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

aw

2. Write your examinee ID number below on this cover page.
3.
4

An answer sheet accompanies this bookiet. Write down your examinee ID number
and the problem number on the sheet.

. 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
exam supervisor.

You may choose any programming language 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 directory/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. 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. Also the files generated for
answering questions must be stored in the USB fash drive. If you are taking an online
replacement 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.

We store the daily numbers of newly infected people with some virus (new infections, below)
in a text file in chronological order. The numbers are separated by colons (:). For example,
when the numbers of new infections for 5 days are

621 591 907 1121 1032
the following text
621:591:907:1121:1032

is stored in a file.

Problem 1

(1) Find the 10th biggest number of new infections stored in the text file infections.txt
and write it on the answer sheet. Count after removing duplicate numbers. For example, the
third biggest number among 1, 2, 3, 3, 4 is 2.

(2) For every text file f in the data folder, find Ny, the 10th biggest number of new infections
in f, as in Question (1). Then calculate the sum of all Ny and write it on the answer sheet.

(3) For xg, 1, T2, T3, ...Tn—1, the numbers of new infections stored in the text file infections.txt,
the new-infection increment on a day is the difference xz; — x;—1 between the number of the
new infections z; on that day and z;_; on the day before. Here, the number of new infections

on the day before the first day is zero.

Concatenate the new-infection increment for every day into one character sequence and
store it in the text file diff.txt. Furthermore, count the characters in this sequence and
write that number on the answer sheet. The newline character is not counted. Start with +
for a non-negative number and start with - for a negative number.

For example, when the new-infection increments are

621 -30 0 -316 214 -89
the following character sequence
+621-30+0-316+214-89

is stored and the number of characters is 20.



(4) For the numbers of new infections in the text file infections.txt, find the shortest
period among the periods in which the sum of the new-infection increments is maximized.
Write that period on the answer sheet. If more than one such period is found, write all the
periods. The first day is Day 1. For example, answer like “From Day 8 to 24”. Furthermore,
calculate the sum of the new-infection increments during that period, and write that sum on

the answer sheet.



How to submit the answers for the online replacement exami-
nation

According to Guidelines of the Online Replacement Written Examination, submit a zip
file named “<Examinee ID Number>.zip” to the following URL.

https:/funivtokye-my.sharepoint.com/:£!/g/personal/ist-ci_univtokyo_onmicrosoft._con/ExtP1danT51KulKGnBG4-CUBQDNT Znd1040blPOPJITKEE

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

https://univtokyo-my. sharepoint.com/:4:/g/personal/ist-ci_univtokyo_onmicrosoft_com/EleABkEuWtdGsAn1RUKNGYcBLRXE 0067 1VasCYuwwdrbQ5A
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Do not open this problem booklet until the signal to begin is given.

Write your examinee ID number below on this cover page.

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

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
exam supervisor.

You may choose any programming language 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 directory/folder onto the USB flash drive that
you received.

At the end of the examination, this booklet, the USB flash drlve and 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. Also the files generated for
answering questions must be stored in the USB flash drive. If you are taking an online
replacement 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.

We store the daily numbers of newly infected people with some virus (new infections, below)
in a text file in chronological order. The numbers are separated by colons (:). For example,
when the numbers of new infections for 5 days are

621 591 907 1121 1032
the following text
621:591:907:1121:1032

is stored in a file.

Problem 2

(1} Let xg, z1, ®2, 3, ..., Tn—1 be the numbers of new infections on every day stored in the text
file infections.txt. We define the following function

where 3 <i<n—3.

Calculate the maximum and minimum values of ave(?) and write them on the answer
n—4
sheet. Furthermore, calculate the sum Z ave(i) and write it on the answer sheet. Round
) i=3
those values to 4 decimal places.

(2) Let xg, T1, T2, 3, -y Tm—1 a0d Y0, Y1, ¥2, Y3, ---» Yn—1 be the numbers of new infections stored
in text files x and y, respectively (m = n). We define s(z,y), the similarity score between
these two files, as

n—1
s(z,y) = —min > (Tepi — yx)’
Y k=0
where 0 <1 < m —n. .

Among arbitrary pairs of two files in the folder data, find the pair with the highest
similarity score and write the two file names on the answer sheet. Furthermore, write the
similarity score on the answer sheet. When more than one such pair is found, write all the
pairs and their scores.



(3) Let zq, %1, %2, X3, .., £n—1 be the numbers of new infections stored in the text file
infections2.txt. These numbers are denoted by {z;}.
We find the approximate formula ai + & that has a good fit to these numbers {z;}. For

example, the approximate value for x3 is 3a+k&. Here, a and k are the constants that minimize
n—1

the error » (ai+k — x;)? for {z;}. They are calculated as follows.
i=0

o mp i =i
T AT - Cip

b= Sy m - Y imi Y
ny i? — (i)

n-1

where Y represents z

=0
Calculate a and % rounded to 4 decimal places and write them on the answer sheet.

(4) Let zp, z1, 2, X3, .... Tn—1 be the numbers of new infections stored in the text file
infections2.txt. For a given s, a sub-sequence g, Tgr1, Ts+2,---Ts+30 of these numbers is
denoted by {wsyi}. Here. 0 < s <n—30.

We find the approximate formula ka® that has a good fit to a sub-sequence {zs4,}. For
example, the approximate value of &3 is ka®. Here, @ and k are the constants that minimize
this error :

30
Z(loge ka' — loge($8+‘i + 1))2

i=0

for {zsyi}. _
Find s such that it maximizes the value of @ in the approximate formula ka* for {zs4:}.
Write the values of s, g, k for such s on the answer sheet. Round a and k to 4 decimal places.

‘When more than one such s is found, write the values of s, a, k for every s.



How to submit the answers for the online replacement exami-
mnation

According to Guidelines of the Online Replacement Written Examination, submit a zip
file named “<Examinee ID Number>.zip” to the following URL.

https://univeokyo-my.sharepoint.com/ £ 1 /g/personal/ist-ci univickyo onnicrosof t_com/EkHgP6n0oUxPphzH2cKbWOERI - £ jgACL GUPL9HBrheQiny

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

https:/!univtokyo-my.sha:epoint.ccm/:f:Ig/parsunal/i:c-ci_univtokyo_onmicrosuft_cum/EleABkHthdGsAanUKNquELRXIDDaTanaCYuuderSA
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