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INSTRUCTIONS

1. Do not open this problem booklet until the signal to begin is given.

2. Write your examinee's number below on this cover page.

3. An answer sheet accompanies this booklet. Write down your examinee's
number and the problem number on the sheet.

4. You should have received a USB flash drive. Before the examlnatlon starts, copy

. the files from the USB flash drive to your PC. Verify that you can see its contents

- and then take your hands off your PC. If you have some problems consult the
exam supervisor.

5. You may choose any programming language to answer.

6. You may consult only one printed manual of a programming language durinhg the
examination. You can use or copy any libraries or program fragments stored in
your PC, but you may not connect to the Internet.

7. By the end of the examination, make a directory/folder on your PC, whose name is
the same as your examinee ID number, and put your program files and related files
into the directory/folder. Copy the dlrectory/folder onto the USB flash drive that
you received. ‘

8. Atthe end of the examination, this booklet, the USB ﬂash drive, the answer sheet
will be collected. :
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Programming

Answer the following questions by writing programs. If you are taking an onsite examination,
the files needed for answering the questions are found in the USB flash drive. Store the
programs in the USB flash drive before the examination ends. If you are taking an online
examination, the files needed for answering the questions are in the given zip file. To submit
the programs and the files, follow the instructions separately given. The submission URL is
shown on the last page. . ‘

Problem 1

Suppose that we have a maze on a square board with m x m cells. The cell in the i-th
row and the j-th column is denoted by (Z,j), where 0<i<m-land 0 < j<m—1. For
example, Figure 1 shows a maze on 6 x 6 cells. The cell A is (0,0) and the cell B is (2, 5).

The walls composing a maze are denoted as follows. The upper wall of the cell (4,7) is
denoted by (24,27 -+ 1), the lower wall is (2¢ + 2,25 + 1), the left wall is (27 4 1,25), and the
right wall is (2 + 1,27 + 2). For example, the wall p in Figure 2 is (1,6) and the wall q is
(8,1).

Figure 1 Figure 2

The layout of walls composing a maze is stored as a character string such as:

0,1,1,0,13,86,8,1

This represents that there are four walls (0,1), (1,0), (13,6), and (8,1). )
(1) We have a maze on 3 x 3 cells. The layout of the walls is stored in file mazel.txt. Draw
this maze on the answer sheet so that the layout of the walls will be clearly depicted.

(2) We have a maze on 40 x 40 cells. The layout of the walls is stored in file maze2. txt.
Count the number of the dead-end cells, which are swrrounded with three walls. Write down
that number on the answer sheet.



(3) We have a maze on 40 x 40 cells. The layout of the walls is stored in file maze3.txt. The
start is the cell (0,0) and the goal is the cell (39,29).

Count the number of the cells that will be visited when we move from the start to the goal
along the shortest path. Write down that number on the answer sheet. Count the start and
the goal for one, respectively. Assume that there exists exactly one path between any pair of
two cells in the maze.

{4) We have ten mazes on 40 x 40 cells. The layout of the walls for each maze is stored in a
file from maze10.txt to mazel9.txt. Which maze satisfies that there exists exactly one path
between any pair of two cells in the maze? Write down the names of all the files in which the
layouts of the walls are stored for such a maze.



How to submit the answers for the online examination

Submit a zip file named “<Examinee ID Number>.zip” to the following URL as instructed
in the examination guidelines. '

https:/funivtokyo-my. sharepoint.com/:f:/g/peraonal/ist-¢ci_univtokyo_onzicrosolt_com/EnhQOCiydZFKqTYnipESekQBTkvBRV(v- 1ZGVopWallOERA

If an erratum is announced during the examination, it will be downloadable from the
following URL.

https:/ funiviokys-my.sharepoint.con/: L /g/peraonal /ist~cl_univtokyo_onmicrosoft com/ElaABKHuWLdGs Anl1RUKNG¥<BLRXED0eT1UasCYuwdrbQEATe=rIXQeK
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INSTRUCTIONS

1.

2.

3. An answer sheet accompanies this booklet. Write down your examinee's
. number and the problem number on the sheet.

4,

oy

Do not open this problem booklet until the signal to begin is given..
Write your examinee's number below on this cover page.

You should have received a USB flash drive. Before the examination starts, copy
the files from the USB flash drive to your PC. Verify that you can see its contents
and then take your hands off your PC. Ifyou have some problems, consult the

Coexam SUDEI‘VISOI’

You may choose any programming Ianguage to answer.

You may consult only one printed manual of a programming language during the
examination. You can use or copy any libraries or program fragments stored in
your PC, but you may not connect to the Internet. '
By the end of the examination, make a directory/folder on your PC, whose name is
the same as your examinee ID number and put your program files and related files
into the directory/folder. Copy the directo‘ry/folder onto the USB flash drive that
you received.

At the end of the examination, this booklet, the USB flash drive, the answer sheet
will be collected.
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Programming

Answer the following questions by writing programs. If you are taking an onsite examination,
the files needed for answering the questions are found in the USB flash drive. Store the
programs in the USB flash drive before the examination ends. If you are taking an online
examination, the files needed for answering the questions are in the given zip file. To submit
the programs and.the files, follow the instructions separately given. The submission URL is
shown on the last page.

Problem 2

Suppose that we have a maze on a square board with m x m cells. The cell in the i-th
row and the j-th columm is denoted by {7, j), where0 € i<m—-1land 0 < j <m—1. For
example, Figure 1 shows a maze on 6 x 6 cells. The cell A is {0,0) and the cell B is (2, 5).

Figure 1

When a sequence of numbers is stored, we store.a character string in a file as follows.
2,0,13,0,1,6,8,1

This denotes the sequence of numbers where the Oth number is 2, the 1st number is 0, the
2nd number is 13, ... All the elements in a sequence are integers more than or equal to zero.

(1) A sequence of numbers {s} is stored in file sequence . txt. Write down the 216-th element
S215 in that sequence on the answer sheet. Furthermore, write down the maximum number

among the elements in that sequence on the answer sheet.

(continued on next page)



(2) Make a maze on 40 x 40 cells in accordance with the following instructions. A sequence
- of numbers {py} is stored in file p.txt. Its elements are either 0, 1, 2, or 3.

1. Put walls along the outer limits of the maze.
2. For every pair of ¢ and j, where 1 <i<3%and 1< j <39,

o put the upper wall for cell (7, ) when p; is 0,

o put the left wall for cell (¢, j) when p; ié 1,

o put the lower wall for cell (i — 1,5 — 1) when p; is 2,
e put the right wall for cell (¢ — 1,7 — 1) when py is 3.

Here, s = 1 x 40 4 j and p; is the s-th element of the sequence of numbers {py}. Note
that, for different pairs of 7 and j, the same wall may be put.

{2-a) Write down on the answer sheet the existence of the upper, lower, left, and right walls
for cells (5,25), (20,20), and (30, 33) in this maze.

(2-b) Write down on the answer sheet the number of the L-shaped corner cells in this maze.
A cell is a L-shaped corner cell when it is surrounded with exactly two walls directly jointed
to form L-shape.

(3) Make a maze on 40 x 40 cells in accordance with the following instructions. The start is
cell (0,0) and the goal is cell (39,27}. A cell surrounded with four walls is called a closed cell.

1. Put the upper, lower, left, and right walls for all the cells so that all the cells are closed
cells.

2. Set the current position to the start cell.

3. Select a closed cell N in the maze among the upper, lower, left, and right cells adjacent
to the current position. Then remove the wall separating the selected cell N and the
current position. Move the current position to that cell N. Repeat this again.

When selecting the celt N, refer to the sequence of numbers {n} stored in file neighbor. txt.
The elements of this sequence is either 0, 1, 2, or 3. °

Suppose that the current position is (i, 7). Let ns be the s-th element of the sequence
{ng}. For given s, when n; is 0, select the upper cell of the cell (7,5). When it is 1,
select the left cell. When it is 2, select the lower cell. When it is 3, select the right
cell for N, respecﬂively. Here, s = i 4+ j + h. Choose k for selecting N. h is an integer
more than or equal to zero and also h is the minimum integer such that a closed cell is
selected for N.

(continued on next page)



When no cell is selectable for N, select a cell C. The cell C must not be a closed cell.
Furthermore, at least one adjacent cell to C must be a closed cell. Move the current
position to that cell C. When a necessary element of the sequence {n;} does not exist,
select a cell C and move the current position to that cell C.

When selecting the cell C, refer to the sequence of numbers {¢;} stored in file cell.txt.
Its elements are integers less than 40 and more than or equal to zero.

Suppose that the current position is (4, 7). Select a cell (¢, cs11) such that ¢ is minimum
among the cells satisfying the requirements for C. Here, ¢ = 2(i + j + h) and & is an
integer more than or equal to zero. ' '

When no cell is selectable for C, the maze is completed. When a necessary element of
the sequence {c;} does not exist, the maze is also completed.

(3-a) Write down on the answer sheet the existence of the upper, lower, left, and right walls
for cells (5,25), (20,20), and (30,33) in this maze.

(3-b) Write down on the answer sheet the number of the L-shaped corner cells in this maze.
A cell is a L-shaped corner cell when it is surrounded with exactly two walls directly jointed
to form L-shape.

(3-c) Find the longest straight passages in this maze and write their length down on the
answer sheet. Furthermore, write down the number of such longest passages on the answer
sheet. For example, the path between cells (0,1) and (4,1) in Figure 1 is a straight passage
and its length is 5, which is the number of its cells. For the maze in Figure 1, a passage with
length 5 is the longest and there are two such passages.

(3-d) We can reach the goal of this maze when proceeding through the maze by always keeping
one wall on the left-hand side in the direction of the move. Write down on the answer sheet
the number of the cells visited on the way to the goal. When the same cell is visited twice,
that cell is counted only once. Include the start and the goal cells in the cells visited on the
way. At first, the upper wall of the start cell is on the left-hand side in the direction of the
move.



How to submit the answers for the online examination

Submit a zip file named “<Examinee ID Number>.zip” to the following URL as instructed
in the examination guidelines. ' :

hitpa://univtokyo-my. sharepoint.com/:2:/g/personal/ist-ci_univtoltyo_onmicrosoft_com/Eg40U234LuRMgnlalD2rLBOBx0d=KallX_NeAWBIvO3IAYE

If an erratum is announced during the examination, it will be downloadable from the
following URL. '
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