CSE687 Object Oriented Design
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  Spring 2010

CSE687 Midterm #2
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. Given the following code:

class U { /* code not specified here */ };

class A { /* code not specified here */ private: U& u_; };
class B { /* code not specified here */ private: A* pA; };
class D : public B { /* code not specified here */ };

Assuming that you see all member data declarations in the code disclosed to you, write code for copy constructors for each class that needs one, and discuss why the others, if any, do not need them.

Answer:
The C++ compiler will generate copy constructors, assignment operators, and destructors if you don’t declare them.  The generated operations are correct if, and only if, all the bases and data members have correct copy, assignment, and destruction semantics.

U has no data members so all compiler generated operations are correct.  No code is necessary.

A holds a C++ reference to an instance of U, which can be copied but cannot be reset.  Therefore you must:

· Write a copy constructor that initializes its U to the same instance referenced by the A source instance.
· Make its assignment operator private and don’t implement

You don’t need a destructor since you don’t own the U instance and so should not destroy it.

You need to define all three operations for B because it holds a pointer to an instance of A on the heap.

For D, all of the compiler generated operations are correct since its base B has provided the operations for copy, assignment, and destruction and it has no data members, so you shouldn’t implement these operations.

See Handouts\cse687\Midterm\MTSp10\MT1Q2 for code.

2. Which of the principles: LSP, OCP, DIP, and ISP
, applies to Project #2
?  Pick one, provide a statement for the principle, and discuss why it applies.

Answer:

The most obvious application is Open Closed Principle (OCP).  The graph class is template-based with type parameters for Vertex data and Edge data.  This allows us to modify or extend the behavior of graphs simply by instantiating them with application specific types for these parameters.

In order to keep application specific processing out of what should be a reusable graph class we provide a functor whose operator() is applied to each vertex and/or edge during traversal.  This functor is intended to provide a small amount of default processing, but its prime function is to serve as a hook for applications to derive from.  The derived classes provide all of the processing necessary to support the application.  See Instructor’s solution for Project #1 for an example of this kind of use of polymorphism.  Liskov Substituion (LSP) applies since we depend on substitutability of the derived instances binding to the base Operation pointers.  

LSP will also apply if we choose to make the V and/or E instances base class pointers bound to types derived from V and/or E, and thus support polymorphic operations.  This may be useful for some graph algorithms.

Dependency Inversion Principle (DIP) almost applies.  The functor is not an interface, but plays the same role.  Application specific code is where derived operations are created and bound to the graph through the call to its DFS method.  The application code acts as a factory so that the graph does not bind directly to any concrete application class.

The Interface Segregation Prinicple (ISP) might apply, if we provide a set of factored interfaces from which the functor class may derive, based on application needs.  Graphs are often used to hold relationship data on which many different kinds of algorithms are run.  If your application is one of these, then ISP should definitely be considered for use.

The statements can be found here:
www.ecs.syr.edu/faculty/fawcett/handouts/cse687/Presentations/Principles.ppt. 




3. Given a base class B and derived classes Dn, write code for a factory that will return a single instance of a specified derived class, created on the heap, and bound to a base class pointer.  That is, every time the factory creational function is invoked the same instance is returned.  Can you design the factory so that it can also create single instances of a class that is not derived from another class?

Answer:
template <class B, class D=B>  // Need template to write one factory
class factory                  // to build instances of many deriveds.
{

public:

  B* Create()  // Create singleton instance, useful for shared resource.
  {

    if(instance != 0)

      return instance;

    return (instance = new D());  // this will succeed only if
  }                               // D derives from B or is B
private:

  static D* instance;

};

template<class B, class D>

D* factory<B,D>::instance = 0;

class Base

{

public:

  Base() { ++count; }

  virtual ~Base() {};

  virtual std::string say()=0;

  std::string instanceCount() 

  {

    std::ostringstream temp;

    temp << count;

    return temp.str(); 

  }

private:

  static size_t count;

};

size_t Base::count = 0;

class Derived1 : public Base

{

public:

  virtual std::string say() 

  { 

    return std::string("\n  Derived1 count = ") + instanceCount(); 

  }

};

4. Which of the examples presented in class combines the use of polymorphism through inheritance and templates to make code loosely coupled?  Please discuss specifics about why this works.

Answer:

The Instructor’s solution to Project #1 combines use of templates in the MTree class to use any node type defined by the application.  It applies a polymorphic Operation class to support application specific operations on each node during a walk().

The MTree instance acquires application abilities by being instantiated on an application specific class XmlNode, but none of its code depends on knowledge of what that type is.  Its operations on nodes are all effected through a base class XmlNode pointer, depending on polymorphism to work its magic by binding to the derived node instance and using its behavior.  The same thing happens in the Operation that it applies to each node during its walk() process.

Other examples are:

a. HashTable – Hash function is templatized base for hashing operations

b. SmartPointer – templatized to refer to a variety of types, but designed to support polymorphic operations.


5. Suppose you want to share an instance of some unspecified type between users.  However, we may need to segregate sharing into groups so that all users from any group share the instance but they don’t share with members of any other group.  How would you satisfy this requirement?  Demonstrate your answer with code that shows how to do that.

Answer:

typedef std::vector<std::string> vecStr;

template <typename T, int i=1>  // Since each value of i creates a different type
class shared                    // each i value creates a sharing group, as statics
{                               // are shared only within the class where defined.
public:

  static T& value() { return shared_t; }

private:

  static T shared_t;

};

template <typename T, int i>

T shared<T,i>::shared_t;

void fun1()

{

  std::cout << "\n  in fun1(), setting shared to 3";

  shared<int>::value() = 3;

}

void fun2()

{

  std::cout << "\n  in fun2(), value of shared is: " << shared<int>::value();

  std::cout << "\n  in fun2(), setting value of shared to -2";

  shared<int>::value() = -2;

}

void fun3()

{

  // copy temporary std::vector<std::string> into shared

  vecStr* pVecStr = new vecStr();

  shared<vecStr>::value() = *pVecStr;

  delete pVecStr;

  // and use the shared vector

  shared<vecStr>::value().push_back("aardvark");

  shared<vecStr>::value().push_back("platypus");

}

void main()

{

  std::cout << "\n  MT4Q1 Demonstration";

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

  fun1();

  fun2();

  std::cout << "\n  value of shared in main is: " << shared<int>::value();

  std::cout << "\n";

  fun3();

  std::cout << "\n  values from shared vector:";

  for(size_t i=0; i<shared<vecStr>::value().size(); ++i)

    std::cout << "\n    " << shared<vecStr>::value()[i];

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

} 

6. Why are C++ interfaces
 and object factories often used together?  What is the purpose of each?

Answer:

Interfaces allow client code to use the services of the contract specified by the interface without binding to any of the implementation details.  As long as the client includes only interface header, changes to the implementation will cause no change to the client’s text, and consequently isolates the client from the implementation.   

However, if the client had to directly create instances of the class or classes implementing the interface, then it would have to include their headers and thus bind to their implementations to create them.  

The factory takes care of that by creating the objects and returning an interface pointer bound to the primary object
.  The factory’s implementation binds to the contract implementation to create needed objects so that client code doesn’t have to.  Factory code is almost always relatively small, while client code may be very large.  So we don’t mind rebuilding the factory when we rebuild the service.  We just don’t want to have to rebuild huge clients as well.

If we package the service, including its factory, in a dynamic link library, then we can make changes to the service and reinstall, simply by copying the DLL into a folder where the application will load it when it starts.  We don’t have to compile or link to the application code to make this change.

7. Why do template implementations need to be placed in a header file?  How does this relate to the C++ compilation model (please explain that model as part of your answer)?

Answer:

The C++ compilation process builds each implementation (*.cpp) file individually and does not carry over any type information for subsequent compilations of other (*.cpp) files.  The linker combines all of the object (*.obj) files at the end of compilation to create the execution image.  

Template classes and functions depend on parameterized types which are not known until a client instantiates them with specific parameters.  Therefore, the compiler cannot generate object code for a template class or function until it sees the client’s instantiation of the template in its source, e.g., when it is compiling the client.  Note that the compiler can and does generate object code for all non-template, non-inline code when it compiles that source.  It doesn’t need to wait until it sees client use.

Thus, ALL of the source information needed for the compilation of the template class or function must be contained in the header files the client source code includes so that, once the compiler sees the template instantiation it can generate the template object code.  Since we always include header files, never implementation files, that means that all of the template implementation must be in its header file. 

Note that if we included the implementation file, then this would not be necessary, but that requires the client to track two files instead of one, may make the compiler do more work than necessary, and breaks a common expectation that a project that uses third party code can be built using only their library and header files along with the project code.  Also, if there were non-template code in the cpp file, then the linker could see multiple definitions of the code (in each file that included the cpp) and the build would fail.







� Liskov Substituion Principle (LSP), Open Closed Principle (OCP), Dependency Inversion Prinicple (DIP), and Interface Segregation Principle (ISP)


� The Project #2 statement is attached at the end of this exam package.


� A C++ interface is a struct or class with all public pure virtual functions, a virtual destructor, no member data, and no constructors.


� The primary object is the one that implements the interface.  It may use other objects that either it or the factory creates.





