CSE687 Object Oriented Design
Midterm #4                
  Spring 2007

CSE687 Midterm #4
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. State the Dependency Inversion 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:

Dependency Inversion Principle:

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.
This principle says that clients should depend on interfaces provided by their servers, which are contracts for abstract services.  The servers too, depend on the interfaces, as they must implement those services.  In order to limit the client’s dependency to its server’s interfaces, the server must provide not only the interface, but also an object factory, so that the client will not have to call new on the server’s classes.  That would re-introduce dependency on the server implementation – the client would need to include the server’s class declarations in order for the new statement to compile. 

A good example of the Dependency Inversion Principle is the code analysis prototype you used for Project #1.  The parser depends only on the IRule interface, not on its many derived implementations.  Similarly, the rules depend only on the IAction interface, not on its several implementations.  The Builder class is an object factory that allows the parser to use derived rules with binding to their implementations.




2. Given the partial descriptions:

 
class D : public B { … private: int i; };
 
B* f(const B& obj) { return new D(obj); }

 
D d;  B b;
 
b = *f(d);

where the ellipsis, … , represents code not disclosed to you.  Write an assignment operator for the D class.  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:

  D& D::operator=(const D& d)
  {

    if(&d == this) return *this;

    B::operator=(d);

    i = d.i;
    return *this;
  }
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As it stands, the function will fail to compile, as there is no default promotion from base B to derived D, unless D provides a promotion constructor D(const B&).  If we provide this promotion, it will not do what we might expect, as, should the B& be bound to a D object in the caller’s scope, the promotion constructor will create a D instance with only the reference’s B state and some arbitrary D level state defined in the constructor – that’s what a promotion constructor of this type does.

Since the function argument is a B reference, and the reference may be bound to a D object, as described above, the construction can proceed effectively with the following modification:

 
B* f(const B& obj)

{

    // The next statement will fail to compile.

    // unless D::D(const B&) is defined.

         //   return new D(obj);

         // The following works:

    const D* pD = dynamic_cast<const D*>(&obj);

    if(pD)

      return new D(*pD);

    else

      throw std::exception("can't promote base to derived");

  }

If the D class code and the assignment operator code you wrote are correct, then  the first line of code will compile.  The second compiles with the modification shown above.  The third line of code will compile if, and only if, the Derived class D and base class B provide correct default constructors or declare no constructors.  The last line of code will compile as long as the B assignment operator is public or not declared, in which case, the compiler will generate it, and the D assignment, provided above is public.

When the last statement is executed, a new instance of a D object is created on the heap, with the state of the D instance referenced polymorphically in the calling argument (see main() in MT4Q2 code).  A base pointer to that derived object is de-referenced and the resulting D object is assigned to b, using the B assignment operator, e.g., the state of the heap-based D instance is sliced to the stack-based b instance of B during assignment.
3. Write code for a function that allows the caller to specify a function and execute it a specified number of times.  The function returns bool and accepts an argument of unspecified type.

Answer:

template <typename T>

bool somefunc(T t) { t.say(); return true; }

struct Talker

{

  static void say() { std::cout << "\n  a Talker type here"; }

};


/////////////// answer here /////////////////

template <typename T>

bool runner(bool(*fptr)(T), T t, int N)

{

  bool retval = true;

  for(int i=0; i<N; ++i)

    if(!fptr(t))

      retval = false;

  return retval;

}

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

void main()

{

  Talker t;

  if(!runner(somefunc<Talker>, t, 3))

    std::cout << "\n  at least one call failed";

  else

    std::cout << "\n  all calls succeeded";

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

}
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4. Write all the code for a class that implements the std::istream interface and supplies a member function that supports pushing back any number of characters previously retrieved from the stream.  All other functions behave as in the istream class itself.  Embed this class in a CSE687 namespace.

Answer:

The std::istream class only guarantees that a single putback char is saved between calls to extract a char (by one of many functions provided).  So we need to develop a way to do that.  Clearly we need to derive from std::istream.  Both std::streambuf and std::istream provide virtual destructors, but neither provides virtual functions we need to override (would prefer streambuf since that only involves overriding sbumpc and getc functions).  So our only option is to tack on an interface extension for putting back, and retrieving, multiple chars.

namespace CSE687

{

  class istreamWithPushback : public std::istream 

  {

  public:

    istreamWithPushback(std::streambuf* pSb) : std::istream(pSb) {}

    void pushback(int ch);

    int getback();

  private:

    std::queue<int> backChars;

  };

  void istreamWithPushback::pushback(int ch)

  {

    backChars.push(ch);

  }

  int istreamWithPushback::getback()

  {

    int ch;

    if(backChars.size() > 0)

    {

      ch = backChars.front();

      backChars.pop();

      return ch;

    }

    return std::istream::get();

  }

}

See MT4Q4 Code in Handouts/CSE687/Midterm/CodeSp07 for comments about this solution.


5. Suppose that a C++ class X holds an instance of another type, Y.  Under what conditions will a change in Y  (a) cause a change in the design of the X?  (b) require X to be recompiled?  (c) cause X to be relinked?  (d) have no effect on X? 

Answer:


a. If member code of X makes calls into the public interface of its instance of Y and a function signature changes for one or more of those calls, then the design of X breaks.

b. If the size of any data member of Y changes, or any of the public member functions of Y is reordered and X and Y are in the same compilation unit, then X will have to be recompiled.

c. If the code of Y is changed, but no changes are made to Y’s interface or data members, then only the addresses of Y’s functions may have changed.  If Y is in a separate compilation unit then the compiled code of X will need to be relinked to Y’s compiled code.  Y, but not X will need recompiling.
d. If, under the conditions of c., above, the code containing Y is compiled as a dynamic link library, and placed on a path where the code containing X can load it, then changes in Y do not affect X in any way.  When Y changes, its library is rebuilt, and copied into the path where the X code loads it.  The next time the X code executes it will load the new Y and operate successfully.
 
6. What does the term binding mean (as used in class)?  If D is derived from B, show how you bind an instance of D to a pointer to B.  Will use of this binding always compile?

Answer:

Binding means to associate an identifier with a memory location (variable) or block of code (function), a reference to some object, a pointer to some object’s location, or a type placeholder to some specific type.  Examples for both run-time and compile time binding are:

e. Binding an instance of some class to a pointer which may be typed as a pointer to that class or to one of its base classes.
f. Binding a specific function to a function pointer.

g. Binding a C++ reference to a variable of the same type.

h. Binding a template parameter to some specific type.


Here is how you bind an instance of D to a pointer to B:

D d; 
B* pB = &d;

The Liskov Substitution Principle implies that the second line will always compile.



7. Draw a UML class diagram that represents your design for Project #2
.  Discuss how you might use traits to support the creation of functions that have to manipulate values held by vertices and edges without knowing the types specified by the user of your graph class.  Did you use policies in your design?

Answer:
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Traits give instantiation invariant names for template paramters.  Example traits for this graph class might be:

typedef V vertex_valuetype;
typedef E edge_valuetype;
typedef graph<V,E>::iterator iterator;
typedef vertex<V,E> vertex_type;

It is common when developing functions that operate on template types, that the function will need to declare local variables of those types, but can’t directly declare them, as their instantiated parameters are unknown at the time the function is being written.  But, since the trait names are invariant under template instantiation, the design simply uses the trait names for the needed declarations.

Template policies are template parameters that accept types which modify the behavior of the templated class.  Search strategies like DFS and BFS could be provided as template policies.

See MT4Q8 code and the answer for the next question for examples.

8. Write code for a function that will find all graph vertices that contain a specific value, passed by the caller, if any exist.  You don’t know the types of the graph’s template parameters, but may assume that it provides appropriate traits.

Answer:

If we have defined, in class graph<V,E,S>:

  typedef std::vector<vertex<V,E>*> PtrsToVerts;


Then:

// member function finder

template <typename V, typename E, typename S>

typename graph<V,E,S>::PtrsToVerts 

graph<V,E,S>::findVerticesWithValue(const V& v)

{

  PtrsToVerts collect;

  iterator iter;

  S s;  // display policy

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

  {

    s(iter);

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

      collect.push_back(*iter);

  }

  return collect;

}

// global function finder 


template <typename G>

typename G::PtrsToVerts 

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

{

  G::PtrsToVerts collection;

  typename G::iterator iter;

  G::policy_type p;  // display policy

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

  {

    p(iter);

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

      collection.push_back(*iter);

  }

  return collection;

}







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