BELRE HFFRMFERAFZE EIRARE RE
(B ER)

Entrance Examination for Master’s Program
(Fundamentals of Informatics)
Department of Social Informatics

SfM4E£8H5H 13:00~15:00
August 5, 2022  13:00 — 15:00

CEE]
AERFIRDERAHLHETHER TIEILFARL.
FREARIIRBESHTINTHS. HABREFIRER, WEEREEL, BT I
RIDAFERALZELDABNITELICRLEHS L.
[FRBIX 5 BTHD. —D>b 3 BEEIRL, BELLSLY.
RERMORMICEHINTOWHIEIEFEHICTOLWTHEET L.
fz8 1 @ICOF, MERM A AT L. MERMREIERZFERALTLE
HEWA, FRYLIEEFEEEICRET O EEARL T HL.

NOTES
Do not open the pages before the signal to start the examination is given.
This is the Question Booklet consisting of 8 pages including this front cover.
After the examination starts, check that all pages are in order and notify
proctors immediately if missing pages or unclear printings are found.
There are 5 questions. Choose and answer 3 questions in total.
Carefully read the notes on the front cover of the Answer Sheets, too.
Use one answer sheet for each question. You may use the reverse side of
the sheet, but if you do, be sure to indicate it clearly by writing “See reverse
side” at the end of the front side.
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EEZES (Number) 1

(1)AND 77—k, OR#4#— k. NOT 7 — FDOBEIBRREZLUTIZRT,

The graphical representation of AND, OR and NOT gates is shown below.
AND OR NOT

A1 1 A1 i A1 i
Input :D_ Output Input Qutput Input _Do_ Output
CNo3EDT—bDHEEL>T, UTD (a) BLY (b) TEDLONHERZHFEEE

K (N ZERE LK), ELLDEKY. ERFPDT— FIFEXTEDET S,
Using only these 3 types of gates, construct a circuit as described in (a) below, and

another circuit as described in (b) below. Both circuits can include at most 5 gates.

(@ ANB2EY bXF—2 xx, THYRIET HHEN y AR 1DEY THAHEEE,
The circuit which takes a 2-bit pattern x;x, as the input and which outputs 1 bit y
according to the input-output correspondence in Table 1.

X1 X |y
0 010
o 1 |1
1 0|0
17 1 11
51 Table1

(b) ABMIEY b\E—2 xix,x3 THYRIET HHEN y BNR2DEY THLHEE,
The circuit which takes a 3-bit pattern x;x,x; as the input and which outputs 1 bit y
according to the input-output correspondence in Table 2.

X1 X2 X3 |Y
0 0 0O
0O 0 110
o 1 0 1
o 1 1 |1
1 0 010
1 0 1 |1
1 1 010
1 1 1 |1
= 2 Table2
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(2) NEUTIZKBIF—ETEFEICE T, UTIZERT @ OAvE—T% “IDEA”
ERRFETAHACENTEDELIIC, ThERKIZ @ DA ytE—T% “ADDED” & fEdE
T5IENTEDHLSIZ. A, D, ‘B, T OFhERICTES5EY DO
—FZEIYHTEK,

Assign a 5-bit code to each of ‘A, ‘D’, ‘E’, and ‘I’ so that the message D below can be
decoded as “IDEA” by Hamming's error correction method and, at the same time, the
message @ below can be decoded as “ADDED” by the same method.

@ 01010 00000 11001 10111
@ 00110 00101 00101 11111 00101
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RE&E S (Number) 2

(1) IRRPL—PORTFLIZT7ZAINEERNT BB, BEUIRRML—U TR
TLNS I 7AINERARATE. HELI—F -PELI—F- Ny IT7HBEDLSIC
ERSASHERBAE L

Explain how logical records, physical records and buffers are utilized when files are
written into and read from a mass storage system.

(2) ARL=—TFTAVILRATLDA—RILDBRERTHDIRATD1—5¢ET14R
NYFXIZE2TILFTATSIVINEDLS ITER SN D MERBAE &,

Explain how scheduler and dispatcher of operating system's kernel achieve

multiprogramming.

(3) RILFTOTSIVITIRTLIZENWT, H$H7OEADNEYHTOLN-ATE
DEIJILLANDBEE LTIV ERTERELEL, EDESITTLUDHIEHEZEBTTE SH.
HBAE &K,

Explain how a process in a multiprogramming system may gain control of a machine if it

can access memory cells outside its allotted area.

(4) RT=)oT&MEH, BEARfIZRELTHRAL L, TOLT, RT—UIN
Ty ROy OEBFRELGY S HEHETRE,

Explain what "spooling" is through a concrete example. Then, explain why it can prevent
a deadlock from occurring.
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RE&E S (Number) 3

FILT)XLIZEATHUTORVICEZ L.

(1) ZHAFERTILIVALENEDERZHLDVR MIERT 5L E, RADLEELK
FLC 2. BRIFRT7ZILTYXLEZEATSHEE, RROLEERHIEL DH.

(2) FEBIFMLGEINT7ILIT) A LEBIRHGEINT7IILIYALEZTNEN 1 DET, #
Lla—RrZRAVWTERE L. F, ThTAOTILT) XLONEEZERE L.

Answer the following questions on algorithms.

(1) What is the maximum number of entries that must be interrogated when applying
the binary search algorithm to a list of N entries? What is the maximum number of
entries that must be interrogated when applying the sequential search algorithm to a
list of N entries?

(2) Give examples of a non-recursive sort algorithm and a recursive sort algorithm.
Write pseudocode for both of the algorithms and discuss their efficiency.
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RIREE S (Number) 4
T—2EEICEATHAUTORWIER &,

(1) RIZSRTZAKREERNT HUTOZDO2OHEIZONT, BFRE &K,

(@) EHERAML—OVRTLEERAT A,
(b) REKRZE—DERHK LTI-A T EILIZIERNT 55,

(2) ZRKRZEDFHMLHFT HHFLUI— FERBE L, FIZAELDOZHKRIZERD K
JITHFSNS,

AKBVZGLEDH

() RDEFNZA A VAEIITRBETHEMTDE., EDLSBEREICTINZETRE,

33 |21 62 |17
13 |42 |72 |57
94 |11 53 |87

4) RIZBEBFEIZHLTAY FRSA V23 ET—ILRA VA HEOB/RYF 1 —4KTE
fo F1—RFEBATENEREZBMTES,
(a) ZZDF 21—
(b) ZZDF21—I=, BHK 34, 55, 29 & 35 £ BRITEAT B,
©) (b) DFa1—hid., 2ONBEHFHIKRLT 18 #FAT 5,
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Answer the following questions on data structures.
(1) Draw figures for storing the following binary tree in the main memory using the

methods (a) and (b).

(a) using a linked storage system.
(b) using a single contiguous block of memory cells for the entire tree.

(2) Write a pseudo code to print a binary tree in the left-child-first order. For example,
the above tree in (1) will be printed as below.

AKBVZGLEDH

(3) Show how the array below would be arranged in the main memory when stored in
the row major order.

33 |21 |62 17
13 |42 |72 |57
94 |11 53 | 87

(4) Draw a figure of the circular queue with the head and tail pointers under the following
situations. The queue can hold up to 7 entries at most.
(a) Empty queue.
(b) After inserting four entries of 34, 55, 29, and 35 sequentially to the empty
queue.

(c) After removing two entries from the queue in (b) and inserting an entry 18.
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RRE&E S (Number) 5

AEOERICETAUTORWIIEZ L.

(1) NPIEE NP E£HEOEKRE TN T NHRAE &.

(2) RSA AFABIEE A TLDOERNLGEZ AZHRAE L. £z, RSA AFHRES X
FLOREMIZDONTERE £.

Q) BEMETERHEONFICE T H5BRATREMBEOEREZHBAE &. £, BRTEEM
BDH % 1 DEF, TORBRTEEMEZEHE &

Answer the following questions on the theory of computation.
(1) Explain what NP problems and NP complete problems are.

(2) Explain the basic idea of the RSA public key encryption system. Then, discuss the
security of the RSA public key encryption system.

(3) Explain what unsolvable problems are in the area of theoretical computer science.

Then, give an example of an unsolvable problem and prove its unsolvability.
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NOTES
Do not open the pages before the signal to start the examination is given.
This is the Question Booklet consisting of 22 pages including this front cover.
After the examination starts, check that all pages are in order and notify
proctors immediately if missing pages or unclear printings are found.
There are 20 questions. Choose and answer 3 questions in total. The
questions you must choose are assigned based on your first-choice
application group. The list of conditions is given on the next page.
Carefully read the notes on the front cover of the Answer Sheets, too.
Use one answer sheet for each question. You may use the reverse side of
the sheet, but if you do, be sure to indicate it clearly by writing “See reverse
side” at the end of the front side.
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F1EERD

EIRGEM

-1, #t-2, #1-3. #t-4, #-5. #1-6.
#t-14. #1-15

T1~T5ho 3 &8

#1-8-9

B1~B4 H'o 3 @@

#£-10. #-11. #-12

D1~D6 Mo 3 &

#t-13a. #-13b

M1~M5 Hvi> 3 &8

Questions to be chosen depending on the first-choice application group

First-choice application group

Questions to answer

SI-1, SI-2, SI-3, Sl-4, SI-5, SI-6,
Sl-14, SI-15

Select three among T1~T5

SI-8-9 Select three among B1~B4
SI-10, SI-11, SI-12 Select three among D1~D6
Sl-13a, SI-13b Select three among M1~M5
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MREZE S (Number): T-1

UTDT—ER—RAEEBIRTLICET HHRMIZEZ &£
(1) HEIKRERT—IRN—RIHEICETIUTOEREEET IDLENDHD.
- B pid THRAESH, BEE LT name , salary, phone & address #¥#D.

B dep /idTHEHANSN, BHEE LT dep_name & budget Z35D.
HBEDFH : BYEE LT name & birthday ##D.
BEIFHEBIET 5.
BEREI—ADHEEIZE>TIRD AV SN D.
B (ZOXREROZETHY, —ADELHIZOKRERIZEBLTHWERE) M
Mo TULWNIE, FIRIEFLZEIT—EIZHEI SIS,
BHAKXREREZEBLIZL, XFRIEIFEHOBREEE LG LGS,

CDT—ER—X[CEATAHUTDERBIZEZ K.

(1-a) TNoDFEHRERMLI-ERREZE(T.

(1-b) LEENERRZAWVWTEHABRRAF—ITZHETLT, SQLXFEVTHIET 5
REERE K. L, ARELGRYZ<DOHERYAL L. L LERYADHLELI -
=& HNE, FOEBRIZDOVTIHAR L.

(1-¢) FELI=AF—TDRENDBENE SN DONTEHRIAR L.

D BAREBHRIFECHMENTNSARRKREITHS. UTORMICEZ L.

Root \

13 17 24 30

AN

2% | 3% | 5% | 7" 14% 16* 19% 20* 22* 24*| 27 29* 33* 34* 38*| 39"

(2-a) UTD#REICLEN>TERD B+RZIERICEHL, HRERD B+KREET.
(i) BEF—DN8THAHLI—FEEATS.
(i) BRFXF—HD19THSHL3—FZHEIKRT 5.
(i) WREF—MN20THHL3—FZHIKFT .
(iv) BREREF—MN24THAHLI—FZHIKFT .

(2-b) BARE BHARDEWZDULNTERAE L.
Q) FS oYU a ERBICET AUTOREFHRBAT L.
kS oSS a3y, RFMHE (Atomicity), E S M (Consistency), [m Bttt

(Isolation), MtAtE (Durability), ESIRIGER 7 P a1—)L, EIERIGERT P 1—)L,
Strict 2PL
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Answer the following questions related to database management systems.

(1) A graduate school database needs to store information about professors as follows.
- Professors: identified by pid, with name, salary , phone and address as attributes.
- Departments: identified by dep_id, with dep_name and budget as attributes.
- Children of professors: with name and birthday as attributes.
- Professors work in departments.
- Each department is managed by a professor.
- A child must be identified uniquely by name when the parent (who is a professor;
assume that only one parent works for the school) is known.

- The school will not maintain the information about a child once the parent leaves the
school.

Answer the following questions related to this database.
(1-a) Draw an ER diagram that captures the aforementioned information.
(1-b) Design relation schemas by using your ER diagram, and then write SQL
statements to create the corresponding relations and capture the constraints as many as
possible. If there are some constraints that could not be captured, explain why.

(1-c) Explain whether your relations schemas need to be refined or not.

(2) B trees and B+ trees are well-known tree indexes. Answer the following questions.

Root \

13 || 17 24 30

2% | 3| 5| 7* 14* 16* 19 20 22* 24*| 27% 29+ 33*| 34*| 38*| 39"

(2-a) Update the B+ tree shown above sequentially with the following operations. Draw
the updated B+ trees.
(i Insert a record with search key 8 into the tree.
(i) Delete the record with search key 19.
(iii) Delete the record with search key 20.
(iv) Delete the record with search key 24.

(2-b) Explain the difference between B trees and B+ trees.
(3) Explain the following terms related to transaction management.

Transaction, Atomicity, Consistency, Isolation, Durability, Serializable Schedule,
Recoverable Schedule, Strict 2PL
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ME&E S (Number): T-2
RADTF Ry bID—0 EERMHERICET HLUTOMEICEEY &:

1) UTOMEEHRAL &
(B TBEREE] T4 AL b ) DRI T51812 & HHR)

2) HiIRESDHINAOTURY IV ZHIRL. TNZEANT TEHFESHII
Pl & IXRIDERBAE &

3) BEREARY FT—UDHI%E1D2RL, TAhZANWT IELFMOMIES &I
MNZERAE &

4) TEREFR] THEHE) TRRERSH] [2E] ORFBEAVTRA D7 UR Y b
T—Y D RzEHAE &

5) RADTURY FI—UDHEERMHRICEWNT, EQOXSHIHGEIZ TEHEE]
BRI REN, EDESIBRFRIZ THUTY US| 2BIRTRED, HBEEL

Answer the following questions on Bayes’ net and probabilistic inference:

(1) Explain the following terms:
"marginal distributions," "posterior probability,” "events," "independence,"
"inference by enumeration."

(2) Describe an example of a Bayes’ net having three nodes, and use it to explain what
a “conditional independence” is.

(3) Describe an example of a decision network, and use it to explain what a “VPI (value
of perfect information)” is.

(4) Explain the merits of Bayes’ net using terms "causality", "simplification," “joint
probability distribution,” and "learning.”

(5) For probabilistic inference in Bayes’ nets, discuss when we should choose “variable
elimination,” and when we should choose “sampling”.
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M7E& S (Number): T-3
UTOMRE (1) ~ (5) ICEZEE L,

(1) YVIr9z7HRETOECRIZDINT, 94—3—T+—ILETILETOYAIL
TOERETILORFFEEFTEZHE LAY X,

(2) UMLDA—R5—RXBEIDOZENZDWNTHIZAWTEHRAE L.
(8) 2720 aviRA4 Y MEIZDODWTHZERAWTEHRBRAE X,

(4) ATy rERATOTS IV EFAMN. ATz I THSRITAUR
BRI A=y OF—T—FERANWTHRBEE K,

(5) #7 2z Y MERMTAYSIUJIZETE TRYE—T 4 XL [TO2LWTHIZE
RUWTEHRBAE &,

Answer all the following questions (1)-(5).

(1) About software developing processes, explain the waterfall development model and
the agile development model with their advantages and disadvantages.

(2) Explain the role of the use case diagram in UML with an example.
(3) Explain the function point method with an example.

(4) Explain object-oriented programming with the following keywords, “Object”, “Class”,
“Instance”, and “Message passing”.

(5) Explain polymorphism in object-oriented programming with an example.
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RIRE& 5 (Number): T-4
DPTFORWIZEZ &.

1 ERRBRIZB T2 T vF VIV AT LADOFHIZHW 535, average precision
(AP) &, #EARFEEHIHIRD area under the curve (AUC) & DEIRIZDOWNWT
AR L. £, BEZO LS LERICRELDHIHE L.

2. PageRank DEHAEIZBEWT, JVRLIIT YV T HHERE 0 & LIZHEIT,
(X722 T) OIHKAD PageRank EPMRE U TR LR WE S 0B M T Z
TOHEEIT L. £72, EOIEHMAD PageRank AR LR WRERT I L.

3. U FNOEM2 T3 A7 Z 7 Ol Z2%01F k.

o THFEA 10

o B TOIHMDEHEFENEL W

e ETDHEMDI T ARV IIREMN 0

o /7 7DER 2HAMORERKDORET DRAHE) »52

Answer the following questions.

1. Explain the relationship between average precision (AP) and the area under
the curve (AUC) of the precision-recall curve, which are used in the evaluation
of rankings in information retrieval. Also explain why that relationship holds.

2. Show an example of a directed graph where the computation of PageRank with
the random jump probability set to 0 leads to oscillation without convergence
for some (or all) vertices. Also specify the vertices for which the PageRank
computation does not converge.

3. Show an example of an undirected graph satisfying all of the following condi-
tions:
e the number of vertices is 10,
e the closeness centralities of all vertices are equal,
e the clustering coefficients of all vertices are 0, and

e the diameter of the graph (the maximum of the length of the shortest
paths between vertex pairs) is 2.
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ME&E S (Number): T-5
Eia—<oA4A U7 —RIZDOVTUTORWIEZ &,

(1) =—=lLto0a1—4EY T4 10 REIZLTHIT. BRICHRAE &L,

(2) /= OTHAUREBEMOE6IERZETHIT. MRICHAE &,

(3) A—HEYTABEDE6EBEZETHIT. HRAICHAL &,

(4) ——)LtroDaA—HYEYT4 10 [REIE, /—I2DOTH4A UV REDGIER.
A—HEY T BHEDGEBDRITEWIHLIT AEHRLTEZHIT. TLO5D
BH#HAT &L,

Answer the following questions about human interfaces.

(1) Describe Nielsen's 10 Usability Principles and explain them.
(2) Describe Norman's 6 Design Principles and explain them.
(3) Describe 6 Usability Goals and explain them.

(4) Describe similar concepts among Nielsen's 10 Usability Principles, Norman's 6
Design Principles, and 6 Usability Goals and explain the reasons.
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ME&E S (Number): B-1

2011 EFORBARBRICEVWTRERICE - TEL-RBEE—RFHIXENODBERSEHK
DFER. REOHFAMEMENBERZHOICEWVERICRER - L& L1z, HIT 2012
F5R16 BN 7 A 27 BIZ, BERPILMBOFMRICEVWTERRSNEEYMHAMZ%
T, HBK (FSE. ZLELGE) OEE. BEUDHY (BRONIHEOHYHR, S 3X
BE). EREEY (H. Ny L), HEE (AYFX, bR, AERE) D5
DOREFEICOIT. TAoDE PV L-137 (Cs) DREZEZRL TS,

100000+
b

P T i
S 100004 — ' c
o i
B E
HIK !
» 1000 :
: =
1004 4
1T T 1T 1
Bk # 8K 8 W
MR
H M E
i
g

RERPILEORRICE TLEMOMERCED PCs REZ RS ARYIRT0
Vb, BRYYRDELDXFIIEEEECLIC ¥Cs REICEELRENHD L ETR
T (p<0.05: —fAR{L#RFZETIL. Murakami et al. 2014 %% & I1Z4ERL) o

Murakami, M., Ohte, N., Suzuki, T., Ishii, N., Igarashi, Y. and Tanoi, K. (2014) Biological
proliferation of cesium-137 through the detrital food chain in a forest ecosystem in
Japan. Scientific Report 4. 10.1038/srep03599.

(1) REMIFZLEBMTH o=, BRLBKRERD PCs REDEVDRERRAZEY
BEOBECBELTHALLZEL, . LEDERIF 2011 £ 3 A 12~15 BHIZ{E
Y. HEShRSMEYMER. TORBERTRKGEICK >THRIZKE L L
EAbhTWS,

(2) HREZEDHMIZH TS 'Cs IREDHRIEILH 1000Bg/kg TH Y. *'Cs DILE
ERZTTOLGOVBARORELIYELIEN o=, BHED YC OZF—HDEA 4
DT WIOLAFY (K) EUEEFHEEEZET S, choDEML, EEL
1= Cs NAHRMERBRRANTHRIFSN D AN ZZXALIZDVWTEELLG S,
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(B) HITREN TS, BHEEHD Cs DRENDEEN L. £YROHEE - HEZ R
L1z ¥Cs DIGEDEFHZEHAL G S,

As a result of the explosion at the Fukushima Daiichi Nuclear Power Plant caused by
the tsunami resulting from the 2011 Great East Japan Earthquake, a large amount of
radioactive substances was emitted and deposited over a wide area, mainly in
Fukushima Prefecture. Figure shows the concentration of caesium-137 ('¥'Cs) for five
functional groups of biological samples collected in a forest in north-central Fukushima
Prefecture between 16 May and 27 July 2012: leaf litters, fresh leaves of trees (oaks
and elms, etc.), detritivores (larvae of beetles and flies, earthworms, etc.), herbivores
(moths, grasshoppers, etc.) and predators (mantes, dragonflies, snakes, etc.).

__ 100000+
2
~ b -
o '
L b :
c 100004 - il
o )
= ' C
© ;
S 1
b= '
5 :
e 1000+ Q i
; d
S B
[&] i T
[72] ' JL
U 1
& :
— 1004 i
L 4 & L L
£85E5 5 ¢
=33 > ®©
- €= 58 9
O
48 T o-

Figure Box plot representing '*’Cs concentrations of organisms in each functional
group in a forest in north-central Fukushima Prefecture. Different letters beside each
box indicate significant differences in '¥’Cs concentrations among functional groups
(p<0.05: generalized linear model. Modified from Murakami et al. 2014).

Murakami, M., Ohte, N., Suzuki, T., Ishii, N., Igarashi, Y. and Tanoi, K. (2014) Biological
proliferation of cesium-137 through the detrital food chain in a forest ecosystem in
Japan. Scientific Report 4. 10.1038/srep03599.

(1) The study site was a deciduous broad-leaved forest. Explain the causes of the
difference in '*’Cs concentration between leaf litters and fresh tree leaves, considering
the structure of the plant community. The above-mentioned accident occurred between
12 and 15 March 2011, and the released radioactive substances are thought to have
been deposited on the ground surface by precipitation in the following weeks.
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(2) The median concentration of '*’Cs in the tissue of fresh tree leaves was
approximately 1000 Bq/kg, which was significantly higher than the concentration in
trees where ¥’Cs had not deposited. Inorganic *’Cs is a monovalent cation and
exhibits chemical properties similar to those of potassium ion (K*). Based on the above,
discuss the mechanism by which deposited '*’Cs is retained in forest ecosystems.

(3) Based on the differences in the concentrations of '¥’Cs in the different functional

groups shown in Figure, explain the characteristics of the '*’Cs transfer through
predation and prey by animals.
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MIREES (Number): B-2

() BFEPIYLET HFAREICONT, 3 DEFLEIL, £, TREThORHIC
DT, BELAREOBAN M LGIL,

2) LTORIZEWT, ARD T TATYIL BRT7AVIHAADEBKTOT 74
WEERXMISTLEZDO 0 FBEZTY) THY. ERBEISVESMEZ. SHEH
FENEBIMEZRL TS, MEDEKTHDENIOVNT, HRITEBIEFHOEE
DERMLHLELGSLY,

A B
0 0] )
\ ;
“o t..
L3 +
. o
Bk % K
"- n:
. D
*, 0
* ., | .
.."'. “ -I-lllll/
LT tanaman ausn?®
KefE BF

(1) List three buoyancy organs of marine animals. Discuss the features in relation to
density and volume for each organ.

(2) The figure below indicates schematic dive profiles of (A) a Weddell seal and (B) a
green turtle (0 indicates sea surface). Solid lines indicate high activity level, while
dotted lines indicate low activity level. Discuss the difference in diving behavior
between these two species from the perspective of respiratory behavior and the effect
of buoyancy.

A B

0 01
\ K

Depth
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MIREE S (Number): B-3

HHMBORE - XKEEZHILEDEBREHANET 56, FIATELFEE 3 OF
f. ThoDRAEERMZEZNENHBALG S,

List three methods which can be used for the investigation of the species composition
of medium- and large-sized terrestrial mammals in an area, and describe advantages
and disadvantages for each method.

MREE S (Number): B-4
UTORBRWIETEZLEILY,

(D T—2DEMRABEE L TFELHREZEDR S [THEVNTIF5HH . BREALE
I

2) EHMORT—) OFIZEITE, EQO7OFAR)—, BOTF7OARN)—, TAY X
R)—IZDWWTERBALAZ S LY,

Q) BT LD, FELEZDEZAONDRRAICOVTHALG S,
(4) NDVI (EFRMEHEEIER) ORBEARZHALG I,

®) BELEZEOMIKEHEDENEHRALLGIL,

Answer all of the following questions.

(1) Explain how the mean and median are used differently as summary statistics for
data.

(2) Explain what positive allometry, negative allometry, and isometry are in biological
scaling.

(3) Explain what rocky-shore denudation is and its possible causes.

(4) Explain the principles and applications of NDVI (Normalized Difference Vegetation
Index).

(5) Explain the difference in shape and function between sun leaves and shade leaves.

13/22



MREZE S (Number): D-1

BRAFZEZXMRELEVRVEEHLBHREEDODEWEFIEZHRBAE £,
Explain the objectives and procedures of risk management and crisis management for

natural disasters.

BZE&ES (Number): D-2

ROFBIBFHAEREIZDOWLNT, UTOBWIEZR K.
Answer the questions on the following mathematical programming problem.
max logx, +alogx,

subject to
2x, +x, <8
X +x,<5
x,20,x,=20

(1) a=1DEE. RBEREZTZTHE,
Solve the problem and show the optimal solution, when a=1.

(2) =B (x,%,)=3,2) L5455 DEEERE,
Show the interval of « in which the optimal solution of the problem is

(x,%,)=03,2).
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MREZE S (Number): D-3

NF—FTyTOUE (RFFELER) ITOVWTEKRMLGESZZ, =ZHIFCHLAGS
lI\O

Discuss the merits and demerits (pros and cons) of hazard maps by giving two or three
concrete examples.

MIREZE S (Number): D-4

84 LS4 UBKE D, COBBICOVTERNLGERNES, ZHFTRHLLS
LY,

What is timeline disaster management? Discuss this concept by giving two or three
concrete examples.
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MREZE S (Number): D-5

B, ISO 19107 (Geographic information — Spatial schema: 2003) &+ B ZER R
F—TEERT AN\ r—DDEREFEEFZRERT UL Ny s5r—PRTHS. CORIZHE
BT HOLUTOREZFHBALLIL.

(1) Geometric primitive

(2) Topological primitive

(3) Coordinate geometry

This figure shows the UML package diagrams of package dependencies on spatial
schema in ISO 19107 document (Geographic information — Spatial Schema: 2003).
Explain the following items in the figure.

(1) Geometric primitive

(2) Topological primitive

(3) Coordinate geometry

|
{Leaf) {Leaf)
Geometric aggregates -------- > Geometry root
(From Geometry) (From Geometry)
/;7 : R\
R 1 \\
PR AV4 .
— /// . {Leaf) N\ —
Coordinate geometry \
((L'eaf))‘ . _.-7| (From Geometry) ((Lgaf))
Geometric primitive - Geometric complex
(From Geometry) :<: ____________________________ (From Geometry)

A A

! I !

i {Leaf) i

E Topology root E

I From Topolo 1

— ! //,7 ( pology) g\\ |
{Leaf) -7 o {Leaf)

Topological primitive |<€-================--------- Topological complex
(From Topology) [T ~77"77"7TTTTTTTTTTTTOITOOOS > (From Topology)

UML package dependencies in ISO 19107
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MREZE S (Number): D-6

XEDRHEEBEIZETHIRAFTEEE S X T L (NIMS ; National Incident
Management System) [CHWVT, BE#XIIEZRNICES EELZEFR L L T Command
and Coordination] A% %, Command and Coordination] IZ2DWL\T (&R DE S,

SEFRBICEDIEHLEAGIL,

The National Incident Management System (NIMS), a US crisis management standard,
is organized into three major components. “Command and Coordination” is one of the
components that lead to successful crisis management. Discuss “Command and
Coordination” from the viewpoints of “information” with a concrete example.
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MREE S (Number): M-1

ZLDFERETEASNTVSRERBFRATLICEEFILEESh=ZEE (WHWEHE
FALT) BEREESIAhTWND, COBEREFEETERICRETSIERICKROLND
BHELT, EFREC=ZRAEFEINS THEEM) TRt [REME] 2HET S
BENH D

1) EIEtE - REM - REEIC OV TERZNEGRBAE &,

2) COZRAZESFLAETAEGEOGEVERZRN XK,

Many hospitals use hospital information systems to record electronic medical records.
When medical records are stored in electronic media, it is necessary to satisfy the
three principles of electronic storage: authenticity, readability, and preservation.
1) Explain each of the three principles: authenticity, readability, and
preservation.
2) Discuss the reasons for adhering to these three principles.

BZE&E S (Number): M-2

ERFEHNBEFESANE, BEOFRE-—TELTERERMATRETEDLSIC
BHEHFSINLGD, EREFEREAEF I HIFEBREBROBEICIEMHRELHFET 5.
e 2 DF, FHRICHRAE L

Tz, EEBSBSCHMASRATLZHRBZACSHERF CTHEERT 6 LICKYHIFS
NEIHMRIZTONT, BAERAK,

While electronic medical information is expected to enable sharing of patient
information among medical facilities, there are some technical challenges in building an
information infrastructure for sharing medical information. List two of such technical
challenges and briefly explain them.

Also, give your thoughts on the expected effects of establishing interoperability
between medical equipment and departmental systems within a facility and between
multiple facilities.
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MREES (Number): M-3

ATHEZAVEFRACEB LORELRT. BIEMEMELID 2 BEHEZTIEN
Hd, CHOLETFRARROREBROGE - EHLEDOBE - BEELERT L —H
FHERRLT. FITRTESIGEREEAVTERTHEA”H D,

BEORER: it
514 : (=4
FRIEEER 514 - A B E
BRELR:
(=X C D F
it G H N

fzfzL. T&tl OBMEENENLUTDO&LSI1Z4 5,
E=A+B

F=C+D

G=A+C

H=B+D

N=E+F =G+H

D UTFTOI~[T]IZD2WTEZ £.

ZDES3BBRORT. ATHEEEAWN=FRITE[. 1EMEIEN S,
A/G(X[2. 1. AJEIX[3. 1. (A+D) /NIX[4. l1& LT
MEICHALWSN S,

—H. BERGEDOHETIE. A/GILI5.
[7. 1& LTEH@ICAL S,

1. A/EIZLG. 1. D/HZ

2) #Ic, BlETD LSS, FEETIHERSINDHDOD, A TIKENIRADFENETE
MR HDH. COLITEVNELSERICOVNT, SITRETERZRAL,
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Predictions using artificial intelligence or test results in clinical practice may result in a
binary judgment of positive or negative. These positive/negative results do not always
coincide with the true positive/negative results. In such cases, the following indicators
may be considered to be discussed.

True Results : Total :
Positive : Negative :
Prediction or Positive : A B E
Test Results :
Negative : C D F
Total : G H N

Here, each of the "Total" columns is as shown below.

E=A+B
F=C+D
G=A+C
H=B+D
N=E+F=G+H

1) Answer what the following [1] - [7] are.

A table of this form is called [1.
prediction processes; A/G is used for evaluation as [2.

] in the artificial intelligence-based

], A/JE as

[3. ], and (A+D)/N as [4. I

On the other hand, in medicine and other statistics, A/G is used for evaluation
as [5. ], AJE as [6. ], and D/H as
[7. ]

2) In particular, some evaluation indicators, such as 4 and 7, are frequently used in
their respective area but are less familiar in the other. Provide a 5-line discussion of
the background behind these differences.
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MREE S (Number): M-4

1k (F0)=1024, IM(A #7)=1024k, 1G(F#)=1024M &§ 5, CDEF. UTOEWIZIEZ
Ko

1) CT Ef&IE. 16 bit FEFADHME 512 EROBEEDT L—R7—ILEKRE L TR
BENdIENBL, EEEREMN 16 bit OT—2Z2HL, T—2ZEWLAEVGS.
CDEBRT—EDYAXEF T RS54 RAEF=YMMKB(FO/NA b)) EGHM?

2) SRERERD 1024 mm Z 1 mm FEFRT CT L CLEREEUHTRELEZZ7MILET
A oO0—RTBHICIEAINEIN?LEE. BIRT—2IE1 XS4 RXEIZ T 2D
74I)LELT DICOM KX THRET HE L. ZORICAMBERET 1 774 IILEICEER
T—A2 &Y% kB (FONA MEMTHEL, Ry FT—UDEMZEEIL 103 Mbps
(AAH-Ev /) ETB,

3) PACSE1—TJLETINEEZET—END1 RS54 REHAE1259TERRL. REERIE
KFED 3 BOEXRTHERL., FBOT—4% 8 EY FTRETHEE. 1 RS54 R
LE-YDEBRT—2DY A XIEAE kB(FO/NA k)M

4) 3) DEHBDEBREZAVTIV FTELHETHRY FI7—OBATRELTERY 16
MOaATEYE—RTHEETDIEOICTREL R Y FT—2FE(X[ Mops (AH - Evw
k/FD) Hv?

Suppose 1k(kilo)=1024,1M(mega)=1024k,1G(giga)=1024M. Answer the following
questions.

1) CT images are usually saved in 16-bit grayscale, 512-by-512 resolution image
slices. How many kB (kilo-bytes) is the size of a slice of CT image data, supposing
each pixel has 16 bit data, and no data compression is used.

2) How many seconds does it take to download the total DICOM files saving torso CT
image data, supposing that the craniocaudal scan length is 1024 mm, the slice interval
is 1 mm, each slice is saved as a file in DICOM format, the size of a DICOM file is 3 kB
(kilo-bytes) larger than that of its image data, and the effective network speed is 103
Mbps (megabit-per-second)?

3) How many kB (kilo-bytes) is the size of a slice of color image data shown in a PACS
viewer, supposing that the magnification rate is 125%, each pixel has 3 color
components (red, green, and blue), and each color component has 8 bit data.

4) How many Mbps (megabit-per-second) is required in the network speed to retrieve

image data given in 3) without compression via the network on demand and view them
in stack-mode at 16 slices per second?
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MREE S (Number): M-5

RRIER R T LEERTHAUTOYITVRTFLIZDODNT, TNhEFNAZTEHIRT
LhZEHRBAL. TNETNORBITED LS BREROZTELAITHONEINEFRFE K,
EERFHRTL F—FI Y SRTAL EFHILTXTL, RIS, PACS, LK
—T s O R T, BFEEL—T—2X T

Explain the purpose of each sub-systems of hospital information systems listed below,
and draw a figure to illustrate exchanges of information between them.

Clinical Accounting System, Computerized Physician Order Entry Systems, Electronic
Medical Record Systems, RIS, PACS, Reporting System, Image Viewer System
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BiRE8&E S (Number) 1
(1) UTOZENENDT—REZE Y FN\A—UANEFEILT H5—BNEFEEZETNTE
NITDODWT—2FFZDFE%EBAE L., For each of the following data, state one

general method of encoding it into bit patterns and describe the method.

TXRAX b Text

a.

b. BDOEH Negative Integers
c. SH Fractions

d. E& Images

e. BF Sound

(2) UTDENZETNDT— R EMFEEHBE &, EABIZ AL TEL, Explain each
of the following data compression methods. You can include concrete examples in your

explanation.
a. BEKREFRSL frequency-dependent encoding
b. GIF
c. LZW &F&E1t LZW encoding
d. JPEG
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&S (Number) 2

ABETIEUTORICESINAI D VEGTERET . B VEGTIE2/1M/ R
EL.BTEDLIEY FAARI—F . BED12EY DB ARSUKITs—ILREL S,
i85 R S, TEHLYARABEZRTA4EY bXE—2THY., B85 X YIFLIURAT

FHEVWER T —ILFERTAEY FXZ—2TH D,

Bl

Fea—F | FxzvF
1 RXY
2 RXY
3 RXY
4 ORS
5 RST
6 RST
7 RST
8 RST
9 ROX
A RXY
B 000

LOAD: T FLAXYD A E N NicH By PN Ex— v
LY AARICE—FT 35, fl:14A312. 7 FL ZA3
DAEY ENDHNEE LV R ZAHEAT S,

LOAD: ¥ v b & —uXYZ L Y X ZRICu—F§ 5,

STORE: LY A ZRICHBE w b X—v BT FLRRE
XYD AEY A ckEi$ 5,

MOVE: L RAZRICH D v bR — & LIS ARKS
ICHEIET 5,

ADD: LY RAAS,TICH B v b3 % — v B 2DOHIEE
WEL LTMEL, ZofRE LI RARICENT 5,

OR: LY RAASETICH Ay Foi& — v DOERFE A L
D, ZOEREL VRZRICIENT S,

AND: LS R ZXSETICH B E v bR — v OFnBE %
Hh., #0882 1L VX ZRICEHT S,

XOR: LY RARSL,TICH BV v b2 — v OFHBRTGE
HAZHY ., ZOfEE LI AZRICENT 3,

ROTATE: L ¥ A ZROE v b & — D1 v FK[E %
HIZXETTS, Z0o&EERAHRY v b 2 iRERICED)
T5, il :94031%, VY READHEEIL Y FHIC
BB 7 T B,

JUMP: LY ZARDE Y P AKX —VBL YV XRODE v
Pz —vbEELITRIE, TFLAXYOAE Y L
i@ ama~Yry v 7T5, &5 Chidhif,
W ORTEEITT 3,

HALT: EiT%E0ET 3,
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Tz, YVVEIUTOLDERET 5.
e 0MDBF(16EHKRT) FTESDIRONIZ 16 HOARAL R 2%5HE. ThT
NOLOXRIDRSIEBEY FTHD,
o AAVAENEI256 D EILNEHD, HEEILDT FLRIEB8EY bD/F—
Vel B,

CNZEBEZ. LTOHEM (1) BIUVERE( 2)IZEZ L,
(1) R2o0TATSLhoo21E00016 £HERR) THY. ZRLR 0, 11(£
TI6EBRE)DAEYEILETEOEY b2 —2 (£ETI6ERKRTE) ZEL LT S,

7 FL X N 7 FL =z [EaS
00 11 0A 91
01 D1 0B 01
02 22 0C 81
03 01 oD 12
04 73 OE 31
05 12 OF BO
06 40 10 BO
07 20 11 00
08 A3
09 0C

a. TRLADIIZEENBEY F/XE—UM2B THBHBE. ¥ UE1EHIC
7 RKLRABOIZEENBE Y b —2EfAhH,

b. ZFRLADIIZEENDE Y /X8 —UN3C THBHEE. TV UIFLEEIC
7 RELRABOIZEENBE Y b/ —2E D,

4/ 12



(2) Z4RFyFEIEROFIELXTERSND,
Fo=0, Fp=1, Fpia = Fy+ Fppa(n 2 0)
n N16 EHTDLUTOR., F, F16 EHTFFRFELLD, £, UTZEREEL L,

e 7RLADOIZIF16#EHTOLLED UTOEREA 2 £FEEZDHKTHE
MEhTWS,

e 7 KLAD1IZIX00(16 EHRD) AN TS,

o 7 KRLAD2IZIX01(16 EHRE) AN TS,

o IIUFTATILAIUAN 0016 EHFERE OKETHEBT 5.

OB, UTICEIFR2EHEETHETIOBI I vanhoMbd TOT S LEER,
ENZEARRBADRELE L TR,

e YLUUEEFELEIES,

e LOAD HRIE3DUTTHS,

o F7RLADOIZHMESNTWSERBMZmEB L. E, % 2 EREZOHBKX
T EO IZH&HHT 5,
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In this question, the machine instructions in the table below are assumed. Each
machine instruction is 2-byte long with the first 4 bits representing the op-code and the
last 12 bits making up the operand field. The symbols R, S and T are placeholders for a
4-bit pattern identifying a register, and the symbols X and Y are placeholders for a 4-bit
pattern not representing a register.

Op-code Operand Description

1 RXY LOAD the register R with the bit pattern found in the
memory cell with the address of XY. Example: 14A3 would
cause the contents of the memory cell located at address
A3 to be placed in register 4.

2 RXY LOAD the register R with the bit pattern XY.

3 RXY STORE the bit pattern found in register R in the memory
cell with the address of XY.

4 ORS MOVE the bit pattern found in register R to register S.
5 RST ADD the bit patterns in registers S and T as though they

were two’s complement representations and leave the
result in register R.

6 RST OR the bit patterns in registers S and T and place the result
in register R.
7 RST AND the bit patterns in registers S and T and place the

result in register R.

8 RST EXCLUSIVE OR the bit patterns in registers Sand T and
place the result in register R.

9 ROX ROTATE the bit pattern in register R one bit to the right X
times. Each time, place the bit that started at the low-
order end at the high-order end. Example: 9403 would
cause the contents of register 4 to be rotated 3 bits to the
right in a circular fashion.

A RXY JUMP to the instruction located in the memory cell at
address XY if the bit pattern in register R is equal to the bit
pattern in register number 0. Otherwise, continue with the
normal sequence of execution.

B 000 HALT execution.
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The following machine is furthermore assumed.

¢ It has 16 general-purpose registers numbered 0 through F (in hexadecimal).
Each register is 8-bit long.
o There are 256 cells in the main memory. Each cell's address is 8-bit long.

With this in mind, answer the following questions (1) and (2 ).

(1) The machine contains 00 (an 8-bit pattern in hexadecimal form) in its program
counter and the memory cells at addresses 00 through 11 (all in hexadecimal form)
contain the following bit patterns (all in hexadecimal form).

Address Contents Address Contents
00 11 0A 91
01 D1 0B 01
02 22 0C 81
03 01 oD 12
04 73 OE 31
05 12 OF BO
06 40 10 BO
07 20 11 00
08 A3
09 oC

a. Suppose the memory cell at address D1 contains 2B. What will be the bit pattern
contained in the memory cell at address BO when the machine halts?

7/ 12



b. Suppose the memory cell at address D1 contains 3C. What will be the bit pattern
contained in the memory cell at address BO when the machine halts?

(2) The Fibonacci numbers are defined by the following recurrence relation:

Fo=0, Fp=1, Fpia = Fy+ Fpyq (n 2 0).

When n is smaller than or equal to hexadecimal D, F, is smaller than hexadecimal FF.
Suppose that all the following conditions hold.

e The memory cell at address DO contains a bit pattern that encodes a natural
number between 0 and hexadecimal D in binary notation.

e The memory cell at address D1 contains 00 (in hexadecimal form).

e The memory cell at address D2 contains 01 (in hexadecimal form).

¢ The machine starts with 00 (in hexadecimal form) in its program counter.

Now, think of a program of machine instructions that satisfies all the conditions listed
below, and state the program as your answer to this question.

e The program halts the machine.

e There are at most 3 LOAD instructions.

e Let m be the natural number encoded in the memory cell at address DO. Then,
the machine stores F, in binary notation into the memory cell at address EO.

8/ 12



BZEZES (Number) 3
LTORBWZEZ K.

Answer the following questions.

(1) UTD15MEREZERET HEIFA X Mo, Z2FREZHANTSarah 18
EE. EDRAMNLERHESNEMN?
Which names are interrogated by a binary search when searching for the name Sarah in

the following sorted list which has 15 names as its entries?

Adam, Ben, Caroline, Dana, Frank, Grace, Henry, Jake, Kevin, Laura, Nicholas, Patrick,

Rachel, Sarah, Tom

(2) 4000 EDERZHFDVARA MIZHRERZETI 5HE. RADLEREIHKIELSD
LR oM? BRERERTT H551E?
What is the maximum number of entries that must be interrogated when applying binary

search to a list of 4000 entries? How about when applying sequential search?

() Lo —FTZHERT I T A LZE BT &,
a) BIRZERALGES
b) BIRZHERAY 5155
Write pseudocode for the binary search algorithm.
a) without using recursion

b) using recursion
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BIZEES (Number) 4
TRV TEREICETSLUTOMVIIER L.

Answer the following questions about programming languages.

(1) RVVELTEVITIVEBDEVZENE &

Summarize the distinction between a machine language and an assembly language.

(2 V—RTOTILEATOY bTATSLIZEBRTEHTAOER (LWHW HEIFR)
(X, FAEH. BXEFT. O— FEBRO3DDOEETHERINTILNS, ThoDEED
FEARMNMAET HDOMN ZERITEHAE K.

The process of converting a source program into an object program (so-called
translation) consists of three activities—Ilexical analysis, parsing, and code generation.

Briefly explain what each of these activities does.

(3) SIMDIEEL LSIMDSRELDELEWNIFAN 2 ERENIZONT, BULHZE
ZIfTHBAL &,
What is the main difference between passing parameters by value and passing

parameters by address? Explain your answer with an appropriate example for each.
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RRE&E S (Number) 5
T—A2EEICEATHAUTORWIER &,

Answer the following questions on data structures.

(1) &Ef ) R FEEFEY X MZDOWTEHBAE &K, -, EHJ R MIHT 2E L) X k
DOFRIZDOVTHRBAE &L,
Explain what a contiguous list and a linked list are. Also, explain advantages of a

linked list over a contiguous list.

(2) ROKRIF. AVEL—FDAMVAE)HDEFEIRAERLTWLS, VYR FDE
BRIE. 200 DHEE, E1RILETILIZFRY FOXFEEH. E21L
TR FDRDER~ADKRA VB2 EEL,

The following table represents a linked list in a computer’s main memory. Each entry
in the list consists of two cells: the first contains a letter of the alphabet; the second

contains a pointer to the next list entry.

Address: | x50 | x51 | x52 | x63 | x54 | x55 | x56 | x57 | x58 | x59
Memory: | e | x5E | u | x56 | q | x62| e | x50 x00
Address: | x5A | x5B | x5C | x5D | x5E | x5F | x60 | x61 | x62 | x63
Memory: | a [XBE| m |[x00 | n | x00| t |[x62| u |x5C

b= *7 FLARIF 1 6EETRESN TS,
*x AEYDT FLRIEXS0MNBIRE D,
* 7 K LAX00IENILRAS 2 TH D,
Note:  * Addresses are written in hexadecimal.
* The memory’s address starts from x50.

* The address x00 represents the Null Pointer.

a) Ny RRAVANTTT7 ELRADXADIFZAE., VA FORDOXFEFIBIZHER &,
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When the head pointer points to the address x54, write all letters in the list in order.
b) Ny FRAVANTRTT FLADXS4ADIGE., JUALDFOXFZIBIZHERS &

quantumi(ZiEH K S ITAEYHICHEIRSA V2 EERE L,

When the head pointer points to the address x54, change the pointers in the

memory to make the list only contain the word quantum.

(3) InsertERemoveD Z DDA Yy FEEL X1 — DI — FZ B E L, MAD A
Yy ROFEEMNODIZHEZ LS I8 L,
Insert : HLWERZF1—[THAT 5,
Remove : £EEDEFRZHIBRL. AR E=-ERZRYT,
Write a pseudocode of a queue that contains Insert and Remove methods. Both
methods should operate in O(1) time.

Insert is to insert a new entry into the queue.

Remove is to remove and return the first entry in the queue.
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F1EERD

EIRGEM

-1, #t-2, #1-3, #t-4, #£-5, #-6.
#t-14. #1-15

T1~T5h 3 &8

#1-8-9 B1~B5 H\i> 3 78
#1-10. #£-11, #-12 D1~D6 mi 3 78
#1-13. 7-00 M1~M5 Hvi> 3 &8

Questions to be chosen depending on the first-choice application group

First-choice application group

Questions to answer

SI-1, SI-2, SI-3, Sl-4, SI-5, SI-6,
Sl-14, SI-15

Select three among T1~T5

SI-8-9 Select three among B1~B5
SI-10, SI-11, SI-12 Select three among D1~D6
SI-13, DS-00 Select three among M1~M5
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MIREE S (Number): T-1

UTDT—AR—REEORTLIZEATHEMIZEZ &K,
Answer the following questions related to database management systems.

(1) LTOEHZHBRT AT —ER—ARAFXF—T 42 ERRZHAVTREE L, BEICE
CTEMZEMT S L,

0 FHIBHNERZBEERILHILENTEDS,
EEIIEEBESTHEHIINS,
—DNHEHRICIE., —DDERRELETDEEEHAD —ANDEENFHET S,
PHIIEHDI S TICHHET A ENTES,
EDYUZTICELABLTULENREELA DS,
9STEIBRBYISTEERREYSTICHnESIND,
BRI TE—ADHEZEBE LTEMNETFRIEHE S,

Express a database schema which satisfies the following conditions using ER diagram.
Add appropriate attributes if necessary.
® A student can enroll in multiple classes.
Classes are identified by their class numbers.
A class has a class name and a faculty member who teaches the class.
A student can join multiple clubs.
There are students who do not join any club.
Clubs are classified into official clubs and unofficial clubs.
Every official club must have a faculty member as an adviser.

(2) BB TRDET—EAR—ZARAF—TZEFET—ER—RRAF—TI LT &,

Convert the database schema obtained in the question (1) into a relational database
schema.

(3) TEEDFESIIZEHT HMICEZ &,
B-1N)T—AR—=RIZETIRFIDEENZRFRANTHBALE L,
(B-2)REIZHBETI-HORRMLE I 7AIILEBEE LTB+REFH/NY 2 hH D,
TNoDT77AIVIREEERZERWTERBE K,

Answer the following questions related to indexes.

(3-1) Explain the role of indexes in databases using a figure.

(3-2) B+ tree and dynamic hashing are representative file organization methods to
construct indexes. Explain these file organization methods using figures.
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ME&E S (Number): T-2
T TREEREEBIEFEICEAT S UTOME)-4)ICEEE &:

1) UTOREZHAL K.
IBRE%K T8I T&RE TR) >— (5% TEERE% (BREER )

2) TETIV] THE#E] T (Regret)] ORAFEZRAWLT, TIILOTJTREBELRIEFES
DEWIZDOWVWTEHRBAE &L,

3) BIEFEZFIZBITA TETILIY—] LlFah., TETILA—R] LIFEDLSIZE
1AM, BERFIZRLDD, BBAE XK,

4) ffEREER) D—REITOVTEHBAE L. Ff-. BIEZBIZEVTEDLI L
BRICKR) D—FEREAVD ZENDRML EHE L.

Answer all the following questions (1)-(4) on Markov decision processes (MDPs) and
reinforcement learning:

(1) Explain the following terms:
"transition function", "discount", "reward", "policy", "exploration function."

(2) Explain the difference between Markov decision processes (MDPs) and
reinforcement learning using terms "model", "exploration”, and "regret."

(3) Explain what "model free" in reinforcement learning is. Explain how it differs from
"model based". Write a concrete example and use it for the explanation.

(4) Explain what value iteration is and what policy iteration is. Discuss when it is
effective to use a policy search in reinforcement learning.
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M7E& S (Number): T-3

LTOME (1) ~ (4) ICRAZEE L :

M VIO z7REETOERRIZOVNT, DA—F—T+—ILETILET v AT
LRETILORMEEMZLHLE LIRBAE &,

(2) UML DA—R7—ARDFEENZ DL THZRANTERBAE £,

B ATPzH rERTATSIVT LM, XTI M THOSRITAURE
DRI TAYE—=URy ] OF—T7—FZ2HAVTEHBAE &,

@) ATy MERATOYTSIUTIZETE THRYUE—T 4 XL I2DO0THZERAL
TEBAE K,

Answer all the following questions (1)-(4).

(1) About software developing processes, explain the waterfall development model and
the agile development model with their advantages and disadvantages.

(2) Explain the role of the use case diagram in UML with an example.

(3) Explain the object-oriented programming with the following keywords, “Object”,

LT

“Class”, “Instance”, and “Message passing”.

(4) Explain what is the polymorphism in the object-oriented programming with an
example.
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ME&E S (Number): T-4

UTFOMWZEZ .
1. XERBVATLAABPERTEI5VF UV 7OREZ2, XEBES S ITHT S
2T g g BFICCHEST 52 L 262 5. 2O,
(a) AW q & @ ZNTNIDODVWTERKT LT VF VI DRI %, precision@k
DIETHIRT 258 ITHERET NSRBI HTHHE K.
(b) AL BENEND ¢ IZDOWTHEKRT BT v F DRI %, precision@k
DIETHIRT 258 ITERT NS /PDITHIE K.

2. EOAMZ S ZIZHITS 7TV AL EEATAZ 2 EZ 5. @
EEROBEOHFEIZETIZ, /I 70ESIUONTEE A —
V)T A EDEBZDANS, NTEIPRKELD ) — KA — /

VY F N RE RS ) — REFPHLCER L., $/2, &Y @.@
ZOESICTPHUZOHTHE X,
3. UFORME 2 THIZTEIST T 7 G, Gy D% 2T &,

G H G b ENETNEAETH S,

G1 DIEME Y Gy OTEABIZEL .

G, DER (2 HAHOBEREO R OFRAME) 1& Gy DERED/NI .
G DETERD T T AR V TRBDOFEIL, Gy DETHBD T 7 AR ¥
TRREDFI & /N,

Answer the following questions.
1. Suppose we compare the quality of rankings produced by document retrieval
systems A and B, by using queries ¢; and g2 on a document corpus S.

(a) When we compare two rankings by A for ¢; and g2 by using precision@%k,
is there anything we should care about? If there is, explain it.

(b) When we compare two rankings by A and B for ¢; by using precision@k,
is there anything we should care about? If there is, explain it.

2. Suppose we apply the HITS algorithm to the directed graph @

and the highest authority score without calculating the concrete ‘\
values, based only on the graph structure and the definition of @

the hub/authority scores. Also give reasons for your guess.

shown to the right. Guess which nodes have the highest hub score /

3. Show an example of undirected graphs G1, Gy satisfying all conditions below.

e Both G; and G2 are connected graphs.

G1 and G2 have the same number of nodes.

e The diameter of G (the maximum of the length of the shortest paths
between node pairs) is smaller than the diameter of G.

The average of the clustering coefficients of nodes in G is smaller than
the average of the clustering coefficients of nodes in Gs.
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I EZ&S (Number): T-5
A—HA AT —RIZTDVTUTORWNZEZ L,

(1) LTFDOXEFRD()~(VI)DZEHIZA BEETDRE &,
AVES)TATRA—HF AU T —RELDEBOHRETICHLTIL.
i) |& (i) ZERTDHIENEELIND, ()E YRATFLOERAD
LOEHMBEZTHY. (HF. 2 —FTOREAMNSDOEBRNLREICEHT HEHIET
Hd, IHIT. FYBWA VATV T4 TVRTLERNTH-0DIEEHELT
(i) )ik 1988 FEIf(iv)  |#EMELT=. Ff=. [(v)  |AS2001 FEIZiRIE
vy iE TS U osEfEIcALN SRS,

(2) (V)EV)TIRIBSNFIERZIIEL. (v)E(VI)DEITELT HIER ZIIEE L,

Answer the following questions about user interfaces.

(1) Please fill in the blank in the following sentences.
It is important that the design of interactive user-interface products should meet
i) |and|ii) | (i) is an objective goal from the system's point of view, and (ii) is
a subjective goal from the user's point of view. In addition,

proposed in 1988 as a design guideline for better interactive
systems. Also, proposed in 2001 for the design evaluation.

(2) Describe the items proposed in (iv) and (vi), and list up the similar items between
(iv) and (vi).
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ME&E S (Number): B-1

ELEBRICEVNT, HhES - MTEHOEMSZHEE., DFV. EYOTEFOMEY
DEMEHRMEE., LIELIEEREREEE (EEME. BT EOHMEE) & T0SHEENE
(ENFE T SADEREZRBAEENH S H . Ecosystem Multi-Functionality, EMF) &
BELTLD, LML, HhEE L TEDEYMZIEED EMF (CRIFTHEHNADES
MEEEY, TEORELPRENINODOBERELEDL S ICENT HEMNDOVTIEIF
EAEDLMNS>TWGEL, £CT, ER6 04 FITHE LT, £YH - EEYHZERN
EMF [CRIZFTEEICOVT, BEABRET Y VJICK YR L, BEAEXET
Jog . ZHOEHREOBEEREZ. REKEEORTETILIET 20 THS., THE
(&. EMF [CEZE %52 2R ZAROBREMGEAREICOVTRERELIZLDOTHS,
HAcREn-FZRABOHRERBRFREDHERIZEB L. EMF [CHEY - TEMEYOD
ZHRMEPRE - [RIRZEENEDLSITHREEZRIZILTLAMNIDVTH LA ELY,

0.06

0.62

MAP

Plant SR

nmhﬁhhtihggh
0.48 EMF

Soil biodiversity

0.24

MAT |=——"| Soil pH

0.1

0.16

EMF IZEE %252 3R ZRMOBEAFRBRRXETV VKR, KHEEIX. TV
DIDNLBONEEERBOHEBERT ., REOEHRRMIXED/NAR (B ;
P<0.05). 2OEMEXMNIFAED/INR (P<0.05). REDABRENIEIHFETHLWVIR
(P>0.05) #%XLTWL%, EMF : £ R SHAEMIEH. MAP : FHEREKE.
MAT : EHERMSKIRE. SM: T1EK%5 . Plant SR : #E¥MDIELZHE. Soil biodiversity:
TIEMAEWZ IR, Soil pH: 11 pH (K& Jing et al. 2015 Nature Comm. & Y))
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In terrestrial ecosystems, aboveground and underground biodiversities (plant and soil-
microbe diversities) are often related to ecosystem functions (e.g., ecosystem
productivity and decomposition) and its multifunctionality (how many ecosystem
functions there are, known as Ecosystem Multi-Functionality, EMF). Little is known
about the relative and complex effects of aboveground and underground diversities on
EMF, or how soil environment and climate mediate these relationships. At 60 plots of
grasslands, the effects of biological and non-biological factors on EMF were
investigated using structural equation modeling. Structural equation modeling is an
analysis modeling the relationships between many variables in the form of linear
combinations. The below figure shows the linear relationships among the factors that
affect EMF.

Discuss how plant/soil-microbe diversities and environmental/climate factors
affect EMF by examining the results of the mutual relationships between each factor
shown in the figure.

0.06

0.62

MAP

Plant SR

‘\\\&EE_
0.48 EMF

Soil biodiversity

0.24

MAT |——=—"| Soil pH

0.1

0.16

Figure. Structural equation modeling between each factor affecting EMF. Each number
represents the correlation between each factor obtained from the modeling. Solid gray
arrows represent positive paths (P<0.05), solid black arrows represent negative paths
(P<0.05) and dotted grey arrows represent non-significant paths (P>0.05). EMF,
Ecosystem multifunctionality index, MAP, mean annual precipitation; MAT, mean annual
temperature; SM, soil moisture, plant SR, plant species richness, Soil biodiversity, soil
microbe diversity (Figure from Jing et al. 2015 Nature Comm.)
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MIREES (Number): B-2

201 E 3 ATEICE I > H-REF—REDERICL > TR LE-KREEDEE. BE
BEDDIZEVEROFMKIZESE Lz, TORIZZFDHIBOH S EELIEFICE L
T. BEZEBTIEREBROEEFXERT HIEROEMBRBICETH 2L 137
(B'Cs) REDBRELZILZRLTWS, BH. EVVLAF VIEEBRERROP TIE
HUDLAF LV EEUDRDBVNETHZENMONTINDS,

1) BERLEERORRD VCs BEDLALOENAE L BAEHBLAE L,
2) AXBLERBORRD 7Cs BEOBFLEORUADENSNG, FHEER
ATO Cs DBB L FROHEHEHE LTS,

EBER AER
jg T 1.2 1
— Y “ob
& 351 < 109
3 304 © 0.8 - ® ]
~ 251 y = 35.0919%% P{ .
@ 151 3 0.4+
::,(:) 10 - :;O ® y = 0.4312¢0.0005x
- = 0.2
0 T T L] 0 T T 1
0 365 730 1095 0 365 730 1095
PEIFEEHEELH (2012/7/11) >0 B AMEEEHEEA (2012/7/11) >0 B

o BIEEIISEREA» SHRELHRINE F CORGFEZ A ERTAEMEEIT-o> TS,
o IT—N—|3ERERES, HMRIIBEHEBHICEAMOFEHEERLTWS,

Radioactive materials dispersed by the accident at the Fukushima Daiichi Nuclear
Power Plant in mid-March 2011 were deposited in a large area of forests, mainly in
Fukushima Prefecture. The figure below shows changes over time in the concentration
of cesium-137 (¥’Cs) in the body tissues of insects feeding on leaf litters and insects
feeding on fresh leaves of trees in a deciduous broad-leaved forest in that area. It
should be noted that cesium ions are known to behave similarly to potassium ions in
natural ecosystems.

1) Deduce the reasons for the differences in the levels of *’Cs in insects feeding on
leaf litters and those feeding on fresh leaves of trees.

2) Explain the mechanisms of *’Cs movement and sequestration within the forest
ecosystem as inferred from the differences in the changes of '*’Cs concentration
between insects feeding on leaf litters and those feeding on the fresh leaves of trees.
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137Cs concentration (Bg/kg)

Leaf litter feeding insects Fresh leaf feeding insects

ob
45 < 12-
40 g
:g . ‘;C: 1.0 1
1 = 0.8 1 4
25 1 y = 35.091¢0.00% © ./,//
20 E 0.6 ‘/
15 4 € 0.4 1
10 S Py y = 0.4312¢0.0005x
5 W 02 T '
)
0 : : . S 0 , . .
0 365 730 1095 0 365 730 1095
Days since the first sampling (2012/7/11) Days since the first sampling (2012/7/11)

» Measured values are corrected to account for radioactive decay from
the day of the accident to the date of sample collection.

» Error bars indicate standard deviations, and curves indicate
regression curves using exponential functions.
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MIREE S (Number): B-3

HRGESEEZAVV-BYVORETFEZ (FBNIEHAFE) CO0T. UTORL
ZBEZREL,

(N FAERMRELTEDE S GRHBZEHFODBYAEL TS, RLESLY,
2 REENDBHIHREEEZAWVWREZE LG SGEORMEEMIZONT, ®HLAE
YA

~ ~—

Answer the following questions about a method for animal investigation using sound
recording devices (passive acoustic monitoring).

(1) Discuss features of target animals suitable for passive acoustic monitoring.
(2) Discuss advantages and disadvantages of researches using stationary sound
recording devices.

BZE&E S (Number): B-4

FEDIHICKBBEEICHT I2HEENZLVHEMKRICEWT., FEMZERELTIVHE
HBRLT=. MORELILHTEREOHICTEINIMERREOEILLE. TOELEN
HLAANZRXLIZDWVTEHBEALGZELY,

Suppose deer exclosure is installed in an area where severe damage to forest
vegetation by deer occurs. Explain the predicted changes in the nutrient cycle in this
forest during decades following the installation of deer exclosure, and the mechanisms
for the changes.
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MIREES (Number): B-5

LUTD 7N A ZRBATERELLESL,
Select and answer four of the following seven questions.

(1) FEHFIZH TS THMBREE] (CDOWNTEHREALGELY,
Explain the "Central Limit Theorem" in statistics.

(2) —RBHEZREBDENZHBALG LY,
Explain the difference between primary succession and secondary succession.

Q) EBREAYHEDENZFRBALGELY,
Explain the difference between ecosystem and biological community

(4) ERBEENKBLEDORHENL -0 THEICDONT, HERDLERREZZOHS
MoERBALE S,
Explain the problems of hybridization between native and exotic species from the
perspectives of hybrid vigor and outbreeding depression.

(5) AFEEDELEIZE (T HHAIEE & FRIEEIC DT, ZhRyoF X &S rindTho
EliEREELONEEBITHRBALGEL,
Explain anadromy and catadromy in fish migration and specify the migration types
of Japanese eels and chum salmons.

(6) HAILEYEDEMEBNEL TVEINE SIS MDD HIITESIIREREHBPALLGE LY,
Describe the phenomena that can determine whether bioaccumulation of certain
chemicals is occurring.

(7) EMIZB T D ARBEOHIHERZFHRBA LGS,
Explain the factors controlling evapotranspiration in forests.
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MREZE S (Number): D-1

KEYRVIZHIET B-ODAKZEIEL, ThZ 4 DDTIL—TITHIFEEL,
TR, WEEZHATELICE ST, JIL—THRTOEREFHRALGEL,

List up countermeasures in disaster risk management, classify them into four
categories and explain the reasons of the categorization you adopted in terms of their
functions in disaster risk management.

MREZE S (Number): D-2

ROPEFTEFBIZDONT, LTOBWLIZEZ &K,
Answer the questions on the following mathematical programming problem.

max ax, +(1-a)x,
subject to
2x,+x, <3
X +x, <2
x,20,x, 20

(1) ZORIREIZxt 9 5% Kuhn-Tucker &%=+,
Show the Kuhn-Tucker condition for this problem.

Q)@wﬁthnﬁﬁﬁﬁ&ﬁéawgﬁiﬁﬁo

Show the interval of ¢ in which the optimal solution of the problem is
(xl,x2)=(l,1)_
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MREZE S (Number): D-3

BADIAATATIZETHIKEHRENRELSRDOHYAIZDONT, BERMLEH
EZ. ZHITTHRLGS L,

Discuss the current problems of disaster reporting in the Japanese mass media and its
future perspective by giving a few concrete examples.

BZE&ES (Number): D-4

BRIZETAKERS VT A T7EBORBEESEOHY AIZDOWVT, BEERLEEHZ
—. EHIFTHRLGE I,

Discuss the current problems of disaster volunteer activities in Japan and their future
perspective by giving two or three concrete examples.
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MREZE S (Number): D-5

[ Common operational picture ] [& . ISO 22320 (Security and resilience -
Emergency management — Guidelines for incident management: 2018) IZ&H LM T.
[Prerequisites for achieving coordination and cooperation] Zfpd 5 1 DD
BERLLTREINTLS, Common operational picture] MEEHIZDOINT., ®/BLAE
LY,

"Common operational picture" is presented as one of the elements of the "Prerequisites
for achieving coordination and cooperation" in 1ISO 22320 (Security and resilience -
Emergency management - Guidelines for incident management: 2018). Discuss the
importance of the "common operational picture".

MREZE S (Number): D-6

UTIZDOWNT, BEAGEILY,
(1) Web #2H CTHIRIE G Z 1Rt 9 5 - O EFIRE T H S Web Map Service (WMS,
ISO) & Web Map Tile Service (WMTS, OGC)M3EWLNEFEREA L 4 & LY,
(2) EXTBRIZ2VATLIX. UTOEELZ I DDHY—ERFRMHT 5,
® GPSHWEHYH—EXR
® GPS#iEY—ER GAEHEL)
& Ayt—TUH—ER (KF - GHEEERY—EX KEEH. BERSHE
ZFH—EX Q-ANPIJ)
ZERENICOVTEHRAL, XERETHHFSASILI—R 7 —RITDNVTHALGEL,

Answer the following questions.

(1) Explain the difference between “Web Map Service (WMS, ISO)” and “Web Map Tile
Service (WMTS, OGC)” which are international standard protocols for serving
through the Web georeferenced map images generated from a GIS database by a
map server.

(2) Quasi-Zenith Satellite System (QZSS) have three major services as follows;
® Satellite positioning, navigation and timing service to complement GPS
® Highly precise positioning service to augment GPS
® Message services (Satellite Report for Disaster and Crisis Management (DC

Report), QZSS Safety Confirmation Service (Q-ANPI))
Explain these services and show their expected use cases in disaster response.
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MREE S (Number): M-1

OAVEaA—42LETIE. 2L DIHFE. BIFHRIL 24 bits (3 bytes) TREIN D, il R (L.
L ERENS sRGCB REBRTIE. % R(F). G (&), B(F) DZRBEIZHITF. £
nLZh 8bits (1 byte) TREL TS, TRDEMICEZE K, GH. ETOEFEHK
E9 %,

(1) FEE0 16 EH TRk & hi= sSRGB D H5—a— K (#RRGGBB) % 10 ##I<Z
# &,

16 iE: #F8A53D

10: R = G= B=

(2) SRGB DAL H A B RBRNEAT 5. SRGB REZN D HSV RERADLEH
HiEETEIZTRT,

* RGB ). R KIEZF max &L, B/IMEZE min £T 5,

&4 H|max = R DBE :
H=60 x ((G-B) = (max - min))

max = G DIHE :
H=60 x (2+ B-R) = (max — min))

max = B DiFE :
H=60 x 4+ R-G) = (max — min))

R=G=B Dig&
H=0
HNT A FADGE :
H=H+ 360

EE S|S = (max - min) = max X 100

BAREE V|V = max x 100 = 255

RENTEMARICEDE, %M (1) I12H S sRGB D (#F8A53D) # HSV k2 &K
(10 ) [T E &,

H= S= V=

Q) EEPHENKRNGZ ETIE. BADEHENEZIAL THEREEET 2HELNS
AEhTWgd, —AT. TRBEODN)T7I7)—] OHEHMLGEEMRIE RSN TS,
MREDN)T7 T —] ERFFEIGONMIDVNTEEE L,

17/21




As digital information, colors are often expressed in 24 bits (3 bytes). For example, in
the widely-used sRGB color model, colors are divided into the three primary colors R
(red), G (green), and B (blue), each of which occupies 8 bits (1 byte). Answer the
following questions. Note that all values must be in integers.

(1) Convert the following hexadecimal sRGB color code (#RRGGBB) into decimal.
Hexadecimal: #F8A53D

Decimal: R = G= B=

(2) In addition to sRGB, there exist various other color models. One conversion method
from the sRGB to the HSV color model is shown as follows.

* In the following expression, max/min denotes the maximum/minimum value,
respectively, of the sRGB value.

Hue H While max = R;
H =60 x ((G - B) + (max - min))

While max = G:
H =60 x (2 + (B - R) + (max - min))

While max = B:
H =60 x (4 + (R - G) + (max - min))

While R = G = B:
H=0

While H becomes negative:
H=H+ 360

Saturation S | S = (max - min) + max x 100

Value V V =max x 100 + 255

Based on the conversion method as shown above, convert the sRGB color code
(#F8A53D) in question (1) into the HSV color code as decimal numbers.

H= S= V=

(3) In our daily life, many social materials, e.g. signals and railway route maps, require
the ability to distinguish colors appropriately. However, recently, the social concern of
"universal design of color schemes" is also being widely discussed. Explain what
"universal design of color schemes" means.
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EREZES (Number): M-2

FARER AT LAORDHMBEBRERTH ST —F T M) =V AT LDORENIZDL
TR &K, £z, A—FIT VM) SR TLOERRE~DHEMIZDOWLT, ZD2LUE
=,

The clinical physician order entry system (CPOE) is the main component of the hospital

information system. Explain the role of CPOE. And explain its contributions (at least
two issues) for clinical safety.

BZE&E S (Number): M-3

FRADERATLREZEBET SR, EOLSILWBEREX )T 1 ZHITRED,
REE L, T, S, EERERICH L TITDOA Y M N\—KREOEHZ—DFIT,
WEEZH/NDRICHASAKITOVWTHEEE &

Describe the information security required when constructing a hospital information
system. Additionally, give an example of a recent attack on a medical institution, and
describe methods to minimize the damage of hospital information systems.
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MREE S (Number): M-4

BHFEZ2ECAIHEZAVV-FRACER LOREHRE. BENRELID 2 ET
RENBDIENHD, FROBREOHRELEDBME - EHLEILTLE—HT L LI
BoiL, TRIZFH - REBRLEOKRLOREETRTRTH .

BED#ER &t
[k %

E
F

FRIFER f5 14

Icmﬁ

A
BRERR p=1% C
G

At N

fzrzL. T&t] OWIZTNZNAUTDEY TH 5,
E=A+B

F=C+D

G=A+C

H=B+D

N=E+F =G+H

1T ZO&E5LEBADORIE. HBFEZSOAIMEZAVFRITIEXAEFEEINDH,
RETEZR L,

BIIE (Recall) ITEDLIITEHESIN LM, BEX &K,

HEE (Specificity) IFEDLSICHESI DM, BA &,

(2xA) / 2XAB+C) (X EMFEIEN DD, BER Ko

ROC Hi## (Receiver Operating Characteristic curve) & AUC (Area Under the
Curve) IZDWL\T, EEPHEVAIZDOVTHE L.

Gl BN

Predictions using artificial intelligence, including machine learning, and test results in
clinical practices may result in a binary judgment of positive or negative results. The
positive/negative results of such predictions and test results do not always coincide
with the true positive/negative results, which may be considered as shown below.

True Results Total
positive negative
Results of | positive A B E
Prediction or | negative C D F
Tests
Total G H N
Each of the "Total" columns are as shown below.
E=A+B
F=C+D
G=A+C
H=B+D
N=E+F=G+H

1 In the context of predication made using artificial intelligence including machine
learning, what is the table shown above called.

2 Explain how the Recall is calculated.
3 Explain how the Specificity is calculated.
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4 Explain what“ (2xA) / (2xA+B+C) ”is called.
5 Discuss the definitions and usage of ROC (Receiver Operating Characteristic)
curve and AUC (Area Under the Curve).

BZE&E S (Number): M-5

EREBREZMYKSERIC, IBFIREIL—IL GEE - RERH - HA FS10%F) %
SDEMF, TAODEREN-ERENL—IWOBEIZDOVWTEHRICHRA K,

Give brief explanations of three rules (regislations, code of ethics, guidelines, etc) that
you should follow when you handle medical information, and the reasons why they are
needed.
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