CSE687 Object Oriented Design
Midterm #3                
  Spring 2007

CSE687 Midterm #3
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. A Priority Queue is a data structure that enqueues messages and dequeues
 messages in priority order.  That is, all high priority messages are dequeued before any low priority messages.  Assume that messages are instances of a class that provides a member function priority() that returns Priority::high or Priority::low.  Write all the code to declare and implement a Priority Queue, using one of the STL container types.  Part of the answer to this question is to decide on an appropriate interface for the Priority Queue.

Answer:



class PriorityQueue

{

public:

  void enQ(msg& m)

  {

    switch(m.priority())

    {

    case High: hi.push(m); return;

    case Low:  lo.push(m); return;

    }

  }

  msg deQ()

  {

    msg temp("");

    if(hi.size() > 0)

    {

      temp = hi.front(); hi.pop(); return temp;

    }

    else if(lo.size() > 0)

    {

      temp = lo.front(); lo.pop(); return temp;

    }

    return temp;

  }

      size_t size() { return hi.size() + lo.size(); }

private:

  std::queue<msg> hi;  // queues have correct copy and assignment so
      std::queue<msg> lo;  // compiler generated copy and assignment work 
};
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2. State the Interface Segregation principle, explain its meaning, and cite one example of its use from among the code examples that have been handed out in class or in your design for either Projects #1 or #2.

Answer:

Clients should not be forced to depend upon interfaces they do not use.

When concrete classes are successful, they tend to be used in many different application contexts, and it is tempting to add additional functionality to the class to support those applications.  But that forces developers of applications to depend on additions to the public interface, needed for another application, which they don’t use.  Should any change to the interface be driven by changes in requirements of one application, users in all other applications will be affected, needing to rebuild their code.  The interface will get more complex, and new users will have to sort out the particular parts that are useful for their application.

Note that ISP applies more to concrete classes than to abstract classes (C++ interfaces).  Abstract classes usually don’t suffer from application specific operations.  It’s the concrete implementations of widely used utility classes that tend to incorporate some of each new application processing, simply because its easy for the developer to do that.

ISP suggests, that instead of bloating a good utility class with application processing, use composition, build adapters, use multiple inheritance mixins, or template policies, to support the application, leaving the utility class to do well its cohesive processing.  Essentially, ISP tells us to enforce the OCP.

The object factories - two examples handed out in class - are a nice example of ISP in action.  The client only wants to use the functionality of helper classes, but shouldn’t be bound to the details of their creation.  Another example is the parser prototoype you may have used for Project #1.  Rule processing is not coupled with Action processing because these concerns have been factored into IRule and IAction interfaces (here is a case where ISP does apply to abstract classes).

For code analysis, the scanning process requires extracting tokens and collecting sets of tokens that are suitable for analysis.  That could be done in a single scanner module.  However, it is much more useful to segregate tokenizing from the construction of token analysis sets.  In this way, the tokenizer can be used in many applications where useful token sets are different because the application needs are different.   
3. Write code that defines an interface supporting a creational function that returns a pointer to an instance of a class that implements the interface and is created on the C++ native heap.  This interface must also support a function with signature void op().   Write code for an implementing class in which the op member function simply announces the name of its class using Run-Time Type Information (RTTI).  Show how you would segregate this code into files.

Answer:

// IOp should be in its own header file so clients can include

class IOp
{

public:

  virtual ~IOp() {}

  virtual void op() = 0;

  static IOp* Create();

};


// Op resides in an implementation file, not used by client

class Op : public IOp

{

public:

      void op() {
        std::cout << "\n  " << typeid(*this).name() << "::op() call";
      }

};

// IOp::Create() must be defined below class Op, as it needs
// that declaration to compile

IOp* IOp::Create() { return new Op(); }

// client code, represented by this main function, should reside in
// a separate file, and need only include the IOp interface header.

void main()

{

  IOp* pIOp = IOp::Create();

  pIOp -> op();

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

}

4. Given the classes:

 

class B { public: virtual void f1(const B& b); B f2(); … };
 

class D : public B { public: void f1(const B& b); virtual B* f3(); … };

Sketch the virtual function pointer table(s) that apply to these classes.  Show, in your sketch, or write code to show, how a client can use an instance of one of these classes polymorphically.

Answer:
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D d;
B* pB = &d;  pB -> f1(d);



5. Draw a UML class diagram that represents your design for Project #2
.  Discuss how you might use a policy to determine search strategy, perhaps allowing either Depth First Search (DFS) or Breadth First Search (BFS).  Provide as much detail as you can about the implementation of the Graph code that uses this policy.  Did you use policies in your design?

Answer:
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template <typename V, typename E>

class Verbose  // simple display policy

{

public:

  void operator()(typename graph<V,E,Verbose>::iterator iter)

  {

    std::cout << "\n  visited vertex with value " << (*iter)->value();

  }

};

template <typename V, typename E, typename S>

typename graph<V,E,S>::iterator graph<V,E,S>::findVertexWithValue(const V& v)

{

  iterator iter;

  for(iter=ptrsToVerts.begin(); iter!=ptrsToVerts.end(); ++iter)

  {

    //// using display policy /////////
    S s;

    s(iter);

    ///////////////////////////////////

    if((*iter)->value() == v)

      return iter;

  }

  return iter;

}

// client creates graph with desired policy, either Verbose or Quiet

    graph< std::string,std::string,Verbose<std::string,std::string> > gr;

    See Handouts/CSE775/Midterm/MidtermCodeSp07/MT3Q5 for details.

6. Why did I claim that the client of a C++ class holds type information for that class?  Is this a desirable feature of the C++ language?

Answer:

Whenever client code is compiled, its calls into server modules must be checked by the compiler to ensure their type safety.  Since C++ has no reflection mechanism, that is effected by including the text of header files that contain all of the type and data declarations needed by clients.  Moreover, since C++ can hold instances of other classes as member data, the compiler must know the details about every composed type in order to properly lay out the code for the class, as it has to allocate room in memory to store them.

The process of holding onto a server module’s type information helps the compiler build the client, but it also makes the client dependent on the server’s implementation, even though the client does not directly call or manipulate the implementation.  This is an undesirable feature of the C++ Language.  It means that whenever a server module changes, the client is likely to change.

We can avoid that coupling by having serving classes provide interfaces and object factories.  Essentially, Interfaces and Object factories hide type information concerning the servers implementations.  We probably would not choose to use interfaces and factories for every class, but rather, only for those gateway classes that provide access from one subsystem to another.  Thus, we contain type dependencies and their negative affects within a small area of code, while avoiding the overhead associated with this containment being applied to all the classes we write.




7. Write code for a function that will find a graph vertex that contains a specific value, passed by the caller, if it exists.  You don’t know the types of the graph’s template parameters, but may assume that it provides appropriate traits.

Answer:

If the graph class provides traits, writing global functions becomes possible, or, if possible, then easier:

typedef V vertex_type;  // not used here, but useful in other functions
typedef E edge_type;    //  “   “     “    “    “     “   “      “
typename typedef std::vector< vertex<V,E>* >::iterator iterator;


// global function to find vertex with value

template <typename G>

typename G::iterator 

findVertexWithValue(G& g, typename const G::vertex_valuetype& v)

{

  typename G::iterator iter;

  for(iter=g.begin(); iter!=g.end(); ++iter)

    if((*iter)->value() == v)

      return iter;

  return iter;

}

// member function to find vertex with value

template <typename V, typename E>

typename graph<V,E>::iterator graph<V,E>::findVertexWithValue(const V& v)

{

  iterator iter;

  for(iter=ptrsToVerts.begin(); iter!=ptrsToVerts.end(); ++iter)

    if((*iter)->value() == v)

      return iter;

  return iter;

}
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8. What do the terms syntax and semantics mean?  Write a line of code, of your choosing and explain its syntax and semantics.

Answer:

Syntax describes the rules for constructing correct statements in a programming language.  Semantics describe the meaning of the execution of one or more statements.

For the code:

int x = 3;

This is a simple declaration of a primitive type and its initialization.  C++ syntax rules demand that the type appears first, followed by an identifier, followed by an optional value used for initialization.

The semantics for this expression is that space for an integer is reserved in the scope of its declaration, e.g., on the appropriate stack-frame, and this space is initialized with a bit pattern that subsequent code will interpret as an integer of value 3.






� By the terms enqueue and dequeue we mean to insert for storage and remove from storage, respectively.


� The statement for Project #2 is appended to this exam packet.
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