CSE687 Object Oriented Design
MidTerm #1                
Spring 2003


Midterm #1 – 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. Write a declaration for a class that represents a graph.  By graph, we mean a set of vertices connected with edges.  Nodes contain some unspecified type that the application designer will specify.  Please provide declarations of members to build the graph representation, traverse the representation, and perform some operation specified by the application designer while traversing.

Assume that a node is the type of an object that implements a vertex.

/* node class is a container of a T */
template <typename T>
class node
{
  public:
    T& value();
  private:
    T t;
};

 /* hook class for application specific processing */
class operation
{
  public:
    virtual ~operation();
    virtual void doOp() = 0;
}

template <typename T>
class graph
{
  public:
    graph();
    graph(const graph<T>& g);
    void insert(const node<T>& v);
    bool connect(node<T>& v1, node<T>& v2);
    void dfs(operation& op);
  private:
    typedef list< node<T> > nodeList;
    typedef map< node<T> ,nodeList > adjacencyList;
    adjacencyList al;
};

  

2. Draw a UML diagram representing the most important parts of your Project #1 design
.  How does the Open/Closed principle apply to your design?  If if does not, discuss briefly how you would modify your design to make it extendable without modification.


The Open/Closed principle does apply.  The nav module was used unchanged by deriving an application specific processing class, HTMLproc, from defProc.  The derived class overrides the fileProc and dirsProc virtual functions to make the desired links on each HTML page.
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3. Write code that will allow the statement below to compile and, when used as shown, causes the integer -7 to be written out left justified in a field of 15 characters.

    
std::cout  <<  Left<15>  <<  -7;

Hint: manipulators are functions with a stream reference argument and they return a reference to a stream.
//---- start of required answer -----------------


typedef std::ostream ostr;


template <unsigned w>

ostr& Left(ostr &out)

{

  out.setf(ostr::left,ostr::adjustfield);

  out.width(w);

  return out;

}

//---- end of required answer -------------------


template <unsigned w>

ostr& Right(ostr &out)

{

  out.setf(ostr::right,ostr::adjustfield);

  out.width(w);

  return out;

}

using namespace std;

int main()

{

  std::cout.fill('.');

  std::cout << "\n  " << Left<15> << 3.1415927;

  std::cout << "\n  " << Right<10> << -33;

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

  return 0;

}

4. Given the definition:

 
int template <int i> a() { return i*i; }

write a function that invokes a without explicitly using its name.  Show how you call that function.

There is a typo in the statement of this problem:
The int return value should come after the template argument list.

template <int i>

int a(){ return i*i; }

void b(int(*fptr)())

{

  std::cout << "\n  value = " << fptr() << "\n\n";

}


int main()

{

  b(a<1>);

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

  return 0;

}

The fact that a is a template function has no bearing on the definition of the function, as you see above.

When you call the function you need to use a’s template argument since the compiler has no other way to infer its type.


5. Given the program shown below:

#include <iostream>
#include <string>
typedef std::string str;

class B
{
public:
    virtual ~B() {};
    str say() { return typeid(*this).name(); }
};

class D : public B {};

int main()
{
    std::cout << "\n  " << B().say();
    std::cout << "\n  " << D().say();
    return 0;
}

What is the output?  What changes if we remove the virtual destructor?
How many members does class D have?


The output is:

  B
  D

If we remove the virtual destructor, there is no virtual function pointer table and typeid uses the static type in the base class, so the output is:

  B
  B

Since program never calls delete on a base pointer, there is no destruction problem.

D inherits the non-virtual say() function, the compiler creates the default constructor invoked in main, and the compiler creates a destructor, used when the expression D().say() completes.

The compiler does not generate a copy constructor or assignment operator since they are not used.

So, the answer is 3 member functions.
6. When we are discussing uses of inheritance what do we mean by a hook?  To which of the Principles does this relate?

A hook is a base class, often abstract, provided so that an application can override base class virtual functions to provide application specific processing.  The defProc class in navig is a hook (see answers to Questions #1 and #2).

Thus it allows an application design to hook into calls that are part of an earlier design, like a library.  The library provides the base class protocol and calls its functions.  These calls bind to the application derived class’s member functions that override base virtual functions.

The hook works because C++ satisfies the Liskov Substitution Principle.  We use a hook because it allows us to satisfy the Open/Closed Principle, e.g., we extend the hook’s abstraction with application specific derived classes.
Declare a data structure, using STL containers, that can hold names of all the directories and their files from some directory tree without storing each directory path more than once or storing file names more than once.  You don’t have to implement anything.  Just provide the required declarations, along with a few sentences to describe what you have declared.

using namespace std;

typedef set<string> pathSet;
typedef map< string, list<pathSet::iterator> > fileMap;

fileMap filesAndPaths;    // this is the declaration


pathSet is a set of all the paths encountered during a scan of the directory tree.

list<pathSet::iterator> is a list of iterators pointing to all the paths found for a given filename.

fileMap is a map: each key is the name of a file found in one or more places in the directory tree.  Its value is a list of iterators pointing to each of the paths on which the file is found.

This way, we store each unique filename only once, and each unique path only once.

Note:
   map<string, set<string> > dirInfo1 will lose directory information
   map<string, vector<string> > dirInfo2 will store duplicate names

7. Describe how client code can avoid binding to concrete names of classes it uses.

It can use a base class pointer, attached to any class derived from the base.  Then the client binds to the base abstraction, not any of the derived implementations.  Must use object factory or program must arrange for another component to create used objects to avoid binding through use of new, which requires including implementation header file.

It can also describe a class it uses with a template argument so that an application designer can instantiate it with any class argument that provides the operations used by the client code.
8. Suppose that you have two well encapsulated classes.  If you make one class a friend of the other what does that imply about the encapsulation of the two classes.

You do not break encapsulation.  You simply extend the encapsulation boundary of the granting class to include the grantee class.  

This is not particularly desirable, but does not destroy encapsulation.
9. What operations must we supply in a class so that it behaves like a built in type?


· Constructors to support creating default objects, copying objects, and conversion operations.


· A destructor to properly return allocated resources to the process.


· The default constructor allows us to create arrays of default objects.


· The copy constructor allows us to pass and return our objects by value when we design functions.


· An assignment operator allows us to assign values safely.


· Other operators like -, +, *, and / may be appropriate if our class supports a numeric abstraction.


· A constant and non-constant index operator if our class needs to support the indexable abstraction.


· The class may need to provide an istream extractor and an ostream inserter.
If all data members have correct copy, assignment, and destruction semantics, then we do not have to explicitly provide the copy constructor, assignment operator, or destructor, as the compiler will generate correct ones for us.
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