CSE687 Object Oriented Design
Midterm #3                
  Spring 2010

CSE687 Midterm #3
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. Write all the code for a class that behaves like a std::ostringstream, and is used to write to a shared log (you may assume that the log is a single string that may have lots of segments that represent log entries).  Please also write some client code that shows how you would use this logger.

Answer:  (see MT3Q1 code for different implementation)

The main features of a std::ostringstream are:
  - It holds a string in memory
  - The string is managed with operator<< and str() members

class tracer

{

public:

  tracer(const std::string& name);

  ~tracer();

  template <typename T>

  tracer& operator<<(const T& t);

  std::string str();

  void str(const std::string& s);

private:

  static std::ostringstream log;

  std::string name_;

};

std::ostringstream tracer::log("");

tracer::tracer(const std::string& name)

{

  log  << "\n  starting: " << (name_ = name);

}

tracer::~tracer()

{

  log << "\n  ending: " << name_;

}

template <typename T>

tracer& tracer::operator <<(const T& t)

{

  log << t;

  return *this;

}

std::string tracer::str()

{

  return log.str();

}
tracer& tracer::str(const std::string& s)
{
  log.str(s);
  return *this;
}
2. Discuss the construction and destruction of composite objects.  That is, how do each of the parts get constructed and what should the designer do to ensure that the initialization and destruction behave as expected?  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 */ };

If an instance of D is created in some scope, what is the order of construction and destruction of these classes when code in that scope is executed and execution then leaves that scope.

Answer:
The constructor of the composite object, as its first act, calls first the constructors of its base classes in the order declared in the composite, then calls the constructors of its member instances, in the order declared in the composite.  Only then will its body run.  The result is that composite objects are constructed from inner to outer objects, and destroyed in reverse order.  Aggregated objects, like A, are owned by the Aggregator, in this case B, but not part of its memory footprint, and may be constructed at any time.  If constructed in the Aggregator constructor, then the aggregated is constructed after the call to the Aggregator but before it finishes.   Note that a U must be created first and destroyed last since it is used by A.

So, in this case, when D is constructed its constructor first calls B’s constructor.  The type of constructor called is determined by the D constructor initialization sequence.  B’s constructor, as its first act, calls A’s constructor if, and only if, we provide an initialize in the B constructor to make that happen.  Otherwise, A will be constructed in the body of B’s constructor if we provide code to make that happen.  Otherwise it won’t get constructed!  A does not own or construct the instance of U it references, but must supply an initializer in its constructor or compilation will fail, as references can only be initialized.  They cannot be reset.  See MT3Q2 code for details.

Destruction always happens in the reverse order of initialization.  The figure, below, shows the order of execution of the bodies of the ctors and dtors.  The construction call sequence is U, D->B->A and destruction call sequence is D->B->A, U.
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3. Which of the principles: LSP, OCP, DIP, and ISP
, applies to Project #3
?  Pick one, provide a statement for the principle, and discuss why it applies.

Answer:

The rule-based design inspector will almost certainly use the Parser project discussed in class at the beginning of the semester or some rule-based processing very similar.  The parser uses derived rules via base IRule pointers.  The rules, in turn, use derived actions via base IAction pointers.  This use of polymorphism makes the parser very flexible.  You can add new rules and new actions at any time without affecting in any way the rest of the code in your analysis application.

In Project #3’s class inspector each design rule will be evaluated using a class derived from IRule.  We will report violations using actions derived from IAction.

So including the Parser code means that you are using Liskov Substitution (LSP) since the parser depends on using derived rules through the IRule interface and rules depend on using derived actions throught the IAction interface.  

It will also satisfy the Open Closed Principle (OCP) since analysis rules are added without changing any of the parser code.  

Dependency Inversion (DIP) applies since the instances bound to the Parsers IRule container are placed there with a factory derived from the IBuilder interface.

It doesn’t appear that the Interface Segregation Principle (ISP) applies.

The statements of each principle can be found here:
www.ecs.syr.edu/faculty/fawcett/handouts/cse687/Presentations/Principles.ppt. 
4. Suppose that you’ve decided to store instances of vertex nodes in an Adjacency Vector (an instance of the std::vector<T> class).  Is it possible to do polymorphic operations on vector nodes?  Please explain the reasoning behind your answer.  Are there other ways to implement polymorphic operations on the graph’s data?  Please explain.

Answer:

No, not directly, as we can’t store different type instances in a std::vector, they all have to be from the same class so they will be the same size.  We can only do polymorphic operations on the elements of a std::vector if the vector holds base class pointers bound to classes that derive from the base, which contradicts the stated conditions of the question.  Note that Liskov Substitution does not apply to instances.  It applies only to references or pointers to instances.

However, we certainly can do polymorphic operations on the elements of the graph.  We simply must arrange our design so that the vertex elements hold their V instances through V* pointers.  Now we can bind instances of classes derived from V and do polymorphic operations on them through a VertexOperation class.  The same argument holds for the instances of E stored as part of a child pair.  We conspire to have the pair hold an E* pointer rather than an E instance.

If we implement our design as in the previous paragraph we have two very nice properties of our graph class.  Assignment and copy construction are easy to implement if we store vector indexes to make references to vertex nodes.  And, we can use the power of polymorphism (using V* and E* pointers or references) to keep all of the application specific details out of the graph class.

5. What are traits and why are they used?  Your graph class will be templated on two arguments, one for vertex data, and one for edge data.  What traits should you provide for your graph class?

Answer:

Traits provide invariant aliases for template parameter types, used when you don’t know how the parameters will be instantiated.

Traits are typedef statements intended to provide universal names for the type parameters of a template class.  For example, we may need to declare an instance of a vector’s type to find a sum of its elements.  If we want to provide such an operation to work for any vector, we need to declare an instance of a type we don’t know at (early) design time.  So we use the vector’s trait value_type to make the declaration.

For the graph(V,E) class you will want to provide the traits:

typedef  V vertexValue_type;
typedef E edgeValue_type;

That way the vertexOperation(…) and edgeOperation(…) classes can implement application specific processing using instances of those types.



6. How would you provide a contract for services that has no latent errors and no performance issues?  How would you provide common resources to all classes that derive, perhaps indirectly, from some base?

Answer:

An interface provides a contract for service
.  Because it has no definitions for its (pure virtual) functions and has no member data, there can be no latent errors or performance problems with its implementation.  It has no implementation!

Of course the service itself may have latent errors or performance issues, but since we use an interface, we can make changes in the service without breaking the design of clients as long as they bind to the service through the interface.

Common resources can be provided using an abstract base class.  That class provides common code resources in its non-virtual functions and provides other resources like containers, threads, and database connections through member data it holds.  If you simply need the types to be common that’s all you have to do.  If you want the instances to be common, then you have to make them static.

If you want the derived classes to access the resources directly you need to provide protected access.  If access through base functions is enough, then make them private.
7. Write code for a template-based M-ary node class that provides a template policy for destruction.  Write policy classes for nodes stored on the heap and nodes stored on the stack.  You only have to write enough code to implement the policies and show how they are used, e.g., basic node functionality with policy.

Answer:

template <typename T, typename DP>  // DP stands for destruction policy
class MNode

{

public:

  MNode(T t);

  ~MNode();

  void addChild(MNode<T,DP>* pNode);

  T& value();

private:
  MNode(const MNode<T,DP>& node);             // won’t define so private
  NNode& operator=(const MNode<T,DP>& node);  // won’t define so private
  std::vector<MNode<T,DP>*> children;

  T t_;

};

template <typename T, typename DP>

MNode<T,DP>::MNode(T t) : t_(t) {}

template <typename T, typename DP>

MNode<T,DP>::~MNode()

{

  std::cout << "\n  MNode destructor called";

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

    DP::GoodBye(children[i]);

}

template <typename T, typename DP>

void MNode<T,DP>::addChild(MNode<T,DP>* pNode)

{

  children.push_back(pNode);

}

template <typename T, typename DP>

T& MNode<T,DP>::value() { return t_; }

template <typename T>

class DeallocPolicy  // use if nodes are created on heap
{

public:

  static void GoodBye( MNode<T, DeallocPolicy<T> >* pNode)

  {

    std::cout << "\n  deleting MNode"; delete pNode;

  }

};

template <typename T>

class NoDeallocPolicy  // use if nodes are created on stack
{

public:

  static void GoodBye(MNode<T,NoDeallocPolicy<T> >* pNode) 
  {
    /* Intentionally does nothing.  Call will be optimized away */

  }

};
Note that A’s destructor runs inside B’s, so B destructor starts, A’s starts and finishes, then B’s finishes.








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


� The Project #3 statement is attached at the end of this exam package.


� Many students also listed object factories.  While they do support isolating clients from implementation, they support, but are not part of the contract, and they may have latent errors and possibly performance issues if there are many expensive objects to construct.  For that reason, they should not be included in the answer to this question.





