CSE687 Object Oriented Design
MidTerm #4                
Spring 2003


Midterm #4 – 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. Draw a UML diagram that represents the job search processes you have been involved with, e.g., for student jobs, summer internships, full time jobs after graduation, and teaching assistantships.  Note that the rules for the different searches and how you interact with recruiters are not all the same.  What are all the objects you and the recruiters use?
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2. Write a declaration for a class that represents a circular buffer.  Circular buffers hold a finite number of elements.  The types of elements will be specified by the application that uses the buffer.

When the buffer is full, adding another element overwrites the oldest element in the buffer.  This allows an application to hold onto the last n elements of a continuing sequence of inputs.  Please implement the indexing operation for this buffer class.  You do not need to implement any other methods.

template <typename T>

class circBuf

{

  public:

    circBuf(int size);

    circBuf(const circBuf<T>& cb);

    ~circBuf();

    circBuf& operator=(const circBuf& cb);

    void add(const T& t);

    T& operator[](int n);

    T operator[](int n) const;

  private:

    int _size;  // capacity of buffer

    int _last;  // index of last element entered

    T* pBuf;

};

//----< return n from the last element >-------------
//
//  circBuf cb;
//    :
//  cb[0] returns last element entered
//  cb[1] returns element previous to last
//
//  This assumes indexer not used until buffer
//  has added at least _size elements.
//
template<typename T>

T& circBuf<T>::operator[](int n)

{

  if(n > size + _last)

    throw "domain error in index operator";

  return (_last - n + size)%_size;

}

3. Suppose that you are given a set of syntactically correct source code files for a large program written in C++.  Given any file from the set, how could you determine what other files from the set it depended upon to compile without failure.   Try to state your answer in terms of simple grammatical rules.

It depends on every file it includes, else it would not include them.  It also depends on every file that implements a type it uses from each header.  A conservative rule, that may occasionally report a dependency that did not exist, would identify each file that implemented part or all of a class declaration in an included header.  

So, the grammar is something like this:


· if file is included, add to the dependency list

· search the header for all class declarations and declarations of global functions.

· For each class, X, declared, search each implementation file for X::  If found, add that implementation file to the dependency list.

· For each global function declaration, search each implementation file for its definition.   If found, add that implementation file to the dependency list.

· We can ignore template classes because their definitions are already in some included file.


Note that we should not keep searching each implementation file over and over again.  We should search each implementation file once for X:: signatures and for function definitions.  Save references to those and the files in which they are found in a data structure.

Then, when we search a header file, we just use the data structure to find all the files that implement its global and member functions and add them to the dependency list.


4. Implement a function that accepts two strings that represent some numeric type, e.g., ints or doubles, and returns the string representation of their sum.  The type is specified by the application when the sum is invoked.  Show how the function is invoked.  How does the compiler deduce the type of the representation? 

#include <string>

#include <iostream>

#include <sstream>

typedef std::string str;

//---- start of required answer -------------------
template <typename T>

T value(const str& s)

{

  std::istringstream cvt(s);

  T t;

  cvt >> t;

  return t;

}

template <typename T>

str ToString(const T& t)

{

  std::ostringstream cvt;

  cvt << t;

  return cvt.str();

}

template <typename T>

str sum(str larg, str rarg)

{

  return ToString((value<T>(larg) + value<T>(rarg)));

}


//---- end of required answer ------------------------
int main()

{

  std::cout << "\n  " << value<double>("3.1415927") << "\n\n";

  str arg1 = "1.234", arg2 = "4.321";

  std::cout << "\n  sum of " << arg1 << " and " << arg2 << " is " 

            << sum<double>(arg1,arg2) << "\n\n";

  std::cout << "\n  sum of " << arg1 << " and " << arg2 << " is " 

            << sum<int>(arg1,arg2) << "\n\n";  

  return 0;

}

5. Implement an array of function pointers for functions with the signature:

 
std::string aFunction(const T &t);

where T is a type specified at the time the array is declared.  Show how you would invoke a function pointed to by an element of the array.

#include <string>

#include <sstream>

#include <iostream>

template <typename T>

std::string aFunc(const T& t)

{

  std::ostringstream cvt;

  cvt << t;

  return cvt.str();

}

template <typename T>

std::string bFunc(const T& t)

{

  std::ostringstream cvt;

  cvt << t;

  return cvt.str();

}

template std::string aFunc(const double&);

template std::string bFunc(const double&);

int main()

{
//---- start of required answer ---------------------

  typedef std::string(*fptr)(const double &d);

  fptr fp[2] = { aFunc<double>, bFunc<double> };


  std::cout << "\n  " << fp[0](3.1415827);

  std::cout << "\n  " << fp[1](0.3333333) << "\n\n";

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

  return 0;

}
6. Pick one of the four Principles discussed in class and describe how it applies to your design for Project #2
.  If none apply, discuss how you would improve your design by using one as a part of a design revision strategy.


The answer to MidTerm #2 – Question #2 is a good answer for this question.


7. Suppose that I have defined a class D.   Is it possible for the statement below to compile?  What do you know about D and its members?

 
D().do(1).do(2).do(3);

What do you know about the execution of this statement?

I forgot that do is a keyword.  So let’s agree to use Do(i)
.  This statement will compile if, and only if:

· class D declares a default constructor or no constructors
· D must include a member declared as D& D::do(int i);

This statement, if it compiles, will execute if, and only if, definitions are provided for D::D(), D& D::Do(int i), and D::~D().  When it executes the following things happen:


· A temporary instance of D is created
· it invokes Do(1) which returns a reference to the temporary D
· The reference invokes Do(2) which returns a reference to the temporary D.
· The reference invokes Do(3) which returns a reference to the temporary D.
D’s destructor, whether implemented or compiler generated, is called when the statement execution ends.


What is the output of this program?  Explain what is happening in each line of main.  How many members does D have?

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

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

int main()
{
  B& obj1 = *B().make();
  B& obj2 = *D().make();
  B& obj3 = *obj2.make();
  B  obj4 = *D().make();
  D  obj5 = *D().make();
  std::cout << "\n  " << obj1.say();
  std::cout << "\n  " << obj2.say();
  std::cout << "\n  " << obj3.say();
  std::cout << "\n  " << obj4.say();
  std::cout << "\n  " << obj5.say() << "\n\n";
  return 0;
}

Output of main is:
B
D
D
B
D
Operations, by line, are:
#1 B temporary creates B object, initializes base reference obj1, dtor called
#2 D temporary creates D object, initializes base reference obj2, dtor called
#3 D object polymorphically creates D object, init’s base ref obj3
#4 B object copy constructed from new D object created by temporary, dtor called
#5 D object copy constructed from new D object created by temporary, dtor called
#6 B::say() invoked polymorphically
#7 D::say() invoked polymorphically
#8 D::say() invoked polymorphically
#9 B::say() invoked directly (not from reference)
#10 D::say() invoked directly

8. What are the object oriented design strategies?  Explain why they are important.
· Define an abstraction and encapsulate its implementation

Encapsulate complex data and operations, separating interface from implementation

Important part of “divide and conquer” strategy to design large complex systems.  Operations are guaranteed to be consistent with the data since the data structure and operations are designed as a unit.

· Layer implementation using composition

Leverages existing implementations to efficiently create new functionality.


· Extend an abstraction through inheritance

Supports the modification of existing functionality by adding to the base interface and redefining its behavior by overriding virtual base functions.

Supports the definition of application specific processing invoked by a library implemented before the application design.


· Loosely couple interacting objects using polymorphism

Avoids binding a client to concrete classes.  Binds, instead, to the base abstraction.  This allows addition of new capability through creation of new derived classes.

9. Show how to do any one of the following:

a. Redirection cout to a log file.

b. Send the integer 17 to std::cout right justified in a field of 5 characters.

c. Move to the middle of a text file without extracting any characters.

Part a:


 ofstream out("LogFile.txt");
 if(out) {

   streambuf *pStreambuf = cout.rdbuf();   // save cout streambuf

   cout.rdbuf(out.rdbuf());         // give cout file's streambuf
  // operations with redirected cout
 }

Part b:   see answer to MT#1-Q3

Part c:

  in.open(argv[argc-1]);         // open it again

  in.seekg(0, ios::end);         // go to end of file

  streampos sp = in.tellg();     // size = # bytes from beg

  in.seekg(-sp/2, ios::end);     // go to middle

� Project #2 is attached at the back.


� I give full credit to someone who says that it won’t compile because do is a keyword.  No one did.
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