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.COMPUTER SCIENCE A o

—

CALCULATORS, REFERENCE MATERIALS OR OTHER AIDS ARE NOT TO BE USED DURING
THE EXAMINATION.

Three hours are allotted for this examination: 1 hour and 15 minutes for Section I, which consists of 40 multiple-
choice questions, and 1 hour and 45 minutes for Section II, which consists of 4 free-response questions. In
determining your grade, the two sections are given equal weight. Section I is printed in this examination booklet.
Section II is printed in a separate booklet. In addition, following Section I there are 4 survey questions to be
answered in 2 minutes.

SECTION 1

Time — 1 hour and 15 minutes
Number of questions — 40
Percent of total grade — 50
Section I of this examination contains 40 multiple-choice questions. Therefore, please be careful to fill in
only the ovals that are preceded by numbers 1 through 40 on your answer sheet when answering the

examination questions. Also, please be careful to fill in the ovals preceded by the numbers 41-44 when
answering the survey questions.

General Instructions

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE INSTRUCTED TO DO SO.

INDICATE ALL YOUR ANSWERS TO QUESTIONS IN SECTION I ON THE SEPARATE ANSWER SHEET.

No credit will be given for anything written in this examination booklet, but you may use the booklet for notes
or scratchwork. After you have decided which of the suggested answers is best, COMPLETELY fill in the

corresponding oval on the answer sheet. Give only one answer to cach question. If you change an answer, be sure
that the previous mark is erased completely.

Example: " Sample Answer
Chicago is a & S DB
(A) state
(B) city

(C) country
(D) continent
T (E) village

Many candidates wonder whether or not to guess the answer to questions about which they are not certain. In

this section of the examination, as a correction for haphazard guessing, one-fourth of the number of questions

you answer incorrectly will be subtracted from the number of questions you answer correctly. It is improbable,
therefore, that mere guessing will improve your score significantly; it may even lower your score, and it does take
time. If, however, you are not sure of the correct answer but have some knowledge of the question and are able
to eliminate one or more of the answer choices as wrong, your chance of getting the right answer is improved,
and it may be to your advantage to answer such a question.

Use your time effectively, working as rapidly as you can without losing accuracy. Do not spend too much time on
questions that are too difficult. Go on to other questions and come back to the difficult ones later if you have

time. It is not expected that everyone will be able to answer all the multiple-choice questions.

Copyright © 1999 College Entrance Examination Board and Educational Testing Service. All rights reserved.
Certain test materials are copyrighted solely in the name of ETS.
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COMPUTER SCIENCE A
SECTION I
Time—1 hour and 15 minutes
Number of questions—40
Percent of total grade—50

Directions: Determine the answer to each of the following questions or incomplete statements, using the available
space for any necessary scratchwork. Then decide which is the best of the choices given and fill in the correspond-

ing oval on the answer sheet. No credit will be given for anything written in the examination booklet. Do not spend
too much time on any one problem.

Note: Assume that the standard libraries (e.g., iostream.h, fstream.h, math.h, etc.)and the AP C++
classes are included in any programs that use the code segments provided in individual questions. A Quick
Reference to the AP C++ classes is provided on pages 41-43.

1. Consider the following program.

int main()

{

int k, sum;

do

{
cout << "Enter a nonnegative number to sum, "
cout << "negative number to cquit:";
cin >> k;

if (k > 0)
{

sum += k;
3

} while (k >= 0);
cout << sum << endl;
return 0;

}

The program contains the incorrect use of an uninitialized variable.
Which of the following is the first line in which this occurs?

(A) k in "cin >> k"

B)kin "(k > 0)"

(C) sum in "sum += k"

(D) k in "sum += k"

(E) sum in "cout << sum << endl"

Unauthorized copying or reusing
any part of this page is illegal.
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Questions 2-3 refer to the following functions.

int Add(int x, int v);
// postcondition: returns X + y

int Multiply(int x, int vy);
// postcondition: returns X * y

2. What is the value of the expression Multiply (3, Add(4, 5))?

(A) 12
(B) 17
) 23
D) 27
(E) 60

3. Consider the following expression.

Multiply (2, Add(Multiply(a, b), Add (Multiply(a, c¢), Multiply(b, c))))

Which of the following corresponds to this expression?
(A) 2
(B) a
© 2
(D) a
(E) a

a*b+a*c+b*c
b+a*c+b*c+ 2
(a *b+ (a *c+ Db * c))
(a * c + b * c)
(a * ¢ + b *c) * 2

L T

b +
b +

Unauthorized copying or reusing
any part of this page is illegal.
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4. Consider the following function.

int Something(int a, int b)

{
if (b <= 1)
{
return a;
}
else
{
return Something(a, b - 1);
- } . . - N
. }

What value is returned by the call Something (4, 6) ?

Ay 4

B) 6 - :

(C) 24 o ' -
(D) 1296

(E) 4096

Unauthorized copying or reusing
any part of this page is illegal.
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5. Consider the following incomplete function.

int Total (const apvector<int> & scores)
// precondition: The sentinel -999 occurs somewhere in scores

{
int k = 0;
int sum = 0;

while (scores[k] !'= -999)
{

<program statements>

}

return sum;

}

Function Total is intended to return the sum of the integers in
parameter scores, beginning with the first integer in scores
and up to, but not including the sentinel ~999 (which occurs some- .
where in scores). Which of the following code segments could be
used to replace <program statements> sothat Total will

work as intended?

(A) sum += scores([k];
k++;

(B) k++;
sum += scoresl[k];

(C) k++;

sum += k;

(D) sum += k;

k++;
(E) if (scores[k] != -999)
{
sum += scores[k];
}

Unauthorized copying or reusing
any part of this page is illegal.
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6. Consider the following code segment.

apmatrix<int> M;
Initialize (M) ; // resizes M to be a square matrix
// and initializes its elements

int k;
for (k = 0; k < M.numrows (); k++)
{
sum += M[k] [M.numrows () - k — 17]; . .
}

Assume that after the call to Initialize, M represents
the matrix shown below.

6 1 2 3 -
0|1 |1]|1,)1 -
1|/1]2]3)4
2121222
3, 2|4 ,6/|8

What value will sum contain after the code
segment is executed?

(A) 4
(B) 8
(© 13
(D) 20
E) 42

Unauthorized copying or reusing
any part of this page is illegal.
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Questions 7-8 are based on the following incomplete function.

int Fun(int x, int y)

// precondition: (x * y) =2 0

// postcondition: returns a value = 0

{

<body of Fun>

} :
Assume that <body of Fun> is replaced with code so
that Fun meets the specification defined by its precondition
and its postcondition.

7. What can be assumed about the value returned by the
call Fun(0, 0) ?

(A) The valueis O.

(B) The value is not equal to™ 0. ]

(C) The value is less than or equal to 0.
(D) The value is greater than or equal to 0.

(E) No assumption can be made about the value returned.

8. What can be assumed about the value returned by the call
Fun (-1, 1) ?

(A) The value is -1.

(B) The valueis 0.

(C) The value1s 1.

(D) The value is greater than or equal to 0.

(E) No assumption can be made about the value returned.

Unauthorized copying or reusing
any part of this page is illegal.
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9. Consider the following definitions.

apvector<char> A(100);
apvector<char> B(100) ;

Consider the following code segment.

int k = 0;
while ((k < A.length()) && (A[k] != B[k]))
{
k++;
. } . . .

Which of the following must be true after the while loop terminates?
(A) k >= A.length{()

(B) x < A.length{()

(C) (k < A.length{())

(D) (k >= A.length())
(E) (k >= A.length{)

Unauthorized copying or reusing
any part of this page is illegal.
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10. Consider the incomplete function PowerOf given below.
The call PowerOf (n, x) should return the quantity n" .

int PowerOf (int base, int power)

// precondition: power 2 1
// postcondition: returns base

{

int result;

if (<expressionl> == 1)
- { N
s result = <expressionz> ;
}
else
{
result = <expression3> * PowerOf (base, power - 1);
} . .
return result; e . - ~

} N B

Which of the following could be used to replace <expressionl>, <expressionZ2>,and
<expression3> sothat PowerOf will work as intended?

<expressionl> <expressionl> <expression3>

(A) power base result
(B) power base power
© power base base
(D) base power result
(E) base power base

Unauthorized copying or reusing
any part of this page is illegal.
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11. Assume A is defined as follows.

apvector<int> A(5);

Consider the following code segment.

int k;
for (k = A.length() - 1; k > 0; k--)
{
Alk] = Alk - 11;
}

Assume A contains the following values before the code
segment is executed.

0 1 2 3 4

10|15 20|25 30| : -

What values will 2 contain after the code segment is executed?

(A) |10 ] 10|10 10|10

(B) | 10| 10| 15|20 25

(C) | 10| 1520|2530

(D) 15|20 25|30]30

(E) | 25|25| 25|25/ 25

Unauthorized copying or reusing
any part of this page is illegal. -
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Questions 12-13 concern the following data structure, designed to
store information about hiking trails in the United States.

struct Trail

{
apstring name; // name of trail
apstring state; // location of trail
double distance; // length of trail in kilometers
apvector<bool> goodMonths;
// goodMonths[k] == true i1f this trail is good for hiking in month k;
// otherwise, goodMonths[k] == false
Trail () ;
// constructor initializes goodMonths to length 12
};

12. Assume that T is an initialized variable of type Trail and the integers
j and k represent valid months. Which of the following expressions always
evaluates to true if the trail represented by "T is good for hiking during month
j or k 7

(A) T.goodMonths[j] && T.goodMonths[k]
(B) T.goodMonths[j] || T.goodMonths [k]
(C) (T.goodMonths == j) || (T.goodMonths == k)
(D) (T.goodMonths == j) && (T.goodMonths == k)

(E) T.goodMonths[j] == T.goodMonths (k]

Unauthorized copying or reusing k
any part of this page is illegal.
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13. Consider the incomplete function PrintTrails given
below. PrintTrails should print the names of the trails
in its parameter trailArray thatare good for hiking in
the month specified by parameter month.

void PrintTrails(const apvector<Trail> & trailArray, int month)

{
int k;
for (k = 0; k < trailArray.length{(); k++)
{
<Jloop body>
- ) . . - -
. }

Which of the following could be used to replace <loop body>
so that PrintTrails works as intended?

(A) if (trailArraylk].goodMonths [month])

{ - T
cout << trailadrray[k].name << endl; N
}
(B) if (trailArray[month].goodMonths[k])
{
cout << trailArray[month].name << endl;
}
(C) if (trailArray[k] == month)
{
cout << trailArray(k].name << endl;
}
(D) 1f (trailArray.goodMonths == month)
{ .
cout << traillArray.goodMonths.name << endl;
}
(E) 1f (trailArray.goodMonths[k] == month)
{
cout << trailArray.goodMonths[k] .name << endl;
i

Unauthorized copying or reusing
any part of this page is illegal.
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14. Consider the following incomplete function. -

int Mystery (int k)

{
if (k <= 0)
{
return 0;
}
else
{
return (<missing code>);
- } .
. }

Which of the following could be used to replace <missing code>
so that the value of Mystery (5) is 15 ?

RS (A) k + Mystery(k - 1) -~

o (B) k * Mystery(k - 1)

(C) Mystery(k - 1)

(D) Mystery(k + 1)

(E) Mystery(k - 1) * Mystery(k + 1)

Unauthorized copying or reusing
any part of this page is illegal.
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15. Assume that an array contains 100 integers sorted in increasing
order. Two alternatives to search the array for a particular integer
are a sequential and a binary search. When searching for a value
that is in the array, which of the following best characterizes the
greatest number of items in the array that will be examined during
each kind of search?

Sequential Binary

(A) 100 1
(B) 100 7
-- (C) 100 50
- (D) 50 7
(E) 50 25

Unauthorized copying or reusing
any part of this page is illegal.
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Questions 16-20 refer to the code from the Large Integer case study.
A copy of the code is provided as part of this exam.

16. The BigInt functions assume that BigInt values are repre-
sented with no leading zeroes. The function Normalize isused
to remove leading zeroes when necessary. Suppose that all calls to
Normalize were removed. Which of the following functions
would no longer work correctly?

(A) operator+
(B) operator*
(C) ToDouble
(D) ToInt

(E) LessThan

17. The following statement is often used in BigInt function definitions.

BigInt result{lhs);

Assuming lhs is of type BigInt, what is the purpose of this statement?

(A) To make a copy of lhs and store the copy in result
(B) To make a copy of result and store the copy in lhs
(C) Toinitialize result to 0

(D) To initialize lhs to 0

(E) To declare function result with lhs asa parameter

18. The following code segment from a client program is intended
to find the absolute value of a BigInt. However, the code
segment does not work as intended.

BigInt big;

cout << " Enter a large number ";
cin >> big;

if (big.IsNegative())
{

big *= -1;
}

Which of the following describes the error in the code segment?

(A) An integer cannot be multiplied by a BigInt.

(B) cin cannot be used witha BigInt.

(C) IsNegative () isnota member function of the class BigInt.

(D) IsNegative () is a private member function of the class BigInt,
therefore it cannot be used by the client program.

(E) The condition big.IsNegative () isincorrect and must be
changed to IsNegative().

Unauthorized copying or reusing
any part of this page is illegal.
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19. Suppose the BigInt class is redesigned so that the private data
member mySign ischanged to be of type int.The expression
mySign == +1 indicates that the BigInt is positive, and
mySign == -1 indicates thatthe BigInt is negative.

‘Which of the following member functions would also need to>
be changed to implement this new design?

I. IsNegative
II. LessThan
III. operator<

T (A) Lonly : . . .
(B) Il only
(C) Tand Il only
(D) II and 111 only
(E) L 1II, and IHI
20. Function Power takes two parameters, base and exponent. -
Power isintended to return a BigInt that represents the value
of base to the exponent power. Assume that base and
exponent will only take values within the range of an int
variable for your machine and that exponent is always non-

negative. Which of the following is the best declaration for the
function Powexr?

(A) void Power (int base, int exponent, BigInt result);

(B) void Power (BigInt base, BigInt exponent, BigInt result);
(C) BigInt Power (int base, int exponent);

(D) BigInt Power (Biglnt base, int exponent);

(E) BigInt Power (BigInt base, BigInt exponent);

Unauthorized copying or reusing
any part of this page is illegal.
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21. The program for a video game will use several graphics routines.
The program design team plans to place these routines in a graphics
class, which can be compiled separately from the video game program.
Which of the following would be an advantage of this plan?

I. The graphics routines can be tested independently of the video
game program, thus making it easier to locate errors in both the
graphics routines and the video game program.

[I. The programmers assigned to write the video game program
can focus on the issues of that program without spending time
considering how the graphics routines will be implemented.

III. The graphics class will be available for use in other programs.

(A) Tonly

(B) Iand Il only

(C) Tand Il only

(D) II and IIT only - .
(E) L 11, and III T * .

Unauthorized copying or reusing
any part of this page is illegal.
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22. Consider the following code segment fo print a calendar.

int month, year;
cout << "Enter vyear: ";
cin >> year;
for (month = 1; month <= 12; month++)
{
PrintHeading (month, vyear);
PrintDays {(month, vyear);

}
Consider the following function.

void PrintDays (int month, int vear)

{
int day;
PrintSpaces (month, year); // indent the first week of the month
for (day = 1; day <= NumDaysIn{(month, vyear); day++) ‘
{

cout << day << " *;
if (EndOfWeek(day, month, year))
{

cout << endl;
}
}
}

Suppose that when the program is run, every month is printed
correctly except for February, for which only a heading and
some white space is printed. Of the following functions, which
is most likely to contain the error?

(A) NumbDaysIn

(B) PrintSpaces
(C) EndOfWeek
(D) PrintHeading
(E) PrintDays

Unauthorized copying or reusing
any part of this page is illegal. -
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23. Consider the following code segment.

int row, col;

int sum = 0;

apmatrix<int> A;

Initialize(A); // resizes A and initializes its elements

for (row = 0; row < A.numrows({); row++)

{
for (col = 0; col < A.numcols(); col++)
{
= - sum += Afrow] [col]; . ‘
e - } a
}

Which of the following best describes the result of executing
the code segment?

(A) Each element in the two-dimensional array A contains the . -
value 0. -

(B) Each element in the two-dimensional array A contains the
sum of its row number and its column number.

(C) Each element in the two-dimensional array A contains the
sum of all preceding elements in two-dimensional array A.

(D) The variable sum contains the sum of the values in the
two-dimensional array A.

(E) The variable sum contains the value row * col.

Unauthorized copyi i Ea i A
e orne g g0 | N-TO THE NEXT PAGE |
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24. Consider the following code.

apmatrix<int> M;
Initialize (M) ; // resizes M to be a sguare matrix
// and initializes its elements

Which of the following code segments correctly sets a diagonal
of the two-dimensional array M to contain all zeroes?

(A) int row = 0;
) int col = 0;
- - while ((row < M.numrows()) && (col < M.numcols()))
h {

M[row] [col] = 0O;
row++;
row = col;

}
(B) int row = 0; T ' O
int col = 0;
while (row < M.numrows ())
{
Mlrow] [col] = 0;
row++;
col = row;
col++;
}

(C) int row = 0;
int col = 0;
while (row < M.numrows())
{
M[row] [col] = 0O;
Trow++;

}

(D) int row;

for (row = 0; row < M.numrows(); row++)
{

M[row] [row] = 0;
}

(E) int row;
for (row = 1; row <= M.numrows(); row++)

Unauthorized copying or reusing
any part of this page is illegal.
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25. For each hour of the day, a weather station records temperature
using integer values, and pressure, wind speed, and wind direction
using values of type double. Of the following definitions of
dailyRecord, which would be most suitable for recording
these weather readings for one day?

(A) apmatrix<int> dailyRecord (24, 4);
(B) apvector<int> dailyRecord(96) ;

= - (C) struct WeatherInfo . ) i
. {
int temperature;
double pressure;
double windSpeed;
double windDir;
Y - .
WeatherInfo dailyRecord;

(D) struct WeatherInfo

{
int temperature;
double pressure;
double windSpeed;
double windDir;

Y

apvector<WeatherInfo> dailyRecord(24);

(E) struct WeatherInfo

{
int temperature;
double pressure;
double windSpeed;
double windDir;

Y

apvector<WeatherInfo> dailyRecord (366 * 24);

Unauthorized copying or reusing
any part of this page is illegal.




26. C++ classes can include both public and private data members
and member functions. Which of the following statements
represents the best design decision regarding the public and
private sections of a class?

(A) All data members should be public to make it easier for
client programs to use such data.

(B) All member functions should be public to facilitate future
changes to parameter lists of member functions.

(C) All data members should be private to minimize the
dependency between client programs and the manner
in which data is stored in the class.

(D) Some member functions should be private to minimize
memory usage.

(E) All data members should be public and all member
functions should be private to make it easier to modify
the class without requiring ch?nge§ in the code of the
client program. -

Unauthorized copying or reusing
any part of this page is illegal.
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27. Consider the following function.

bool SomethingDifferent (bool p, bool q)

{
return ({(p || Q) && !{(p && q));

}

What does function SomethingDifferent retun?

(A) SomethingDifferent alwaysreturns false.

(B) SomethingDifferent alwaysreturns true.

(C) SomethingDifferent returns true whenever p is false.

(D) SomethingDifferent returns true whenever g is false.

(E) SomethingDifferent returns true whenever p isnotequalto qg.

Unauthorized copying or reusing
any part of this page is illegal.
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28. Which of the following statements would best characterize
a well-designed program?

I. Functions can be tested independently before
integrating them into the final program.
II. Client programs know about, and take advantage
of, implementation details of abstract data types.
III. The algorithmic details of the abstract data types
can be altered without changing client routines.

(A) Tonly
- (B) Il only
= (C) land II

(D) Iand III

(E) I and III

Unauthorized copying or reusing
any part of this page is illegal.
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29. Consider the following program.

void One{int a, int b)

{
a=>b+ 1;
b=a+ 2;
}
void Two (int & a, int & b)
{
B a =b + 1;
= - b =a+ 2;
) }
void Three(int & a, int b)
{
a=>b + 1;
b =a+ 2; - .
' int main()
{
int x, Vv;
x = 1;
Yy = 2;
One(x, v);:
Two (x, V);
Three (x, v);
cout << X << " " << y << endl;
return 0;
3
What is the output of the program?
Ayl 2
(B) 4 4
(C) 65
(D) 6 8
(E) 5 8
oIS e  60.ON TO THE NEXT PAGE
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30. Consider the following definitions and code segment.
apvector<int> A(7);
int x;

for (x = 0; x < A.length(); x++)

{
Alx] = x;
}
for (x = 0; x < A.length(); x++)
{ .
= Alx / 3] = Alx]; %
- }

What values will A contain after the code segment is executed?

(AYO 0 1 1 1 2 2

B0 1 2 3 4 75 6 -
©1 2 0 1 2 0 1 -
M2 3 4 5 6 0 1

BE)2 5 6 3 4 5 6

Unauthorized copying or reusing
any. part of this page is illegal.
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31. Assume that A isanarray of N integers and that variable k
has a value intherange 0 < k < N. Also assume that the
following assertion is true:

for all j, 0 < 3 <k, A[j] < A[j + 1]

Which of the following is a valid conclusion?

(A) All elements of A are in'increasing order.

(B) All elements of A are in decreasing order.

(C) Elements 0 through k of A are in increasing order.
(D) Elements 0 through k of A are in decreasing order.
(E) The smallest valuein A isstoredin A[O].

Unauthorized copying or reusing
any part of this page is illegal. ~
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32. Consider the following code segment. Assume that neither
<condition 1>, <condition 2>, nor <condition 3>
changes the value of k.

int k = 0;

if (<condition 1>)
{

k++;

}
if (<condition 2>)
{

k++;

}
if (<condition 3>)
{

k++;

}

~

What are the possible final values of k -after the code ‘ .
segment executes?

(A) Oonly

(B) 1only

(C) Oor 1 only
(D) 1,2, 0r3 only
(E) 0,1,2,0r3

Unauthorized copying or reusing
any part of this page is illegal.
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33. Consider designing a data structure to represent the positions
of 50 game pieces on a 100 x 100 gameboard. (The position of

a game piece is the row and column number of the square that
it is on.) Two alternatives are described below.

Method 1. Use a two-dimensional array of Boolean values
indexed by row and column number, where each
array element represents one square of the gameboard.
If there 1s a game piece on that square, then the array
element is true; otherwise, the array element 1s false.

Method 2. Use a one-dimensional array in which each element
represents the position of one game piece (i.e., the row
and column number of the square that it is on).

Which of the following is true?

(A) Method 1 is not suitable if two gariie pieces can occupy the same
square of the gameboard.

(B) Method 2 is not suitable if two game pieces can occupy the same
square of the gameboard.

(C) Printing the positions of all game pieces can be done more
efficiently by using Method 1 than by using Method 2.

(D) Determining whether there is a game piece on a particular square
{given the row and column numbers) can be done more efficiently
by using Method 2 than by using Method 1.

(E) Removing the game piece from a particular square (given its row
and column numbers) can be done more efficiently by using
Method 2 than by using Method 1.

Unauthorized copying or reusing
any part of this page is illegal.
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34. Consider the following function.

void Print (int count)

{
int k;

if (count > 0)
i {
B cin >> k;

Print (count - 1);
cout << k << endl;

. ) \ . :
v }

Of the following, which best describes what is printed as a
result of the call Print (10) ?

(A) Nothing is printed because a run-time error occurs.
(B) Nothing is printed because thé if condition never ; ~

evaluates to true.

(C) Ten integers are printed in the same order in which
they were read.

(D) Ten integers are printed in the reverse order in which
they were read.

(E) Only the nonzero values that were read are printed; they
are printed in the same order in which they were read.

Unauthorized copying or reusing
any part of this page is illegal.
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35. Consider the following code segment.

apvector<int> A;

Initialize(A); // resizes A and initializes its elements
int k;
for (k = 0; k < A.length(); k++)
{
Swap (A[k], A[A.length{() - k - 11);
}

- Assume that function Swap interchanges the values of its parameters.
T Which of the following best characterizes the effect of the for loop?

(A) It sorts the elements of A.

(B) It reverses the elements of A,

(C) It reverses the order of the first half of A and leaves the second
half unchanged. - : '

(D) It reverses the order of the second half of A and leaves the first
half unchanged.

(E) It leaves all of the elements of A in their original order.

Unauthorized copying or reusing
any part of this page is illegal.
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36. The following declaration and incomplete function is
intended to sort an array of unique integers in increasing
order using the quicksort algorithm.

void Partition{apvector<int> & A, int first, int last,
int & pivotPos);

void QuickSort (apvector<int> & A, int first, int last)
{

int pivotPos;

. // If the subarray has at least 2 elements, partition . .
% // and recursively sort the two partitions.

if (first < last)
{

Partition (A, first, last, pivotPos);

<statements> - _ - —

} . ; e

}

The variables first and last are the indices of the first and last elements
in the subarray of array A to be sorted. The function Partition

performs the task of splitting the array into two subarrays around a pivot

point, pivotPos, chosenby Partition. Afterthe callto Partition,
the subarray from A[first] to AlpivotPos - 1] contains integers

that are less than A{pivotPos], and the subarray from A[pivotPos + 1]
to A[last] contains integers greater than A[pivotPos]. The element
A[pivotPos] isin its final sorted position.

Which of the following can be used to replace <statements> so that
QuickSort will work as intended?

(A) QuickSort(a, first, pivotPos + 1);
QuickSort (A, pivotPos - 1, last);

(B) QuickSort (A, last, pivotPos);
QuickSort (A, pivotPos, first);

(C) QuickSort(a, first, pivotPos - 1);
QuickSort (A, last, pivotPos + 1);

(D) QuickSort (A, first, pivotPos - 1);
QuickSort (A, pivotPos + 1, last);

(E) QuickSort (A, pivotPos - 1, first);
QuickSort (A, last, pivotPos + 1);

Unauthorized copying or reusing
any part of this page is illegal.
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Questions 37-38 refer to the following information.

Consider the following class declaration.

class Restaurant

{
public:
// Accessors .
apstring Name () const; // returns the restaurant's name
double Price() const; // returns the price of a meal

// (all meals in a specific
Al - // restaurant cost the same) . .
b int Capacity () const; // returns the maximum number of
// customers the restaurant can
// serve at one time
// Other member functions not shown

private: - .
apstring myName; © // the restaurant's name o
// other data members not shown

Y

Unauthorized copying or reusing
any part of this page is illegal.
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37. Assume that a client program declares and initializes rlist
as follows:

apvector<Restaurant> rList;
Initialize(rList); //resizes rList and initializes its elements

Which of the following code segments correctly prints the names
of all the restaurants whose meal price is under $10.00 ?

I int r;
- for (r = rList.length() - 1; r >= 0; r--)
{ if (rList[r].Price() < 10.00)
{ cout << rList[r].Name() << endl;
} } - N
II. int x; o
for (r = 0; r < rList.length(); r++)
{ if (rList[r].Price() < 10.00)
: cout << rList[r].Name() << endl;
) }
. int r;
for (r = 0; r < rlList.length(); xr++)
{ if (rList{r].Price() < 10.00)
{ cout << rList[r] .myName << endl;
) }
(A) Ionly
(B) II only

- (C) I and I only
(D) O and III only
(E) L, I1, and III

Unauthorized copying or reusing
any part of this page is illegal.
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38. Consider the following function.

void PrintSomeRestaurants (const apvector<Restaurant> & rLlst)
// precondition: rList.length() > 0
{ .

int r;

int numRests = rList.length();

double sum = 0.0;

double average;

for (r = 0; r < numRests; r++)

{ sum += rList[r] .Price(j ;

;verage = sum / numRests;

for (r = 0; r < numRests; r++)

{if ((rList[r].Capacity() >= 50) && (rList[r].Price() < average))
{ cout << rList[r] .Nalf:i;e()‘ << endl; k -

) }

}

Of the following, which best describes the behavior of
PrintSomeRestaurants ?

(A) It prints the name of the first restaurant whose meal
price is below the average of all restaurants.

(B) It prints the name of the first restaurant whose capacity
is at least 50 and whose meal price is less than the
average for the meal prices for all restaurants.

(C) It prints the names of all restaurants whose capacity is
at least 50 and whose meal price is below the average
for the meal prices for all restaurants.

(D) It prints the average of the meal prices of all restaurants.

(E) It prints the average of the meal prices of all restaurants
whose capacity is at least 50.

Unauthorized copying or reusing | .
any part of this page is illegal.
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39. Consider the following code segment.

x
Y

ty;
tx;

il

Assume that x and y are initialized variables of type bool.
Which of the following statements is (are) true?

1. The final value of x is the same as the initial value of x.
II. The final value of v is the same as the initial value of v.
L. The final value of x is the same as the initial value of y.

(A) Tonly
(B) Honly
(C) III only
(D) Iand IT
(E) Hand III

Unauthorized copying or reusing
any part of this page is illegal.
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40. Assume that functions RowSum and ColSum, declared below, have been implemented correctly.

int RowSum(const
// precondition:

// postcondition:

/7

int ColSum(const
// precondition:

// postcondition:

//

apmatrix<int> & A, int k);
A i1s a square matrix, 0 £ k < A.

returns the sum of the elements
row k of array A

apmatrix<int> & A, int k);
A i1s a square matrix, 0 < k < A.

returns the sum of the elements
column k of array A

numrows ()
in

numcols ()
in

Consider the partially written function MagicSqguare, shown below. MagicSquare should return
true if and only if every row and every column of its parameter A sums to the same value.

bool MagicSquare (const apmatryix<int> & A)
// precondition: A i1s a sguare matrix

{
int k;
int sum

for

{
if
{

(k 0;

RowSum (A,

k < A.numrows () ;

0);

k++)

(<condition>)

<statement 1>

}
3
<statement 2>

}

Which of the following could be used to replace <condition>, <statement 1>, and
<statement 2> sothat MagicSquare will work as intended?

<condition>
(A) ((RowSum (A, k)
\

( (RowSum (A, k)
&& (ColSum (A, k)

(ColSum (A, k)

(B)

(C) ((RowSum (A, k)

&& (ColSum (A, k)

(D) { (RowSum (A, k)
|| (ColSum(Aa,k)

(E) ((RowSum(A, k)

&&

Unauthorized copying or reusing
any part of this page is illegal.

= sum)

1=

(ColSum(A,k;

<statement 1>

return (false) ;
= gum))
sum) return(false);
= gum) )
= sum) return (true);
I'= sum))
== sum) return(true) ;
== SL]_m) )
= sum) return(true);
== sum) )

<statement 2>

return (true) ;

return{true) ;

return(false) ;

return (false);

returh(false);




END OF SECTION 1

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY
CHECK YOUR WORK ON THIS SECTION.

DO NOT GO ON TO SECTION II UNTIL YOU ARE TOLD TO DO SO.

Unauthorized copying or reusing
any part of this page is illegal.
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41. Approximately how many class periods did you spend using the Large Integer case study?

42.

43.

44.

(A) O

(B) 1-2

<€) 3-5

(D) 6-10

(E) More than 10

Approximately how many hours did you spend working on the computer on problems related to the Large
Integer case study?

(A) 0

(B) 1-2

(€) 3-5

(D) 6-10

(E) More than 10

At what time during the school year:did you use the Large Integer case study?

(A) Did not use it.

(B) Used it right before the AP examination.
(C) Used it only in the middle of the year.
(D) Used it only at the beginning of the year.
(E) Used it at multiple times during the year.

How many students are in your AP Computer Science class?

(A) Independent study
(B) 2-5

(©) 6-10

(D) 11-20

(E) More than 20
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Quick Reference for apstring

extern const int npos; // used to indicate not a position in the string
// public member functions

// constructors/destructoxr

apstring(); // construct empty string **
apstring(const char * g); // construct from string literal
apstring(const apstring & str); // copy constructor

~apstring() ; // destructor

// assignment

. const apstring & operator= (const apstring & str); // assign str
. const apstring & operator= (const char * s); // assign s . . B
. const apstring & operator= (char ch); // assign ch

// accessors

int length() const; // number of chars

int find(const apstring & str) const; // index of first occurrence of str

int find(char ch) const; . // index of first occurrence of ch
apstring substr(int pos, int. len) const; // substring of len chars, starting at pos
const char * c¢_str() const; ’ // explicit conversion to char *

// indexing
char operator|[ ]{(int k) const; // range-checked indexing
char & operator[ ] (int k); // range-checked indexing

// modifiers
const apstring & operator+= (const apstring & str); // append str
const apstring & operator+= (char ch); // append char

// The following free (non-member) functions operate on strings
// I/0 functions

ostream & operator<< ( ostream & os, const apstring & str );
istream & operator>> ( istream & 1s, apstring & str );

istream & getline( istream & is, apstring & str );

// comparison operators

bool operator== ( const apstring & lhs, const apstring & rhs );
bool operator!= ( const apstring & lhs, const apstring & rhs );
bool operator< ( const apstring & lhs, const apstring & rhs );
bool operator<= ( const apstring & lhs, const apstring & rhs );
bool operator> ( const apstring & lhs, const apstring & rhs );
bool operator>= ( const apstring & lhs, const apstring & rhs );

// concatenation operator +

apstring operator+ ( const apstring & lhs, const apstring & rhs );
apstring operator+ ( char ch, const apstring & str )

apstring operator+ ( const apstring & str, chaxr ch );




°
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Quick Reference for apvector and apmatrix

template <class itemType>
class apvector

// public member functions

// constructors/destructor

apvector () ; // default constructor (size==0)
apvector (int size); // initial size of vector is size
apvector (int size, const itemType & fillvalue); // all entries == fillvValue
apvector (const apvector & vec); // copy constructor

~apvector () ; // destructor

» - // assignment :
S const apvector & operator= (const apvector & vec);

// accessors
int length{) const; // capacity of vector

// indexing _
itemType & operator[ ]7lint inﬁex); // indexing with_range checking
const itemType & operator| ] (int index) const; // indexing with.range checking

// modifiers
void resize(int newSize); // change size dynamically; can result in losing values

template <class itemType>
class apmatrix

// public member functions

// constructors/destructor

apmatrix(); // default size is 0 x O
apmatrix(int rows, int cols); : // size is rows X cols
apmatrix({int rows, int cols, const itemType & fillValue); // all entries == fillValue
apmatrix{const apmatrix & mat); // copy constructor
~apmatrix( ); // destructor

// assignment
const apmatrix & operator = (const apmatrix & rhs);

// accessors
int numrows () const; // number of rows
int numcols() const; // number of columns

// indexing
const apvector<itemType> & operator[ ] (int k) const; // range-checked indexing
apvector<itemType> & operator[ ](int k); // range-checked indexing

// modifiers
void resize(int newRows, int newCols); // resizes matrix to newRows x newCols
// (can result in losing values)
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Header File for the BigInt class.*

— -,

#ifndef _BIGINT_H
#define _BIGINT_H

/7

// implements an arbitrary precision integer class

//

// constructors:

//

// BigInt () -- default constructor, value of integers is 0

// BigInt(int n) -~ initialize to value of n (C++ int)

// BigInt (const apstring & s) -- initialize to value specified by s
= - // it i1s an error if s is an invalid integer, e.g., . - -
b // "1234abc567". In this case the bigint value is garbage

//

//

// *****  arithmetic operators:

7/

// all arithmetic operators +, -, * are overloaded both

// in form +=, -=, *= and as binary operators N

!/ : i — -

// multiplication also overloaded for *= int
// e.g., BigInt a *= 3 (mostly to facilitate implementation)

//

// *¥*** Jogical operators:

//

// bool operator == (const BigInt & lhs, const BigInt & rhs)
// bool operator != (const BigInt & 1lhs, const BitInt & rhs)
// bool operator < (const BigInt & 1lhs, const BigInt & rhs)
// bool operator <= (const BigInt & lhs, const BigInt & rhs)
// bool operator > (const BigInt & lhs, const BigInt & rhs)
// bool operator >= (const BigInt & lhs, const BigInt & rhs)
//

//  ***** T/0 operators:

7/

// wvoid Print () .

/7 prints value of BigInt (member function)

// ostream & operator << (ostream & os, const BigInt & b)
// stream operator to print value

//

// istream & operator >> (istream & in, const BigInt & b)

// reads whitespace delimited BigInt from input stream in
//




3
S
3

Y
}‘.

#include <iostream.h> )
#include "apstring.h" // for strings
#include "apvector.h" . // for sequence of digits

— -

class BigInt

{
public:
BigInt(); // default constructor, value = 0
BigInt (int) ; // assign an integer value
BigInt (const apstring &); // assign a string
// may need these in alternative implementation
// BigInt{const BigInt &); // copy constructor
// ~BigInt(); - // destructor . .
// const BigInt & operator = (const BigInt &); // assignment operator
// operators: arithmetic, relational
const BigInt & operator += {const BigInt &);
const BigInt & opeyator -= (const BigInt &);
const BigInt & operator *= (const BigInt &);. .
const BigInt & opetrator *= (int num); ; e
apstring ToString() const; // convert to string
int ToInt () const; // convert to int
double ToDouble () const; // convert to double
// facilitate operators ==, <, << without friends
bool Equal (const BigInt & rhs) const;
bool LessThan(const BigInt & rhs) const;
vold Print(ostream & 0s) const;
private:
// other helper functions
bool IsNegative() const; // return true iff number is negative
bool IsPositive() const; // return true 1ff number is positive
int NumDigits () const; // return # digits in number
int GetDigit(int k) const;
void AddSigDhigit (int value);
void ChangeDigit(int k, int value);
void Normalize();
// private state/instance variables
enum Sign{positive,negative};
Sign mySign; // is number positive or negative
apvector<char> myDigits; // stores all digits of .number
int myNumDigits; // stores # of digits of number
Y
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// free functions

ostream & operator << (ostream &,
istream & operator >>(istream &,

BigInt operator +(const BigInt &
BigInt operator -(const Biglnt &
BigInt operator *{const BigInt &
BigInt operator *{const BigInt &
BigInt operator *(int num, const

const BigInt
const BigInt
const BigInt
const BiglInt
-const BigInt
const BigInt

bool operator =
bool operator <
bool operator !
bool operator >
bool operator >=
bool operator <=

R R 2R R

(
(
(
(
(
(

#endif // _BIGINT_H not defined

61 |

const BigInt &);

BigInt &) ;

lhs, const BiglInt
lhs, const BigInt
lhs, const BiglInt
lhs, int num);
BigInt & rhs);
lhs, const BigInt
lhs, const RiglInt
lhs, const Biglnt
lhs, const Biglnt
lhs, const BigInt
lhs, const BiglInt

R R

R R R RRR



BigInt::BigIn
BigInt::BigIn

()
t(int num)

Index of functions in the Bigint class

BigInt::BigInt (const apstring & s)
const BigInt & BigInt::operator -=(const BigInt & rhs)
const BigInt & BiglInt::operator +=(const BigInt & rhs)

BigInt operator +{const BigInt & lhs,
BigInt operator -{const BigInt & lhs,
void Bigint::Print(ostream & o0s)
apstring BigInt::ToString()
oInt () const

int BigInt::T
double BigInt

: :ToDouble ()

const

const

const

ostream & operator <<(ostream & out, const BigInt & big)
istream & operator >>(istream & in, BigInt & big)

bool operator ==(const BigInt & lhs, const BigInt & rhs)
bool BigInt::Equal (const BigInt & rhs) const

!={const BigInt &lhs, const BigInt & rhs)
< (const BigInt & lhs, const BigInt & rhs)
LessThan (const BigInt &rhs) const

>(const BigInt & lhs, const BigInt & rhs)
<=(const BigInt & lhs, const BigInt & rhs)
>=(const BigInt & lhs, const BigInt & rhs)

bool operator
bool operator
bool BigInt::
bool operator
bool operator
bool operator
void BigInt::
const BigInt

BigInt operator *(int num,

BigInt operator *{const BigInt & lhs,

int BigInt::N
int BigInt::G
void BigInt:
void BigInt:
bool BigInt:
bool BigInt:

Normalize ()

& BigInt:: operator *=(int num)
BigInt operator *{const BigInt & a, int num)
const BigInt & a)
const BigInt & BigInt::operator *=(const BigInt & rhs)

umDigits{) const
etDigits() const

:ChangeDigit(int k,
:AddSighigit{int value)
:IsNegative ()
:IsPositive()

const
const

int value)

const BRigInt & rhs)
const BigInt & lhs)

const BigInt & rhs)
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Implementation of BigInt &

#include <iostream.h>
#include <stdlib.h>
#include <ctype.h>
#include <limits.h>
#include "bigint.h"
#include "apvector.h"”

const int BASE = 10;

// BigInts are implemented using a Vector<char> to store

// the digits of a BigInt
- - // Currently a number like 5,879 is stored as the vector {9,7,8,5} .
. // i.e., the least significant digit is the first digit in the vector;
- // for example, GetDigit(0) returns 9 and getDigit(3) returns 5.

// All operations on digits should be done using private

// helper functions:

/7

// int GetDigit (k) -- return k-th digit

// void ChangeDigit(k,val) -- set k-th digit to val

// void Addsigbigit(val)” -- add new most signific¢ant digit val
// : o

// by performing all ops in terms of these private functions we
// make implementation changes simpler

// I/0 operations are facilitated by the ToString() member function
// which converts a BigInt to its string (ASCII) representation

BigInt::BigInt ()
// postcondition: bigint initialized to 0
mySign(positive),
myDigits(1,’0"),
myNumDigits (1)
{
// all fields initialized in initializer list
} .
BigInt::BigInt (int num)
- // postcondition: bigint initialized to num
g mySign(positive),
myDigits(1l, 0"},
myNumDigits (0)

// check if num is negative, change state and num accordingly

if (num < 0)

{
mySign = negative;
num = -1 * num;

// handle least-significant digit of num (handles num == 0)

AddSigDigit (num % BASE);
num = num / BASE;

// handle remaining digits of num

while (num != 0)

{
AddSigDigit(num % BASE); -
num = num / BASE;
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BigInt::BigInt (const apstring & s) ¥
// precondition: s consists of digits only, optionally preceded.by + or -
// postcondition: Bigint initialized to integer represented by s

// if s 1s not a well-formed BigInt (e.g., contains non-digit
/7 characters) then an error message is printed and abort called
: mySign(positive),
myDigits(s.length(),’'0"),
myNumDigits (0)
{
int k;
int limit = 0;
if (s.length() == 0)
{
; myDigits.resize(l);
S AddSigDigit (0); -
. return;
}
if (s[0] == "-")
{
mySign = negative;
limit = 1;
} b -
if (s[0] == "+") -
{
limit = 1;
}
// start at least significant digit
for (k=s.length() - 1; k >= limit; k--)
{
if (! isdigit(sl[k]))
{
cerr << "badly formed BiglInt value = " << s << endl;
abort () ;
}
AddSigDigit(s[kl-"0");
}
Normalize () ;
}
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b const BigInt & BigInt::operator -=(const BigInt & rhs) ¥
- // postcondition: returns value of bigint - rhs after subtragtion
{
int dAiff;

int borrow = 0;

int k;
int len = NumDigits();

if (this == &rhs) // subtracting self?
{
*this = 0; ‘
return *this;
}
R // signs opposite? then lhs - (-rhs) = lhs + rhs
i if (IsNegative() != rhs.IsNegative())
{
*this +=(-1 * rhs);
return *this;
}

// signs are the éame, check which number is larger
// and switch to det larger number "on top" if necesgsary
// since sign can change when subtracting

// examples: 7 - 3 no sign change, 3 - 7 sign changes
// -7 - (-3) no sign change, -3 -(-7) sign changes
if (IsPositive() && (*this) < rhs ||
IsNegative() && (*this) > rhs)
{
*this = rhs - *this;
1f (IsPositive()) mySign = negative;
else mySign = positive; // toggle sign
return *this;
}

// same sign and larger number on top

for(k=0; k < len; k++)
{ .
diff = GetDigit(k) - rhs.GetDigit(k) - borrow;
borrow = 0;
- if (diff < 0)
{

diff += 10;

borrow = 1;
}
ChangeDigit(k,diff);

}
Normalize () ;
return *this;




const BiglInt & BigInt::operator +=(const BigInt & rhs) ¥
// postcondition: returns value of bigint + rhs after addition,
{

int sum;
int carry = 0;

int k;
int len = NumDigits(); // length of larger addend
if (this == &rhs) // to add self, multiply by 2
{
*this *= 2;
return *this;
}
if (rhs == 0) ; // zero is special case ;
{
return *this;
}
if (IsPositive() != rhs.IsPositive()) // signs not the same, subtract
{ . .
*this -= (-1 * .rhs); ; o
return *this; - ’ e
}

// process both numbers until one is exhausted

if (len < rhs.NumDigits{())
{

}
for(k=0; k < len; k++)
{

len = rhs.NumDigits();

sum = GetDigit(k) + rhs.GetDigit(k) + carry;
carry = sum / BASE;
sum = sum % BASE;

if (k < myNumDigits)
{

3

else

ChangeDigit (k, sum) ;

AddSighigit (sum) ;
} .
}
if (carry i= 0)
{
AddSigbhigit{carxry);

return *this;

}

BigInt operator +{const BigInt & lhs, const BigInt & rhs)
// postcondition: returns a bigint whose value is lhs + rhs
{

BigInt result(lhs);

result += rhs;

return result;

}

BigInt operator -(const BigInt & lhs, const BigInt & rhs)
// postcondition: returns a bigint whose wvalue is lhs - rhs
{

BigInt result(lhs);

result -= rhs;

return result;
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‘e,

§i void BigInt::Print (ostream & os) const
) // postcondition: BigInt inserted onto stream os -

{
}

os << ToString();

apstring BigInt::ToString() const
// postcondition: returns string eguivalent of BigInt
{

int k;

int len = NumbDigits{);

apstring s = "";

if (IsNegative())
- {

}
for (k=len-1; k >= 0; k--)
{

}

retuwrn s;
3 T - -

s += char{’'0’'+GetDigit(k));

int BigInt::ToInt() const
// precondition: INT_MIN <= self <= INT_MAX
// postcondition: returns int equivalent of self
{
int result = 0;
int k;
if (INT_MAX < *this) return INT MAX;
if (*this < INT_MIN) return INT_MIN;

for (k=NumDigits{)-1; k >= 0; k--)
{
result = result * 10 + GetDigit(k);
}
if (IsNegative())
{

}

return result;

result *= -1;

}

double BigInt::ToDouble() const
// precondition: DBL_MIN <= self <= DLB_MAX
- // postcondition: returns double equivalent of self
{
double result = 0.0;
int k;
for (k=NumDigits()-1; k >= 0; k--)
{
result = result * 10 + GetDigit(k);
} .
if (IsNegative())
{

}

return result;

result *= -1;

A



ostream & operator <<(ostream & out, const BigInt & big)
// postcondition: big inserted onto stream out
{ .

big.Print{out);

return out;

}

istream & operator >> (istream & in, BigInt & big)
// postcondition: big extracted from in, must be whitespace delimited
{

apstring s;

in >> s;

big = BigInt(s);

return in;

}

bool operator == {const BigInt & lhs, const BigInt & rhs)
// postcondition: returns true if lhs == rhs, else returns false
{
return lhs.Equal (rhs);
}

bool BigInt::Equal(const BigInt & rhs) const ) =~
// postcondition: returns true if self == rhs, else retu¥ns false

{

if (NumDigits() != rhs.NumDigits() || IsNegative() != rhs.IsNegative())

{

return false;

i
// assert: same sign, same number of digits;

int k;
int len = NumDigits();
for(k=0; k < len; k++)
{
if (GetDigit(k) != rhs.GetDigit(k)) return false;
}

return true;

3

bool operator != (const BigInt & lhs, const BigInt & rhs)
// postcondition: returns true if lhs != rhs, else returns false
{ ‘

return ! (lhs == rhs);

}

bool operator < (const BigInt & lhs, const BigInt & rhs)
// postcondition: return true if lhs < rhs, else returns false
{

return lhs.LessThan(rhs);

}
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bool BigInt::LessThan(const BigInt & rhs) const
// postcondition: return true if self < rhs, else returns—false

{
// 1f signs aren’t equal, self < rhs only if self is negative
if (IsNegative() != rhs.IsNegative())
{

return IsNegative() ;

}
// 1if # digits aren’t the same must check # digits and sign,

if (NumDigits() != rhs.NumDigits{))
{

return (NumDigits()

(NumDigits ()

rhs . NumDigits () && IsPositive() ||

< )
> rhs.NumDigits () && IsNegative()); -

}

// assert: # digits same, signs the same

int k;
int len = NumDigilts();

for (k=len-1; k >= 0; k--) .
{
1f (GetDigit (k) < rhs.GetDigit(k)) return IsPositive();
if (GetDigit(k) > rhs.GetDigit(k)) return IsNegativel();
}

return false; // self == rhs
}

bool operator > {(const BigInt & lhs, const BigInt & rhs)
// postcondition: return true if lhs > rhs, else returns false

{
return rhs < lhs;

}

bool operator <= (const BigInt & lhs, const BigInt & rhs)
// postcondition: return true if lhs <= rhs, else returns false

{

return lhs == rhs || lhs < rhs;
}

bool operator >= (const BigInt & lhs, const BigInt & rhs)

// postcondition: return true if lhs >= rhs, else returns false
g

1

return lhs == rhs || lhs > rhs;

}

void Biglnt::Normalize()

// postcondition: all leading zeros removed

{
int k;
int len = NumDigits(); -
for(k=len-1; k >= 0; k--) // find a non-zero digit
{

1if (GetDigit(k) != 0) break;
myNumDigits—--; _ // "chop" off zeros

1f (k < 0) // all zeros

myNumDigits = 1;
mySign = positive;




const BigInt & BigInt::operator *=(int num)

// postcondition:
{
int carry = 0;
int product;
int k;
int len = NumDigits();

if (0 == num)

{
*this = 0;
return *this;

}

if (BASE < num|| num < 0)
: .
*this *= BigInt (num) ;
return *this;

}

if (1 == num)
{ - .
return *this;-

}

for(k=0;
{

k < len; k++)

product = num * GetDigit (k)
carry = product/BASE;
ChangeDigit (k, product

}

while (carry !'= 0)

{

returns num * value of BigInt after multTIplication

// product of num and one digit + carry

// treat zero as special case and stop

// handle pre-condition failure

// treat one as special case, no work

// once for each digit
+ carry;

BASE) ;

// carry all digits

AddSigDhigit{carry % BASE);

carry /= BASE;
}

return *this;

BigInt operator *(const BigInt & a,
returns a * num

// postcondition:
{
BigInt result(a);
result *= num;
return result;

}

BigInt operator *(int num,
// postcondition:

{
BigInt result(a);
result *= num;
return result;

}

int num)

const BigInt & a)
returns num * a
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const BigInt & BiglInt::operator *=(const BigInt & rhs)
// postcondition: returns value of bigint * rhs after multiplitation
( .

// uses standard "grade school method" for multiplying

if (IsNegative() != rhs.IsNegative())
{
mySign = negative;
}
else
{
mySign = positive;
}
BigInt self(*this); // copy of self
BigInt sum{0) ; // to accumulate sum )
int k;
int len = rhs.NumDigits{); // # digits in multiplier
for(k=0; k < len; k++)
{
sum += self * rhs:GetDigit(k); // k-th digit * self
self *= 10; T // add a zere
} : e
*this = sum;

return *this;

}

BigInt operator *{const BigInt & lhs, const BigiInt & rhs)
// postcondition: returns a bigint whose value is lhs * rhs
{

BigInt result(lhs);

result *= rhs;

return result;

}
int BigInt::NumDigits{) const
// postcondition: returns # digits in BigInt

{
}

return myNumDigits;

int BigInt::GetDigit(int k) const
// precondition: 0 <= k < NumDigits{()
// postcondition: returns k-th digit

// (0 if precondition is false)
// Note: O0th digit is least significant digit
{ 1f (0 <= k && k < NumbDigits{())

: return myDigits{k] - '0";

ieturn 0;

}

void BigInt::ChangeDigit{int k, int value)
// precondition: 0 <= k < NumDigits()
// postcondition: k-th digit changed to value

// Note: Oth digit is least significant digit
{
if (0 <= k && k < NumbDigits())
{
myDigits[k] = char(’0’ + value);
else )
{
cerr << "error changeDigit " << k << " " << myNumDigits << endl;
}
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void BigInt::AddSigDigit{int value) _ :
// postcondition: value added to BigInt as most significant digit

// Note: Oth digit is least significant digit
{ 1if (myNumDigits >= myDigits:length())
: myDigits.resize(myDigits.length() * 2);
;yDigits[myNumDigits] = char{'0’ + value);
myNumDigits++;

}

bool BiglInt::IsNegative() const

// postcondition: returns true iff BigInt is negative

{ . .
= - © return mySign == negative;

}

bool BigInt::IsPositive() const
// postcondition: returns true i1ff BigInt is positive

{
return mySign =3 positive;

} T ‘




COMPUTER SCIENCE A
SECTION II
Time—1 hour and 45 minutes
Number of qhestions——4
Percent of total grade—50

Some questions in the free-response section require you to write program segments. These are to be written
in C++.

The questions are printed in this booklet and on the green insert. You are to use the green insert only to

organize your responses and for scratchwork, but you must write all your answers in the pink booklet. Write
your answers in pencil only. Be sure to write CLEARLY and LEGIBLY. If you make an error, you may save

time by crossing it out rather than trying to erase it. All questions are given equal weight. Credit for partial
solutions will be given. Do not spend too much time on any one problem.

When you are told to begin, open your booklet, carefully tear out the green insert, and start to work.

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.W

Copyright © 1999 College Entrance Examination Board and Educational Testing Service. All rights reserved.



COMPUTER SCIENCE A
_ SECTION IT
Time—1 hour and 45 minutes
Number of questions—4
Percent of total grade—50

Directions: SHOW ALL YOUR WORK. REMEMBER THAT PROGRAM SEGMENTS ARE TO BE
WRITTEN IN C++.

Note: Assume that the standard hibraries (iostream.h, fstream.h, math.h, etc.) and the AP C++ classes
are included in any program that uses a program segment you write. If other classes are to be included, that
information will be specified in individual questions. A Quick Reference to the AP C++ classes is included in the
case study insert. ‘ - .
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i 1. Assume that student records are implemented using the following declaration. -
struct StudentInfo
{
apstring name;
int creditHours;
double gradePoints;
double GPA;
}i

(a) Write function ComputeGPA, as started below. ComputeGPA should fill in the GPA data member
for the first numStudents records in its apvector parameter roster. A student’s GPA (grade
point average) is computed by dividing gradePoints by creditHours. The GPA for a student with
0 credit hours should be set to O. . .
Complete function ComputeGPA below. Assume that ComputeGPA is called only with parameters that
satisfy its precondition.

void ComputeGPA (apvector<StudentInfo> & roster, int numStudents)
// precondition: roster contains numStudents records, __

// 0 < numStudents £ roster.length(), it which the

// name, creditHours and gradePoints data members

// have been initialized.

// postcondition: The GPA data member for the first numStudents records
// in roster has been calculated.




(b) Write function IsSenior, as started below. IsSenior should return true if-the given student has
at least 125 credit hours and has a GPA of at least 2.0; otherwise, IsSenior shouldreturn false.

For example:

student Result of the call IsSenior (student )
name creditHours gradePoints GPA
King 45 171 3.8 false (notenough chredit hours)
Norton 128 448 35 true

\ Solo 125 | 350 2.8 true
Kramden 150 150 1.0 false (GPA too low)

Complete function IsSenior below.

PO

bool IsSenior (const StudentInfo & student)
o // postcondition: returns true if this student’'s credit hours 2 125
i // and GPA 2 2.0; otherwise, returns false

| GO/ON TO THE NEXT PAGE
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(c) Write function FillSeniorList, asstarted below. FillSeniorList determinés which students in
the array roster are seniors and copies those students’ records to the array seniofs. It should also
set the value of parameter numSeniors to be the number of seniors in the array seniors.

In writing FillSeniorList, you may call function IsSenior specified in part (b). Assume that
IsSenior works as specified, regardless of what you wrote in part (b). ‘

Complete function FillSeniorList below. Assume that FillSeniorList iscalled only with
parameters that satisfy its precondition.

void FillSeniorList (const apvector<StudentInfo> & roster,
int numStudents, apvector<StudentInfo> & seniors,
int & numSeniors)

// precondition: roster contains numStudents records,

!/ 0 < numStudents £ roster.length(),
/7 and seniors 1is large enough to hold all of
// the seniors’ records

560 0N TO THE NEXT PAGE
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(a) Write function WordIndex, as started below. The array wordList contains numWords strings
in alphabetical order. If word isalready in wordList, then WordIndex should return the index
of word in wordList. Otherwise, WordIndex should return the index of the first string in

wordList that comes after word in alphabetical order; it should return numWords if word
comes after all of the strings in wordList in alphabetical order.

For example, assume that array wordlist is as follows:

0 1 2 3
[ " applell |rberry" "pear" Ilquince‘ll
Function Call Value Returned
WordIndex ("air", wordList, 4)

(
WordIndex ("apple”, wordList, 4)
WordIndex ("orange", wordList, 4)
WordIndex ("raspberry“, wordList, 4)

B NO O

Complete function WordIndex below. Assume that WordIndex is called only with parameters that
satisfy its precondition.

int WordIndex(const apstring & word,

const apvector<apstring> & wordList, int numWords)
// precondition: wordList contains numWords strings in alphabetical
// order, 0 € numWords < wordList.length()
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(b) Write function InsertInOrder,- as started below. The array wordList contaips; numWords
strings in alphabetical order. If the string word is already in wordList, InsertInOrder should
not change any of its parameters. Otherwise, it should insert word into wordList in alphabetical order
(i.e., all values greater than word should be moved one place to the right to make room for word), and
it should also increment numWords by 1. Assume that wordList.length() is greater than
numWords.

In the examples below, numWords = 3 before the following call is made.

InsertInOrder ("pear", wordList, numWords)

Before the call After the call
wordList wordList numiWords
" appleu nberryu " quinceu " applen nberry [ npear" " quinceu 4
" appleu nberryu npearn " appleu uberryn "pear" 3
uappleu ufigu "peaéh" uappleu ufign npeachn npear:L 4
"quince" "raisin" "tart”’ "pear" "quince" "raisin" "tart" 4

In writing InsertInOrder, you may include calls to function WordIndex specified in part (a).
Assume that WordIndex works as specified, regardless of what you wrote in part (a).

Complete function InsertInOrder below. Assume that InsertInOrder is called only with
parameters that satisfy its precondition.

void InsertInOrder (const apstring & word,
apvector <apstring> & wordList, int & numWords)
// precondition: wordList contains numWords strings in alphabetical

// order, 0 £ numWords < wordList.length()

// postcondition: 1f word was already in wordList, then wordList and
// numiWords are unchanged;

// otherwise, word has been inserted into wordList in
// sorted order, and numWords has been incremented by 1

0 ON TO THE NEXT PAGE
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3. This question involves reasoning about the code from the Large Integer case study. A Topy of the code is
provided as part of this examination. o

(a) Write anew BigInt member function Div2, as started below. Div2 should change the value of
the BigInt to be the original value divided by 2 (integer division). Assume the BigInt is greater than
or equal to 0. One algorithm for implementing Div2 is:

]. Initialize a variable carryDown to 0.

2. For each digit, d, starting with the most significant digit,

2.1 replace that digit with (d / 2) + carryDown
= 2.2 let carryDown be (d % 2) * 5 ) - -
3. Normalize the result
Complete member function Div2 below.

void BigInt::Div2() . ) ~
// precondition: BigInt = 0 e
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(b) Write function DivPos, as started below. DivPos returns the quotient of the integer division of
dividend by divisor. Assume that dividend and divisor are both positfve values of type

BigInt.

¥

For example, assume that bigNuml and bigNuer are positive values of type BigInt:

bigNuml bigNum?2 DivPos (bigNuml, bigNum2)
18 9 2
17 2 8
- 8714 2178 . 4 ‘ X
- 9990 999 10

There are many ways to implement division; however, you must use a binary search algorithm to find the
quotient of dividend divided by divisox in this problem. You will receive no credit on this part if
you do not use a binary sedrch algorithm.

P

One algorithm for implementing division using binary search is as follows:

1. Initialize low to 0 and high to dividend.
2. For each iteration,

2.1 compute mid = (low + high + 1)
2.2 divide mid by 2

23 if mid * divisor islargerthan dividend (mid istoo large to be the quotient) then set
high equalto mid - 1lelse set low equalto mid.

3. When low == high the search terminates, and you should return low.
In writing function DivPos, you may call function Div2 specified in part (a). Assume that Div2

works as specified, regardless of what you wrote in part (a). You will receive no credit on this part if you
do not use a binary search algorithm.

Complete function DivPos below. Assume that DivPos is called only with parameters that satisfy its
precondition.

BigInt DivPos (const BigInt & dividend, const BigInt & divisor)
// precondition: dividend > 0, divisor > 0




4. A patchwork quilt can be made by sewing together many blocks, all of the same size. Edch individual block is
made up of a number of small squares cut from fabric. A block can be represented asTatwo-dimensional array of
nonblank characters, each of which stands for one small square of fabric. The entire quilt can also be represented
as a two-dimensional array of completed blocks. The example below shows an array that represents a quilt made
of 9 blocks (in 3 rows and 3 columns). Each block contains 20 small squares (of 4 rows by 5 columns). The quilt
uses 2 different fabric squares, represented by the characters ‘x’ and ’.’. We consider only quilts where the

main block alternates with the same block flipped upside down (i.e., reflected about a horizontal line through the
block’s center), as in the example below.

XX WXL L XUXK

%
v
I

Consider the problem of storing and displaying information about a quilt.

The class Quilt, whose declaration is shown below, is used to keep track of the blocks for an entire quilt.
Since the pattern is based on one block, we only store that block and the number of rows and columns of blocks.
For the example shown above, we would store the upper left 4 x 5 block, 3 for the number of rows of blocks in
the quilt and 3 for the number of columns of blocks in the quilt.

class Quilt

{
public:
Quilt(istream & inFile, int rowsOfBlocks, int colsOfBlocks);
// constructor, given number of blocks in each row and column
apmatrix<char> QuiltToMat () ;
// returns a matrix with the entire gquilt stored in it
private:
apmatrix<char> myBlock; // stores pattern for one block
int myRowsOfBlocks; // number of rows of blocks in the guilt
int myColsOfBlocks; // number of columns of blocks in the quilt
void PlaceBRlock (int startRow, int startCol,
apmatrix<char> & gmat);
void PlaceFlipped(int startRow, int startCol,
apmatrix<char> & gmat);
1

GO ON TO THE NEXT PAGE
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(a) Write the code for the constructor that initializes a quilt, as started below. The constructof reads the block
pattern for the main block from a file represented by the parameter inFile. You may assume the file is
open and that the file contains the number of rows followed by the number of columns for the block,
followed by the characters representing the pattern. For example, the file pattern, which contains the
pattern for the first block in the quilt shown above, would look like this:

= The constructor also sets the number of rows and columns of blocks which make up the entire quilt in the
T initializer list. .

Complete the constructor below. Assume that the constructor is called only with parameters that satisfy its
precondition.

Quilt::Quilt{istream & ihFile, int rowsOfBlocks, int colsOfBlocks)
: myBlock (0, 0), myRowsOfBlocks (rowsOfBlocks), -
myColsOfBlocks (colsOfBlocks)
// precondition: inFile is open, rowsOfBlocks > 0, colsOfBlocks > 0
// postcondition: myRowsOfBlocks and myColsOfBlocks are initialized to

// the number of rows and columns of blocks that make up
/7 the quilt; myBlock has been resized and

// initialized to the block pattern from the

// stream inFile.




(b) Write the private member function PlaceFlipped, as started below. PlaceFlibped is intended to

place a flipped (upside-down) version of the block into the matrix gmat with the flipped block’s upper left
corner located at the startRow, startCol positionin gmat.

For example, if quilt Q contains the block shown i in part (a) and if M is a matrix large enough to hold the
characters in the whole quilt, then the call

Q.PlaceFlipped(4, 10, M)
would place the flipped version of Q’s quilt block into matrix M as the third block in the second row of

quilt blocks. This is the block whose upper-left corner is at position M[4] [10]. In the diagram below, the
upper-left corner of the flipped block being placed into M is circled.

X X|..x..|x x
X.X XL L] LXK
.X. X.X. X
.X.
- '
S XL T
.X.X
X...X
X...X
.X.X ..
X X.X. X
X X...X x

You may adapt the code of the private member function PlaceBlock, given below, which places

the block (not inverted) into the matrix qmat with the block’s upper left corner located at the
startRow, startCol position.

void Quilt::PlaceBlock(int startRow, int startCol,
apmatrix<char> & gmat)
// precondition: startRow = 0; startCol = 0;

/7 startRow + myBlock.numrows ()} < gmat.numrows () ;
// startCol + myBlock.numcols () < gmat.numcols();
// postcondition: myBlock has been copied into the matrix
// gmat with its upper-left corner at the position
i startRow, startCol
{
int r, c¢;
for (r = 0; r < myBlock.numrows(); r++)
{
for (¢ = 0; ¢ < myBlock.numcols(); c++)
{

gmat [startRow + r][startCol + ¢] = myBlockl[r]lcl;
}
}
}
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Complete the member function PlaceFlipped below. Assume that PlaceFlipped’ mcaHaioMy
with parameters that satisfy its precondition. T

void Quilt::PlaceFlipped(int startRow, int startCol,
apmatrix<char> & gmat)
// precondition: startRow = 0; startCol = 0;

!/ startRow + myBlock.numrows () < gmat.numrows();
// startCol + myBlock.numcols () < gmat.numcols();
// postcondition: a flipped version of myBlock has been copied into the
// matrix gmat with its upper-left corner at the position
// startRow, startCol
{
int r, c;
for (r = 0; r < nmyBlock.numrows{(); r++)
{
for (¢ = 0; ¢ < myBlock.numcols{); c++)
{
} -
}
}




(c) Write the member function QuiltToMat, as started below. QuiltToMat returns a matrix representing
the whole quilt in such a way that the main block alternates with the flipped version of the main block, as
shown in the original example. If Q represents the example quilt, then the call Q.QuiltToMat ()
would return a matrix of characters with the given block placed starting with the upper-left corner at position
0, 0; the flipped block placed with its upper-left corner at position 0, 5; the given block placed with its upper-
left corner at position 0, 10; the flipped block placed with its upper-left corner at position 4, 0, and so on.

In writing QuiltToMat, you may call functions PlaceBlock and PlaceFlipped specified in
part (b). Assume that PlaceBlock and PlaceFlipped work as specified, regardless of what you
wrote in part (b).

Complete the member function QuiltToMat below.

apmatrix<char> Quilt::QuiltToMat ()

END OF EXAMINATION
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Matching multiple-choice answers and free-response scoring follow.

Historical C++ Computer Science A format; matching shared A/AB solution material
retained.
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Section I: Multiple Choice

Listed below are the correct answers to the multiple-
choice questions and the percentage of AP candidates who
answered each question correctly by AP grade, and the
total percentage answering correctly.

Section 1 Answer Key and Percent Answering Correctly
Computer Smence AB -
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Section ll: Free Response

Student Preparation for the Exams
The 1999 AP Computer Science A and Computer

Science AB Examinations each had four free-response
questions, two of which were common questions
appearing on both examinations. Correct solutions,
scoring guidelines, and actual student answers are
provided on the following pages for each of the six
free-response questions. The guidelines can be read
as examples of what faculty consultants thought were
important in doing these problems.

1999 was a remarkable year for the AP Computer
Science program. It marked the initial delivery year of
the A and AB exams in a new programming language,
C++, and saw a record number of exams taken (almost
19,000 total; 12,067 A and 6,591 AB, up from approxi-
mately 10,500 in 1998 and 11,750, the previous high,
in 1997). The change in language allowed questions
that explored the new territory that C++ has opened up,
while resulting in an exam that graded very similarly to
past AP Computer Science Exams. In particular, while
one might expect dramatic differences in student
performance due to the language shift, this was not
observed. Students made conceptual errors similar to
those they made in the past and did not seem stymied
at all by the new delivery language.

As had been done in 1998, the exam contained
slightly different versions of an overlap question to
make the question work reasonably well for both A and
AB students. To accomplish this goal, a more detailed
algorithm was provided on part (b) of the A version of
the Case Study question than was provided on the AB
version. Looking at each exam overall, the A exam was
slightly more difficult than the 1998 A exam, with
question Al being easier and questions A2 and A4
being harder than similar questions in the past. The AB
questions were well balanced, with the question AB3
being a slightly easier than usual linked list problem.
See Chapter IV and the Technical Corner of the AP
website (www.collegeboard.org/ap/techman) for
information on how the difficulty level of questions
is handled when determining AP grade boundaries
each year.

In general, students need _to;Be familiar with the
member functions and operators available to them
for the AP classes. Teachers should teach these classes
carly, as well as introduce other classes, to ensure that
students are comfortable with writing constructors and
member functions.

Students should be encouraged to use abstractions
that are provided. Some excellent examples of this
principle are using the overloaded relational operators
for apstrings (e.g., ==, <, >) instead of performing
character-by-character comparisons and the private.
helper functions GetDigit, AddSigDigit,
ChangeDigit, and NumDigits in the Large
Integer Case Study. Invariably, when students try to
code these themselves, they get them wrong.

On array questions, where students are provided
with an explic;it number-of entries to examine, they
typically confuse that number with the length of the
array (e‘g., numStudents vs. roster.length ()
on Question Al, part (a)). Students also lose points by

being off by one in their loops which traverse the array,
e.g., using

for (i = 0; 1 <= numStudents; i++)
instead of
for (i = 0; 1 < numStudents; 1++)

on Question Al. Students should also be discouraged
from arbitrarily resizing arrays. If a question indicates
that there is enough room to store the data (as in
Question Al and A2), there’s no need to resize. Benign
resizes were not reasons to lose points on the 1999
exam, but destructive resizes did lose points.

Students are also expected to be able to read from
external files. Files on AP Exams are well formatted, so
there's almost no need to resort to strange loops or
member functions to read the data. A file (infile)
that contained an arbitrary number of lines of text
where each line contained a name (as an apstring), an
age (as an int), and a QPA (as a double) would be read
as follows:

while (infile >> name >> age >> gpa)
{ ,

process name, age, and qgpa
}

Note that no reference is made to eof, and the reads
are happening as extractions in the loop guard.




(b) Write function IsSenior, asstaried below. IsSenior shouldreturn true if'the given student has
at least 125 credit hours and has a GPA of at least 2.0; otherwise, IsSenior shoufdreturn false.

For example:

student Result of the call kIsSenicLstudent)
name creditHours gradePoints GPA

King 45 171 3.8 false (notenough ;:redit hours)
Norton 128 . 448 35 true )

Solo 125 350 2.8 true

Kramden 150 150 1.0 false (GPA toolow)

Complete function IsSenior below.

bool IsSenior(const StbﬁdentInfo & student)
// postcondition: returns true if this student’s credit hours 2 125

// and GPA 2 2.0; otherwise, returns false

ff’i’urn((f}tudenf. credf‘&(—lours - = /RS) &4 CStUd@ﬂf- GFPA 2= D'OD
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Solutions and Samples: A1

(c) Write function FillSeniorList, asstarted below. FillSeniorList determings which students in
the array roster are seniors and copies those students’ records to the array seniors. It should also
set the value of parameter numSeniors to be the number of seniors in the array seniors.

In writing FillSeniorList, younmycﬂ]ﬂnmuon IsSenior qmmﬁedxnpm1004kguwwthm
IsSenior works as specified, regardless of what you wrote in part (b).

Complete function FillSeniorList below. Assume that FillSeniorList is called only with
parameters that satisfy its precondition.

void FillSeniorlist(const apvector<StudentInfo> & roster,
int numStudents, apvector<StudentInfo> & seniors,

' int.& numSeniors)
// precondition: roster contains numStudents records,

/7 0 < numStudents £ roster.length(),
/7 and seniors is large enough to hold all of
// the seniors’ records

Lo ‘

1nC ount, E .

for(count z0] count & numStudents | Covid +4)

H

F(TsSeniar (s osterLcountd)

d

Sen(or-g[ﬂqmje,\jo,fsj = rosterCCou;ﬂ,Z']j

Nym Seriors +4,

3




Good Solution: 6 points (5"/2, rounds up)

1. Assume that student records are implemented using the following declaration.

(a)

struct StudentInfo

{
apstring name;
int creditHours;
double gradePoints;
double GPA;

Y

Write function ComputeGPA, as started below. ComputeGPA should fill in the GPA data member
for the first numStudents recordsinits apvector parameter roster. A student’s GPA (grade-
point average) is computed by dividing gradePoints by creditHours. The GPA for a student with
0 credit hours should be set to 0.

Complete function ComputeGPA below. Assume that ComputeGPA is called only with parameters that
satisfy its precondition.

void ComputeGPx(apvector<StudentInfo> & roster, int HﬁmStudents)

// precondition: roster contains numStudents records,

r/ 0 < numStudents < roster.length(), in which the

// name, creditHours and gradePoints data members

/7 have been initialized.

// postcondition: The GPA data member for the first numStudents records
// in roster has been calculated.

2

fbr(ﬁﬁ+ C\=C3} O‘Sr\uhnf5+uékh\¥ﬁ§ 3Ci4¥:>

rogtes” [cx], GPA = roster[a]. Smdepmrﬁ‘fs/ roste[0]. cresit HW55
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Solutions and Samples: A1

(b) WTrite function IsSenior, asstarted below. IsSenior shouldreturn true ifthe'éiven student has
at Jeast 125 credit hours and has a GPA of at Jeast 2.0; otherwise, IsSenior shouldreturn false.

For example:
student Result of the call IsSenior (student)
name creditHours gradePoints GPA
King 45 171 3.8 false (notenough creéithours)
- Norton 128 - 448 35 true
- Solo 125 350 2.8 true
Kramden 150 150 10 false (GPA toolow)

Complete function IsSeriior below.

b

-

bool IsSenior(const StudentInfo & student)
// postcondition: returns true if this student’s credit hours 2 125

// and GPA 2 2.0; otherwise, returns false

£ (student. creditHoors 2(2$)

{ . v
1€ (studenty. GPA > Z2.0)

L
§

return irue

§

else. |
‘ retorn falie]




(c) Write function FillSeniorList, asstarted below. FillSeniorList detefmines which students in
the array roster are seniors and copies those students’ records to the array sefiors. It should also
set the value of parameter numSeniors to be the number of seniors in the array seniors.

In wnting FillSeniorlist, you may call function IsSenior specified in part (b). Assume that
IsSenior works as specified, regardless of what you wrote in part (b).

Complete function FillSeniorList below. Assumethat FillSeniorList iscalled only with
parameters that satisfy its precondition.

void FillSeniorList(const apvector<StudentInfo> & roster,

/7
/1l
/7
//

]

{b) 1 out of 2. Poor chmce to use nested 1 £ 3 results m rmssma case. o
":(c) 3 our. of4 Incorrect call to IsSenlor e

int numStudents, apvector<StudentInfo> & seniors,
int & numSeniors)
precondition: roster contains numStudents records,
0 < numStudents £ roster.length(),
and seniors is large enough to hold all of
the seniors’ records

boo) o)
int b=0;
NomSeniocs =0;
for Cint (=0, 14 NumSTudents ; I‘H')
Z a = TsSenio— (roste]i]. r\arfw_:)
r‘@@==+r‘ue,>

i1

-

Seniots Ebj'ham" = O el - NS
TEniofS Lb {.ermd= SNavrs = /"GS'rr.’;r‘/‘l d.crepi ,-qur-r“
seaiors [ b1, S‘Qd@%m\« =rosteri]. qrode, Bints:

\,))

SQY“\\C("S Ebj GGR’ roc..‘c('*k,.?- \:P,T)
NOM DENICTS ++;
g b++;
: Commenta ry: |
(3) 1% out of 3. Student commxts an array bounds error (<— mstead of <) and does not h’ dle
credl tHours ==0 case. ‘ r
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Solutions and Samples: A1

o
L

Poor Solution: 3 points (2'/2, rounds up)

-

1. Assume that student records are implemented using the following declaration.

(@)

£

struct StudentInfo

{
apstring name;
int creditHours;
double gradePoints;
double GPA;

}:

Write function ComputeGPA, as started below. ComputeGPA should fill in the GPA data member

for the first numStudents recordsinits apvector parameter roster. A student’s GPA (grade
point average) is computed by dividing gradePoints by creditHours. The GPA for a student with
0 credit hours should be set to 0.

Complete function ComputeGPA below. Assume that ComputeGPA is called only with parameters that
satisfy its precondition. ~ . : -

RS

void ComputeGPA (apvector<StudentInfo> & roster, int numStudents)
// precondition: roster contains numStudents records,

// 0 < numStudents £ roster.length(), in which the
// name, creditHours and gradePoints data members
// have been initialized.
// postcondition: The GPA data member for the first numStudents records
/7 in roster has been calculated.
’gim.“’ H'Oursﬁ ol O>

GPA: O

)

clse

EPL= amdePon /el t it ;

rfL.\rr\ 6‘? P.' .\>
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(b) Write function IsSenior, asstarted below. IsSenior should returm true if the given student has
at least 125 credit hours and has a GPA of at least 2.0; otherwise, IsSenior shouldretum false.

For example:

student Result of the call ‘IsSenior {student)
name creditHours gradePoints GPA

King 45 171 3.8 false (notenough credit hours)
Norton 128 A 448 35 true i
Solo 125 350 2.8 true

Kramden 150 150 1.0 false (GPA too low)

Complete function IsSenior ‘below.

bool IsSenior{const StﬁdentInfo & student)
// postcondition: returns true if this student’s credit hours 2 125

// and GPA 2 2.0; otherwise, returns false

d

W (Crd i 2127 2 GPE » = 2.0)
rC)'.\f‘y\ -
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Solutions and Samples: A1

(c) Write function FillSeniorList, asstarted below. FillSeniorList deterrgixj_és which students in
the array roster are seniors and copies those students’ records to the array seniors. It should also
set the value of parameter numSeniors to be the number of seniors in the array seniors.

In writing FillSeniorList, you may call function IsSenior specified in part (b). Assume that
IsSenior works as specified, regardless of what you wrote in part (b).

Complete function FillSeniorList below. Assumethat FillSeniorList iscalled only with
parameters that satisfy its precondition. :

void FillSeniorList (const apvector<StudentInfo> & roster,

// precondition:”

//
1/
/7

z

int numStudents, apvector<StudentInfo> & senlors,
int & numSeniors)

roster contains numStudents records,

0 < numStudents £ roster.length(),

and seniors is large enough to hold all of

the seniors’ records

IL C"W‘l'\ Q"Lv\}cn% - TS SC‘N()‘D
Os—er Lgeﬂ‘,cfg )

17N S?hl"p\‘s- r£512¢€ Cc"e“rb"fn ‘6“41‘)" <>> 7

€ My m

[ Commentafy

(a) Y2 out'of 3. Generously earns the two points for identifying and calculating GPA in the zero and non-
' zeto case but has two usage errors: improper (non-existent) struct notation (-1), and returns GPA when
_the function is void -'72). Thus, 2 pomts were earned and there were 1'/> usage deductions on this part,

for a net. ofllv
(b) 2 out of 2,
. © 0 out of 4.




Computer Science A: Question 2

Overview

This question, a harder one-dimensional array question,
asked the students to reason about an ordered array of

strings. Students needed to both understand the string
abstraction and develop correct algorithms for manipu-
lating the ordered array. The solution-space for this
question was very large, making it both very interesting
and very difficult to grade. The question had a mean of
3.72 (4.89 if 0’s and —’s are not counted) and a very
even distribution of scores, making it an effective
discriminator across all grade cutpoints.

In part (a), the student was required to return the
"insertion position" of a given string in the ordered
array. Many students checked for equality only (a
standard search) instead of what was required. As is
often the case with array questions, students also went
beyond the valid region of the array (by looping to
wordList.length () instead of numWords). In

addition, many students did Qo;f.correctly handle the
apstring abstraction, attempting to use invalid
comparisons (e.g., strcmp) instead of valid
apstring member functions and operators (e.g.,
==). In the same vein, students also resorted to a
character-by-character comparison of strings, which was
rarely done correctly.

In part (b), the student was asked to (potentially)

insert a new word in the correct position in the ordered
array, shifting elements as appropriate. Many students

failed to properly exploit the WordIndex abstraction
that part (a) afforded them in solving part (b). Another

common error was to use the element at the position
returned by WordIndex to determine whether to

insert the new element. If this position was equal to
numWords, a comparison to an array location whose
contents were unknown was being performed. Finally,
many students inserted the new word multiple times

or had problems shifting data in the array after a
correct insertion.
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Scoring Guidelines: A2

Scoring Guidelines _

Pait A:

wWordIndex (4 points)

+2  find and return insertion point or current location for any word >= first item and <= last (must
have loop/recursion and comparison of wordList [1] with word)
+1 attempt
+1 correct

+2  boundary cases
+1  determines if before the first item (returns 0) OR after the last item (returns numWords)
+1  correct value returned on both boundaries (including empty list)

Note: a solution that consistently treats the list in decreasing alphabetical order can get both boundary
case points (as well as first attempt point)
Part B: ITnsertInOrder (5 points)
+1  guard against insertion if and only if word is already in the list
+1/2  attempt (insufficient to examine only one element or only compare WordIndex to 0)
+1/2  correct S —
+2  shift list items or sort list
+1  attempt (must use a loop/recursion to copy multiple list items from at least two different
source locations to at least two different destination locations)
+1 correct items in positions [numWords down to WordIndex (word, wordList,
numWords) + 1] are modified
+11/2 locate position and insert word exactly once (insert almost always needs to follow shift)
+1/2  attempt to locate or insert word
+1 correct
+1/2 increment numWords at most once and in conjunction with an insert attempt
Usage:
-1  cout << result
-1 destructive resize (benign resize loses 0 usage points)
-1/2 WordIndex( . Y=
-1/2 WordIndex (const apstring & word,
const apvector<apstring> & wordList, int numWords)
-1/2 vector access as . instead of [ ]
-1/2 temp variable declared improperly (e.g., wrong type or length)
-0 no variables declared
Note: assignment to word not allowed (loses “correct”)
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Sample Student Responses

Excellent Solution: 9 points

(a) Write function WordIndex, as started below. The array wordList contains numWords strings
in alphabetical order. If word is already in wordList, then WordIndex should return the index
of word in wordList. Otherwise, WordIndex should return the index of the first string in
wordList that comes after word in alphabetical order; it should return numWords if word

= comes after all of the strings in wordList in alphabetical order.

o
: For example, assume that array wordList is as follows:
0 1 2 3
fapple® f"berry' *pear® *Juince?®
Function Call Value Returned

WordIndex(*air®, wordList, 4)
WordIndex{“apple®, wordList, 4)
WordIndex("orange®, wordList, 4)
WordIndex("raspberry®, wordList, 4)

eNOoo

Complete function WordIndex below. Assume that WordIndex is called only with parameters that
satisfy its precondition.

int WordIndex(const apstring & word,

const apvector<apstring> & wordList, int numWords)
// precondition: wordlList contains numWords strings in alphabetical
// order, 0 £ numWords < wordList.length{)

¢

nt ox= D}
N‘M]\e( (% Lr\um\‘v\f"f—\g (&i(wgrc\f_?y\*[xj4\00rd>>
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Solutions and Samples: A2
ey (b) Write function InsertInOrder,. as started below. The array wordList contains numWords
strings in alphabetical order. If the string word is already in wordList, InsertInOrder should
not change any of its parameters. Otherwise, it should insert word into wordList in alphabetical order
(i.e., all values greater than word should be moved one place to the right to make room for word), and

it should also increment numWords by 1. Assume that wordList.length() is greater than
numWords.
In the examples below, numWords = 3 before the following call is made.

g InsertInOrder ("pear", wordList, numWords)

Before the call After the call

» wordList wordList numWords
" appleu f berryu nquinceu " appleu uberry ] npearu nquinceu 4
" applen uberryu npearn " appleu ||berryn upearn 3
nappleu nfign npeachu R napplen nfign upeachu npearu 4
"quince" "raisin" "tart" = "pear" "quince" "raisin" "tart" 4

In writing InsertInOrder, you may include calls to function WordIndex specified in part (a).
Assume that WordIndex works as specified, regardless of what you wrote in part (a).

Complete function InsertInCrder below. Assume that InsertInOrder is called only with
parameters that satisfy its precondition.

void InsertInOrder (const apstring & word,
apvector <apstring> & wordList, int & numWords)
// precondition: wordList contains numiWords strings in alphabetical

/7 order, 0 £ numWords < wordList.length()

// postcondition: if word was already in wordList, then wordList and
// numWords are unchanged;

!/ otherwise, word has been inserted into wordList in
/7 sorted order, and numWords has been incremented by 1

int X, index;
for(x= 0). X< num Wor &5}')(44’)
H(word List D= = wor &)

(e‘mm)‘

index = Word In d\ex(wm’ﬁ, wordlist, numWer dS)}

‘Q)f( X= ﬁumlﬂové&}f ¥> indé€x) Y--)
wm(ﬁL;'S\LLx]: woﬁﬁLiS+{x’[ji

wordListGindex = word;

o midord st




a) Student uses a standard while loop solution.
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Solutions and Samples: A2

Good Solution: 6 points
2.

— -

(a) Write function WordIndex, as started below. The array wordList contains numWords strings
in alphabetical order. If word is already in wordList, then WordIndex should return the index
of word in wordList. Otherwise, WordIndex should return the index of the first string in
wordList that comes after word in alphabetical order; it should return numWords if word
comes after all of the strings in wordList in alphabetical order.

For example, assume that array wordList is as follows:

= 0 i 2 3 )
*apple*® "berry”* ‘pear"® "quince*®
Function Call Value Returned

WordIndex("air®, wordList, 4)
WordIndex{"apple®, wordList, 4)
WordIndex (®"orange®, wordList, 4)
WordIndex ("raspberry®, wordList, 4)

OO

Complete function WordIndex below. Assume that WordIndex is called only with parameters that
satisfy its precondition.

int WordIndex(const apstring & word,

const apvector<apstring> & wordlList, int numWords)
// precondition: wordList contains numWords strings in alphabetical
/7 order, 0 € numWords < wordList.length()

g i
.. 0 ;Lm}“bjx)fﬁ,‘ l'hL)

Po ( 'Y
rf S ud =7 Jord Lict (i)

| {aordiist 0] Dueed))
(et /7
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(b) Write function InsertInOrder, as started below. The array wordList cofitains numWords
strings in alphabetical order. If the string word is already in wordList, InsertInOrder should
not change any of its parameters. Otherwise, it should insert word into wordList in alphabetical order
(i.e., all values greater than word should be moved one place to the night to make room for word), and
it should also increment numWords by 1. Assume that wordList.length() is greater than
numWords.

In the examples below, numWords = 3 before the following call is made.

InsertInOrder {"pear®, wordlList, numWords)

Before the call After the call
T wordList ' wordList " numWords
*apple® ®“berry® “quince-® “apple® "berry*® °"pear® °"guince® 4
"apple” "berry® *"pear"® *apple® "berry® °“pear”® 3
*apple® *"fig® ‘"peach” “apple® °fig®" "peach®" “pear® 4
"quince" "raisin® "tart® "pear® "guince® “raisin® "tart® 4

In writing InsertInOrder, you may include calls to function WordIndex specified in part (a).
Assume that WordIndex works as specified, regardless of what you wrote in part (a).

Complete function InsertInOrder below. Assume that InsertInOrder iscalled only with
parameters that satisfy its precondition.

void InsertInOrder(const apstring & word,
apvector <apstring> & wordList, int & numWords)
// precondition: wordList contains numWords strings in alphabetical

// order, 0 £ numWords < wordList.length{()

// postcondition: if word was already in wordList, then wordList and

/7 numWords are unchanged:;

// otherwise, word has been inserted into wordList in

// sorted order, and numWords has been incremented by 1
( ¢ ‘.
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Solutions and Samples: A2

Commentary: LT m g SO ‘, RTARES

(a) 3 out of 4. Student does not get all boundaxy cased arferts i , S L

(b) 3 out of 5. Student loses correctness /> point if word is already thererand correctness pomt on. shtft .
‘The student also does not increment numwords after inserting. Note that the resize that is performed is
non- destructlve (benign) and so does not lose any pomts ~ :




Poor Solution: 3 points

(a) Write function WordIndex, as started below. The array wordList contains numWords strings
in alphabetical order. If word is already in wordList, then WordIndex should return the index
of word in wordList. Otherwise, WordIndex should return the index of the first string in
wordList that comes after word in alphabetical order; it should return numWords if word
comes after all of the strings in wordList in alphabetical order.

For example, assume that array wordlist is as follows:

o 0 1 2 3
) *apple® *berry® ‘pear"® "quince-*
Function Call Value Returned

WordIndex(®air®;, wordList, 4)
WordIndex(®"apple®, wordList, 4)
WordIndex("orange®, wordlList, 4)
WordIndex{"raspberry®, wordList, 4)

S NOoOo

Complete function WordIndex below. Assume that WordIndex is called only with parameters that
satisfy its precondition.

int WordIndex(const apstring & word,
const apvector<apstring> & wordlList, int numWords)
// precondition: wordList contains numWords strings in alphabetical

// order, 0 € numWords < wordList.length()

3

]

}V\'* X/

forl= O/‘ X (:numwcrd;fj‘ X++)
y 5 Cwvord 7WO(’0UCI+C-X3}

1

ceturn Cxrld) .
e_[g{:‘; C(J.Jofol\ = 5WD(;{’/J‘)"C§<3)
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Solutions and Samples: A2

(b) Write function InsertInOrder, as started below. The array wordList contains numWords

strings in alphabetical order. If the string word isalready in wordList, InsertInOrder should
not change any of its parameters. Otherwise, it should insert word into wordList in alphabetical order
(i.e., all values greater than word should be moved one place to the right to make room for word), and
it should also increment numWords by I. Assume that wordList.length() is greater than
numWords.

In the examples below, numWords = 3 before the following call is made.

InsertInOrder({"pear®, wordList, numWords)

Before the call After the call

wordlList . wordList numWords
"apple” °"berry®" °"quince” "apple® *"berry® ®"pear® "quince-* 4
"apple” °"berry® °pear"” *apple®” °"berry® °"pear"® 3
"apple® "fig®" °"peach"” . rapple® *"fig® "peach®” *“pear-® 4
"quince" "raisin® "tart® *pear® "quince® "raisin®" “tart® 4

In writing InsertInOrder, you may include calls to function WordIndex specified in part (a).
Assume that WordIndex works as specified, regardless of what you wrote in part (a).

Complete function InsertInOrder below. Assume that InsertInOrder is called only with
parameters that satisfy its precondition.
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void InsertInOrder(const apstring & word, ‘ .
apvector <apstring> & wordList, int & numWords)
// precondition: wordList contains numWords strings in alphabetical

// order, 0 £ numWords < wordList.length()

// postcondition: if word was already in wordList, then wordList and
// numWords are unchanged; ‘

/7 otherwise, word has been inserted into wordList in
/7 sorted order, and numWords has been incremented by 1

¢ ind Yy Y, 2
’go v ‘C%: 0/' X <= wofd“sjf-/eng-'/h‘) Xt+ )
-+ CWO( d/ist LxJ< word)
1 ‘(:oc y CX)')( = WOrd\is+- /E’mg{-h)‘ )"hy
S d ['st Lx+17 = wordlistCxd;
3 ) : ’ - -
wordlit e word) -

Lot (§70; <= word Iist-lengthy x11)
£ word list ij7w0rd’)
"(or(zi%) 2 <= wordlisf. /€n3¥19 2- ")
Gwordi<tL x- 11z word [(sTLX3)

iord [isHLx3 = wordl)

3 5

Commentary:

(a) 1 out of 4. Student earns only the general attempt point.
(b) 2 outof 5. Student earns only the attempt points.




Computer Science A: Question 3;
AB: Question 2

Overview

This question involved reasoning about the AP Com-

puter Science Large Integer Case Study. In particular,
students were required to add a member function to the
BigInt class as well as implement division. As a

division question using repeated subtraction had been
asked on the 1997 exam, scudents were constrained to
use binary search in their division algorithm for part (b)

of this exam. It was explicitly prohibited to use any
algorithm other than binary search, so a “broader than

textbook” interpretation of binary search was used to
determine whether a student’s solution was headed
down a potentially correct path-and thus .:eould be
graded. :

As was the case in years past, many A students (just
under 40) either omitted or zeroed the entire question,
resulting in a mean score of 2.88 (but this rises to 4.70
if 0’s and —’s are not counted). In contrast, only 17.5
percent of AB students omitted or zeroed the question,
resulting in a mean of 3.75 for AB students (4.56
without 0’s and —’s). As was done on a non-case study
question in 1998, the students taking the A exam were

provided with a more specific algori"t.hmic hint in the
construction of their code on part {b) than were the
students taking the AB exam. This explains the higher
mean for A students when 0’s and —’s are not counted.
This question discriminated well at the 3-4 grade
cutpoint on the A exam and the 3-4 and 4-5 grade
cutpoints on the AB exam.

Since the algorithm for part (a) was very tightly
prescribed on both exams, most students did well.
Common errors included loop bounds that were
incorrect or loops that went in the wrong direction.

It was acceptable to access the digits directly (instead
of using abstractions such as GetDigit or

ChangeDigit), but students who did so usually
neglected to compensate for the fact that the digits are
stored as an array of characters, not integers.

In part (b), the A students-were aided by the algo-
rithmic hint and so tended to write solutions that were
closer to the mark. Most AB students seemed to have a
difficult time translating the invariant into working
code that moved the boundaries of the search appropri-

ately. There were also many different errors with respect
to calling the Div2 () member function written in

part (a).



Scoring Guidelines

Part A: Div2 (4 points)
+1/2  init carryDown (must later attempt to-assign value based on a digit)
+1 loop over digits
+1/2  begin at most significant end (e.g.,, NumDigits( ) - 1)
+1/2  correct
+1 compute and store current digit (repeatedly)
+1 compute and store carryDown (repeatedly)
+1/2 normalize quotient (must have attempted to change a digit)
Part B: DivPos (and operator/) (5 points)

In order to receive any points for Part B, must repeatedly
— compute the approximate midpoint

OR

Usage:

+1/2
+1/2
+1 1/2

+1
+1
+1/2
-1/2
-1/2

— potentially update both bounds based on a comparison .
declare and init 1ow, high, and mid appropriately
loop until quotient found

compute and store mid
+1/2  sum bounds
+1 divide by 2 and store (integer division is not defined for BigInts)

identify which side of interval to search next
correctly assign to next value of high/low
return quotient

improper syntax on Div2 call

BigInt.NumbDigits () ;
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Solutions and Samples: A3 and AB2

Sample Student Responses

Excellent Solution: 9 points (82, rounds up)

3. This question involves reasoning about the code from the Large Integer case study. A copy of the code is
provided as part of this examination.

(a) Write anew BigInt member function Div2, as started below. Div2 should change the value of
the BigInt to be the original value divided by 2 (integer division). Assume the BigInt is greater than
or equal to 0. One algorithm for implementing Div2 is:

I. Initialize a variable carryDown to 0.

2. For each digit, d, starting with the most significant digit,

2.1 replace that digit with (d / 2) + carryDown

2.2 let carryDown be {d % 2) *5 : ~
3. Normalize the result
Complete member function Div2 below.

void BigInt::Div2{()
// precondition: BigInt 2 0

¢

ke CarryDown = O,
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£ (b) Write function DivPos, as started below. DivPos returns the quotient of the infeger division of
dividend by divisor. Assumethat dividend and divisor are both positive values of type
BigInt. )
For example, assume that bigNuml and bigNum2 are positive values of type BigInt:

bigNuml biagNum2 DivPos (bigNuml, bigNum2)

18 9 2

17 2 8

o 8714 2178 . 4
9990 999 10

There are many ways to implement division; however, you must use a binary search algorithm to find the
quotient of dividend divided by divisor in this problem. You will receive no credit on this part if
you do not use a binary Search algorithm. : -

One algorithm for implementing division using binary search is as follows:

1. Initialize low to 0 and high to dividend.
2. For each iteration,

2.1 compute mid = (low + high + 1)
2.2 divide mid by 2

23 if mid * divisor islargerthan dividend (mid istoo large to be the quotient) then set
high equalto mid - 1lelse set low equalto mid.

3. When low == high the search terminates, and you should retumm low.
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Solutions and Samples: A3 and AB2

In writing function DivPos, you may call function Div2 specified in part (a). Assumie that Div?2
works as specified, regardless of what you wrote in part (a). You will receive no crediron this pan if you
do not use a binary search algorithm,

Complete function DivPos below. Assume that DivPos iscalled only with parameters that satisfy its
precondition.

BigInt DivPos(const BigInt & dividend, const BigInt & divisor)
// precondition: dividend > 0, divisor > 0

BiaTnsr low (0);

T’;s%'ln{ h%‘n(dw{di,\c}},‘
B"SI 1t g .
while (low B \.‘3\,\)

.
¢

™ idz (low -M-\:g\',\ +D; ,
{’“*'d : DNQ; s * -
Wf ((midx diq<55r3>c{‘\q{d;_ncl) ’k

' .
/

P\\'s‘na (M{A~
tise
3 *D‘-J: \"v-\ldl

Ce e Llo@)‘;

Commentary:
~(a) 3!/2 out of 4. Student loses loop correctness '/ point due to x++ instead of x- - .
(b) 5 out of 5. Standard solution, albeit with some missing ()’s on the call to the Div2 member function (an

unpenalized usage error).



Good Solution: 6 points

—

2. This question involves reasoning about the code from the Large Integer case study. A copy of the code is.
provided as part of this examination.

(a) Write anew BigInt member function Div2, as started below. Div2 should change the value of
the BigInt to be the original value divided by 2 (integer division). Assume the BigInt is greater than
orequalto 0. One algorithm for implementing Div2 is:

1. Initialize a variable carryDown to 0.

2. For each digit, d, starting with the most significant digit,
2.1 replace that digit with(d / 2) + carryDown
2.2 let carryDown be (d % 2) * 5

3. Normalize the result.

Complete member function Div2 below.

void BigInt::Div2()
// precondition: BigInt 2 0

{

wT o] Pown "O;

Lo (ot digit = myNuum Digre -1 digit > = 05 digit =) ¢
LW{DTg\‘\'(dzﬁi'%’)' (o Diop & Bigi+] Q)‘* Coua POwWN Y
coamliomn =( oD gl °fe 3) % 5

B

Nynalize Q/\
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Solutions and Samples: A3 and AB2

(b) Write a definition to overload the / operator, as started below. Assume that dividend and divisor
are both positive values of type BigInt.

For example, assume that bigNuml and bigNum2 are positive values of type BigInt:

biqNuml @ biaNum2 d\/gigNuml / bigNum?
¢ >
\

AW
18 9 2
17 2 8
8714 2178 4
9990 999 10

There are many ways to implement division; however, you must use a binary search algorithm to, find the _
quotient of dividend divided by divisor in this problem. You will receive no credit on this part if

you do not use a binary search algorithm.

One possible algorithm for implementing division using binary search is as follows:

Let low and high represent a range in which the quotient is found.

Inivalize low 10 0 and high to dividend.

For each iteration, compute mid = (low + high + 1), divide mid by 2, and compare

>
mid * divisor with dividend to maintain the invariant that low £ quotient and

high 2 quotient.
v When low == high, the quotient has been found.

In wniting function operator/ you may call function Div2 specified in part (a). Assume that Div2
works as specified, regardless of what you wrote in part (a). You will receive NO credit on this part if you do

not use a binary search algonthm.

s
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Complete operator/ below.Assume that operator/ iscalled only with paramelers that satisfy its
precondition,

BigInt operator/ (const BiglInt & dividend,
? // precondition: dividend > 0, divisor > 0

bgint 1oV (0) high = Maderd , ore (1)
h\g'lwt lal
while Clow V= V\YJY\)E
witd = Jlhw tlagh +ove
wid. Dival)
vE ((wid 2 dduy 7’9\\\’\7‘1&/\9()
Wigh = i
C elee tow= wid
3 o ‘ .
rehman Wigh

const BigInt & divisor)

3

,Commentary

(a) 2 out of 4. Usm

o myD:Lg i ts costs thxs student, as dths are. stored as an array of char, not int. Even
- xfmyDlgl ts W

ere used correctly, the faxlure to store the current dlglt means that the CarryDown

g Computatlon is tainted and thus would be incorrect.
‘(?b: ,4

4out of 5 Studcnt mcorrectiy updates hlgh
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Solutions and Samples: A3 and AB2

Poor Solution: 3 points (2'/2, rounds to 3)

-

3. This question involves reasoning about the code from the Large Integer case study. A copy of the code is
provided as part of this examination.

(a) Writeanew BigInt member function Div2, as started below. Div2 should change the value of
the BigInt to be the original value divided by 2 (integer division). Assume the BigInt is greater than
or equal to 0. One algorithm for implementing Div2 is:

l. Initialize a variable carryDown to 0.
2. For each digit, d, starting with the most significant digit,
T 2.1 replace that digit with (d / 2) + carryDown . . .
2.2 let carryDown be (d $ 2) * 5
3. Normalize the result

Complete member function Div2 -below. - -

void BigInt::Div2 ()
// precondition: BigInt 2 0

2 :
i Cam.scu‘mw 0,

It 1en = Mol

l,’\T Z-.)
\s’\lr K;
Lor L= len-) =62 0 -
SZ’ A Lew o Fu
x = Getligmt),

3
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o

(b) Write function DivPos, as started below. DivPos returns the quotient of the iffteger division of
dividend by divisor. Assumethat dividend and divisor are both-positive values of type
BigInt. '

For example, assume that bigNuml and bigNum2 are positive values of type BigInt:

bigNuml bigNum2 DivPos (bigNuml, bigNum2}
18 9 2
17 2 8
8714 2178 4 )
9990 999 10

There are many ways to implement division; however, you must use a binary search algorithm to find the
quotientof dividend divided by divisor in this problem. You will receive no credit on this part if
you do not use a binary search algorithm.

s

One algorithm for implementing division using binary search is as follows:

1. Initialize low to 0 and high to dividend
2. For each iteration,

2.1 compute mid = (low + high + 1)
2.2 divide mid by 2

23 if mid * divisor islargerthan dividend (mid istoo large to be the quotient) then set
high equalto mid - 1lelse set low equalto mid.

3. When low == high the search terminates, and you should return low.
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Solutions and Samples: A3 and AB2

In writing function DivPos, you may call function Div2 specified in part (a). Assume that Div2
works as specified, regardless of what you wrote in part (a). You will receive no credit onThis part if you
do not use a binary search algorithm.

Complete-function DivPos below. Assume that DivPos is called only with parameters that satisfy its
precondition.

BigInt DivPos{const BigInt & dividend, const BiglInt & divisor)
// precondition: dividend > 0, divisor > 0

iy low=0; . .

e ig= dindend

iy

Ujh[,\& Clow = h‘%h ‘ o

LS V'Hd':— UUVJ“"-‘h'\ﬁ_}%"'\) . O
Llrid % diser) 7 dividenc
k thh = (ﬂ‘f‘ i .
| <ls¢ o = mid,
3

return V0w

E
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Computer Science A: Question 4;
AB: Question 1

Overview

This question was substantively different from what
would have been asked in Pascal. Students were pro-
vided a context for a class, given the declaration of the
class, and asked to implement a constructor and two
member functions for the class. While there was a lot of
reading, the intent was to provide a real-life example in
which to embed an interesting programming problem.
The amount of reading and the relative position of this
question on the A exam resulted in a comparatively low
mean of 1.97 (this improves to 3.41 without the 0s and
—’s). The question discriminated best at the 4-5 grade
cutpoint on the A exam. AB students fared much better,
with a mean of 4.60 and a very even distribution of
scores, making this an effective discriminator across all
grade cutpoints for the AB exam.

In part (a), the student was asked to write a construc-
tor for the Quilt class that required reading data from a
file. Many students had no idea how to read data from
a file under control of a loop, or how the extraction
operator (>>) worked. Students and teachers are

strongly encouraged to exam_in;é. the canonical solution
for this question to see how to properly read data from
an external file. 4

In part (b), the student was asked to supply the body
of the loop for the PlaceFlipped () member
funcrion. Most students received full credit for this part,
or were off by one in their index calculations. As it was
unclear from the problem specification, and not
clarified by the example provided, a solution was
deemed correct if the student reflected the block about
its horizontal axis, or rotated it 180 degrees. )

In part (c), the student was asked to alternately plaée

blocks and flipped blocks into a matrix that represented
the entire quilt. Again, as it was unclear from the
problem specification, and not clarified by the example,
full credit was given to both checkerboard alternation
and alternation that resuliéd in alternating vertical
stripes if there were an even number of columns.
An alternating row pattern was not given full credit.
Most students received some credit on this part, with
the most common errors being confusion between the
block indices and the larger matrix indices, forgetting to

declare a local matrix to return, and forgetting to return
the matrix once finished.
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Scoring Guidelines: A4 and AB1

Scoring Guidelines )

Part A: Quilt::Quilt (3 points)

+1/2  read row and column dimensions from inFile
Note: consistent use of cin, or no attempt to extract from inFile, loses this !/2 point and
P
both “read from inFile into my Block [r] [c]” /2 points (see below)

+1/2  resize matrix appropriately

+1 loop over rows and columns
+1/2  awempt
+1/2 correct

+1 read from inFile into my Block[r] [c¢] (consistent stream misuse loses both !/2 points)
+1/2  attempt
+1/2  correct

Usage: -1 incorrectly overwrite myRowsOfBlocks/myColsOfBlocks

-1/2  var >> inFileorvar << inFile

Notes: >> // skips whitespace o
inFile.get( ); / / reads and returns next character, including whitespace (can be OK)
inFile.get (ch); // reads next character into ch, including whitespace (can be OK)
inFile.ignore (num, "\n’); // can be OK
getline(inFile,aString)}; // can be OK
getch( }; // NOTOK
getchar({ ); // NOT OK

>> endl; // NOT OK

Part B: Quilt::PlaceFlipped (1 poini)

+1/2  attempt from myBlock into gmat

+1/2  correct (reflection about X or rotation OK, but reflection about Y axis loses this half)

Part C: Quilt::QuiltToMat (5 points)

+2 declaration/sizing/return of local matrix

+1/2  attempt
+1 correct
+1/2  return matrix (matrix must be declared to get this half)

+1 loop over entire structure
+1/2  attempt
+1/2  correct

+2 PlaceBlock/PlaceFlipped alternation
+1 attempt at alternation (within loop context)

+1 consistent and correct (matrix must be declared to get this point)

Notes: checkerboard OK
stripes that result from flipping every other block OK

T 1
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Sample Student Responses
Please note that only the portions of the question that contain student responses have been feproduced here. For the
entire question, see pages 82-86. V

Excellent Solution: 8 points

(a) Write the code for the constructor that initializes a quilt, as started below. The constructor reads the block
pattern for the main block from a file represented by the parameter inFile. You may assume the file is
open and that the file contains the number of rows followed by the number of columns for the block,
followed by the characters representing the pattern. For example, the file pattern, which contains the
pattern for the first block in the quilt shown above, would look like this:

45

X...X%

XX,
-X. .
X

The constructor also sets the number of rows and columns of blocks which make up the entire quilt in the
initializer list. S * -

Complete the constructor below. Assume that the constructor is called only with parameters that satisfy its
precondition.

Quilt::Quilt(istream & inFile, int rowsOfBlocks, int colsOfBlocks)
: myBlock (0, 0), myRowsOfBlocks (rowsOfBlocks),
myColsOfBlocks (colsOfBlocks)
// precondition: inFile is open, rowsOfBlocks > 0, colsOfBlocks > 0
// postcondition: myRowsOfBlocks and myColsOfBlocks are initialized to

// the number of rows and columns of blocks that make up
/7 the quilt; myBlock has been resized and

// initialized to the block pattern from the

/7 stream inFile. .

§. WY tow, co) Y

AN ‘%""1"» \
nFile S 0w 3 ol

]
gy Bleck o sestre (fou, co\ Y 3
Qor' L."‘}’ K:O‘, ~ L TOowWw) W

§ Gorlinvyzoy ye V1Y)
%

Abile >3 ¥em 2 )

h\]’ %\o AN LXIL’} - '*.c”‘? \,

[

g ,9\ t;;o;‘b\u.\-s% “"“"": DQ Qb\oc.\ks ’)
?77Co\6 OL Do ® C_O\QOQ %\ou\{\s 3

¢
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Solutions and Samples: A4 and AB1

@)Compewthenwnﬁmrmnmmm PlaceFlipped below. Assume that PlaceFllppéd is called only
with parameters that satisfy its precondmon

veid Quilt::PlaceFlipped(int startRow, int startCol,

apmatrix<char> & gmat)

// precondition: startRow 2 0; startCol 2 0;

/7
/7

startRow + myBlock.numrows () £ gmat.numrows(

)i
startCol =+ myBlock numcols{) < gmat.numcols{):;

// postcondition: a flipped version of myBlock has been copied into the

//
//
{

}

int

for
{

matrix gmat w1th its upper-lett corner at the position
startRow, startCol

r, ¢;

(r = 0; r < myBlock.numrows (); r++)

for (¢ = 0; ¢ < myBlock.numcols{); c++)

{

3
}

g,maxLovoriion NP} WATHY Y TH S SEATN L e <=l
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(c) Write the member function QuiltToMat, asstarted below. QuiltToMat return$ a matrix representing
the whole quilt in such a way that the main block alternates with the flipped versiomof the main block, as
shown in the onginal example. If Q represents the example quilt, then the call Q.QuiltToMat ()
would return a matrix of characters with the given block placed starting with the upper-left corner at position
0, 0; the flipped block placed with its upper-left corner at position 0, 5; the given block placed with its upper-
left corner at position 0, 10; the flipped block placed with its upper-left corner at position 4, 0, and so on.

In writing QuiltToMat, you may call functions PlaceBlock and PlaceFlipped specified in
part (b) Assume that PlaceBlock and PlaceFlipped work as specified, regardless of what you
wrote in part (b).

Complete the member function QuiltToMat below.

apmatrix<char> Quilt::QuiltToMat{)

. Al snem s
# ryBlec K memrous () |~y eDF o ny®

af Mok w&Llwer Aok Lp\7 Rous O’; Nochs

“’\*’ b 4 7\/
A °\/7L}
‘(;°r (X o ) XLM* Y\VmCOUQL)\ % & = ”\1%\04\\. o >
)!' & = .9 ‘/9 3“,' \‘ Y&% "‘\Y 6\0‘&& . DM Cp\g ‘.\\

:orL\/ O )/L M X N M Lo\g(_}-

g :

¢ e ==0)

pi ‘ \
'?\o(_e %\ogy\ (X,‘/} m)"\ y OF ¥y
VA
>
el\se

2

?\ace ﬁ\\ye&é (.X;\il) mc“\'\; S=-- )

Commentary:

Student earns all points except the return matrix and loop correctness /2 points on part (c).



Solutions and Samples: A4 and AB1

i _Good Solution: 6 points

(a) Write the code for the constructor that initializes a quilt, as started below. The constructor reads the block
pattern for the main block from a file represented by the parameter inFile. You may assume the file is
open and that the file contains the number of rows followed by the number of columns for the block,
followed by the characters representing the pattern. For example, the file pattern, which contains the
pattern for the first block in the quilt shown above, would look like this:

45
X...X
LK. X,

——— e
X
X

The constructor also sets the number of rows and columns of blocks which make up the entire quilt in the
initializer list.

Complete the constructor below. Assume that the constructor is called only with parameters that satisfy its
precondition.

Quilt::Quilt(istream & inFile, int rowsOfBlocks, int colsOfBlocks)
: myBlock(0, 0), myRowsOfBlocks (rowsOfBlocks), -

myColsOfBlocks (colsOfBlocks)
// precondition: inFile is open, rowsOfBlocks > 0, colsOfBlocks > 0
// postcondition: myRowsOfBlocks and myColsOfBlocks are initialized to

/7 the number of rows and columns of blocks that make up
/7 the quilt; myRlock has been resized and

// initialized to the block pattern from the

/7 stream inFile.

SRR

™ C_,(-;j/
‘\*‘r}/ . ’

AT T
inHie>2r)
nEle»y e

geszL (\nF-'Le/ w);\//%o %,} He e of L waslbor for b 4% U
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for (Le0rc e ive)
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‘L File 3> m@»ock[gji}'];
%@H*M(MFN, Corl/ end. ot Lime v kear
3/ 4
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(b}  Complete the member function PlaceFlipped below. Assume that Placer"lpped 1s called only
with parameters that satisfy its precondition.

void Quilt::PlaceFlipped(int startRow, int startCol,
apmatrix<char> & gmat)

// precondition: startRow 2 0; startCol 2 0;

/7 startRow + myBlock.numrows () £ gmat.numrows/();
// startCol + myBlock.numcols () <€ gmat.numcols();
// postcondition: a flipped version of myBlock has been copied, into the
/7 matrix qgmat with its upper-left corner at the position
// startRow, startCol
{

int r, ¢;

for (r = 0; r < myBlock.numrows (); r++)

{

for {c = 0; ¢ < myBlock.numcols(); c++)

cg_ma'f‘[ﬁav‘('pow + FJ[:“‘:«'}'M *dj ~
) - myBleck E“:&?‘MS OF B ocks -r-i_J[<J,




Solutions and Samples: A4 and AB1

(c) Write the member function QuiltToMat, asstarted below. QuiltToMat returns a matrix representing
the whole quilt in such a way that the main block alternates with the flipped version of the main block, as
shown in the oniginal example. If Q represents the example quilt, then the call Q.QuiltToMat ()
would return a matrix of characters with the given block placed starting with the upper-left comner at position
0, 0; the flipped block placed with its upper-left corner at position 0, 5; the given block placed with its upper-
left corner at position 0, 10; the flipped block placed with its upper-left comner at poiition 4,0, and so on.

In wnting QuiltToMat, you may call functions PlaceBlock and PlaceFlipped specified in
part (b). Assume that PlaceBlock and PlaceFlipped work as specified, regardless of what you
wrote in part (b). .

Complete the member function QuiltToMat below.

apmatrix<char> Quilt::QuiltToMat ()

g WIX<CL\J> %f.,;(ln)@/‘ : ~

et Y, C
boo! 0ng = *f-r\-«.e'

Lo (r=0, rese, ”zzf)
*jjcr(Q:O‘ Q,(IS/'U’5>
% (Om%}
/1’)\0\@(?) oc\<<‘( C,GVUVJ

else
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3
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Poor Solution: 4 points (3'/2, rounds up)

(a) Write the code for the constructor that initializes a quilt, as started below. The constructor reads the block
pattern for the main block from a file represented by the parameter inFile. You may assume the file is
open and that the file contains the number of rows followed by the number of columns for the block,
followed by the characters representing the pattern. For example, the file pattern, which contains the
pattern for the first block in the quilt shown above, would look like this:

4 5
X...X%
SX.X
.
x
The constructor also sets the number of rows and columns of blocks which make up the entire quilt in the
initializer list.

Complete the constructor below. Assume that the constructor is called only with parameters that satisfy its
precondition. - :

Quilt::Quilt(istream & inFile, int rowsOfBlocks, int colsOfBlocks)
: myBlock(0, 0), myRowsOfBlocks (rowsOfBlocks),
myColsOfBlocks (colsQOfBlocks)
// precondition: inFile is open, rowsOfBlocks > 0, colsOfBlocks > 0
// postcondition: myRowsOfBlocks and myColsOfBlocks are initialized to

// the number of rows and columns of blocks that make up
/7 the quilt; myBlock has been resized and

// initialized to the block pattern from the

// stream inFile.

inFile =7 myﬁou@SGF Sfacksj'
inFile D7 r*\?/CdS oF 8{9:!'(5/'
F{)r inE = @/’ Y <& M\/R’OJJSO‘FB(OC’/(S,' %*"1"‘)

J
for (it P=O 7 ) <7

;En?:le >0 f‘“éslocl‘ EX]E“()],'
g
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Solutions and Samples: A4 and AB1

(b) Complete the member function PlaceFlipped below. Assume that PlaceFlipped iscalled only
with parameters that satisfy its precondition. - -

void Quilt::PlaceFlipped(int startRow, int startCol,
apmatrix<char> & gmat)
// precondition: startRow 2 0; startCol 2 0;

// startRow + myBlock.numrows () £ gmat.numrows/{);
// startCol + myBlock.numcols () S gmat.numcols{);
// postcondition: a flipped version of myBlock has been copied into the
/7 matrix gmat with its upper-left corner at the‘position
// startRow, startCol
{

int r, c¢;

for (r = 0; r < myBlock.numrows(); r++)

{
for (c = 0; ¢ < myBlock.numcols{); c++)
{
O(N\N‘\‘E(S:'OY“{‘ rov) + MyB,O”—’J,.mr*fowSQ)- rj[(s':bar‘}tc) + My 8«’3"-"‘ ﬁ\{"cdsc)) - C] -
} ’ A o ™y Slotk[:rjerJ‘

}




(c) Write the member function QuiltToMat, as started below. QuiltToMat returnya matrix representing
the whole quilt in such a way that the main block alternates with the flipped version_of the main block, as
shown in the original example. If Q represents the example quilt, then the call Q.QuiltToMat ()
would return a matrix of characters with the given block placed starting with the upper-left corner at position
0, 0; the flipped block placed with its upper-left corner at position 0, 5; the given block placed with its upper-
left corner at position 0, 10; the flipped block placed with its upper-left comer at position 4, 0, and so on.

In writing QuiltToMat, you may call functions PlaceBlock and PlaceFlipped specified in
part (b). Assume that PlaceBlock and PlaceFlipped work as specified, regardless of what you

wrote in part (b).
Complete the member function QuiltToMat below.

apmatrix<char> Quilt::QuiltTcMat ()

%

int r,C/’
{:or(r‘:O; s < "\,QMOP Rlechs r++>

g \‘ - -
FO(‘ (C O Cc < N’\\/CD&S O'F 6&"5 C‘L“—/ b
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g

f++; (= O
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¢
Place Bl ock ((‘/ C) .
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dse
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Place Fligped lr+1,C)]

3

3

, Commenta ry
;(a) ;
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