
College of the Holy Cross

CCSCNE ’06 Programming Contest Problems

General Information

Your contest account contains sample data files named problemi.dat and problemi.out,
i = 1, . . . , 6, which contain sample input and output data for each problem. These
files’ contents are printed below with the corresponding problem.

You must code everything in your chosen language; do not use system utilities in
your programs. Your programs will be tested with different input data, so you cannot
just print the contents of the sample output file. ¨̂



Problem 1: Statistics

Let x1,. . . , x
n

be numbers. We define their average x̄ and standard deviation σ by

x̄ = 1

n
(x1 + · · ·+ x

n
), σ =

√

1

n
((x1 − x̄)2 + · · ·+ (x

n
− x̄)2).

Your program will read a file named statistics.dat that contains no more than 20

whitespace-separated, double-precision floats on one line. It must print the following
to standard output: the number of numbers read, their average, and their standard
deviation in the indicated format.

For example, if statistics.dat contains

123.45 -678.901 0 3.14159 -2.71828

your program must print

5 numbers read, average = -111.006, standard deviation = 287.942

to standard output.



Problem 2: Modulo Arithmetic

Just as every child knows the ordinary multiplication table, computer scientists need
to know the arithmetic of remainders—modulo arithmetic—for bases up to 16 (hex-
adecimal).

Your program will read a file named modulo.dat that contains one integer n

between 1 and 16 (inclusive) on each line, and may consist of several lines. For each
line of the input file, your program must print the addition table modulo n to standard
output. For example, if modulo.dat contains the single line “5”, your program should
print

+---+---+---+---+---+---+

| + | 0 | 1 | 2 | 3 | 4 |

+---+---+---+---+---+---+

| 0 | 0 | 1 | 2 | 3 | 4 |

+---+---+---+---+---+---+

| 1 | 1 | 2 | 3 | 4 | 0 |

+---+---+---+---+---+---+

| 2 | 2 | 3 | 4 | 0 | 1 |

+---+---+---+---+---+---+

| 3 | 3 | 4 | 0 | 1 | 2 |

+---+---+---+---+---+---+

| 4 | 4 | 0 | 1 | 2 | 3 |

+---+---+---+---+---+---+

In the spirit of the exercise, and to ensure attractive output with 1-character fields,
your program should print integers in hexadecimal format: 10 = a, 11 = b, etc.



Problem 3: Bowling

A single bowling game consists of ten frames. The object in each frame is to roll
a ball at ten bowling pins arranged in an equilateral triangle and to knock down as
many pins as possible.

For each frame, a bowler is allowed a maximum of two rolls to knock down all ten
pins. If the bowler knocks them all down on the first attempt, the frame is scored as a
strike. If the bowler does not knock them down on the first attempt in the frame the
bowler is allowed a second attempt to knock down the remaining pins. If the bowler
succeeds in knocking the rest of the pins down in the second attempt, the frame is
scored as a spare.

The score for a bowling game consists of sum of the scores for each frame. The
score for each frame is the total number of pins knocked down in the frame, plus
bonuses for strikes and spares. In particular, if a bowler scores a strike in a particular
frame, the score for that frame is ten plus the sum of the next two rolls. If a bowler
scores a spare in a particular frame, the score for that frame is ten plus the score
of the next roll. If a bowler scores a strike in the tenth (final) frame, the bowler
is allowed two more rolls. Similarly, a bowler scoring a spare in the tenth frame is
allowed one more roll.

The maximum possible score in a game of bowling (strikes in all ten frames plus
two extra strikes for the tenth frame strike) is 300.

Your program will read an input file named bowling.dat that contains a sequence
of bowling game rolls separated by single spaces. The score for a single roll will be
represented by one character—either a number indicating the number of pins knocked
down, a “/” for a spare or an “X” for a strike. The input file will contain one game
per line.

For each line in the input file, your program must print the total game score to
standard output. The game scores should be left justified and each score should be
printed on a separate line. The order of the scores on the output should correspond
to the order of the games on the input. For example, if bowling.dat contains

1 0 1 / 2 2 X 3 3 X 1 / 3 / X 1 2

1 0 1 / 2 2 X 3 3 X 1 / 3 / 1 / X 8 0

1 0 1 / 2 2 X 3 3 X 1 / 3 / 1 / 8 / 9

your program should print

108

121

120



Problem 4: Palindromes

A palindrome is a word, phrase, or sentence that reads the same backwards and
forwards, with the possible exception of case, whitespace, and punctuation, such as
“A man, a plan, a canal. . . Panama!”, or “Rats live on no evil star.”

Your program will read an ASCII file named “palindromes.dat” that contains
only alphabetic characters (no digits), whitespace, and punctuation. It must print
the longest palindrome in the file to standard output. (Specifically, your program
will look for palindromes in the string that results from removing all non-alphabetic
characters from the input file.)

If the file contains more than one palindrome of maximum length, your program
need only print the one that occurs earliest in the file. For example, if “palindromes.dat”
contains

A programmer named Otto walks into a lab and asks, ‘‘Is Java

available?’’ ‘‘Not on these machines’’, replies the TA, Tom Addams.

your program must print

avaava

(from Java available) to standard output, even though “maddam” (from (Tom Ad-

dams) has the same length. It should not print the shorter palindromes “otto”,
“noton”, etc.



Problem 5: Anagrams

Two strings are anagrams (of each other) if they contain the same characters with the
same frequencies: “stops” and “psost” are anagrams, while “stops” and “stoop”
are not. (It’s not necessary that the permuted strings be English words.)

Your program will read an ASCII file named “anagrams.dat” that contains one
string of characters per line. For each line of the file, your program must print all

anagrams of the string in alphabetical order to standard output, with any repetitions
removed. The output from different lines should be separated by a blank line. For
example, if anagrams.dat contains

abc

abaa

your program must print

abc

acb

bac

bca

cab

cba

aaab

aaba

abaa

baaa

to standard output. There is no a priori bound on the length of the input strings.



Problem 6: Vitamins

Professor Calculus buys multi-vitamin pills in bottles of 100. Being eccentric about
his health, he takes only half a pill per day. Upon opening a new bottle (“day zero”),
Calculus removes a pill, breaks it in half, and returns one half to the bottle. On each
subsequent morning, he removes a pill (or half-pill) at random from the bottle. (That
is, the probability of his removing a whole pill is equal to the fraction of pills in the
bottle that are whole.) If Calculus removes a whole pill, he breaks it in half, returns
one half to the bottle, and takes the other half. If he removes a half-pill, he takes it.
On day zero, his bottle contains 100 whole pills, while on the 199th day, the bottle
contains exactly one half-pill.

While preparing notes for a probability course, Calculus muses about the number
of whole pills remaining on day k, and assigns to you—his promising student—the
problem of determining the probability distribution for the number of whole pills on
day k, before he extracts the daily dose.

Your program will read a file named “vitamins.dat” that contains one integer
per line. When your program reads the integer k, it must print—to standard output—
the line “Day k” followed by a list of pairs of numbers, one pair per line: The first
number w is an integer, a possible number of whole pills remaining in the bottle on the
morning of day k; the second is the probability of that many whole pills remaining,
represented as a double-precision floating-point number. The pairs must be listed in
increasing order of w, and the output for different days must be separated by a blank
line. For example, if vitamins.dat contains

0

4

194

your program must print

Day 0

100 1

Day 4

96 0.941094

97 0.058605

98 0.00030101

Day 194

0 0.374185

1 0.485974

2 0.135321

3 0.00451968

to standard output.


