CSE687 Object Oriented Design
Midterm #2                
  Spring 2006

Instructor’s Solution for CSE687 Midterm #2
Jim Fawcett
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. Given the partial descriptions:

 

class D : public B { … };
 

B* f() { return new D; }

 

D d;
 

B& b = *f();

where the ellipsis, … , represents code not disclosed to you, under what conditions will this code successfully compile?  If it does compile, describe each of the operations that occur when the last statement is executed. 

Answer:

For the statement D d; to compile, both D and B must have publicly accessible constructors that can be called with no arguments – either default constructors or constructors with all parameters provided with default values.  If no destructors are defined for either of the classes the compiler will generate them.  Otherwise, compilation fails.

The statement B& b = *f(); will compile under the same circumstances as the D d; statement.  When f() is invoked, it creates a new D on the heap, which calls the D and B default constructors.  The function then returns the address of the D instance, typed as a Base pointer.  The rest of the statement is the initialization of a base class reference, b, with the derived class instance on the heap.  This statement will compile if D d; compiles.  Note that no copies are created in either statement and no assignments are made.  Note also, that to de-allocate the heap D instance, a user must delete the address of the b reference.

2. Describe the similarities and differences between the use of a static data member of a class and defining the same type as a global instance?

Answer:

A static data member of a class is shared by all instances of the class.  A global instance is shared by every function that reads or writes its value, which may be in any module in the code that makes up the process, provided that the global data is not declared static, in which case its accessibility is limited to the file in which it is declared and any files that include it.

All accesses to a private static data member are made by the member functions of the class, and so, are entirely under the control of the designer of the class.  That is not the case for global data – any author of code in the process can access, and manipulate, a global datum, which makes testing and verification of correctness much harder.  

Also, every class and file that uses a global data member is dependent on every other user.  This may cause large sets of mutually dependent classes and files, making testing much more difficult.  Static data members have no such affect.
3. State the Dependency Inversion Principle.  What does this principle have to do with contracts for service?  How does it apply to your design of Project #3
?

Answer:

Dependency Inversion Principle states:

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

b. Abstractions should not depend upon details.  Details should depend upon the abstractions.


The Dependency Inversion Principle is supported by inserting interfaces between major layers of a program, and providing object factories to allow code to create objects in a layer on which the code depends.  Each of the interfaces is a contract for service, provided by the interface implementer.

In Project #3 we use interfaces between profilers and the profile manager, so they both depend on abstractions.  The IProfile interface is a contract for service provided by each profiler, and IProfileMgr describes the profile manager’s service contract.


4. The terms: statement, declaration, and definition, have often been used in class to describe different features of the C++ language.  Please give a brief definition of each of these.

Answer:

A statement is any compilable sequence of symbols in a C++ program that ends with a semicolon.

A declaration associates an identifier with an existing type, introduces a new type, or defines an alias for an existing type.  Declarations are instructions to the compiler, and have no runtime affects.

A function definition associates executable code with an identifier.  A data definition associates a memory location with a type, and often initializes the memory.  A class or structure definition provides definitions for all of the member functions and static data members of the class.


5. Provide all the code for a class that implements a data structure to hold the last n instances of some unspecified type presented to it
.  This data structure is often called a circular buffer because it acts like a circle of buffer slots where new entries are inserted in progression around the circle, overwriting older elements after the first cycle
.

Answer:

template <typename T>
class RunningInterval

{

public:

  RunningInterval(size_t n) : interval(n) {}

  void addDataPoint(const T& t);

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

  T front() { return runningList.front(); }

  T back() { return runningList.back(); }

private:

  size_t interval;

  std::list<T> runningList;

};

template <typename T>

void RunningInterval<T>::addDataPoint(const T& t)

{

  runningList.push_back(t);

  if(runningList.size() > interval)

    runningList.pop_front();

}

6. Show how you would pass a pointer to a function so that the function could return a new address as a side affect, e.g., not as a return value.

Answer:

void fun1(T*& refPtrT);  or  void fun2(T** ppT);

You call these functions like this:

T* pT;
fun1(pT); and fun2(&pT);

In both these cases, the underlying implementation copies a pointer to the location where pT is stored onto the function’s stackframe, the first implicitly, the second explicitly.

7. Draw a UML class diagram that represents your design for Project #3
.  You do not need to show the methods and fields, just the classes and their relationships.  Describe all the types of class relationships illustrated by the diagram.

Answer:
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This design has the aProfileManager instance save its this pointer in PointerStore::pMgr when it is constructed.  Each profiler saves its this pointer in PointerStore::pProf when it is constructed and nulls it when it is destroyed.  Thus communication between the profile manager and profilers is as simple as using PointerStore::pMgr or PointerStore::pProf, checking, of course to make sure the pointers are non-null.

The class relationships are inheritance, composition, and using:

Composition is a strong ownership relationship, implying that the life-times of the owner and owned are the same.  C++ accomplishes this by making the owned a data member of the owner.

Inheritance is an “is-a” relationship.  The PerfProfiler class inherits from IProfiler to be substitution compatible with any class that derives from this interface. 

The PerfProfiler class owns a HiResTimer instance by composition, and uses an instance of aProfileManager, owned by the AnnotatedCode’s main function, in order to send its results for display.  Using relationships imply no ownership. 

To completely satisfy the extensibility requirements of Project #3 you may find that you need to augment this design.
8. How could you write a function that is passed an instance of an unspecified type and returns its string representation?  When would an invocation of this function  fail?  How could you apply this to your Graph class, from Project #2?

Answer:

template <typename T>

std::string convert(const T& t)

{

  std::ostringstream cvt;

  cvt.precision(8);

  cvt << t;

  return cvt.str();

}

This function will fail to compile if the type T does not provide an insertion operator.  Invocation will fail if the state of cvt is bad.

You can use convert with your graph class, simply by providing an insertion operator for graphs.  This is nearly the inverse of reading the graph from an XML file.


9. How does polymorphism support the design of loosely coupled systems?

Answer:

Polymorphism allows a client to bind to an interface abstraction rather than a concrete class.  Clients use the protocol, provided by the abstract base class, to access derived class objects, without using any knowledge of the unique characteristics of the derived class.  So changes to the implementing classes don’t break any code in the client, provided, of course, that we don’t change the abstraction, e.g., add new member functions.
10. Do you see any problems with the code below?  Please discuss.

class B { public: B(const B& b); … private: std::string& s; };

Write a copy constructor for the class B, making, at most, one change to the class, if you think that is necessary.

Answer:

In order to create the first instance, we must have a constructor accepting a string as an argument.  That is not shown here, but may be part of the … code.  The problem is one of lifetime of an instance of B’s string state.

Since an instance of B holds the string s by reference, s must have been constructed outside the instance class, otherwise, why hold a reference instead of the string itself.  This means that the instance does not control the lifetime of s.  For example, it is possible for another class to create s on the heap and pass a reference to it the constructor of B that accepts a string, then delete the string before the end of the instance’s lifetime, leaving the instance with invalid state.

Another issue, is that the copy will share the same reference, not a copy, unless we do something specific to prevent that, as shown below.  Of course, that may have been the intent of the design.

Never-the-less, we can define a valid copy constructor with the reference state.  What is required is that we initialize the reference member in the constructor’s initialization sequence.  We cannot assign to the reference member inside the body of the constructor, since references do not support assignment.

class B

{

public:

  B(std::string& str) : s(str) {}

  B(const B& b);

  void say() { std::cout << "\n  " << s.c_str(); }

private:

  std::string& s;

};


// this works, but causes sharing of s between instances

B::B(const B& b) : s(b.s) {}  


// this works, but requires the destructor to delete &s;
// and also requires the promotion constructor to change
// its argument to create a new string reference.

// B::B(const B& b) : s(*new std::string(b.s)) {}







� The Project #3 statement is appended to this package.


� The data structure will hold n instances only after it has been presented the first n.


� Note that you are not required to implement the data structure as a buffer.


� The statement for Project #3 is appended to this exam packet.
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