Programming Languages Midterm Exam              
This is an open-book take-home test. No collaboration of any form allowed.

Send emails to me if you have questions.

Evaluate your effort in attending the class and doing the reading assignments class to understand the concepts: (In a 0-10 scale)
        Rate your effort in spending time to understand the contents of the reading assignments ____________.
        Rate your effort in attending and participating in the class ____________.
        Optional comments on your attendance and reading efforts:

1. [Syntax & Ambiguity] Modern programming languages allow nested-if statements and are well defined in syntax to avoid ambiguity. The following is an infamous example showing what might go wrong if the syntax regarding nested-if statements is not well defined to avoid ambiguity. 

        if (x < 10)

                if (x > = 0)

                        cout <<  "Digital";

else         

cout <<"Negative";
/*         Note that we can indent the same code in the following way:

        if (x < 10)

                if (x > = 0)

                        cout <<  "Digital";

else         

cout <<"Negative";

*/

(i) If the else in the code is considered to be a match for the FIRST if in the code, what would be the output from the code above when the value of x is 100, and what would be the output when the value of x is -9? How do you interpret the meanings of the nested-if statement above? (i.e. Just point out in what ranges of values of x the nested-if statement will output "Digital" , "negative", or simply blank respectively.)
(ii) If the else in the code is considered to be a match for the SECOND if in the code, what would be the output from the code above when the value of x is 100, and what would be the output when the value of x is -9? How do you interpret the meanings of the nested-if statement above? (i.e. Just point out in what ranges of values of x the nested-if statement will output "Digital" , "negative", or simply blank respectively.)
(iii) If this code is a part of your main function written in C++, what would be the output if you compile and run your C program?

2. [Syntax & Ambiguity] Some early programming languages in the 1950’s informally described the syntax of their nested-if statements along the line of the following Grammar A:

        <stmt>       < if_stmt> | <non-if stmt>                                                                      

        <if_stmt>     if  <logic_expr>   < stmt >

                                |  if  <logic_expr>  < stmt >  else  < stmt >   

        <non-if stmt>    any statement without the if key word, such as cout<<’n’;
 <logic_expr>        any logic expression such as (x < 10) 

Unfortunately, grammar A is ambiguous by its nature. For example, it can not unambiguously decide the matching if for the else in the code fragment of problem#2 above. 

(i) According to grammar A, draw two different parse trees for the code fragment shown in problem#2 above to show this an ambiguous grammar.

3.[Heap vs Stack] Assume that we have defined a C++ class myCPPClass , declare a pointer variable by myCppClass * returnReference, and then define the following C++ function.

        myCppClass *  myFun(){

        myCppClass * myReference= new myCppClass;

        myCppClass  myObject;

        return myReference;

}
(i) If we make the following function call

 returnReference = myFun() , where is the object myObject stored? In the heap or in the stack? When is the storage for this object created? When is the binding of the storage to the object destroyed? Is this storage still bound to myObject after the function call? 

(ii) myReference points to a myCppClass object too, where is this object stored? (In the heap or in the stack)  Can we still access this object through the returned pointer after the function call?  In other words, is that storage still bound to this object after the function call?
4. [Static, local, and global storage] Joseph needs to implement a simple symbol table module that can store the values of 10 predefined variables X0, X1, X2, …X9. He wants to write a function that receives an integer i and a value v as arguments and then set the value of variable Xi to v. Similarly he wants to write a function that receives an integer i and then returns the value of variable Xi. He has three versions of such set-variable-value function and get-variable-value function in the following. 

For each version, please (i) evaluate whether it can correctly serve the needs of setting and retrieving the values of variables in the symbol table, (ii) if not, indicate why is wrong there.

#define MaxNumOfEntries 100

float globalValueStore[10];

/* ******************************  Version 1 ************************************** */

void setVarValue1(int i, float v)                                       float getVarValue1(int i)

{ float localValueStore[10];                                             {         float localValueStore[10];

  if (i>=0 && i< 10)                                                                  if (i>=0 && i< 10)

      localValueStore[i]=v;                                                             return  localValueStore[i];

 else                                                                                                  else

     cout <<“Error! Symbol Table overflows!\n”;                     cout << “Error! Out of range!\n”;

}                                                                                              }
/* ******************************  Version 2  ************************************* */

void setVarValue2(int i, float v)                                       float getVarValue2(int i)

{ static float localValueStore[10];                                       {     static float localValueStore[10];

  if (i>=0 && i< 10)                                                                  if (i>=0 && i< 10)

           localValueStore[i]=v;                                                          return  localValueStore[i];

 else                                                                                                  else

     cout << “Error! Symbol Table overflows!\n”;                    cout << “Error! Out of range!\n”;

}                                                                                              }
/* ******************************  Version 3  ************************************* */

void setVarValue3(int i, float v)                                       float getVarValue3(int i)

{                                                                                              {

  if (i>=0 && i< 10)                                                       if (i>=0 && i< 10)

      globalValueStore[i]=v;                                              return globalValueStore[i];

 else                                                                                       else

     cout < “Error! Symbol Table overflows!\n”;                  cout << “Error! Out of range!\n”;

}                                                                                              }

5. [Const; Reference Parameters; Value Parameters; Type Checking] Consider the following functions definitions individually:

void f1(int x) { x =1; }      void f2(const int & x) { x =1;}

void f3(int & x) { x =1; }  void f4(const int  * x) { *x =1; }

void f5(int * x) { *x =1; } void f6( int * const  x) { *x =1; }

(i) Indicate what function definitions above will end in compile-time errors and explain why. 

(ii)  Suppose you have a integer global variable x (i.e. int x=0;). Consider each of the following function calls as a stand-alone statement. Please indicate whether it will end in a compile-time error or not. If it does, very briefly explain why? If it is fine, explain what is the effect of the statement on the value of x?

f1(0);                f1(x);                f3(0);              f3(x);                f5(&x);     f6(&x); 

6. [Const qualifier; Type Checking] Given the following declarations of variables

int x1=0; const int x2=0; const int * ptr1=&x1; const int * const ptr2=&x2;

Consider each of the following statements as a stand-alone statement. Please indicate whether it will end in an error or not. If it does, very briefly explain why?

        x1=x2;             x2=x1;             *ptr1 = 1; *ptr2 = 1; 

        ptr1 = &x1;      ptr1=&x2;        ptr2 = &x1;      ptr2=&x2;        

        ptr2 = ptr1;      ptr1 = ptr2;      
        

7. [Vectors] Consider the definitions of three vectors in the following:

 vector<int> v1;       vector<int> v2(5);        vector<int> v3(5,2); 

(i) What are the current sizes and contents of vectors v1, v2, and v3?

(ii) Is it fine to insert 2 new values into v1 in the following way:

        v1[0]=0; v1[1] = 1;   Explain why or why not.

(iii) Show how you can insert a new additional value -1 as the second element of v2 and how to remove the second element from v3.  

8. [Map] Suppose we have a map define as follows to store the name-age mappings:

map<string,int> nameAgeMap;

(i) nameAgeMap is an associative C++ container that typically is internally implemented as a balanced binary search tree. (T or F).

(ii) Show how you can insert the information of “Mary” is 10 (years old) and “John” is 20 (years old) into the map to store it there.

(ii) (continue from above) Show how you can use the erase member function of maps to erase the age information of “Mary”.

(iii) (continue from above) Show how you can use the find member function of maps to find out whether we have the age information of “Mary”.

(iv) Show how you can set up a loop to print out all the information of name-age mappings stored in the map.

9. [Memory leak; Garbage; Dangling pointer] Dynamic memory allocation from the system heap is useful, but must be carefully done when dealing with pointers. Otherwise, you may have dangling pointer or garbage and memory leak. 

Consider the following C++ code:

/* ***************************************************************** */

int * pointerA;        int *pointerB;                 int * pointerC;       int *  pointerX;
pointerA = new int[50];             /*  pointerA points to the first dynamically 

    allocated array of 50 integers */

        pointerX = pointerA;                      /*  set another pointer to point to the 

     same array                          */

        *pointerA=0; *pointerX=1;

        cout << *pointerA <<endl << pointerA[0];                                        

        delete [] pointerA;                  // free the array

        …

        *pointerX = 10;

        …

pointerB = new int[50];             // allocate the second array

pointerC = new int[50];             // allocate the third array

pointerB = pointerC;                         // set pointerB to point to the third array

/* ***************************************************************** */

(i) Which pointer becomes a dangling pointer in this chuck of code? (ii)What is wrong with statement: *pointerX = 10; ? (iii)Which of the dynamically allocated array becomes garbage in the end of the code?

10. Consider the effects of short-circuit evaluation in the following C++ code.

 
if  (  (b > 0) || ( b++ > -2)  )



cout << “ case b > 0 : b is” << b <<endl;


else
cout << “ case b <= 0: b is” << b <<endl;
(a) What is the output, if the value of b is 1 immediately before the if statement?

(b) What is the output, if the value of b is -1 immediately before the if statement?

(c) Explain why we get the results in (a) and (b) because of the short-circuit evaluation.

11. Answer T (true) or F (false) for the following questions:
(a) Within a global function in a C++ program, we can dynamically allocate memory storage for objects through the new operator. These objects occupy spaces in the system heap, true or false? _____

(b) The dynamically allocated objects in C++ continue to occupy spaces in the heap after the function call is completed. true or false? ______

(c) In C++, each function call allocates a new area of space on top of the system stack to accommodate memory storage needed by the local variables in the function, true or false? _____

12. Answer T (true) or F (false) for the following questions:

__Context-free grammars can well model the syntax of programming languages, while we do not have a universally dominant formal model for the semantics.

__Languages with dynamic binding of types to variables are flexible and usually run more efficiently than languages with static binding of types to variables.

__Fortran 77 and other earlier versions cannot have recursive function calls because the local variables are all statically allocated.

__For c++, typing errors include things like mismatch of functions (operators) with parameters (operands), and type checking in C++ is intended to detect such errors.

