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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.

You should have received a USB flash drlve 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. :

You may choose any programming language to answer.

You can use or copy any libraries or program fragments stored in your PC, but
you must not connect to the Internet.

By the end of the examination; make a dlrectory/folder on your PC, whose name is
the same as your examinee 1D 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.
At the end of the examination, this booklet, the USB flash drive, and the answer

~ sheet will be collected.
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- Programming

Answer the following questions by Writing programs. The files needed for answerihg the ques-
tions are found in the USB flash drive. Store the programs in the USB flash drive before the
examination ends. ’

Problem

In this problem, we represent matrices with 7 rows and ¢ columns in various formats. The
entry in the ¢-th row and j-th column in a matrix is denoted as the (¢,7) entry_; the upper left
entry of a matrix is the (1,1) entry, and the entry to the right of it is the (1,2) entry. We say '
that, for the (4,7) entry, the row number is ¢ and the column number is j. Here, 1 <4 < r and
1 €7 < chold. For any matrix given in this problem,'éll entries are integers between —9 and 9,
inclusive, no row or columnn has more than 10 non-zero entries, and the total number of non-zero
entries is at most 10°. ‘ A

Format 1  Format 1 is a number sequence that arranges the entries of a matrix in |
the row-major order. In the row-major order, the entries in upper rows precede those
in lower rows, and entries to the left precede to the right in a row. For example, the

1 -5 0
0 3 0

matrix

is represented as

1,-5,0,0,3,0

in Format 1. v

When a number sequence is stored in a file, the concatenated string of elements separated
by commas is stored.. For example, the file storing a sequence of the four elements, 2,5,—3,0
contains the following string. ' ' -

2,5,-3,0
(1) Number sequences repfesenting matrices in Format 1 are.stored in files. - For each of the
following matrices, find the row such that the sum of the entries is the largest, and write

down on the answer sheet its row number and the sum of its entries. If there are two or
more such rows, answer about one of them. ‘ '

(a) The matrix with 6 rows and 4 columns stored in datala.txt.

(b) The matrix with 100 rows and 150 columns stored in dataib X,

(continued on next page)



Format 2 Let z;; be the (4, 7) entry of a matrix. We define Format 2 as the number
sequence where the three integers 7, j, and z;; for all (4,7) such that z;; # 0 are

arranged in the row-major order. For example, the matrix

1 -5 0\
0 30 '
is represented as

1,1,1,1,2,—5,2,2,3

in Format 2.

(2) Number sequences representing matrices in Format 2 -are stored in files. For each of the
following matrices, find the row such that the sum of the entries is the largest, and write
down on the answer sheet its row number and the sum of its entries. If there are two or
more such rows, answer about one of them.

~ (a) The matrix with 6 rows and 4 columns stored in data2a.txt.

~ (b) The matrix with 100 rows and 150 columns stored in data2b.txt.

(¢) The matrix with 10% rows and 10® columns stored in data2c.txt.

Format 3 Let n; be the number of consecutive zeros immediately preceding the 7-th
element in the sequence of entries of a matrix arranged in the row-major oder. Let z;
be the value of the i-th element. We define Format 3 as the number sequence where
| the two integers n; and z; for all 7 such that z; # 0 are arranged in the ascending order

1 =50
0 30

of 1. For example, the matrix

is represented as

0,1,0,-5,2,3

in Format 3.

(3) Number sequences repfesenting matrices in Format 3 are stored in files. For each of the
matrices obtained by transposing the following matrices, find the row such that
the sum of the entries is the largest, and write down on the answer sheet its row number
and the sum of its entries. If there are two or more such rows, answer about one of them.

(a) The matrix with 4 rows and 6 columns stored in data3a.txt.
(b) The matrix with 100 rows and 150 columns stored in data3b.txt.

(c) The matrix with 10° rows and 10° columns stored in data3c.txt.

(continued on next page)



We define a binary operation + that produces a matrix with [ rows and n columns from a

matrix X with [ rows and m columns and a matrix Y with m rows and n columns. The (i, j)

entry' of X xY is defined as

B0 )i+ in{ (¥ s

where (M), represents the (u,v) entry of the matrix M, (X)ix(Y); represents the product of

(X)ik and (Y)x;, and 1'}1617_'2_;{( f(k) and I’:I?Ill f(k) represent the maximum and minimum values of

f(k) for integers k (1 < k < m), respectively.

@

Number sequences representing matrices in Format 3 are stored in files. For each of the
following matrices obtained by applying the % operation, find the row such that the sum
of the entries is the largest, and write down on-the answer sheet its row number and the

sum of its entries. If there are two or more such rows, answer about one of them.

(a) A B, where A is the matrix with 2 rows and 4 columns stored in data4a.txt, and
B is the matrix with 4 rows and 3 columns stored in datadb.txt. ‘ ‘
(b) C* D, where C is the matrix with 10° rows and 10 columns stored in datadc.txt,
- and .D is the matrix with 10° rows and 10® columns stored in datadd.txt. The
number of non-zero entries in each of C and D does not exceed 1000.
(¢) Ex F, where E is the matrix with 10° rows and 10° columns stored in datade.txt,
and F is the matrix with 10° rows and 108 columns stored in datadf.txt. .

When we choose a rectangular region of R'rows high and C' columns wide in a matrix with

" 7 rows and ¢ columns, there are (r — R+ 1) X (¢ — C' + 1) ways to choose. Let us count

the number of regions among them where the sum of the entries is 0. For example, the
matrix , ‘
' 0 -1-1 0 0 0
0 0 0 0 6 O
-4 8 2 0 0 O
has eight ways to select a rectangular region of 2 rows high and 3 columns wide, and the

following four out of them are the regions where the sum of the entries is 0.

0 -1 1]0 0 0© o[-1 1 o]0 o
.0 0 0|0 0 0 0| 0 0 0|0 0
4 8 2 00 0 -4 82000

0 -1 1[0 0 0 0 -1 100 0

0 0 0[0 0 0 0 0 00 0 0
~4 8200 0 -4 8 2|00 0

Number sequences representing matrices in Format 3 are stored in files. For each matrix,
R, and C below, count the number of regions with R rows high and C columns wide where
the sum of the entries is 0, and write that number down on the answer sheet.

(a) The matrix with 8 rows and 6 columns stored in dataSa.txt. R=2and C = 3.
(b) The matrix with 10° rows and 10° columns stored in databb.txt. R =C = 10.
(¢) The matrix with 10° rows and 10° columns stored in databc.txt. R = C = 100.
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