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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 on the sheet.

4. 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. If you have some problems, consult the
proctor.

5. You may choose any programming language to answer.

6. You can use or copy any libraries or program fragments stored in your PC, but
you must 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 directory/folder onto the USB flash drive that
you received. '

8.

At the end of the examination, this booklet, the USB flash drive, and the answer

“sheet will be collected.
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Answer the following questions by writing programs. The files needed for answering the ques-
tions are found in the USB flash drive. Store the programs in the USB flash drive before the

rogramming

examination ends.

Problem

Suppose that we draw figures on a canvas with a grid of 1 x 1 square cells. Let the upper

left
0<

each of which is represented by a number sequence in the following forms. The color for painting

corner be row 0 and column 0, and denote the cell at row y and column z as (z,y), where
z and 0 < y. We call it the coordinates of the cell. All the cells are initially white. We draw

figures by painting several cells with specified colors. There are three kinds of figures to draw,

is either black or gray. It is represented by color code 0 or 1, respectively.

Rectangle: 0, ¢, z1, y1, T2, ¥2

The figure drawn by painting the cells in the rectangle with four cells (z1,91), (z2,91),
(z2,¥2), and (x1,y2) at its four corners. for integers x1, 2, ¥1, and ¥z (0 < 21 < 29
and 0 < y; < y2). The cells are painted with color code c.

Circle: 1,¢,z,y, 7

"The figure drawn by painting the cells whose inside (excluding the borders) intersect
with the circle with the center at the upper left corner of the cell (z,y) and radius r
for integers z, y, and 7 (1 < r and r < z and r < y). The cells are painted with color

code c.

Line Segment: 2, ¢, 1, y1, T2, Y2

The figure drawn by painting the cells whose inside (excluding the borders) intersect
with the line segment connecting the upper left corners of cells (z1, 1) and (z2,y2) for
non-negative integers z1, x2, y1, and y2 (z1 # z2 and y1 # y2). The cells are painted

with color code c.

Figure 1 shows examples of number sequences (a) to (c¢) and the figures that these number

sequences draw. Note that the dotted lines in the figures are guidelines; not part of the figures

drawn by the number séquences.

N O L AW N = O

0123456 7 . 001234567 8 0123456 7
0 0 . ]
1 1
2 2
3 3
4 4
5 5
6 6
7] R 7
(a)0,1,1,3,6,6 (b) 1,1, 5,4, 4 (c) 2,0,1,5,7,1

Figure 1: Figures drawn by the number séquences.

(continued on next page)
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Figure 2: Drawn image. . Figure 3: Image for sample.txt.
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nents.

By concatenating number sequences for drawing figures, we draw these figures in the order
from the beginning to the end of the concatenated sequence. When we paint the same cell
multiple times, the cell ends up with the last color. For example, the following number

sequence formed by concatenating (a) and (c) in Figure 1 draws the image in Figure 2.
0,1,1,3,6,6,2,0,1,5,7,1

In the following questions, you are given files, each of which contains a character string of
the elements of a number sequence drawing one or more figures. The elements are separated by
commas. Figure 3 shows the image drawn by the number sequence in file sample.txt.

(1) For the number sequence in each of the following files, write the numbers of rectangles,

circles, and line segments drawn by that sequence on the answer sheet, respectively.

(a) datala.txt (b) datalb.txt (c) datalc.txt

(2) The minimum rectangle with horizontal and vertical edges that covers all the non-white
cells is called the bounding box. For example, the bounding be for the image in Figure 4

is the rectangle with (1,2) at the upper left corner and (6,6) at the lower right corner.

For the image drawn by the number sequence in each of the following files, write the

coordinates of the cell at the lower right corner of its bounding box on the answer sheet.

(continued on next page)



(a) data2a.txt (b) data2b.txt (c) data2c.txt

(3) For the image drawn by the number sequence in each of the following files, write the

numbers of black and gray cells on the answer sheet, respectively.

(a) data3a.txt (b) data3b.txt (¢) data3c.txt

(4) For a se(juence of cells P = cp,c1,...,¢, (0 < n), when every pair of cells ¢; and c;41
(0 <4< n—1) shares an edgé, we call P a path from c¢g to ¢,. Figure 5 shows an example
of a'path from (1,0) to (7,7). For cells a and b, when a and b share the same color and -
there exists a path from a to b that consists of only the cells with the same color as a and b,

» ‘WQ say that a and b are connected to each other. A maximal set of cells that are connected
to each other is called a connected component. A single cell that is not connected to other
cells is also a connected component. The size of a connected component is the number of
cells in'it. For example, Figure 6 has two black connected components with size four and
one gray connected component with size two. In Figure 4, there are three black connected

components and three gray connected components.

For the image drawn by the number sequence in each of the following files, find the sizes of
the largest connected components of black and gray, respectively, and write them on the

answer sheet. If there are no connected components of a color, answer 0 for the color.

(a) datada.txt - (b) datadb.txt (c) datadc.txt

(5) For the image drawn by the number sequence in each of the following files, let the cells at
the upper left corner and the lower right corner of the bounding box be a and b, respectively.
Find the paths that are from a to b and contain the minimum number of cells with different
color from a, and write on the answer sheet the length of the shortest path(s) among those
paths. Here, the length of a path is the number of cells on the path, including both ends.
For example, the length of the path indicated with a dashed line in Figure 5 is 22.

(a) databa.txt (b) databb.txt .
(c) databc.txt . (d) data5d.txt
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