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࠙ How to answer questionsࠚ
Please follow the instructions below and answer the questions.
Choose two questions from the common subjects and choose either the Computer Science section
or the Human Information Science section.
In case choosing the Computer Science sectio n, answer three questions from question մ ~չ .
In case choosing the Human Information Science section, choose one question either պ  or ջ .
There will be two blank answer sheets in case choosing the Human Information Science section.

Common
Subjects

ձ Linear Algebra
ղ Probability and Statistics
ճ Data Structure and Algorithms
մ Computer Architecture
յ Operating System
ն Software Engineering
Computer Science

Specialized

շ Computer Networks
ո Databases

Subjects

չ Artificial Intelligence
Human Information Science

պ Image Processing
ջ Artificial Intelligence

࠙ Examination timeࠚ
9:30-11:30 (120minutes)
ͤ Leaving the examination venue is not allowed during the examination time.
ͤ In case you feel sick or need to go to the bathroom, let examination supervisors know
by raising your hand.

࠙ Notesࠚ
(1) Use one answer sheet for one question.
(2) Fill out your examination number and name for all the answer sheets. Also, make sure
to fill out all the other necessary sections such as the questions number column.
(3) Do not remove the staple of your answer sheets.
(4) Answer sheets with no names will be invalid. Do not take the question sheets and
answer sheets with you after the examination.
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̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
&RPPRQ6XEMHFWVղ3UREDELOLW\DQG6WDWLVWLFV
Answer all the questions below.
Question 1. Independent events
There are 250 applicants for an examination. Each applicant will be absent with probability 0.8%, independently. Answer
the following questions, with the derivation process for (2) and (4).
㸦㸯㸧 Let X be the number of absentees. What is the probability distribution
ሺ ൌ ሻ as a function of

called, the formula of

, and the range of

ሺ ൌ ሻ of X? Answer what is the distribution
.

㸦㸰㸧 Find the expectation and the variance of X.
㸦㸱㸧 Distribution

ሺ ൌ ሻ in the above (1) can be approximated to another probability distribution

what is distribution

ሺ ൌ ሻ called, the formula of

ሺ ൌ ሻ as a function of

, and the range of

ሺ ൌ ሻ. Answer
.

㸦㸲㸧 There are only 248 seats in the examination hall. Find the probability that the number of attendees will not exceed the
number of seats. Use the approximate distribution

ሺ ൌ ሻ which is considered in the above (3) for the calculation.

Furthermore, obtain the approximate probability in an irreducible fraction, by approximating the Napier number (the base
of natural logarithm)

as 3.







Question 2. Bayesian theorem
There are 3 boxes A, B and C. Each box contains 100 balls of red and white in total, and cannot be distinguished from the
outside. Box A contains 80 red balls and 20 white balls, box B contains 60 red balls and 40 white balls, and box C contains 20
red balls and 80 white balls. You will randomly choose 1 box among 3 boxes, then draw one ball from the chosen box. Let us
find the probabilities that the chosen box is A, B and C, from the color of the drawn ball.
Let A, B, and C denote the events of choosing box A, B, and C, respectively. And let R and W denote the events of drawing a
red ball and a white ball, respectively. Answer the following questions with the derivation process, and give the probability in an
irreducible fraction.
㸦㸯㸧 Find the conditional probabilities ሺ | ሻ, ሺ | ሻ, and ሺ | ሻ
㸦㸰㸧 Find the conditional probabilities ሺ | ሻ, ሺ | ሻ, and ሺ | ሻ
㸦㸱㸧 The color of the ball, which you drew from the chosen box, was red. Then, you put it back in the original box, and again
you drew one ball at random from the same box. The second ball was also red. Now, find the probabilities that the chosen
box is A, B and C.
㸦㸲㸧 Similar to the above (3), you drew one ball from the chosen box and record its color, and then you put it back to the
original box. Again, you drew one ball at random from the same box, and record its color. After the second recording,
you come to know that both colors of the first and the second balls are red. Now, find the probabilities that the chosen
box is A, B and C.
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&RPPRQ6XEMHFWVճ'DWD6WUXFWXUHDQG$OJRULWKPV
Answer all the questions below.
Problem 1. Consider the directed graph in Figure 1. In this figure, the circles represent vertices, and the numbers represent vertex
numbers. The connecting lines with arrowheads are directed edges. Now answer the following questions.
2
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Figure 1: A directed graph
㸦㸯㸧 Show the adjacency matrix of the directed graph in Figure 1. Order the adjacent vertices of each vertex according to
increasing vertex number.
㸦㸰㸧 Using the adjacency matrix derived in (1), starting at vertex 0, perform a depth-first search to visit all the vertices,
without repetition. List the vertex numbers in the order they are visited.

Problem 2. Consider a heap represented as a binary tree, as shown in Figure 2. In Figure 2, the circles represent nodes, and the
number within a circle represents the data assigned to that node. In order to represent the heap from Figure 2 as an array A, let
A[i] represent the i-th index position of the array. Store the root in A[0], the left child of node A[i] in A[2×i+1], and the right child
in A[2×i+2]. Then, the pseudo-code to insert a new element (node) into the heap is shown in Figure 3. size is a variable that
contains the n-1-th index of the array into which n elements have been inserted. x represents the largest integer less than x. swap
is a function that exchanges two nodes. Answer the following questions.
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Figure 2: A heap



5:



6: shift-up(i):



i/2



7:

j

8:

if i > 0 and A[i] < A[j] then

9:
 10:

swap(A[i],A[j])



shift-up(j)


Figure 3: Pseudo-code to insert an element into a heap
㸦㸯㸧 Represent the heap in Figure 2 as an array. Also show the indices.
㸦㸰㸧 Using the pseudo-code shown in Figure 3, when the function call insert(3) is executed, how many times will the shiftup function be executed? Show the content of vector A at each invocation.
㸦㸱㸧 The definition of the shift-up function in Figure 3 calls itself. What is this pattern of invocation called?
㸦㸲㸧 Rewrite the shift-up function in Figure 3, so as not to use this pattern (not to call itself), using a while statement instead.
Show this in pseudo-code, as in Figure 3. There’s no need to show line numbers.
㸦㸳㸧 If the number of elements stored in the heap is n, what is the worst-case time complexity, expressed in Big-O notation?
Concisely explain your reasoning.
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&RPSXWHU6FLHQFHմ&RPSXWHU$UFKLWHFWXUH

$QVZHUDOOWKHTXHVWLRQVEHORZ6XSSRVHWKDWWKHWDUJHWFRPSXWHUV\VWHPKDVQHLWKHU͆YLUWXDOPHPRU\͇
QRU͆SLSHOLQHFRQWURO͇

 &RQVLGHUWKH SURFHVVZKHUH D ͆ORDG͇ LQVWUXFWLRQ ZKLFK LV RQHZRUG LH IRXUE\WHV ORQJ RQ WKH
PDLQ PHPRU\ DW WKH DGGUHVV $ LV IHWFKHG DQG LV H[HFXWHG ([SODLQ KRZ WKH YDOXHV KHOG LQ WKH
UHJLVWHUVGHVFULEHGEHORZDUHXSGDWHGLQWKHXSGDWLQJRUGHUSURJUDPFRXQWHULQVWUXFWLRQUHJLVWHU
PHPRU\ DGGUHVV UHJLVWHU 0$5  PHPRU\ GDWD UHJLVWHU 0'5  DQG WKH JHQHUDO SXUSRVH UHJLVWHU 
ZKLFKLVDOVRE\WHVORQJ:KHQDQVZHULQJGHVFULEHWKH͆ORDG͇LQVWUXFWLRQDWWKHDGGUHVV$DV
͆;͇7KHLQVWUXFWLRQ;LVWKHLQVWUXFWLRQWRORDGRQHZRUGGDWD<RQWKHPDLQPHPRU\DWDGGUHVV%
WRJHQHUDOSXUSRVHUHJLVWHU

 :KHQ FRQVLGHULQJ WKH WKUHH NLQGV RI PHPRU\ DGGUHVVLQJ PRGH ձ LPPHGLDWH DGGUHVVLQJ ղ GLUHFW
DGGUHVVLQJ DQG ճ LQGLUHFW DGGUHVVLQJ GHVFULEH KRZ WKHVH WKUHH DGGUHVVLQJ PRGHV DFFHVV WKH PDLQ
PHPRU\PDNLQJWKHGLIIHUHQFHRIWKHWKUHHPRGHVFOHDU
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&RPSXWHU6FLHQFHյ2SHUDWLQJ6\VWHP
$QVZHUDOOWKHTXHVWLRQVEHORZ

 $ERXW SUHHPSWLYH VFKHGXOLQJ DOJRULWKPV DQG QRQSUHHPSWLYH VFKHGXOLQJ DOJRULWKPV FRPSDUH DQG
GHVFULEHWKHLUGHILQLWLRQVPHFKDQLVPVDQGIHDWXUHV

 )RU ZKDW NLQG RI V\VWHPV DUH HDFK RI WKH DOJRULWKP W\SHV DSSURSULDWH" *LYH H[DPSOHV RI WKRVH
V\VWHPVDQGGHVFULEHUHDVRQVZK\WKH\DUHDSSURSULDWH
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&RPSXWHU6FLHQFHն6RIWZDUH(QJLQHHULQJ
$QVZHUDOOWKHTXHVWLRQVEHORZ

([SODLQWKHPHDQLQJRIWKHIROORZLQJWHFKQLFDOWHUPV
㸦㸯㸧 6WDNHKROGHULQDVRIWZDUHGHYHORSPHQWSURMHFW
㸦㸰㸧 1RQIXQFWLRQDOUHTXLUHPHQWLQUHTXLUHPHQWVHQJLQHHULQJ
㸦㸱㸧 :KLWHER[WHVWLQJIRUVRIWZDUHPRGXOHV
㸦㸲㸧 $VVRFLDWLRQLQREMHFWRULHQWHGDQDO\VLV
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&RPSXWHU6FLHQFHշ&RPSXWHU1HWZRUNV
Answer all problems below.
Q1. The figure in the right side shows a network. The number inside the circle denotes a node
and its name. The line between two nodes denotes a link between the nodes. The number near
the link denotes the distance (or the cost to pass) for the link.
(1) Describe Dijkstra's algorithm by demonstrating all procedures on the network for determining all the shortest distances from
node zero “0” to other nodes. Skipping any step or omitting the explanation of each step is not allowed.
(2) Show the order of nodes where the shortest distance is determined by Dijkstra's algorithm in the sub-problem (1). The order
should be denoted as the list of node names separated by comma “,”.

For example, if you want to answer that the nodes 0, 5, 6

and, 7 are the order of shortest distance to be determined, answer that the order of determination is 0, 5, 6, 7.
Also show all shortest paths from node zero to other nodes in this setting. The shortest path should be denoted as the list of
node names separated by dash “-” proceeded by the destination node number and colon “:” followed by colon and its distance.
If you want to answer that the path from node 0 via node 5 and 7 to node 6 is at a distance of 10, denote it as 6:0-5-7-6:10 for
example. Note that the shortest distance from node zero to node zero is determined to be zero at the beginning step of Dijkstra's
algorithm, so 0:0-0:0 is self-evident. However, you should also clearly state it in your answer without omission.
Q2. For the descriptions regarding computer networks from (1) to (7), complete each description by selecting correct answers
from the options inside the rectangles. You can answer by writing suitable keywords or phrases if you find no suitable options.
Assume that the same option should be assigned to the rectangles with the same question identification in the descriptions.
(1) The acronym of a specialized agency of the United Nations that is responsible for issues that concern information and
communication technologies is

Q(a) ձ ITU ղ IETF ճ IEEE մ IrDA in English.

(2) One standard for data transmission for LAN, FDDI adopts a ring-based
Q(b) ձ carrier ղ segment ճ collision մ token

network where a signal called a

Q(b)

is passed between

nodes to authorize that node to send messages.
(3) The highest layer of an intermediate open system or intermediate system in the Open Systems Interconnection model or
OSI model is

Q(c) ձ physical ղ data link ճ network մ transport

protocol suite for an intermediate system is an IP

layer. The most similar equipment in Internet

Q(d) ձ switching hub ղ router ճ bridge մ repeater

.

(4) A host with IPv4 (Internet Protocol version 4) address in dotted decimal notation (or dot-decimal notation) 172.31.26.1
belongs to class

Q(e) ձ A ղ B ճ C մ D յ E

networks. If we change the subnet mask of the network to

255.255.255.128 in dot-decimal notation, the recommended broadcast address for this host is
Q(f) ձ 172.255.255.255 ղ 172.31.255.255 ճ 172.31.26.255 մ 172.31.26.127
(5) The address space of IPv6 (Internet Protocol version 6) is extended to

.

Q(g) ձ 48 ղ 64 ճ 108 մ 128

bits while

the one of IPv4 is 32 bits. The checksum field in an IP header is
Q(h) ձ on IPv4 only ղ on IPv6 only ճ both on IPv4 and on IPv6
(6) Regarding TCP and UDP on IPv4,

.

Q(i) ձ only TCP has ղ only UDP has ճ both TCP and UDP have

the

checksum field on each header.
(7)

Q(j) ձ Return-to-zero ղ NRZM ճ Manchester code մ 4B5B

is a line code in which the encoding of each data

bit is either transition of transmission medium state from low to high, or that from high to low, for equal time. It was used
in Ethernet 10BASE-T for example.
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7KLVTXHVWLRQFRQVLVWVRISDJHV

&RPSXWHU6FLHQFHո'DWDEDVHV 
$QVZHUDOOWKHTXHVWLRQVEHORZ

4XHVWLRQ&RPSOHWHWKHSDUDJUDSKV

  

DERXWGDWDEDVHVZLWKDQXPEHUIURPHDFKER[ DM 

,QWKHFDVHRIILQGLQJQRDQVZHUIURPDER[ZULWHDZRUGIRUWKHDQVZHU$VVXPHWKDWWKHVDPHDQVZHU
LVDVVLJQHGWRDQ\ER[ZLWKWKHVDPHV\PERO

㸦㸯㸧 ,Q UHODWLRQDO DOJHEUD D WKHRUHWLFDO IUDPHZRUN IRU UHODWLRQDO GDWDEDVHV D XQDU\ RSHUDWLRQ WR
REWDLQWKHFRPSRQHQWVRIDUHODWLRQUHVWULFWHGWRWKHVSHFLILFDWWULEXWHVLVFDOOHG
Dձ6HOHFWLRQղ&DUWHVLDQSURGXFWճ6HWXQLRQմ1DWXUDOMRLQյ(TXLMRLQն3URMHFWLRQ
DQGDQRWKHURQHWRREWDLQDVXEVHWRIDUHODWLRQWKDWVDWLVILHVDFHUWDLQFRQGLWLRQRQDWWULEXWHV
LV FDOOHG  E ձ 6HOHFWLRQ ղ &DUWHVLDQ SURGXFW ճ 6HW XQLRQ մ 1DWXUDO MRLQ յ (TXLMRLQ ն
3URMHFWLRQ$ELQDU\RSHUDWRUWRFRPELQHWXSOHVIURPWZRUHODWLRQVZKHUHWKHFRPELQDWLRQFRQGLWLRQ
LVWKDWDQDWWULEXWHIURPRQHUHODWLRQLVVDPHDVRQHIURPWKHRWKHULVFDOOHG
Fձ6HOHFWLRQղ&DUWHVLDQSURGXFWճ6HWXQLRQմ1DWXUDOMRLQյ(TXLMRLQն3URMHFWLRQ
DQGDQRWKHURQHWRUHPRYHDUHGXQGDQWDWWULEXWHIURPWKHFRPELQHGWXSOHVLVFDOOHG
Gձ6HOHFWLRQղ&DUWHVLDQSURGXFWճ6HWXQLRQմ1DWXUDOMRLQյ(TXLMRLQն3URMHFWLRQ
0RUHRYHUWKHRWKHURQHWRREWDLQDOOWKHFRPELQDWLRQVRIWXSOHVIURPWKHWZRUHODWLRQVLVFDOOHG
Hձ6HOHFWLRQղ&DUWHVLDQSURGXFWճ6HWXQLRQմ1DWXUDOMRLQյ(TXLMRLQն3URMHFWLRQ

㸦㸰㸧64/DODQJXDJHWRTXHU\DGDWDEDVHDOORZVXVHUVWRFRPELQHVHYHUDO6HOHFWVWDWHPHQWVWRUHWULHYH
GDWDVDWLVI\LQJDFRPSOH[FRQGLWLRQ)RUH[DPSOHJLYHQDWDEOH6WXGHQW VWXGHQWBQRVWXGHQWBQDPH
*3$DIILOLDWLRQ WKHTXHU\WRREWDLQDOOWKHDWWULEXWHVRIVWXGHQWVZKRVH*3$LVJUHDWHUWKDQ
WKHELJJHVW*3$DPRQJVWXGHQWVEHORQJLQJWRWKHDIILOLDWLRQLQFOXGLQJ͆LQIRUPDWLRQ͇LVGHVFULEHG
DVEHORZ
VHOHFWIձDQ\ղDOOճVRPHմ IURP6WXGHQW
ZKHUH*3$!JձDQ\ղDOOճVRPHմ  VHOHFW*3$IURP6WXGHQW
ZKHUHDIILOLDWLRQKձLQղ ճOLNHմ ’%information%’);


㸦㸱㸧%WUHHLVRIWHQXVHGWRPDNHDQLQGH[IRUDGDWDEDVH$IWHUDGGLQJ

10
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̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
&RPSXWHU6FLHQFHչ$UWLILFLDO,QWHOOLJHQFH
$QVZHUDOOWKHTXHVWLRQVEHORZ

)RUWKHIROORZLQJH[SODQDWLRQVRQ$UWLILFLDO,QWHOOLJHQFH $, IURP L WR Y FKRRVHWKHPRVWVXLWDEOH
ZRUGIRUWKHER[HV  WR  IURPWKHRSWLRQVDQGDQVZHUZLWKWKHDOSKDEHWLFV\PEROVVKRZQLQWKH
DOSKDEHWV1RWHWKDWVRPHXQXVHGRSWLRQVDUHLQFOXGHGDQGVRPHRIWKHDOSKDEHWLFV\PEROVDUHRPLWWHG
$VVXPHWKDWWKHVDPHZRUGLVHQFORVHGLQWKHER[ZLWKWKHVDPHQXPEHU

L 

$0XOWL$JHQW6\VWHPV 0$6 LVDV\VWHPLQZKLFKPXOWLSOHDJHQWVVROYHSUREOHPVLQDGLVWULEXWHG

DQGFRRSHUDWLYHPDQQHU$UHSUHVHQWDWLYHDSSURDFKWRFRRSHUDWLYHSUREOHPVROYLQJE\0$6LVD 



SURWRFROWKDWGLYLGHVDFRPSOH[WDVNLQWRLQGHSHQGHQWVXEWDVNVDQGDVVLJQVWKHPLQWRPXOWLSOHDJHQWV
$PRQJVHYHUDOQHJRWLDWLRQSURWRFROVWKH  SURWRFROZKLFKPRGHOVFRRSHUDWLYHFRQWUDFWSURFHVVHV
LQDKXPDQVRFLHW\FDQGHWHUPLQHDQDVVLJQPHQWRIVXEWDVNVWKURXJKSURFHVVHVRIWDVNDQQRXQFHPHQW
ELGGLQJ DQG FRQWUDFW DZDUGLQJ     KDV IHDWXUHV VXFK DV WRSGRZQ WDVN DVVLJQPHQW DQG  



EHWZHHQWKHWDVNPDQDJHUDQGFRQWUDFWRUV
LL 

$1HXUDO1HWZRUN 11 LVDQLQIRUPDWLRQSURFHVVLQJPRGHOWKDWPLPLFVKXPDQQHXUDOV\VWHPVDQG

FDQ EH XVHG IRU     DQG FODVVLILFDWLRQ SUREOHPV /HDUQLQJ XVLQJ D 11 FDQ EH DFKLHYHG E\ WKH
LWHUDWLYH PRGLILFDWLRQ RI WKH FRXSOLQJ FRHIILFLHQWV EHWZHHQ QHXURQV FRPSRVHG RI PXOWLSOH OD\HUV
 LVRQHRIWKHZHOONQRZQOHDUQLQJPHWKRGVEDVHGRQWKHFRQVHFXWLYHPRGLILFDWLRQRIFRXSOLQJ
FRHIILFLHQWV IURP RXWSXW OD\HU WR LQSXW OD\HU IRU JUDGXDOO\     WKH HUURU EHWZHHQ VXSHUYLVRU\
VLJQDODQGRXWSXWYDOXH5HFHQWO\  ZKLFKLPSURYHVRQWKHVKRUWFRPLQJVRI  LVJHWWLQJ
SRSXODUGXHWRLWVKLJKHUSHUIRUPDQFH
LLL  $ LVDQDOJRULWKPWRVHDUFKD    EHWZHHQWZRQRGHVRQDJUDSK$ DOJRULWKPLVH[HFXWHG
XVLQJWKHDFWXDOFRVWIURPWKHLQLWLDOQRGHWRWKHFXUUHQWQRGHDQGWKH  IURPWKHFXUUHQWQRGH
WRWKHJRDOQRGH,QRUGHUWRVHFXUHWKHRSWLPDOLW\RIWKHREWDLQHGSDWKLWLVUHTXLUHGIRUWKH
 IURPWKHFXUUHQWQRGHWRWKHJRDOQRGHWREHHTXDOWRRU  WKDQWKHDFWXDOFRVW
LY 

0DFKLQH OHDUQLQJ FDQ EH FODVVLILHG WR WKUHH W\SHV VXFK DV VXSHUYLVHG OHDUQLQJ     DQG

XQVXSHUYLVHGOHDUQLQJ    LVDQDOJRULWKPWROHDUQDQDSSURSULDWHDFWLRQEDVHGRQWKH  



IRUWKHDFWLRQ
Y 

1DWXUDO/DQJXDJH3URFHVVLQJ 1/3 FDQEHDFKLHYHGZLWKVHYHUDOHOHPHQWDU\WHFKQRORJLHVVXFKDV

PRUSKRORJLFDO DQDO\VLV     VHPDQWLF DQDO\VLV DQG FRQWH[W DQDO\VLV ,Q WKH SURFHVV RI
PRUSKRORJLFDODQDO\VLVDVHQWHQFHLVGLYLGHGLQWRPRUSKHPHVWKHQ  DQGVWHPPLQJOHPPDWL]DWLRQ
DUHFRQGXFWHG$GGLWLRQDOO\IRUWKHPRUSKRORJLFDODQDO\VLVZRUGGLFWLRQDU\DQGOLQNDJHUXOHVDUH
XVHGWRJHQHUDWHDJUDSKVWUXFWXUH    FRQVLVWLQJRIFDQGLGDWHZRUGVFRPSRVLQJDWDUJHWVHQWHQFH

D 0XWXDOVHOHFWLRQ

E 0LQLPL]HGFRVW

F (VWLPDWHGFRVW

H 0RUH

I :RUGODWWLFH

J 6WUXFWXUHDQDO\VLV K %D\HVLDQILOWHU

M 6KRUWHVWSDWK

N 5HLQIRUFHPHQWOHDUQLQJ

P 5HGXFLQJ

T 1HJRWLDWLRQ

U 0DUNRY'HFLVLRQ3URFHVVHV V 7UDQVIHUOHDUQLQJ

W 5HZDUG

X ,QFUHDVLQJ

Z /HVV

\ /RQJHVWSDWK

] 6\QWDFWLFDQDO\VLV

$ 6HJPHQWDWLRQ

% *DPHWUHH

' 3DUWLFOHILOWHU

( &RQMXJDWLRQ

* 3DUWRIVSHHFKWDJJLQJ

+ 5HJUHVVLRQ

5 1DLYH%D\HV

[ 'HHSOHDUQLQJ
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+XPDQ,QIRUPDWLRQ6FLHQFH




պ,PDJH3URFHVVLQJ
ջ$UWLILFLDO,QWHOOLJHQFH













,Q FDVH FKRRVLQJ WKH +XPDQ
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RQHTXHVWLRQHLWKHUպRUջ


14

Master’s Program, Information Science and Engineering Course,
Graduate School of Information Science and Engineering,
Ritsumeikan University
̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
+XPDQ,QIRUPDWLRQ6FLHQFHպ,PDJH3URFHVVLQJ *This question consists of 4 pages.
Answer all the questions below.
Problem 1.

Questions below are about image sampling and image coding.

(1) Figure 1 shows an 800*800 pixel image with sinusoidal stripe patterns. When resampling the image with
equally spaced sampling points in vertical and horizontal grids, in order to satisfy the sampling theorem in
both horizontal and vertical directions, the interval between sample points should be smaller than how
many pixels? Choose the correct answer from following options.

Figure 1
࠙Optionsࠚ
a㸬25

b㸬50

  c㸬75

d㸬100

e㸬125

(2) There is an RGB color image with size of 1280*960 pixels and each pixel in R, G, B is quantized to the range
0-255. When the quantization level of R, G, B is set to 32 levels each, without changing the number of pixels
in the image, how many bytes will the image be? Choose the correct answer from following options.
(Additionally, 1kB=1,024 bytes, 1 byte=8 bits.)
࠙Optionsࠚ
a㸬576kB

b㸬1,728kB

c㸬2,250kB

d㸬4,608kB
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e㸬13,824kB

Master’s Program, Information Science and Engineering Course,
Graduate School of Information Science and Engineering,
Ritsumeikan University
̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
Problem 2.

Questions below are about image gray-level transformation and spatial filtering.

(1) Image gray-level transformation is performed on the input images shown in Figure 2.1 and Figure 2.2. The
output images are also shown in the same figures. What is the appropriate tone curve used in each figure
and what is the transformation type? Choose the correct answer from following options.

     Input     

Output           Input     

Figure 2.1                  

Output

 Figure 2.2

࠙Optionsࠚ
Tone curves

    

Transformation types
a. Gamma correction b. Black/white inversion c. Solarization d. Log transformation e. Posterization

(2) For the grayscale image in Figure 2.3, the following three filters are applied. Choose the correct output
image for each filter from the following options.
ձ Sharpening filter

      

ղ Binary filter           
ճ Smoothing filter          

Figure 2.3 original image
࠙Optionsࠚ

   

aӨ Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө

Ө bӨ Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө cӨ Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө
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Ө Ө dӨ Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө Ө eӨ Ө Ө Ө

Master’s Program, Information Science and Engineering Course,
Graduate School of Information Science and Engineering,
Ritsumeikan University
̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
Problem 3.

Questions below are about geometric transformation

(1) Figure 3(b) is obtained as a result of scaling and skew transformation by applying Equation >@ to Figure
3(a). What are the values of
0

ൌ



, ,

?

   >@

Figure 㸱
(2) The affine transformation is the combination of arbitrary linear transformation and translation, which is
given by Equation >@ in homogeneous coordinates. When rotating ሺ , ሻ by 90 degrees counterclockwise
and moving one unit on both
ൌ


1

and

axes, what are the values of

㹼 ?

   >@
0

0

1

1

(3) When the affine transformation is performed on point (1, 0) under condition (2), what are the values of
and

after transformation?
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Problem 4.

Questions below are about image restoration.

(1) The captured image may be degraded due to "out of focus" or "blur" of the camera. As shown in Equation
>@, the degraded image

ሺ , ሻ can be considered as the image obtained after applying a degradation filter

ሺ , ሻ. In Equation >@,

to the original image

ሺ , ሻ is the degradation filter, and the symbol * represents

the convolution integral.
ሺ , ሻൌ ሺ , ሻ
If filter

ሺ , ሻ   >@

ሺ , ሻ is a specific function, the original image

ሺ , ሻ will not be degraded and the output is still

the original image unchanged. What function is this? Choose the correct answer from following options.
࠙Optionsࠚ
a㸬two-dimensional delta function
d㸬inverse function

b㸬explicit function

c㸬point spread function

e㸬implicit function

(2) The two-dimensional Fourier transform

ሺ , ሻ of the degraded image

product of the two-dimensional Fourier transform
Fourier transform

ሺ , ሻ of degradation filter

ሺ , ሻ can be represented as the

ሺ , ሻ of the original image, and the two-dimensional

ሺ , ሻ (as shown in Equation >@).

ሺ , ሻ ൌ ሺ , ሻ ሺ , ሻ   >@
If the degradation filter

ሺ , ሻ is known, which restoration method is correct? Choose the correct answer

from following options.
࠙Optionsࠚ
a㸬 Multiply

ሺ , ሻ by

ሺ , ሻ and apply inverse Fourier transform to the result.

b㸬 Multiply

ሺ , ሻ by

ሺ , ሻ and apply inverse Fourier transform to the result.

c㸬 Multiply the inverse filter of
d㸬 Add the inverse filter of

ሺ , ሻ by

ሺ , ሻ to

e㸬 Multiply the inverse filter of

ሺ , ሻ and apply inverse Fourier transform to the result.

ሺ , ሻ and apply inverse Fourier transform to the result.

ሺ , ሻ by

ሺ , ሻ and apply inverse Fourier transform to the result.
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Master’s Program, Information Science and Engineering Course,
Graduate School of Information Science and Engineering,
Ritsumeikan University
̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
+XPDQ,QIRUPDWLRQ6FLHQFHջ$UWLILFLDO,QWHOOLJHQFH
$QVZHUDOOWKHTXHVWLRQVEHORZ

࠙ࠚ+
+DPPLQJ GLVWDQFH DQG HGLW GLVWDQFH DUH GLVWDQFH PHDVXUHV WR HYDOXDWH WKH GLVWDQFH EHWZHHQ WZR
VWULQJV1RZZHFRQVLGHUPHDVXULQJWKHGLVWDQFHEHWZHHQ0$0.67DQG01$2.67
㸦㸯㸧&DOFXODWHWKH+
+DPPLQJGLVWDQFHEHWZHHQ0$0.67DQG01$2.671RWHWKDWWKHKHDGRIWKHWZRVWULQJV
LH0LVFRUUHVSRQGLQJDQGFRPSDUHGWRHDFKRWKHU
㸦㸰㸧&DOFXODWHWKHHGLWGLVWDQFHEHWZHHQ0$0.67DQG01$2.67XVLQJG\QDPLFSURJUDPPLQJ$OVRSOHDVH
GHVFULEHWKHYDOXHVVWRUHGRQDPDWUL[YLDPHPRL]DWLRQLQWKHG\QDPLFSURJUDPPLQJSURFHGXUH
㸦㸱㸧'HVFULEHWKHFRPSXWDWLRQDOFRVWRIHYDOXDWLQJWKHHGLWGLVWDQFHEHWZHHQWZRVWULQJVZKRVHOHQJWK
DUH0DQG1UHVSHFWLYHO\8VH%LJ2QRWDWLRQIRUGHVFULELQJWKHFRPSXWDWLRQDOFRVW




࠙ࠚ
㸦㸯㸧 3OHDVH H[SODLQ ZKDW V\QWDFWLF  SDUVLQJ PHDQV LQ QDWXUDO ODQJXDJH SURFHVVLQJ 3OHDVH XVH WKH
VHQWHQFH7KHER\EULQJVDERWWOHWRWKHNLWFKHQDVDQH[DPSOHIRUWKHH[SODQDWLRQ

SULVRQHU VGLOHPPDLQJDPHWKHRU\"6KRZDQH[DPSOHRI
㸦㸰㸧 :KDWNLQGRISD\RIIPDWUL[GHVFULEHVWKHS
VXFKDSD\RIIPDWUL[$OVRSOHDVHH[SODLQWKHPHDQLQJRIWKHSULVRQHU VGLOHPPDXVLQJWKHWHUP
1DVKHTXLOLEULXP

0DUNRYGHFLVLRQSURFHVVDQGWKHS
SDUWLDOO\REVHUYDEOH
㸦㸱㸧 3OHDVHH[SODLQWKHGLIIHUHQFHEHWZHHQWKH0
0DUNRYGHFLVLRQSURFHVV

%D\HVLDQWKHRUHPDQGH[SODLQWKHIXQFWLRQRIWKHWKHRUHP
㸦㸲㸧 3OHDVHVKRZWKHHTXDWLRQRIWKH%

SUHGLFDWHIXQFWLRQV
㸦㸳㸧 $VVXPLQJWKDWWZRVHQWHQFHV[LVDELUGDQG[FDQIO\DUHUHSUHVHQWHGE\S
ELUG [ DQGIO\ \ UHVSHFWLYHO\SOHDVHGHVFULEHDSUHGLFDWHORJLFDOIRUPXODUHSUHVHQWLQJDOO
ELUGVFDQIO\
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February 2021 Admissions

AY2021 Examination Questions for the Graduate School of
Information Science and Engineering, Ritsumeikan University
(Master’s Program)

 Major in Information Science and Engineering
Information Science and Engineering Course
࠙ How to answer questionsࠚ
Please follow the instructions below and answer the questions.
Choose two questions from the common subjects and choose either the Computer Science section
or the Human Information Science section.
In case choosing the Computer Science section, answer three questions from question մ ~չ .
In case choosing the Human Information Science section, choose one question either պ  or ջ .
There will be two blank answer sheets in case choosing the Human Information Science section.

Common
Subjects

ձ Linear Algebra
ղ Probability and Statistics
ճ Data Structure and Algorithms
մ Computer Architecture
յ Operating System
ն Software Engineering
Computer Science

Specialized

շ Computer Networks
ո Databases

Subjects

չ Artificial Intelligence
Human Information Science

պ Image Processing
ջ Artificial Intelligence

࠙ Examination timeࠚ
9:30-11:30 (120minutes)
ͤ Leaving the examination venue is not allowed during the examination time.
ͤ In case you feel sick or need to go to the bathroom, let examination supervisors know
by raising your hand.

࠙ Notesࠚ
(1) Use one answer sheet for one question.
(2) Fill out your examination number and name for all the answer sheets. Also, make sure
to fill out all the other necessary sections such as the questions number column.
(3) Do not remove the staple of your answer sheets.
(4) Answer sheets with no names will be invalid. Do not take the question sheets and
answer sheets with you after the examination.
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Master’s Program, Information Science and Engineering Course,
Graduate School of Information Science and Engineering,
Ritsumeikan University
̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
Common Subjectsձ Linear Algebra
Answer all the questions below.
Question 1. Find the determinant | | of the ሺ  1ሻ ൈ ሺ  1ሻ matrix

. Note that

is a constant and


0
ൌ

0

0

0

0



0



Question 2. Find the orthonormal basis for the following set of vectors.
2
1
1
ൌ 1 , ൌ 2 , ൌ 0 
1
1
1


Question 3. Given two matrices

ൌ

5
2
4

3
0
4

6
6
1

and

ൌ
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4
2
4

3
1
4

6
6 , find
2

and

.

ൌ .
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Graduate School of Information Science and Engineering,
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̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
Common Subjects ղ Probability and Statistics
Answer all the questions below.

Question 1. Find the constants

ሺ ൌ 1,2, … 5ሻ the expectation, and the variance of the following probability distribution

ሺ ൌ ሻfor discrete variable or probability density distribution ሺ ሻfor continuous variable

. Answer the questions

with the derivation process.

㸦㸯㸧 ሺ

, ሺ ൌ 1,2,3,4ሻ,

0 ,  ሺOtherwiseሻ

ൌ ሻൌ


㸦㸰㸧 ሺ ሻ ൌ

, ሺ0 ൏
4ሻ,

0 ,  ሺOtherwiseሻ



ሺ ൌ ሻൌ

㸦㸱㸧

!ሺ

ሻ!

, ሺ ൌ 0,1,2, … ,100ሻ

0.1 0.9


㸦㸲㸧 ሺ ሻ ൌ

expሺ 2 ሻ, ሺ  0ሻ,

ሺOtherwiseሻ
0, 


㸦㸳㸧 ሺ ሻ ൌ

expሺ

 2 ሻ, ሺ

ሻ



Question 2. Answer the following questions with the derivation process.
㸦㸯㸧 In a certain examination, each examinee had to choose between two questions A and B. As a result of scoring, the
score of question A follows the normal distribution ሺ60, 8 ሻand the score of question B follows the normal
distribution ሺ55, 10 ሻTherefore, the score of question A is adjusted by a linear transformation to make the two
distributions match. Find the appropriate formula of the linear transformation.

㸦㸰㸧 The infection rate of a certain infectious disease becomes 1%. Therefore, it is decided to check each individual for the
infection by a certain primary test. It has been found for this primary test that 99% of infected individuals are correctly
positive, while the remaining 1% are falsely negative. In addition, 90% of uninfected individuals are correctly negative,
while the remaining 10% are falsely positive. Now, find the probability that a person who is positive in this primary test
is truly infected. Give the probability in an irreducible fraction.


Question 3. Describe the following for two random variables
㸦㸯㸧 Definition of the independence of

and

and

.

㸦㸰㸧 Definition of (Pearson’s) correlation coefficient between
㸦㸱㸧 Derivation of the proof that if

and

.

and

.

are independent then they are uncorrelated.
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Common Subjectsճ Data Structure and Algorithms
Answer all the questions below.

Question 1. Given the number of elements in the input array as n, classify bubble sort, heap sort, merge sort, bucket sort, selection
sort, and insertion sort to A), B), or C), respectively.
A) Non-comparison sort
B) Comparison sort, worst-case time complexity is O(n2)
C) Comparison sort, worst-case time complexity is O(n log n)

Question 2. Figure 1 is pseudo-code for quick sort. X[p] represents the p-th element of the array X. Partition is a function that
selects the last element of the interval from index p to r in array X as a pivot, and relocates each element smaller than the pivot
to the first half of the array and each larger element to the second half of the array. Swap is a function that exchanges two values.
Answer the following questions.
㸦㸯㸧 Answer the pseudo-code corresponding to the blanks of (A) through (D) shown in Figure 1.
㸦㸰㸧 Illustrate the process of changing the value of array X when performing the Quicksort(X,0,4) of Figure 1 for array X of
Figure 2.
㸦㸱㸧 What is the time complexity of the average-case and worst-case of Quicksort, expressed in order notation?
㸦㸲㸧 Explain why the worst case occurs in Quicksort and how to improve the algorithm.
Quicksort(X,p,r)
ifp<r
pos=Partition(X,p,r)

X

0

1

2

3

4

2

4

5

1

3

Quicksort(X,p,(A))



Quicksort(X,pos+1,(B))

Figure 2: Array X






Partition(X,p,r)



pivot=(C)



i=pŞ1



forj=ptorŞ1



  ifX[j]<(D)
i=i+1



Swap(X[i],X[j])



Swap(X[i+1],X[r])



returni+1




Figure 1: Pseudo-code of quick sort


Question 3. Let every node of a binary search tree have a unique value (i.e. no duplication). Answer the following questions.
㸦㸯㸧 Answer which of the following A) or B) is the appropriate rule for the nodes of binary search tree.
A) All values of the nodes on the left subtree of a node v are less than its own node value, and all values of the nodes
on the right subtree of a node v are greater than its own node value.
B) The value of each parent node is greater than the values of its child nodes.
㸦㸰㸧 Illustrate the binary search tree created when {10, 12, 5, 4, 20, 8, 7} are inserted into the binary tree in this order.
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Computer Scienceմ Computer Architecture

Answer all the questions below.

Question 1.
Explain the details of implementation and the advantages compared to others for each of these three cache placement policies:
direct-mapped, fully-associative, and set-associative, while making each difference clear. You may use figures in the
explanation.
Question 2.
Explain how and when loss of significance on floating point operations occurs using an example. You may suppose IEEE754,
another floating point representation, or a representation defined in your explanation.
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Computer Science յ Operating System

 This is a question about page replacement in virtual memory management of an operating system. Suppose that 6 pages which
are numbered from 0 to 5 in virtual address space are in use. Also, suppose that there are 3 page frames in real memory. When
the pages are referenced as shown in the following tables, which use FIFO or LRU as a page replacement algorithm, write "X"
for page fault occurrence due to reference, and write the content of the page frames. The content of page frame must be written
as a queue for FIFO, or as a stack for LRU.
FIFO

Page Fault
Reference String

㸮 㸯 㸰 㸱 㸯 㸲 㸯 㸳 㸰 㸱 㸳 㸮 㸳 㸱 㸯 㸱

Page frames
(FIFO Queue)

LRU

Page Fault
Reference String

㸮 㸯 㸰 㸱 㸯 㸲 㸯 㸳 㸰 㸱 㸳 㸮 㸳 㸱 㸯 㸱

Page frames
(LRU Stack)
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Computer Science ն Software Engineering
Answer all the questions below.
Question 1.
Describe the differences between requirements and requirements specification.
Question 2.
Explain the client-server model in architectural design.
Question 3.
Describe situations where adaptive software maintenance is conducted.
Question 4.
Explain the relationship between classes and instances in object-oriented software development.
Question 5.
Explain the pros and cons of using the waterfall model for software development.
Question 6.
Explain the role of stubs in top-down integration testing.
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Computer Science շ Computer Networks
Answer all the questions below.
Question 1. Answer the following two sub-questions regarding line codes that use positive and negative voltages as physical
quantities.
(㸯) Describe these two types of line code: (Q1a) a non-return-to-zero level (NRZ(L)) line code and (Q1b) Manchester code (or
phase encoding).
(㸰) Illustrate changes in physical quantities of transmission media such as voltage for bit sequence “0110010110” for each of
the two line codes: (Q2a) non-return-to-zero line code and (Q2b) Manchester code. The following is an example of another
line code to show how to indicate changes of voltage, for reference.
Voltage in transmission media
0

Bits
Positive
voltage

1

1

0

0

1

0

1

1

0

Zero volt

Time

Negative
voltage

Example showing how to illustrate changes of voltage for MLT-3 (Multi-Level Transmit).
The line code is the bold line part. The vertical dotted lines indicate the transmission clock rise timings.
Question 2. For the descriptions regarding computer networks from (1) to (7), complete each description by selecting correct
answers from options inside the rectangles. You can answer by writing suitable keywords or phrases if you find no suitable options.
Assume that the same option should be assigned to the rectangles with the same question identification in the description.
(㸯) The acronym of an industry-driven interest group that was founded in 1993 that provides specifications for a complete set
Q(a) ձ ITU ղ IETF ճ IEEE մ IrDA and the name

of protocols for wireless infrared communications is
Q(a)
(㸰) In the

also refers to that set of protocols.
Q(b) ձ ALOHA ղ CSMA ճ FDDI

մ IEEE 802.5

protocol, which is a bus or media access control

algorithm, each node does not sense whether there is another node’s signal on the bus or not, and starts to transmit packets
as soon as they are ready.
(㸱) In the Open Systems Interconnection model, or OSI model, the
Q(c) ձ physical ղ data link ճ network մ transport

layer is responsible for packet forwarding, including routing

through intermediate routers and networks. In a LAN, a device that relays frames in the middle of a transmission path to
extend the transmission distance and only transfers them at the data link layer of the OSI model is called
Q(d) ձ a repeater ղ a router ճ a network bridge մ an ONU

.

(㸲) A host with IPv4 (Internet Protocol version 4) address in dotted decimal notation (or dot-decimal notation) 192.168.25.254
belongs to class

Q(e) ձ A ղ B ճ C մ D յ E

networks. If we change the subnet mask of the network to

255.255.255.192 in dot-decimal notation, the maximum number of unique host IP addresses is
Q(f) ձ 62 ղ 168 ճ 192 մ 254

.

(㸳) The first four bits of the IP header indicate the version number of the IP, and a binary
Q(g) ձ 0001 ղ 0100 ճ 0110 մ 1001

indicates that IPv6 (Internet Protocol version 6) is being used. The Internet

Header Length field, which indicates the size of the protocol header, is
Q(h) ձ in IPv4 header only ղ in IPv6 header only ճ in both IPv4 and IPv6 headers
(㸴) Regarding TCP and UDP on IPv4,

.

Q(i) ձ only TCP has ղ only UDP has ճ both TCP and UDP have

the source

port number field on each header.
(㸵) The

Q(j) ձ RIP ղ OSPF ճ BGP-4 մ CIDR

is a dynamic routing protocol that automatically determines the

shortest path using the number of routers traversed as the distance metric. It is difficult to apply it in large networks for
reasons such as the inability to inform neighboring routers of the subnet mask information.

29

Master’s Program, Information Science and Engineering Course,
Graduate School of Information Science and Engineering,
Ritsumeikan University
̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
Computer Science ո Databases
Answer all the questions below.
Question 1. Complete the 3 sentences ((1)-(3)) about the database by selecting a number from each box (A.- J.). In the case of a
blank box or no answer from a box, write a word for the answer. Assume that the same answer is assigned to each box with the
same symbol.
㸦㸯㸧

A.

is an indivisible series of database operations. The properties of a reliable

criteria.

C. ձ Consistency ղ Durability ճ Atomicity մ Isolation

A.

are defined as

means all of the

A.

B.

are completed or

none are completed.
D. ձ Consistency ղ Durability ճ Atomicity մ Isolation

represents that the results of executing

concurrently are the same as ones of executing them sequentially. The execution plan of
called

A.

that satisfies

D.

A.
is

E. ձ parallelizable ղ concurrentable ճ serializable մ encodable . The execution plan in Figure 1

F. ձ is ղ is not

E.. Note that Q1, Q2, Q3, and Q4 in Figure 1 indicate

A. , and Read and Write are operations

to read and write data of the argument from and to the database, respectively.
Time

Q1

Q2

t1

Read(X)

t2

Q3

Q4

Read(X)

t3

Write(X)

t4

Read(Y)

Read(X)

t5

Read(X)

t6

Write(Y)

t7

Read(Y)

t8

Write(X)

Write(Y)

Figure 1: Execution plan
㸦㸰㸧 A relation is described as Name(Attribute, …) and the attribute of a primary key is underlined. The Relation Order(Order
No., Product No., number, unit price, total price) is the

G.

normal form.

㸦㸱㸧 B tree is often used to make an index for a database. After inserting 26 to the B tree illustrated in Figure 2, a, b, and c, of
the updated B tree in Figure 3 are

H.

,

I.

, and

J.

, respectively.




15
5 10

22
18 20

a
24 30

e

b

Figure 2. B tree
f

g

h

i

c

Figure 3. B tree after inserting 26
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Computer Science չ Artificial Intelligence 㸨This question consists of 2pages.
Answer all the questions below.
For the following explanations on Artificial Intelligence (AI) from (i) to (iv), choose the most suitable word for the boxes (1) to
(15) from the options and answer with the symbols shown by the alphabetic letters. Note that some unrelated options are included,
and some of the letters are omitted. Assume that some words should be selected for boxes with the same numbers.
(i). A* algorithm, one of the methods for efficient pathfinding, is executed using the sum of the actual cost from the initial node
to the current node and the estimated cost from the current node to the goal node. The search is proceeded by sorting the
elements in the

1 , which is a set of candidate nodes. In order to secure the optimality of the obtained path, it is required

for the estimated cost from the current node to the goal node to be equal to or

2

than the actual cost.

(ii). The operation of classifying a collection of data into several groups based on the similarity between the data is called
4

is the most basic

3

3

.

method and is based on an algorithm that is easy to understand intuitively, that a set of n-

dimensional feature vectors can be classified into K clusters. In the algorithm, first, the data is divided into initial clusters.
Then, each data is attributed to the closest cluster based on its distance from the cluster's
of updating each

5

5

. Finally, repeat the process

until the cluster assignments are no longer changed. While it is easy to understand, the

4

has

a disadvantage that it cannot properly classify data whose shape of data distribution differs for each cluster. In order to
classify the data into clusters with different coverage in the feature space, there is a

3

approach that relies on a

6

.

(iii). Reinforcement learning is a method of machine learning that allows an agent (e.g., a robot) to learn through trial and error,
and is a method of learning behavior that maximizes the sum of
learning is formalized based on

7 , which can be obtained in the future. Reinforcement

8 , and its goal is to acquire better policies. In order to learn better policies, we need to

appropriately estimate the states in which the agent is placed and the value of its behaviors in each state. Therefore

9

is

defined.
(iv). Symbolic logic is the study of how to understand things expressed in languages based on their logical relationships after
converting them into symbols, and the most basic one is propositional logic.

10

is an extension of propositional logic by

dividing propositions into subjects and predicates. The following five logic symbols are used in

10 :

- 㻀: negation
- ҍ:

11

- Ҏ:

12

-

: implication

- : equivalence
The relationship between the Boolean values of the logical formulas P and Q and the Boolean values of the logical formulas
combined with the above logic symbols can be shown as follows

P㻌

Q㻌

¬P㻌

P Q㻌

P Q㻌

1㻌

1㻌

0㻌

1㻌

1㻌

1㻌

1㻌

1㻌

0㻌

0㻌

1㻌

0㻌

0㻌

0㻌

0㻌

1㻌

1㻌

1㻌

0㻌



0㻌

0㻌

0㻌

1㻌

0㻌

0㻌

1㻌

1㻌
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When a logical formula is always true, regardless of any interpretation, the formula is called a
the typical

14 , known as

14 . The following is one of

15 .
㻀 (PҍQ)

㻀PҎ㻀Q㸪㻀(PҎQ)

㻀Pҍ㻀Q

a

Less

b Markov Decision Process(MDP)

c Contradiction

d

Discount

e

Tautology

f Estimation function

g Clustering

h

Conjunction

j

Representative value

k Open list

m 1

p

Rewards

q Disjunction

r Predicate logic

s EM algorithm

t

0

u Closed list

w Sampling

x More

y

Value function

z

A Modal logic

B Predicted value

D

Conjunctive

Ontology

form
E Gaussian Mixture Model G K-means clustering

H de Morgan's law

32

R

Center

normal
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Human Information Science պ Image Processing  㸨This question consists of 4 pages.
Answer all the questions below.
Question 1. The following questions are about spatial filtering.
䠄䠍䠅 Which spatial filter gives the same effect as filtering an image by applying the filters shown in Figure 1, first A, then B?㻌
Choose the most appropriate one from the options.

(A)

(B)
Figure䠍

䛆Options䛇

(a)

(b)

(c)

(d)

䠄䠎䠅 The filter expressed in equation ձ is a LoG filter which consists of Gaussian filter and Laplacian filter.

LoGሺ , ሻ ൌ

exp

䐟㻌

When detecting zero crossings from images generated from the LoG filter, the value of
adjusted for a certain reason. Choose the most appropriate reason from the options below.

䛆Options䛇
(a)

Faster smoothing and edge detection

(b)

Faster zero crossings calculation

(c)

Calculating the similarity between gray-level distribution and Gaussian distribution

(d)

Adjusting the thickness of detected edges









34

in equation ձ needs to be

Master’s Program, Information Science and Engineering Course,
Graduate School of Information Science and Engineering,
Ritsumeikan University
̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿̿
Question 2. Considering a stereo camera system (see Figure 2) in which two cameras are aligned in parallel with interval

, and

the x-axes of two camera coordinate systems are on the same line. The origins of camera image plane coordinate systems

and

are the intersections of the optical axes with image planes. The positions in 3D space are represented in the camera coordinate
system with the origin

set to the left camera’s optical center.㻌 Also,

is the focal length. Answer the following questions

and choose the most appropriate answer from the options.
䠄䠍䠅 A point

ሺ , , ሻ in the 3D space is mapped onto points

ሺ , ሻ and

ሺ ,

coordinate systems, respectively. Indicate how to represent the coordinate of point

ሻ on the left and right image plane
ሺ , , ሻ in 3D space.










   )LJXUH㸰
࠙Optionsࠚ
ሺ

ሻ

ሺ

ሻ

ൌ

ሺ

ሻ

ሺ

ሻ

(a)

ൌ

(b)

ൌ

(c)

ൌ

ൌ

ൌ

(d)

ൌ

ൌ

ൌ

㻌

ൌ

䠄䠎䠅 Given the point

ൌ

㻌

ൌ

ሺ

ሻ

ሺ

ሻ

ሺ , ሻ in the left image, select the most appropriate description of its epipolar line in the right image.

䛆Options䛇
(a)

Parallel to

axis

(b)

Parallel to

axis

(c)

Parallel to the line passing through the origin

(d)

Perpendicular to the line passing through the origin

and the point

ሺ , ሻ

and the point
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Question 3. The following questions are about image restoration. The process of image distortion due to defocusing and blurring
can be expressed by equation ղ using point spread function
by

ሺ , ሻ and the distorted image is represented by

ሺ , ሻൌ
䠄䠍䠅

ሺ , ሻ and

ሺ

ሺ , ሻ. Here, the original image before distortion is represented

ሺ , ሻ, where

,

,

are coordinates in the image.

ሻ ሺ , ሻ

ሺ , ሻ are the two-dimensional Fourier transform of

represented by 䠆. Assuming the two-dimensional Fourier transform of
representation of

ղ
ሺ , ሻ and

ሺ , ሻ . The convolution integral is

ሺ , ሻ is

ሺ , ሻ, choose the most appropriate

ሺ , ሻ from the options below.

䛆Options䛇
(a)

ሺ , ሻൌ ሺ , ሻ

(b)

ሺ , ሻൌ ሺ , ሻ ሺ , ሻ

(c)

ሺ , ሻൌ

ሺ , ሻ
ሺ , ሻ

(d)

ሺ , ሻൌ

ሺ , ሻ
ሺ , ሻ

ሺ , ሻ

䠄䠎䠅 Gaussian distribution is one of the functions for approximating the point spread function of image defocusing. Using
Gaussian distribution, the point spread function ሺ 䚸 ሻ can be approximated as equation ճ, where

is the parameter

to represent the extent of blurring. How is the two-dimensional Fourier transform of the point spread function represented?
Choose the most appropriate representation from the options below.

ሺ , ሻൌ

exp

ճ

䛆Options䛇
(a)

Bessel function of the first kind of order two

(b)

Bessel function of the first kind of order one

(c)

Gaussian distribution

(d)

Laplace distribution

㻌
㻌
㻌
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Question 4. The following questions are about pattern recognition. Choose the most appropriate answer from options for
questions (1)䡚(2)
䠄䠍䠅 Features are extracted from images belonging to class 1 or class 2 and plotted in a two-dimensional feature space. The
distribution of features is shown in Figure 3 ( represents class 1, and

represents class 2). These features are used to

classify three new test images (images㻌 ձ䡚ճ, represented by × in the feature space). Select the option that consists of all
images that would be classified into different classes when using these two algorithms: nearest neighbor method and knearest neighbor method with k=3, measured by Euclidean distance.
䛆Options䛇
(a)

ձ

(b)

ղ

(c)

ձ and ղ

(d)

ճ

(e)

ձ and ճ

(f)

ղ and ճ㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌
Figure 䠏

㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌㻌
䠄䠎䠅 A support vector machine (SVM) is a discriminator for making the decision boundary between two classes. Which of the
following results in Figure 4 represents the decision hyperplane separating two classes of training samples using a hard
margin linear SVM?
䛆Options䛇

(a)

(b)

(c)

(d)
Figure㸲
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Human Information Science ջ Artificial Intelligence
Answer all the questions below.
Question 1. An autonomous vehicle needs to find the shortest path from a parking lot (P) to a destination (D). The value shown
beside each edge means the actual cost of that edge. That inside each node represents the expected future cost to reach the
destination. The total cost of travel is the sum of the actual cost on the path from the parking lot to the destination. The problem
is to find the path that requires minimal cost.
(㸯)

Execute an optimal search (Dijkstra's algorithm) to find the

(㸰)

Execute A* algorithm and find a solution.

shortest path.

An open list and a closed list should be described.
An open list and a

closed list should be described.
(㸱)

Is it possible to make the solutions of the optimal search and A*
algorithm different by changing the expected future cost of H?
Please explain if it is possible by mentioning the theoretical
background.

(㸲)

In a real-world application scenario, how can we determine the cost
of an edge? Please explain your idea with an example case.

Question 2.
(㸯) Please explain what minimax for an extensive-form game means in game theory with an example.
(㸰) Please explain what the naïve Bayes model means. The generative process of the naïve Bayes model should be described.
(㸱) Please explain what Gaussian mixture models are.
(㸲) Please explain the relationship between Bayes filter and particle filter in state estimation (or self-localization).
(㸳) Please explain Bag-of-Words representation in natural language processing.
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