CSE687 Object Oriented Design
Midterm #4                
Spring 2005

Midterm #4
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. Provide a class declaration that represents your design of a smart pointer class.  A smart pointer provides a public interface like that of a standard C++ pointer.  However, it also provides management of the object pointed to, making sure that the object is de-allocated when the smart pointer goes out of scope.  Your class should manage single instances of more than one type
.

 

See class handout Exam#4 – Q#1
2. Given the class declaration:

class X : public Y { … };

Provide as much information as you can about what happens when the second statements below are compiled, and, if successful, execute.  Note that the ellipsis in the body of the Y class represents code that exists, but is not disclosed to you.

X fun(Y& y) { … }
   :
X x1;
X x2 = fun(x1);

The statement X x1; will compile only if X defines a default constructor or declares no constructors.  In that case the compiler will generate one.  As its first action it calls Y’s default constructor, if one exists (same conditions).  Otherwise, compilation of both that statement and the last statement fail.

If the function compiles, then the object x1 is passed by reference to the function.  If fun calls any virtual functions of Y on x1, they will be polymorphically bound to the correct virtual functions of X.  The function then returns a copy of an X object by value (we can’t tell how this is constructed).  This copy is used to construct x2, using X’s copy constructor, which calls Y’s copy constructor.  If none is declared, then the compiler will generate one for either class.  The only way this last operation could fail is if X declares its copy constructor private or protected or if Y declares its copoy constructor as private.
3. Write the code for a functor class template that takes a function pointer as a template argument and invokes it.  Show how you would declare and use an instance of this class for the function:

 

void fun(const X& x);

where X is some previously defined class.  Your class should work for any function of a single argument of any type.  Suggest a way you can extend this to functions with more than one argument.

  

See class handout Exam#4 – Q#3

In order to handle an arbitrary number of arguments and types, we can pass a structure with what ever parameters we need.
4. What does the keyword inline mean?  Please describe the differences in compiled code for functions that are qualified as inline and those that are not.  What does use of the inline keyword have to do with placement of the function’s code?  Be as precise and complete as you can.

The keyword inline is a request to the compiler to put the function body in the calling code at the site of the call instead of creating a function that is reached with a jump after setting up a stack frame.  The compiler is not compelled to implement the code inline, and won’t for anything but small simple functions.

Note that an inline definition must go in a header file that using code will include.  This is needed because the compiler does not generate object code to be linked to.  It compiles the body each time it sees a client invocation and places the code at that site, so the body must be available when compiling the client.
5. Write all the code for a function that provides a conversion facility for arbitrary types to std::strings.  Modify
 the conversion to accept std::strings and return a specified type.  For what types will your conversion fail?  Will it fail at compile-time or run-time?

 

See class handout Exam#4 – Q#5

The conversion will fail to compile if the converted type does not possess an insertion or extraction operator and one cannot be found that can accept this type directly or after a single default conversion.  The conversion from string to type will fail at run-time if the string is not a valid representation of the type.  In this case, the istringstream state is no longer good.
6. Write C++ code to serialize
 the list, below, to a stream, and to retrieve it from the stream.  Show how to use that code to send the state of the list to a file.

 

std::list< std::string > files;

 

See class handout Exam#4 – Q#6
7. You are asked to draw a UML class diagram that represents your design for Project #2
.  Describe all the types of class relationships illustrated by the diagram.
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8. What is polymorphism?  Be as specific and complete as you can.

Literally, polymorphism means many shapes. In this course
, it refers to the ability for a request (message) passed to objects drawn from a common inheritance hierarcy to produce different results based on the type of object that it is sent to.  This is accomplished by overriding, in a derived class, virtual functions declared in its base, then binding the calls to those virtual functions through a base class pointer or reference.  Polymorphic binding, in C++, is enabled through the use of virtual function pointer tables, one table for each class containing virtual functions.

Stroustrup also refers to, what he calls, compile-time or parametric polymorphism, by which he means the parametrizing of a template class or function with another type (text, page 347).  I apply the term only to run-time polymorphism, e.g., the definition in the first paragraph.
9. Draw a diagram that illustrates how base and derived classes use their virtual function pointer tables to support polymorphic binding.  Show how instances access their vtables and how virtual functions are dispatched.
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10. State the Liskov Substitution Principle.  How did it (or should it) apply to your design for Project #2?

Functions that use pointers or references statically typed to some base class must be able to use objects of classes derived from the base through those pointers or references without any knowledge specialized to the derived classes.

In order to satisfy the Liskov Substitution Principle a class must:

a. provide a virtual destructor

b. provide virtual functions for functions that are not invariant over the derivation hierarchy.

c. not redefine non-virtual functions.

d. not overload virtual functions or functions not in the same class scope.

e. not use default parameters for virtual functions.

f. Clients must not use dynamic_cast to access derived class specific operations.


Project #2 uses a base op class to provide a protocol for the graph<V,E> class to use to apply an operation to each vertex.  Applications make this processing specific by deriving a class from op with processing required for the application.  They then register the derived class with the graph for later use.

� EMBED Visio.Drawing.11  ���





� EMBED Visio.Drawing.11  ���








� But only one type for each smartPtr declaration.


� The original exam used the word Overload incorrectly.  The change was announced during the exam.


� In this context, serialize means to map the state of an object, list in this case, to a string or file in such manner that the serialized state can be reconstituted as the state of a newly created object.


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


� There are also standard meanings for the term in Biology and Chemistry.
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