1S0020 Program Design and Software Tools
Midterm, Feb 24, 2004

Name:

I nstruction

There aretwo parts in this test. The first part contains 50 questions worth 80 points. The second part
congtitutes 20 points and there are four questions, but you have to attempt only two. There are also
some bonus points you can get. Maximum time alowed is 2 hours and 30 minutes.

Good Luck!

Part I:
There are 50 question and the total marksis 80

1. Which of the following statements about C++ isfalse?
(a) C++ isan extension of C.
(b) C++ provides capabilities of object-oriented programming.
(c) C++ isan interpreted language.
(d) C++ isacompiled language.

2. Using standard library functions can be more efficient because
(a) they save programming time
(b) they are carefully written to perform optimally
(c) they increase program portability
(d) al of the above.

3. Thecompile stageiswhen .
(a) the object codeis linked with code for functions in other files
(b) the C++ program is translated into machine language code
(c) the program is executed one instruction at atime
(d) the program is placed in memory

4. Which operation returns the integer remainder when 15 is divided by 6?
@15/ 6
(b) 15 % 6
(015 ~ 6
(dy15 * 6

5. Which of the following encompasses the other three?
(@) sequence structure
(b) repetition structure
(c) control structure
(d) selection structure

6.  Which of the following will not increment variablec by one?

@c + 1;
(b) c++;



10.

11.

(c) ++c;

dc += 1

In which of thefollowingisy not equal to5 after execution? Assumex isequal to 4.

@y = 5;

(b)y = x++;
(c)y = ++X;
(dy = x = 5;
The statement
while ( --counter >= 1)

counter %2 ? cout << "A’ : cout << “B";
cannot be rewritten as
@while ( --counter >= 1)
if ( counter %2 )
cout << “A";
el se
cout << “B";
(b)while ( counter >= 1)
if (counter % 2)
cout << *“A”;
el se
cout << “B";
--counter;
(©while ( counter > 1)

--counter;
if ( counter %2 )
cout << *A";

el se
cout << *“B7;
}
(d)do
{
--counter;
cout << ( counter %2 ? “A” . “B" );

} while ( counter >= 2 );

Consider the loop
for (int x = 1; x < 5; increnment )
cout << x + 1 << endl;
If the last value printed is5, which of the following might have been used fori ncr ement ?

(@ x++

(byx +=1

(c) ++x

(d) Any of the above

If ado/ whi | e structureis used,

(a) aninfinite loop will not take place

(b) counter-controlled repetition is not possible
(c) the body of the loop will execute at |east once
(d) an off-by-one error will not occur

Which of the following will not increment variablec by one?

@c + 1;
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(b) c++;
() ++c;
(dc += 1;
The following program segment will
int counter = 1;
do {
cout << counter << “ “;
} while ( ++counter <= 10 );
(@) print the numbers 1 through 11
(b) print the numbers 1 through 10
(c) print the numbers 1 through 9

(d) cause a syntax error

The expression
if ( num!= 65)
cannot be replaced by:
@if ( num> 65 || num< 65 )
(byif ( '( num==65) )
(©if ( num - 65 )
@if (!'( num- 65 ) )

Variables are also known as

(a) Ivalues, but can be used asrvalues

(b) lvalues, and cannot be used asrvalues
(c) rvalues, and cannot be used aslvalues
(d) constant variables

Consider the following code, assuming that X isan integer variable with an initial valueof 12:
if( x =6)
cout << X;
What is the output?
(a) 6
(b) 12
(c) nothing
(d) asyntax error is produced

Anidentifier’ s storage class

(a) determines the period during which that identifier existsin memory

(b) determines whether an identifier is known only in the current source file or in any
source file with proper declarations

(c) determines where theidentifier can be referenced in a program

(d) al of the above

Which of the following isnot true of st at i ¢ local variables?

(a) they are accessible outside of the function in which they are defined

(b) they retain their values when the function is exited

(c) they areinitialized to zero if not explicitly initialized by the programmer
(d) they can be of typei nt

What value does functionwhat Dol Qut put return when called with avalue of 4?
i nt what Dol Qut put ( int nunber ) {
if ( nunber <= 1)
return 1,
el se
return nunber * what Dol Qut put ( nunber - 1 );
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@1
(b) 24
(c)0
(d) 4

A reference parameter

(a) isan aiasfor its corresponding argument

(b) isdeclared by following the parameter’ s type in the function prototype by an ampersand (&)
(c) cannot be modified

(d) both (a) and (b)

Call-by-reference can achieve the security of call-by-value when
(a) the value being passed is small

(b) alarge argument is passed in order to improve performance

(c) apointer to the argument is used

(d) theconst qudlifier isused

Given the following function template
tenplate < class T >
T what Aml ( T valuel, T value2)

{
if ( valuel > value2 )
return val ue2;
el se
return val uel;
}

what would be returned by the following two function calls?
what Am ( 2, 5 );

whatAm ( 2.3, 5.2 );

(a) 5, atype-mismatch error

(b) 5, 5.2

(c) 2,23

(d) two error messages

To prevent modification of array valuesin afunction

(a) the array must be declaredst at i ¢ inthefunction

(b) the array parameter can be preceded by theconst qualifier
(c) acopy of the array must be made inside the function

(d) the array must be passed call-by-reference

Assumingthati nt a hasavaueof 3 andthat integer array b has7 elements, what isthe

correct way to assign the value of the sum of 3 and the fourth element, to the fifth element of
the array?

@b[ a+1] =b[ a] + 3
(b)b[ a+1] =b[ a- 1] + 3;
(b[ a] +1=0Db[ a] +3;
(db[ a+2] =b[ a] + 3;

(corrected answer)

Three of the following expressions have the same value. Which of the following’s value is different
from the others?

@*&Ptr

(b) & Pt r

(©*Ptr
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()Pt r

. When a compiler encountersa function parameter for a single-subscripted array of theformi nt
a[ ], it convertsthe parameter to
@int a
(b)i nt &a
(©int * a
(dint * const a

. Assuming thatt isanarray andt Pt r isapointer tothat array, what expression refers to the address
of the fourth element?
@*( thPtr + 3)
(bytPtr[ 3]
©&Ptr[ 3]
@@*Ct +3)

(Should have been &t Pt r in (c) and (d))

. Object-oriented programming generally does not focus on
(a) separating the interface and implementation of a program.
(b) ease of program modifiability.

(c) information hiding.
(d) client-side access to implementation details.

Non-st ati ¢ member variables declaredpri vat e

(a) can never be accessed directly or indirectly by the client.

(b) can never be modified directly or indirectly by the client.

(c) can be accessed and/or modified by any object of adifferent class.

(d) can be accessed and/or modified by publ i ¢ member functions and by f r i ends of the class.

. A class may contain multiple constructors if
(a) they have different names.
(b) they have different argument lists.
(c) they have the same argument list.
(d) they have different return types.

. Given the class definition
cl ass CreateDestroy ({
publ i c:
CreateDestroy() { cout << "constructor called, "; }
~CreateDestroy() { cout << "destructor called, "; }

b
What will the following program output?
int main() {

for (int i =1; i <= 2; i++)
Cr eat eDestroy c2;
return O;

}

(& constructor called, destructor called, constructor call ed,
destructor call ed,

(b) nothing

(coconstructor called, constructor called, destructor called,
destructor called,

(dconstructor called, constructor call ed,

(This question may have been confusing)
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Returning referencesto non-const pri vate data

(a) allowspri vat e functionsto be modified.

(b) isonly dangerous if the binary scope resolution operator (: : ) isused in the function prototype
(c) allowspri vat e member variables to be modified, thus “breaking encapsulation.”

(d) resultsin acompiler error.

The code fragment

Increment::Increment(int ¢, int i) : increment (i) {
count = c;

}

tellsyou

(@1 ncrement isaconst variable.

(b)I ncrenment mustbeaconst function.
(©i ncrement may or may not be adestructor.
(d)i ncrement may beaconst variable.

If thelinefri end cl ass A; appearsincl ass B,andfriend cl ass B; appearsincl ass
C then

(&class A isafriendof cl ass C.

(b)cl ass C cancalcl ass A’sprivate member functions.

(ccl ass A canaccesspri vate variablesof cl ass B.

(dcl ass B canaccesscl ass A'sprivat e variables.

If the functionsa() ,b() andc() al returnreferencesto anobject Test (usingthet hi s pointer)
and functiond() isdeclaredvoi d, which of the following statements has correct syntax?
@a().b(). Test;

(b)Test.d().c();

(c)Test.a().Test.d();

(d)Test.a().b().d();

stati c member functions:

(a) canusethet hi s pointer.

(b) can only access other st at i ¢ member functionsandst ati ¢ variables.
(c) cannot be called until their classisinstantiated.

(d) can be declaredconst aswell.

Proxy classes are best described as an example of

(a) object-oriented programming (as used in the text).
(b) structured programming.

(c) information hiding.

(d) utility functions.

Which statement about operator overloading isfalse?

(a) New operators can never be created.

(b) The precedence of an operator cannot be changed by overloading.

(c) Overloading cannot change how an operator works on built-in types.

(d) Certain overloaded operators can change the number of arguments they take.

An overloaded + operator takes a class object and adoubl e asoperands. For it to be commutative

(i,e,a + b andb + a bothwork),

(&) oper at or + must be amember function of the class from which the objects are instantiated.

(b) oper at or + must be anon-member function.

(c) theoper at or + function that takes the object as the |eft operand must be a member function, and
the other oper at or + must be a non-member function.

(d) bothoper at or + functions must be non-member f ri end functions of the class.
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Suppose you have a programmer-defined datatype Dat a and want to overload the << operator to
output your datatypeto the screenintheform “cout << dataToPrint”; andallow cascaded
function calls. Thefirst line of the function definition would be

(8) ost ream &oper at or <<(ostream &out put, const Data &dataToPrint)

(b) ost ream oper at or <<( ostream &out put, const Data &dataToPrint)

(c)ost ream &oper at or <<(const Data &dataToPrint, ostream &output)

(d) ost ream oper at or<<(const Data &dataToPri nt, ostream &out put)

y andz are user-defined objectsand the += operator isan overloaded member function. The operator
isoverloaded suchthaty += z addsz andy, then storestheresult iny. Which of the following
expressionsisequivaenttoy += z?

@y = (y.operator+=) + (z.operator+=)

(b)y. operator+=( z )

@y =y +z

(dy.operator+=( z ) = y.operator+=( z ) + z.operator+=( z )

Thereexistsadatatype Dat e and member function| ncr emrent . The ++ operator is being
overloaded to postincrement an object of type Dat e. Select the correct implementation.
(@ Date Date::operator++( int ) {
Date temp = *this;
I ncrement ();
return *tenp;
}
(b) Dat e Date::operator++( int ) {
I ncrenment ();
Date tenmp = *this;
return tenp;
}
(coDate Date::operator++( int ) {
Date tenmp = *this;
return this;
tenmp. I ncrenment () ;
}
(d)Dat e Date::operator++( int ) {
Date temp = *this;
I ncrenent () ;
return tenp;

}

Preprocessing occurs

(@) before a program is compiled.

(b) during compilation.

(c) after compilation but before execution.
(d) immediately before execution.

const variablesare preferred to symbolic constants (i.e., #def i ne) because
() const variablesrequire less memory.

(b) symbolic constants can be changed.

(c)const variable names are visible to the compiler

(d) const variables do not have to be of a specific datatype.

#define RECTANGLE AREA( x, v ) ( ( x ) * (
linerect Area = RECTANGLE AREA( a + 4, b + 7
(@rectArea = 11;

y ) ) hasbeen defined. Then the
) ;  will be expanded to



(b)rectArea = (a+4* b+ 7);
(rectArea = ( (a+4) * (b+7));
(d) RECTANGLE AREA( a + 4 , b + 7 );

45. When compared to functions, macros have the disadvantage of
(a) having the overhead of afunction call.
(b) increasing program size (if the macros are referenced from many places in the program).
(c) having to fit the macro definition on asingleline.
(d) taking only one argument.

46. Large portions of code can be prevented from compiling by
@ #f O
code prevented from conpiling
#endi f
(b) #nodefi ne
code prevented from conpiling
#endi f
(© #if 1
code prevented from conpiling
#endi f
(d) #i fndef O
code prevented from conpiling
#endi f

47. Which of thefollowing isnot avalid directive?
(@) #endi f
(b) #i f def
(c) #f or
(d)#el i f

48. Conditional compilation cannot be used to
(a) perform loops.
(b) ignore large blocks of code.
(c) debug programs.
(d) selectively define symbolic constants.

49. Write the output for the following program

(a) int i;
for (i=2; i <10; --i){
cout << "Here: " << i << endl;
i =i + 2
}
return O; Output: Here: 1
Here: 2
Here: 9

50. Write the output for the following program

(b) int sum= 0;
int i =1, j = 1;
while ( (i =5) !'=10) {
sum = sum + i;
if (sum == 20) break;
j
}

cout << i << "!" << j << endl; Output: 54



Part 11
[Each question isworth 10 points]

Note that you need to attempt only two out of four questions. However, you can get 10
bonus points for one more question.

1.

Consider class Cr eat eAndDest r oy that we discussed in class — it has a constructor and a destructor
function. When an object of this class is created its constructor takes two strings as arguments and prints a
message. For example, the statement

Creat eAndDestroy c(1, “(In Exanple)”);
would call itsconstructor, which will simply print out the message
Obj ect 1 constructor runs <In Exanpl e>
Its destructor will, on the other hand will simply print out the message
Obj ect 1 constructor runs <lIn Exanpl e>
Write the sequence of creation and destruction of objects if the following code is run. Write exactly what it
would print.

void create(int); // prototype

int main()

{
create(2);
cout << "\nMAIN FUNCTION: EXECUTION ENDS" << endl;
return O;

} // end main

/I function to create objects
void create(int i)
{ staticintj=1,
cout << "\nCREATE FUNCTION: EXECUTION BEGINS: " << i << endl;
CreateAndDestroy x1( i*4 + (++)), "(Here: local automatic in create)");
static CreateAndDestroy fifth( i*10 + (++j), "(static in create)");
switch(i) {
case 1:
{ static CreateAndDestroy x2(i*20, "(static - switch case 1)");
create(i-1);
}

break;
case 2:
{ static CreateAndDestroy x3(i*30, "(static - switch case 2)");
create(i-1);

default:
break;
}
cout << "\nCREATE FUNCTION: EXECUTION ENDS: " << i << endl;

}



FUNCTION: EXECUTION BEGINS: 2 C:Documents and Setti
1A constructor puns (Here: local automatic in created
23 constructor puns (static in createl

6A constructor puns (static — switch case 22

FUNCTIOM: ERECUTIOM BEGINS: 1
8 constructor runs (Here: local automatic in createl
28 constructor runs {static — switch case 1%

FUHCTION: ERECUTION BEGIHS: 8
5 conztructor Puns (Here: local automatic in create?

FUHCTION: ERECUTIOW EHDS: @
5 destructor runs (Here: local automatic in create?

FUNCTIOM: ERECUTIOM ENDS: 1
8 destructor runs (Here: local automatic in createl

FUNCTIOM: ERECUTIOM ENDS: 2
18 destructor runs (Here: local automatic in create?

MAIN FUNCTION: EXECUTION ENDS

Object 28 deztructor runs (static — switch casze 12
Ohject 6@ destructor »uns (static — switch case 22
Obhject 23 deztructor runs (static in created

Presz any key to continue_

2. Consider class add and egqual functions of the Complex

Complex Complex::add( const Complex &right )
{

Complex temp(realPart + right.realPart, imaginaryPart + right.imaginaryPart );

return temp;

}
bool Complex::equal( const Complex &right )
{
return (realPart == right.realPart && imaginaryPart == right.imaginaryPart);
}

Assume instead of add and equal functions, you want to use the + and == operators. Define the overloaded
+ and == operators complex numbers that replace the above functions. For example, you would now be
writec = a + bwherea, b and ¢ are complex number

3. Letax"whereaiscalled acoefficient andn isan exponent. An example of atermis2 (2 isthe coefficient
and 3 isthe exponent). Consider a polynomial as a set of terms added together. For instance

10 + 2% +5x°

isapolynomial where thefirst termis 10 (10 = 10x° ; i.e., coeffient is 10 and exponent is 0), the second term
has coefficient 2 and exponent 2; and the third term has coefficient 5 and exponent 3. When you have to add
two polynomials you have to add the coefficients of the terms whose exponents are same. For instance, if
we want to add the polynomial

o8+ 3¢
with the one above we would get

10+(2+4)x*+(B+3)x°=10+6x +8x°
Develop aclass called Polynomial, with one member function that can add two polynomials. Y ou will need
to provide the internal representation of each polynomial. Note that for a polynomial is anarray of termsits
and each term can be characterized by two entities— coefficient and exponent. Y ou need to show the



member variables and functionsin a class definition, and show how to implement the add member
functions

4. Develop a SavingsAccountList class. The class should provide the following capabilities

a. dlows creating a SavingsAccountList object with space for a user specified set of
SavingAccount object

b. alows usersto add new SavingAccount objects in the SavingsAccountList object with
specified initia balance

c. allowsusersto delete the i savings account from the SavingsAccountList object. The
internal representation should maintain the list properly after deletion!

d. provides afunction to prints the balance of the i" savings account upon

e. provides afunction to return the number of currently existing savings accounts

Define appropriate member variables and functions for the class and show function definitions.
Y ou are given the following class definitions for SavingsAccount
class SavingsAccount
{
public:
SavingsAccount( double b ) { savingsBalance =b>=07?b:0; }
void calculateMonthlyInterest();
static void modifylnterestRate( double );
void printBalance() const;
private:
double savingsBalance;
static double annualinterestRate;
}; I/ end class SavingsAccount



