
Programming Olympiad 2019: Round 2
Not to be used before 21 August 2019

1. This paper is for ALL Round 2 candidates. All solutions will be submitted on the online evaluator
hosted at https://saco-evaluator.org.za/cms/sapo2019round2 .

2. Any attempt to access any other website or source of information will disqualify you, with the
exception of online compilers such as rextester.

3. Log in using the username and password given to you by your teacher.

4. There are 100 marks in total. The marks are allocated as follows: Question 1 is worth 15 marks,
Question 2 is worth 22 marks, Question 3 is worth 28 marks, and Question 4 is worth 35 marks.
The number of test cases for each question is hidden, although the marks for each test case will be
evenly distributed across the mark allocation.

5. You will have two hours (120 minutes) to complete all 4 questions.

6. For each question, your score will be the highest score obtained across all your submissions for that
question. You will only be permitted to submit at most 25 submissions for each question.

7. You may assume that the user input will satisfy the problem specification and so you do not need
to validate the input.

8. You may use the Communication pane (top left) but note that responses may be delayed.

9. You should not write code to produce only specific answers, as the judges will use other test cases.

10. Do not wait until the last few minutes to submit your programs.

11. After 120 minutes, or at 6:30 PM, whatever comes first, the server will end your participation.
Should you finish before the time, check that you have answered all the questions.

12. Scores per question will be sent to your school after 21 August. Scores will also be available on the
online evaluator after 6:30 PM, once all submissions have been evaluated.
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Problem A. Circular Primes
Input file: standard input
Output file: standard output
Time limit: 10 seconds
Memory limit: 256 megabytes
Java Class Name: circularprimes
Maximum Points Available: 15

Recall that a prime number is a positive integer greater than 1 which is divisible only by itself and 1. The
first few prime numbers are 2, 3, 5, 7, 11,...

Suppose you have some prime number P . You decide to move the first digit of P to the end of P . If you
can do this process infinitely many times and always have a prime number, then the original number, P ,
is known as a circular prime.

For example, 1193 is a circular prime, since 1193, 1931, 9311 and 3119 are all prime. (Notice that after
3119, 1193 appears again, so the process will repeat). However, 1187 is not a circular prime, since 7118
is divisible by 2 (even though 1187 itself is prime).

Your task is, given a positive integer N , determine the N -th circular prime number.

Input
Input consists of a single integer N (1 ≤ N ≤ 40)

Output
Output a single integer - the N -th circular prime number.

Examples
standard input standard output

5 11

10 71

15 131
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Problem B. Roman Numerals
Input file: standard input
Output file: standard output
Time limit: 10 seconds
Memory limit: 256 megabytes
Java Class Name: roman
Maximum Points Available: 22

The ancient Romans used a numeric system different to the Arabic numeral system we use today. In the
Roman system, numbers are represented by combinations of the letters ‘I’, ‘V’, ‘X’, ‘L’, ‘C’, ‘D’, and ‘M’.
Each letter has a fixed positive integer value, as shown below:

Symbol I V X L C D M

Value 1 5 10 50 100 500 1 000

To represent a given positive integer N in Roman numerals, for the most part, one simply writes down
the highest Roman numeral symbol with value S which is less than or equal to N , then recursively writes
the Roman notation for N − S.

For example, to represent the number 738 as a Roman numeral, one finds the highest valued symbol in
the table above which has value at most 738. In this case, it’s D with a value of 500. What now remains
is to represent 738− 500 = 238. Now we take C with a value of 100 twice, leaving 238− 2 · 100 = 38. We
then take X three times, V once, and finally I three times. This results in a Roman representation of 738
as DCCXXXVIII.

However, the Romans also made use of subtractive notation in their numeral system to reduce the
total number of symbols used. This means that numbers like 4 and 9 were represented as IV and IX
respectively. Similarly, 40 and 90 were represented as XL and XC respectively, as well as 400 and 900 being
represented as CD and CM respectively.

Therefore, the numbers from 1 to 10 are represented as

Arabic number: 1 2 3 4 5 6 7 8 9 10

Roman number: I II III IV V VI VII VIII IX X

noting that 4 and 9 are the only digits requiring subtractive notation. Similarly, multiples of 10 from 10
to 100 are represented as

Arabic number: 10 20 30 40 50 60 70 80 90 100

Roman number: X XX XXX XL L LX LXX LXXX XC C

Your task is, given two numbers in the Roman numeral system, output their sum as a Roman numeral.

Input
First line of input contains a single string denoting the value of a positive integer A (1 ≤ A ≤ 3 999)
written as a Roman numeral.

Second line of input contains a single string denoting the value of a positive integer B (1 ≤ B ≤ 3 999)
written as a Roman numeral.
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Output
Output a single string, denoting the Roman numeral value of A+B.

Scoring
In 25% of the test cases, it is guaranteed that the value of the output A+B will not exceed 99.

In an additional 25% of the test cases, it is guaranteed that A, B, and A + B will not require using
subtractive notation as Roman numerals.

Examples
standard input standard output

II
III

V

IV
XI

XV

XLIX
L

XCIX

Note
In the second example given, IV is the Roman numeral representation of 4, and XI is the Roman numeral
representation of 11. Their sum is 15, and is represented by the symbol for 10 (X), followed by the symbol
for 5 (V).

In the third example given, we can split XLIX into XL which represents a value of 40 and IX which represents
a value of 9. Adding 49 to 50 (the value representing L) yields 99 which is presented as XC (90) adjoined
with IX (9). Note that IC is not used to represent 99.
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Problem C. Magic Square
Input file: standard input
Output file: standard output
Time limit: 10 seconds
Memory limit: 256 megabytes
Java Class Name: magicsquare
Maximum Points Available: 28

Benjamin has recently become fascinated with magic squares. A magic square is an N by N square grid
(where N is the number of cells on each side) filled with integers in each cell such that the sum of the
integers in each row and column are equal (we do not consider the diagonal sums). The integers do not
necessarily have to be distinct.

Benjamin has been given several N by N grids of integers and you must help him determine if these
grids are magic squares. Furthermore, some of these grids have mistakes and you must also determine if
changing only one integer in the grid can make the grid a magic square.

Input
First line of input consists of a single integer N (3 ≤ N ≤ 100).

The next N lines of input each contain N space-separated integers, where the i-th line contains the
integers given in the i-th row of the magic square. Each integer has absolute value no more than 10 000.

Output
First line of output should contain the single word “MAGIC” if the square as given is already a magic
square. Otherwise, output “ALMOST MAGIC” if changing exactly one value in the square makes it a magic
square, else output “NOT MAGIC”.

If the square is almost a magic square, then output on the second line exactly three space-separated
integers r, c, v such that changing the value on row r and column c to v will make the given square a
magic square. If multiple solutions exists, you may output any of them.

Scoring
30% of marks will be awarded for simply determining whether or not the given square is magic. In other
words, partial marks will be awarded if the first line of output is correct, or if the given square is “almost
magic” and the first line of output is “NOT MAGIC”.
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Examples
standard input standard output

3
2 3 6
9 5 1
1 3 9

NOT MAGIC

3
1 1 1
1 1 2
1 1 1

ALMOST MAGIC
2 3 1

4
5 14 15 1
9 8 6 12
5 11 11 8
16 2 3 14

MAGIC

Note
In the second example given above, changing the value in the 2nd row and 3nd column from 2 to 1, makes
the square a magic square, where each row and column now sums to 3.

In the third example given, the sum of the integers in each row and column sum to 35, thus it is already
a magic square.
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Problem D. Chess Game
Input file: standard input
Output file: standard output
Time limit: 10 seconds
Memory limit: 256 megabytes
Java Class Name: chessgame
Maximum Points Available: 35

You are playing a variant of chess with your friend Alice. In this game, a player wins only by capturing all
the opponent’s pieces. You finally reach the end game, with only a white pawn and black knight remaining.
It is white’s turn to move and you must determine who has the winning strategy.

For simplicity, assume that the white pawn always moves one square up the chessboard at every turn
when white is to move (so white never captures). If the pawn reaches the end of the chessboard without
being captured, it transforms into a queen and we can assume white then wins. On black’s turn, the black
knight is allowed to move as per the usual knight move rules in chess.

Note that in one move, a knight can move two squares vertically and one square horizontally, or two
squares horizontally and one square vertically. That is, the knight shown in the diagram below can move
to any of the crossed squares.

Note that, when white moves, the pawn’s row always increases. In other words, if x denotes the pawn’s
column and y denotes the pawn’s row, then white always moves from position (x, y) to position (x, y+1).

There are three ways the game can end:

• If it is possible for the black knight to capture the white pawn either before the pawn reaches the
end of the chessboard, or immediately after the pawn transforms into a queen, then it is a win
for black.

• Otherwise, if it is possible for the black knight to position itself exactly in front of the pawn before
the pawn reaches the end, then white will not be able to move, and therefore the game ends in a
stalemate.

• Otherwise, if the black knight cannot do either of the above, then the white pawn can reach the end
of the chessboard, transform into a queen without being captured, and thus effectively result in a
win for white.

Given an N by N chessboard, and given that the white pawn starts at column wc and row wr and the
black knight starts at column bc and row br, determine the best result black can obtain.
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Input
First line of input consists of a single integer N (4 ≤ N ≤ 100)

Second line of input consists of two space-separated integers wc, wr (1 ≤ wc, wr ≤ N) denoting the starting
position of the white pawn.

Third line of input consists of two space-separated integers bc, br (1 ≤ bc, br ≤ N) denoting the starting
position of the black knight.

It is guaranteed that the pawn and knight will not have the same starting position. Furthermore, the
board and starting position of the knight are guaranteed to be such that the knight will be able to make
a move on its turn.

Output
On the first line of output, if the black knight can win, output “BLACK WINS” on a single line. Otherwise,
if black can force a stalemate, output “STALEMATE” on a single line. Otherwise, output “WHITE WINS”.

If the outcome is either a win for black or stalemate, then the second line of output should contain a single
integer denoting the minimum number of moves it takes for the black knight to achieve that outcome.

Scoring
50% of marks will be allocated to correctly determining the outcome of the game (the first line of output).

Examples
standard input standard output

6
4 2
4 4

BLACK WINS
2

4
3 2
2 2

STALEMATE
1

5
5 3
1 1

WHITE WINS

Note
In the first example given, note that white will first move from (4, 2) to (4, 3). Black can then force a win
by first moving to position (2, 3). White then moves to position (4, 4), after which Black can capture on
his second move.
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In the second example given, white first moves to position (3, 3). There is no way for black to capture the
white pawn before the pawn reaches position (3, 4). However, black can make his first move to position
(3, 4), thus blocking the pawn from reaching the end and therefore forcing a stalemate.

In the third example given, black is too far away to prevent white from winning or to force a stalemate.
Thus, the white pawn can easily reach position (5, 5), therefore resulting in a win for white.
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