CSE687 Object Oriented Design
Midterm #1                
  Spring 2009

CSE687 Midterm #1

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 a copy constructor for class D, in Figure 1.a.  How does that change for Figure 1.b?
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Answer:

D composes C, e.g., an instance of C is a data member of D


  D::D(const D& d) : B(d), c(d.c) 

  { 

    std::cout << "\n  copy construction of D"; 

  };

D aggregates C, e.g., D holds a pointer or reference to an instance of C.  Assuming its held as a member of the D class, we get:

  D::D(const D& d) : B(d) 

  { 

    std::cout << "\n  copy construction of modD"; 

    if(d.pC != 0)

      pC = new C(*d.pC);

    else

      pC = 0;

  };

If C is created, used, and destroyed, in some member function, but not held as a member of D then the creation shown above is omitted.
2. Write a global function that displays the contents of an unspecified Standard Template Library container.  Will your function work for all the STL containers?  Why?

Answer:

template <typename C>

std::string show(const C& con)

{

  std::ostringstream out;

  C::const_iterator iter;

  for(iter=con.begin(); iter!=con.end(); ++iter)

    out << "\n  " << *iter;

  out << "\n\n";

  return out.str();

}

We’ve returned the output in a std::string so the display can occur later when appropriate.

This function won’t work for std::maps, as maps hold <key, value> pairs, so we need to access the value via the map’s pair element.  Also, the value_type must support insertion.
3. Which of the principles, we’ve discussed in class, applies to Project #3
?  Pick one, provide a statement for the principle, and discuss why it applies.

Answer:

The most obvious is the Liskov Substitution Principle:

“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.”

which tells us that any test driver’ test function can be called by using a pointer to its base, the ITest interface.  This, along with a factory function, allows us to call tests of types unknown to the test harness.

The dependency inversion principle says:

“High level components should not depend upon low level components.  Instead, both should depend on abstractions.”

This tells us that both the test harness and the test drivers should depend on the ITest interface, not on details of each other’s implementation.

The open-closed principle says:

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

So, essentially we are extending the test harness with each test it executes, without modifying test harness code in any way.

The Interface Segregation Principle does not seem to apply to Project #3.
4. Write code for an ITest interface, for Project #3, that contains a factory method.  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:

struct ITest 

{

  virtual bool test()=0;

  virtual std::string name()=0;

  static ITest* Create();  // must be static to call without object
};

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;
      // fails due to spelling error in Module1

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

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

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

    return true;

  }

  std::string name() { return "Module1Test"; }

private:

  Module1 mod;

};

ITest* ITest::Create()

{

  return new Module1Test;

}

5. What relationships do we use in an Object Oriented Design?  State each of the relationships and discuss how it will be used in Project #3.

Answer:

The relationships are:
a. Inheritance – an “is-a” relationship creates a specialization of a base class by derivation.  Inheritance is an integral part of the test harness, which requires the use of an ITest interface to support substitutability of test modules.
b. Composition – an “owner” relationship makes an instance of one class a data member part of another owning class.  The lifetime of the owned is identical to the lifetime of the owner.  We expect the test driver to compose an instance or aggregate a reference to the tested code.  Composition is such a fundamental part of OOD that we expect to see its use throughout the implementation.
c. Aggregation – a weaker “ownership” relation, makes a pointer to an instance of another class a data member of the owning class or creates, uses, and destroys the instance in a member function of the owning class.  The lifetime of the owned may be significantly less than the owner.  The test executor aggregates an instance of the testdriver and its tested code, delivered by the factory function supplied by the testdriver.
d. Using – no ownership is implied, simply access to use the facilities of an instance of a class owned by some other entity.  Usually obtained as a parameter in a member function of the using class.  Usually, when a function is passed an instance of some class as an argument, a using relationship is established.  A logger instance is likely to be used by most testdrivers.

e. We try not to use the friend relationship – a class grants friendship to a specific class, method, or function, to access its private data.
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6. Write all the code for a Node class that satisfies the needs of Project #1
.

Answer:

template <typename T>

class node

{

public:

  node(size_t number, T t=0) 
    : nodeNum_(number), value_(t), visited_(false) {}

  ~node()

  { 

    // Can't delete children unless you are sure they were created on heap

    // for(size_t i=0; i<children_.size(); ++i)

    //   delete children_[i];
    // Could use template policy for deletion
  }

  size_t& number() { return nodeNum_; }

  T& value() { return value_; }

  void add(node<T>* pNode) { children_.push_back(pNode); }

  bool& visited() { return visited_; }

  size_t size() { return children_.size(); }

  node<T>* getNextUnmarkedChild()

  {

    for(size_t i=0; i<children_.size(); ++i)

      if(!children_[i]->visited())

        return children_[i];

    return 0;

  }

private:

  size_t nodeNum_;

  T value_;

  std::vector<node*> children_;

  bool visited_;

};

You could elect to track position of visitation with pointer into child array rather than mark.

Node type T should manage attributes and ids.  This way node class is more widely useful.

7. Why is the use of interfaces and object factories important for a C++ design?  Show all the ways you will use them in Project #3.

Answer:

Designing to interface contracts decouples clients of the contracts from its implementers, provided that the implementer provides a class factory with a well known name, so the client does not have to have a class definition.  Since client holds a pointer to interface, and, because of the factory, does not need to include implementation header, changes in implementation don’t affect the client.

Without this decoupling, large systems become vulnerable to change.  Changes in low level components may cause changes in components that depend on them, which may propagate upward, throughout the system.

The most obvious use of interfaces and object factories is for the test driver code.  The test harness does not know the names of the classes used by the test designer, and so must be decoupled from their implementations, and does so through the use of the ITest interface and its static factory function.

It would be useful for the Executor to provide several different implementations for logging and test vector generation
.  We can make these implementations plug compatible if we bind to them through ILogger and ITestVectorGen interfaces.


ITest interface contains a static factory function that plays the role of object factory.  You may also wish to provide an interface between test driver and logger, although that is much less important, as it will only affect the small test driver.
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8. State everything you know about virtual function pointer tables.

Answer:

Each class that contains virtual functions has an associated virtual function pointer table (vtbl).  The vtbl holds pointers to virtual function definitions that are overridden in the class or to the closest definition in its base hierarchy.  Each instance of the class contains a pointer, pVtbl, that provides access to these virtual bindings.  The virtual function pointer tables also hold TypeInfo information for run-time type ids.

Virtual function overrides must have exactly the same function signature.  The return type may, however, be covariant.  That is, if the Base, B, returns a B*, then the derived, D, may return a D*.  No other variations are allowed.
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� The Project #3 statement is attached at the end of this exam package.


� The Project #1 statement is attached at the end of this exam package.


� A test vector generator is code that supplies a set or stream of inputs for test drivers to use during test.
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