << "\n  " << (pNode->value()).c_str();

  Node* pTemp;

  for(size_t i=0; i<pNode->size(); ++i)

  {

    pTemp = pNode->nextUnmarkedChild();

    if(pTemp != 0)

    {

      pTemp->isMarked() = true;

      walk(pTemp);

    }

  }

}

void main()

{

  Node root("root");

  Node child1("child1");

  Node child2("child2");

  Node grandchild11("grandchild11");

  child1.add(&grandchild11);

  root.add(&child1);

  root.add(&child2);

  std::cout << "\n  walking connected nodes";

  walk(&root);

  std::cout << "\n\n";

}
7. Why are interfaces and object factories important for large C++ designs?  Think carefully about how to make your answer complete.

Answer:

The issue here is that the systems we are considering are large – having many hundreds or even a few thousand modules.

a. Using interfaces and object factories isolates client code from the implementers of the interfaces, so changes in the implementers don’t break designs of the clients.  This is essentially an application of the Dependency Inversion Principle.  This avoids cascades of changes into the rest of the system when low level code is changed, perhaps to fix latent errors or improve performance.


b. If the interfaces, object factories, and implementers are packaged as dynamic link libraries, then changes to any of the implementation will not break the build of any of the clients.  To use a revised DLL simply copy it into the directory where clients load it.  No need to rebuild the clients.  Since the systems are large, it is important that we do not have to rebuild the entire system, just the parts that have changed.


c. Since the implementations are hidden, no text will change in the client when any of the interface implementations change, so these clients can use ANY new functionality that can be engaged just through a given invariant interface.  This opens the door for plug-in architectures like that enjoyed by almost all modern browsers – they support plug-ins for new functionality, supplied by third party vendors.  So we can develop a large system incrementally, by successively adding layers of functionality.

8. What is hiding?  What design errors lead to hiding?

Answer:

When hiding occurs, some of the methods of a base class become inaccessible to clients of a class derived from that base.  When we overload, in a derived class, an inherited function in its base, the derived overloaded name hides the name of the inherited overloaded function, so we can only use, in the derived class, the derived overload, but not any inherited overloaded.  

The problem is that we have overloaded across the scopes of the base and derived classes.  The C++ language specifies that overloading only applies within one scope.

Another version of this same problem is overloading virtual functions in the same class.  If this occurs in a base class, then redefinition of one of the overloaded virtual functions in a derived class will hide all other overloads in its base.  So you won’t be able to access, in the derived class, any of the overloaded base functions that you did not redefine.

Overriding, in a derived class, a non-virtual function of its base is not hiding, but violates the Liskov substitution principle.  When we attempt to call such an override using a base class pointer or reference bound to a derived object, we will call the base function on the member data of the derived object, with undefined results.  This happens because there is no base class virtual function pointer table entry for the non-virtual function, so the base pointer simply calls the base function even though the pointer is bound to a derived instance. 
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� The Project #3 statement is attached.


� It is not practical to support loosely coupled design at a very fine grained level.  That is just too expensive.  What we want is to keep all parts that are internally tightly coupled to be small enough that we don’t hesitate to make changes in them to fix latent errors or performance problems.
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