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NOTES
Do not open the pages before the signal to start the examination is given.
This is the Question Booklet of 13 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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REE S (Number) 1

(1) AND 7 — F,OR%7— K, NOT 7 — FORERREAHNEFTICRTEY &5 5.
The graphical representation, as well as the input-output tables, of AND, OR and

NOT gates, are given below.

AND OR NOT
apjljt _ gfij;t'iut iq\pjjt jﬁgﬁﬁut f:;jt _[>D_ E)H:Jﬁut

AT w7 AT i A1 H
Input Output Input Output Input Output
00 0 00 0 0 1

10 0 10 1 1 0

01 0 01 1

11 1 11 1

LTORWNIER K.

Answer the following questions.

(@) Cho 3D —FE—DFD2E-T7Y vy T 70y TRKRERTE L.

Draw a flip-flop circuit that makes use of these 3 gates, one for each.

(b) (@TwRLE=ZVy Ty JEBOLHEASFHBEE L.

Explain the mechanism of the flip-flop circuit you drew for (a).

(2) BEY MA—=VIZNYTAEY FEMATZ4 EY bNRA—URBHEC1 25T
KIITLfLY. BEY FEANBELTRY, ZRICHETEIN)T1EY &
N9 BHEEERE. =L, ERPICIEIXOR 77— DA ZERE £.

Suppose you would like to add one parity bit to a 3-bit pattern so that the 4-bit
pattern contains an even number of 1s. Draw a circuit that takes 3 bits as inputs to

output the corresponding parity bit, using only XOR gates.
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(B)a, b,c ZEMENDXETSH. (@aOR(NOTb))AND (aORc)EWVWSHEEXEEZD
Br, COXEEBEEIZELS, RIN—FBELVXEZ, UTOZTAZTADBFZEICDL
TUEDRE.

Suppose each of a, b, and c is a true or false sentence. Given a compound
sentence (a OR (NOT b)) AND (a OR c), write down a shortest-length sentence with

the same truth value as this sentence for the following cases.

(a) a BNEDHF. When ais true.
(b) a HMADEE. When a is false.
(c) b NEDBF. When b is true.
(d) b AMADE:. When b is false.

==L, TRICBEE L.

Heed the following conditions in writing down your answers.

a,b,c, OR,AND, NOTDWL\FNIt, DEDICIDERIT1ERET S.
The length of each of a, b, ¢, OR, AND, and NOT shall be 1.

¢ CEYORSE0 EFEET D,
The length of each of “(” and “)” shall be O.

o HEXDRIFZEDXFIZHENLZLODORESODEMMET B.
The length of a compound sentence shall be the simple sum of the lengths of

its constituents.

e ZEZIZlXa b,c, OR, AND, NOT, “(", ‘YLD LD EEHTIEE S 4L,
Only a, b, ¢, OR, AND, NOT, “(” and “)” may be included in your answers.
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&S (Number) 2

SEZ A aVE2—42F8E [T2XA2 51
T & IR D EFE RN (Brookshear . B

iF - RESs5h BN . $FH28 55 RRE18, 19, 33
ML S -RRE,

ZEIELDEATIERT

Question extracted from Exercises 18, 19,
33 in Chapter 2 of the reference book

“Computer Science: An Overview (12th
Edition)” by G. Brookshear, D. Brylow

Not shown due to copyright
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RE&E S (Number) 3
2 RT—=D A3 =2y MZETAUTORIWZIE R L.

(1) 954F7 Y b H—NETFILEETY—ETETNLIZENT, ThEAEDLSIZT
O+ XE@EENTTHhIEHERBAE L.

(2 93R8a2Ea—T420ET )y RavEa—FT420Y, V5 FavEa
—TAVITDENERA L.

(3) TCP (Transmission Control Protocol) & UDP (User Datagram Protocol) & [&4a]
NENTNHAL L. Ff- EEEEIHFEHOBEAND, TCP ICEI I UR
R—bEE UDPIZEDC S URR—FEIZTDOWNTLEE L.

4) PHRBESOREBICONVTHRAE L.

Answer the following questions on networking and the Internet.

(1) Explain how interprocess communication is conducted in the client-server model
and in the peer-to-peer (P2P) model, respectively.

(2) Explain the differences among cluster computing, grid computing and cloud
computing.

(3) Explain what the TCP (Transmission Control Protocol) and the UDP (User Datagram
Protocol) are. Then, compare the transport layer based on the TCP and the one

based on the UDP from the viewpoints of reliability and efficiency.

(4) Explain how public-key encryption works.
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RIREE S (Number) 4
LTOES 7T ALIZETBAEILIZEZ L.
(1) wEAZEDOEL O — FZERE L.

(2) NTIY—FEECHMOENTVEEFTIILT)XLTHS. VA MPOBKEET S
DHERELHEBELTELVEBIIKBLTWEDTHS. VR M nBOERN
HdETD NTLY—FE, BYnEn-1DUBIZHIEREZLER (FLTHE
[Ck-oTIEXRH) LTRRTS. ZLT, n1 & n2 DEUBIZHIERZLE (%
LTHBEICE - TRRMTEHLZE RUE2BEDUNEICHAIERFTHITS.
CDEITTEIERPMDERNI R FDOXFBEICELNSZLITEFALTIELL. %
LTEHES5—ERLCIEETIE2BRITINSHBERN2BBDMEIZED. DFY
EARTn-1EDTRZVAMIKMLTEITISE, YR MEELNEIT LI LK
5. UTONTILY— MZET HBNIZER &.

(@) NTILY— FO#EEO— FERRE L.

(b)y NTNNY—rTTOTSLEINE=TIUN, 100 EOLEDY R FEEFHT 3
DIZFEH—IMNBENDM o= COITIUEFAL T 1000 BDORRIDY)
A NEBINTEDITHNDFHBHZHES K.

(c) RRFERME RETERELEEYHERBZAVTNATIILY — FOZEEIC
DWVTERRAE &.
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Answer the following questions related to sorting algorithms.

(1) Write the insertion sort algorithm in pseudocode.

(2) Another well-known sorting algorithm is the bubble sort. It is based on the process of
repeatedly comparing two adjacent entries and interchanging them if they are not in
the correct order relative to each other. Suppose there are n entries in the list. The
bubble sort would begin by comparing (and possibly interchanging) the entries in
positions n and n-1. Then, it would consider the entries in positions n-1 and n-2, and
continue moving forward in the list until the first and second entries in the list had
been compared (and possibly interchanged). Observe that this pass through the list
will pull the smallest entry to the front of the list. Likewise, another such pass will
ensure that the next to the smallest entry will be pulled to the second position in the
list. Thus, by making a total of n-1 passes through the list, the entire list will be
sorted. Answer the following questions related to the bubble sort algorithm.

(a) Write the bubble sort algorithm in pseudocode.

(b) Suppose we find that a machine programmed with the bubble sort algorithm
requires an average of one second to sort a list of 100 names. Estimate the
average time it takes to sort a list of 1,000 names.

(c) Explain the efficiency of the bubble sort algorithm by using the worst-case,

best-case, and average time complexity.
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RRE&E S (Number) 5

T—RBEICEATHAUTORWNIEZ K.

(1) BEHI(ZBEY B LLTDE&RE(a) (b)I&E A &£.
(@) RITCHIDEIIMNT FLR x (E$10) M oTEEIBIZEMHMIA TS, EEF
DEBEZENATVEILIDETRELT EGL, iTjHIEBEDERDT FLR%E
RH&K.
(b) 3 RTEINZHEMNT D=ODHEZRLRE L. i HBOTME, jEEHDTT, KEE
DIDERDIGHETT 7 FLAZEREZRD L.

(2) REAVID—BTOEREITENMYRKRE, MIEIZOFFIZTEI2FHRETEZRIE L.
AAYHIZIE, TyviabiRy TRELFITE2FERE L. CORBEEZHELDIZ, ED
KO HBWEINR FL—UBENREDL. REFLIE-FHREOHEMUI— FEEde L.

B) WART—RZARBEEELLTAEYIZHRMT 2DONSSHLWMIZRREL. KT—
BEVAMEEELTAEYICHEMTEONSASHO LI ZRAR K.

(4) I—YEROT—RULEHRET—2E, VFRFEDLSITBTLED. EDKD
[CEG->TWSH. BAEGIZAVTHRAY L.
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Answer the following questions on data structures.

(1) Answer the following questions (a) and (b) regarding arrays.

(a) Suppose an array with R rows and C columns is stored in row major order
starting at an address x (base 10). If each entry in the array requires one
memory cell, what is the address if the entry is in the " row and /" column?

(b) Describe a method for storing a three-dimensional array. Then, give the formula

for finding the address of the entry in the " plane, /" row, and k" column.

(2) Design a procedure for removing the bottom entry from a stack so that the rest of the
stack is retained. You should access the stack using only push and pop operations.
What auxiliary storage structure should be used to solve this problem? Write a

pseudocode for the designed procedure.
(3) Give an example in which you might want to store data of a list as a tree structure in
the memory. Give an example in which you might want to store data of a tree as a

list structure in the memory.

(4) How similar are user-defined data types, abstract data types, and classes? How are

they different? Use specific examples to explain your answer.
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#1-10. #£-11. #t-12 D1~D5 55 3

#1-13a. #£-13b M1~M6 Hho 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, SI-5, SI-6, SI-14 Select three among T1~T6
SI-8,9 Select three among B1~B5
SI-10, SI-11, SI-12 Select three among D1~D5
Sl-13a, SI-13b Select three among M1~M6
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MREZES (Number): T-1

1. 7—2R=2D 7 7 A MR IC B 2 LT oaflic &z X.
(a) B+ KénvyvazrsAiroznznzXeHwCaEL { S X,
(b) B+ K&y v a7 7 A VOFHRAMEZ I L 2265 L <SS L.
(¢) H2A4v 4 VHEOHERICHETIROBGEAF —<2E 23,

Customer(customer_id, name, sales)

Z 2T, @l customer_id, name, sales 13, N2 KRS, BEH, BE
HERIbOLT 5. ZOBFRICH LAINE 2 OHMEICRITINIMEECH
FELTREDELI RDDOREZ LN pZRR, 20 X5 MG CHNT%
EICUE S 572013, ZOBRD DD 7 7 A AMRKCRL G LD X
IDDOHPEE L KE M CHIHE X,

2. BfgA ¥ —~ R(ABCDE) ##% 2 %. R ® _EIZiZROMD OREHEIRMEA KL T

5HDLT 5,

FD;: C =D
FDs: AB — E
FD3: C — A
FD,;: AB — C

LIT o 2 &.

(a) MREICE Y R ZIEHMIEEISMEL, ¥4 2-23 v FIEBJE (BCNF) 0% =
F—~DADLOLLBRT — 2 R—22F -~ R K., HREOEREFELL
AT 5 L.

(b) SfEEIc kY R ZIHWmIEESBL, BEFR7T -2 x—22F—v2kD L.
727 L, ROEBRT — 2 _R—22F —<itB T, ZEBRRAF —<I13FAf *-
2 v FIEHE (BCNF) % 72135 3 IE#UE (3NF) TZHRUNIE AR bR, $7z,
P D BIEGEIE Y FDy, FDo, FD3, FDy O Z W E N3 7% &b —2 DBF
Z2F—=TRFEINZ X532l HROBREHELLLMPAT S L.
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1. Answer the following questions about file organizations in databases.

(a)
(b)

(c)

Give a detailed explanation about B+ tree and hash file using figures.
Give a detailed explanation about features of B4 tree and hash file by
comparing them.

Consider the following relational schema on customers of an online shop.

Customer(customer_id, name, sales)

Here, the attributes, customer_id,name, sales, mean customer id, cus-
tomer name and the amount of sales, respectively. Describe possible
frequently-issued queries and updates against this relation. Furthermore,
explain by using figures file organizations and index structures for this
relation that are appropriate to accelerate the processing of such queries

and updates.

2. Consider a relational schema R(ABCDE). We assume the following four func-

tional dependencies hold on R.

FD:: C—=D
FD,: AB — E
FDs3: C — A
FD4: AB — C

Answer the following questions.

(a)

(b)

Decompose R in information lossless manner using the decomposition
method, and obtain a relational database schema which includes only
Boyce-Codd normal form (BCNF) relational schemas. Give a detailed
explanation of your decomposition process.

Decompose R in information lossless manner using the decomposition
method, and obtain a relational database schema. In the obtained
relational database schema, each relational schema must be in Boyce-Codd
normal form (BCNF) or the third normal form (3NF). Make sure each of
the four functional dependencies FD1, FDs, FD3, FD,4 is maintained in at
least one of the relational schemas. Give a detailed explanation of your

decomposition process.
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MREHES (Number): T-2

HHFEICET HLUTORE)~G)ICEER L

(1)

(2)

3)

(4)

)

UTOREEZSAE &
TINAIR=INGA =B | TRL=D2 T | TIR=IL KT b T—4]
TEfANA X388 TIRMEE

(R—tTrOv)] OFEO7ILT) X LERYE

N—t T rOVDFEENIKRT HIEE LR LENEEZ. ARG 22 (FCHRAY
Fo Ffey WRLLBWGERICHED K S LRRZETOINEN., ALK,

7))L TIEET—42 1 MRERZERL OBRBEZRAWNT, T—#&1ie) & T4 —/1—2
4YT4T] IZ2DVWTEBRE &

HEHEEODRFEINOEBRIEEZRIRIRELDEEDL S HHEL. L D2HD
FRAGIZBFLENSERE XK, DALY HEE) & 1742 ORA%ZER
I2EHBH &,

Answer all the following questions (1)-(5) on machine learning:

(1)

(2)
3)

(4)

®)

Explain the following terms:

"hyper-parameters", "smoothing", "hold-out data", "naive Bayes",
"inductive learning."

Describe the "Perceptron” learning algorithm.

In which cases Perceptron learning converges, and in which cases Perceptron
learning does not converge? Make your own example and use it for the
explanation. Finally, explain what kind of improvements should be applied if it
does not converge.

Explain “generalization” and "over-fitting" using terms "model", "training data", and
"hypothesis space."

Among various machine-learning methods, when should we choose
deep-learning? Discuss it with reference to a few example applications. At the
very least, you need to include arguments about "features" and "amount of data"
in your discussion.
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ME&ES (Number): T-3
VIO 7IZICETHIUTORE)~G)IEZE & :

M YVYIZr9z7HETOERRIZDVNT, 94— 2—T+—ILETIET DAL T0O
TRAETILORFTEERZLHE LRAEE X,

(2) UML D2 —R 7 —ZARDFEZIZDWNTHZRANTEHREAL L,
() Z7vUaviRA v MEITDODVWTHIZRAWVWTEHRBRAE &,
4) IT—CzUMEMY I bz 7 IREL(EAINEHRBAL &,

B) VIrIIT7HRHEICEITAET LE a— L [EfAIMERAE &,

Answer all the following questions (1)-(5) on software engineering.

(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 the agent-oriented software engineering.

(5) Explain what is the peer-review in software developments.
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ME&ES (Number): T-4

L HWRBIZBEWTTI VX U 7ORIDIEEE UL THWS LS MRR (Mean Re-
ciprocal Rank) & MAP (Mean Average Precision) (Z2WT, TNZi, 1—
TRED XS M782 L, YOrk5RHE2ES LIKEL TWBHHEE X.

2. V=Av,...,0,} 2THREE L TE2HMI 77 G 2E R, G OBHETHIN AT
EZohTwsd 35, 940bb, ADi,j ﬁﬁﬁj\AiJ tiIﬁ){—i’UZ 75“5},5:){—1’03"\
DU HBHFE 1, TOTRWVWKIZOTHS. TDF T 7 G DRIEM v; & HZ
t=0,1,2,... 12U, B tIZBT D0, DAIT s(v;,t) ZBA N TERT 5.

t=0726 s(vy,t) == s(vy,t) =1,

s(v1,t) s(vy,t—1)
t#£0725 : = ATA

5(vp, t) s(vp,t —1)

72720, AT X A OfRETH &2 KT

(a) AT D&M ZmT2d THR v;,v; ZELHEMT T 7 DB ZRE.
d=(v;) £d (v;) (772U, d~(v) & v DARE)
(vt € {0,1,2,...})(s(vi, t) = s(vj, 1))
EDIHMD v, 0; THEIPEWRT S L.
(b) AT D&MZTT2d —THR v, v; ZEBLHEMT T 7 DY Z2RE.
d=(v;) >d (v;) (272U, d~(v) & v DAIKRE)
(vt € {1,2,...})(s(vi, t) < s(vj,t))
EDHMD vj,v; THEINEWHRT B L.

3. FAMEAV EUEASENSEVACL— T2 EERWES S 7 G 25X 5,
G HAF —TEATE D3 (1, v2) 2L 225 7% G+ (01, 00) EHL T &

T3, £, GIEBIBEMvEV DY 5 AREK Calv) FITFD X > 125

FEIND.
GIZET5% v 2za0=ALDK

da(v)(dg(v) —1)/2
1720, de(v) i GIZBIF 5 0 DUETHS. da(v) < 2 DRI O (v) ILERS
NI, G (01, 00) KB B2 5 ZRRIL Cr (1,00 (v) BIABKICEHZ X NS

Ca(v) =

(a) MTFO=ZZM22THT G ofl 2217 £.
(Vv e V)(d(v) > 2)
|E| <[V x(|V|=1)/2
(Vvy,v9 € E)(vy =wve V (v1,v2) € BV
(Vo € V)(Ca(v) < Cai(u,m)(v)))
(b) AFO_ZM22ThHi72d G Dl ZZT £,
(Vv € V)(d(v) > 2)
(Fur,v2 € E)(v1 #va A (v1,v9) € E N
(Vo € V)(Ca(v) = Cai(u,0,)(v)))



Answer the following questions.

1.

MRR (Mean Reciprocal Rank) and MAP (Mean Average Precision) are mea-
sures of ranking quality widely used in information retrieval. Explain what
kind of users’ behaviors and what kind of users’ benefits are assumed in the
design of each of these two measures.

. Suppose we have a directed graph G with the node set V' = {vy,...,v,}, whose

adjacency matrix is given by A. That is, A;;, the ¢,j component of A, is 1
if there is an edge from v; to v;, and O otherwise. For each node v; in G’ and

time t = 0,1,2,..., we define s(v;,t), the score of v; at time ¢, as follows.
Ift=0, s(vy,t) =---=s(vy,t) =1,
s(v1,1) s(vy,t—1)
if t #0, : = ATA : :
s(vn, t) s(vp,t —1)

where AT denotes the transpose of the matrix A.

(a) Show an example of a directed graph including two nodes v;, v; such that:
d™(v;) # d™(v;) (where d™ (v) is the indegree of v)
(Vt €{0,1,2,...})(s(vi, t) = s(vj,t))
When showing the graph, specify which nodes are v; and v;.
(b) Show an example of a directed graph including two nodes v;, v; such that:
d~(v;) > d~(v;) (where d~(v) is the indegree of v)
(Vt e {1,2,...})(s(vi,t) < s(vj,1))
When showing the graph, specify which nodes are v; and v;.

. Let us consider an undirected graph G with a node set V' and an edge set F,

and without self-loops. Let G + (v1,v2) denote an undirected graph produced
by adding an edge (v1,v2) between two existing nodes in G. The cluster
coefficient of v € V' in G, denoted by Cg(v), is defined as follows:
the number of triangles including v in G

dg(v)(dg(v) —1)/2
where dg(v) is the degree of v in G. Cgy(y,,0)(v), the cluster coefficient in

Ce(v) =

G + (v1,v2), is defined in the same way.

(a) Show an example of G satisfying all the following three conditions:
(Vv e V)(d(v) > 2)
Bl <[VIx(V[-1)/2
(Vvi,v2 € E)(vy =vy V (v1,v3) € EV
(Vv € V)(Ca(v) < Cai(uy,um)(0)))
(b) Show an example of G satisfying all the following two conditions:
(Vv e V)(d(v) > 2)
(Fui,ve € E)(vy #va A (v1,v2) &€ E A
(Vo € V)(Ca(v) = Cat(v,0)(0)))



RIZE& S (Number): T-5

1. TVRAERTIIHEBRES X OETROVIBAES Ao, Ay ZHAEL. UFOT—L%175, %
T TVARbe{0,1} 2—hkT v X LTEINU., FRRIZ 2 € Ay 8T VY X LITERT 2,
TVAGr 2R TITERFL, R7EZELUZERICESVT O Z2HERIL, 1Y FOMEY %
HWhd 5, BIbZHE, R7BR 2 ANLTHM600 (MERK) 7VIV XL B 23U
T1EY bDV Z2HAOU, ¥V =b B IERTOML, 5 ThRIFNTATEHEINE S —
LTHD, TIVIV AL BERTOEEEIER, UFICEHTSH2EEZTNIV AL BIZLS
R T DR LIEZ,

A =Pr[b =b] —Pr[b #b]
IO RERPBEREEZFOTNVIVZLBZIOVRWTLIT) AL TS,
(a) b €{0,1} ZAS o EHNLIZ BT VX LITERTETVITVAL BIEA=028%5
Z & xR,
(b) #4 Ay & Ay EWIZE (b AgNA, =@) D E, A=1¢%257VIYV XL B
R, £ TOTNTY XL (BERAEDOBNT) RETHD Z L 2HHE X,
(¢) ~MDEADYE. Bob WEKTE ZIRADHELREIIRORNTEZ SND Z & &2RYE,
|Ag N Ay
max (|A0|, |A1|)

(|S| XA RES S OEREBERT, ) £/2. ZOBLEEFHFOTNITI X LERE, Hi

ZIX, Bl 7 VT ALEH B B (0,1] TROFIEZHKES UhrmWI &EREL, O

B % RO NIZR N,

o 2 WA DEEZETHH>T A DEEZETHRVEZESIE, 02HENH

e N A DEHRETH->T Ay DERTHRWARSIE, 1 2HN

o LHOWTNTHERW (b ze AgNA) RoiE, MR TORHAL, HR1-2
T1%2Hh

APt =1 —

2. T, TVAERTIZ IO ERR T —L%175, MBI 0 TN UTES F, DWBIES
U, 2ELT0WBHHDLT S, ZIT, F, FABNELREHIZn BEOES {1,2,...,n}
THHETOBEBN»ORIZELETHE, G260z n TR LT, LF2EfFT5, £9. 7
D2 be{0,1} 2—kTVXLITER, b=074201F, 7V REEK f % F, »5—#7
VEDMUER, b=17%5E, f % U, 256 —FT7 VX LTER. RIT, BT IMERE O E
yi €{1,2,...,n} 2TV RZEFL, TV ARE x; = f(y;) 2BIET 5, EIZ, R7Eb %
HHU, o 2T 2, RTOBEREEZ n OBEBTUTDOLS ITERT 5,

A(n) =Pr [t/ =b] — Pr [t/ # ]

(a) RRART DPERA o
Uy

A%Pt(n) =1 —
)=1-F,
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(b)

(c)

(d)

ThHrIlaERE, £/, TOBRELLRZTNT) ALZ2RYE, 722 ZIEERM 1 Al
BILEoTEDEIBRTINITV AL ERTIENTE S,
ETOFHRER n 1T LT — L DREREN AP (n) >1/2 THBE X, 7 (U,) 1X 15
VRELEBEGITANEE THD VWD, INIRT U, OREIH U T lim,—, 400 AP (n)
ZRD, TNSDBEFZVTNE S VAL EARGITHBAITEETH 5 Z & 25RE,
o U, =1, 13 {1,2,...,n} S ZTNHEADIERDWER, TbE y >z 2L T
fy) = flx) &2 B8 f DG
o U, =5, 1k {1,2,...,n} L@ (HIH {1,2,...,n} » 5 ZFNEEKE~DLHE 72
) o%s
e U, =D, 1T {1,2,...,n} S ZTNHENODEKTH->T, 2TD y ITHLT
fly) Ay THHHEEL f DES
ETOFHRER 0 LT — LOBERED AP (n) <n °TH3, Hb,

Ve>0, lim n®- A°'(n)=0

n—-+4oo

THdLE, B U, 1E TV XLEHBINAARE] THE2E WD, BTD n TN LT,
{1,2,....,n} ZOEZTNHE~OBT f(y) £y &b ye{1,2,...,n} BFET LB
fOEEEV, T2, ZOLE K (V,) ET7 VXL LHBAIATETH S Z L E2RE,
T VR NEEGITHAATRETIE R L, MBI ATRETH R WE (U,) 2HRL, £5TH5
Z L EHHE &L,
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1. Alice and Bob agree on two non-empty subsets Ap, A1 of a finite set X, and
play the following game. Alice chooses b € {0,1} uniformly at random, and
then picks z € Ay again uniformly at random. She sends = to Bob, and based
on that information, Bob makes a guess b’ for the bit b. In other words, Bob
applies some (possibly probabilistic) algorithm B, called his strategy, that
takes x as input and outputs a bit b'; he wins if ¥ = b and loses otherwise.
The following quantity is called the advantage of Bob using his algorithm B:

A:Pr[b’:b} —Pr[b’#b}.
A strategy B is better if it has a higher advantage.

(a) Suppose that an algorithm B used by Bob chooses the bit € {0,1}
uniformly at random independently of . Show that A = 0.

(b) In the case when Ag and A; are disjoint (i.e., Ag N A1 = &), describe an
algorithm B such that A = 1, and show that this is optimal (in the sense
that the advantage is maximal).

(c) In the general case, show that the highest possible advantage achievable
by Bob is given by:

|Ag N A

Aopt —-1—
max (|A0|3|A1|)

(where |S| denotes the number of elements of a finite set .S), and propose
a strategy that realizes this advantage. You can for example show that
an optimal strategy must be of the following form for some g € [0, 1]:

e if x is in A but not in Ay, return 0;

e if x is in A; but not in A, return 1;

e otherwise (x € Ap N Ay), return 0 with probability 8 and 1 with
probability 1 — f3;

and discuss the best possible choice of .

2. Alice and Bob now play a slightly more complicated game. For each integer n,
they agree on a subset U, of the set F}, of all functions from the n-element set
{1,2,...,n} to itself. Then, for a given n, they play as follows. Alice chooses
b € {0,1} uniformly at random. If b = 0, she picks some function f uniformly
at random in F;,; otherwise, she picks f uniformly at random in U,. After
that, Bob is allowed to send arbitrarily many elements y; € {1,2,...,n} to
Alice, who replies with z; = f(y;). At the end, Bob makes a guess b’ for the
bit b. Again, his advantage, which is now a function of n, is given by:

A(n) =Pr [b' =b] —Pr [V #0].
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(a) Show that the best possible advantage achievable by Bob is given by:

|Un|

APH(p) =1 —
|l

and describe a corresponding strategy. You can do so by reducing the
problem to the previous question.

(b) We say that a family (Uy) is easy to distinguish from random if for all
sufficiently large n, A°*(n) > 1/2 in this game. In each of the following
cases, compute lim,— - A°"(n), and deduce that these families are all
easy to distinguish from random:

e the set U, = I, of non-decreasing functions, i.e., if y > z, f(y) >
f(z), from {1,2,...,n} to itself;

e the set U, = 5,, of permutations of {1,2,... ,n} (i.e., bijective func-
tions from {1,2,...,n} to itself);

e the set U, = D, of functions f from {1,2,...,n} to itself such that
f(y) #y for all y.

(¢) We say that a family (U,,) is indistinguishable from random if for all ¢ > 0
and for all sufficiently large n, A°P'(n) < n=¢, or equivalently:

Ve>0, lim n°-A°Y(n) =0.

n——+oo

For all n, let V,, be the set of functions f from {1,2,...,n} to itself
satisfying that there exists y € {1,2,...,n} such that f(y) # y. Show
that the family (V},) is indistinguishable from random.

(d) Give an example of a family (U, ) which is neither easy to distinguish
from random nor indistinguishable from random. Justify.
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fi#EZ&S (Number): T-6
A—HPAL AT —ADBREHEFBIZOVTUTORWNIZEZ &,

(1) Z—=LteoARIELEA—HYEY T4 10 RAIZETHIF. FEE % 200 XFLU
RTHRBAE &L,

(2) /—RUOTHAURED 6 HEZLTHIT. FIEHE % 200 XFLUHNTEHRAE
;O

(3) LEBTRLI, 2—HEYT 1 10REIETH A VRE6EBZLHEKL., HLR
PMEERITDOLT 1000 XFLINTHwE Lo

Answer the following questions about user interfaces.

(1) Describe Nielsen's 10 Usability Principles, and explain each of them in less than 100
words each.

(2) Describe Norman's 6 Design Principles, and explain each of them in less than 100
words each.

(3) Compare the 10 usability principles and the 6 design principles mentioned above,
and describe similarities and differences of them within 500 words.
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FZEES (Number): B-1

1. BEHEOEYMAFAL TLAER I U /AARIZE, BAREZHMET SHH0 (B
VIRR) ERAEFATZED0 (RADVNRR) BHEHZEAMLNTND, B 1ITR
THER EICH T HHBROBEHZL LIZ. TAENOHTR D VN X DRI DN TEREA
LaaEly,

ZEELDEHTIERT

M1 (&) #HIKIZE T HMERIOBRF. KNFEABROIEFTRZEZTY . () HEIA

7 MLOF DR,
Source: Lohmann KJ, Hester JT, Lohmann CMF (1999) Ethology Ecology & Evolution
11: 1-23.

2. ®2F 20URIZEFETHIIAABCHEROHIBEIZH S HEMICDOVNTEER
LIHBERERLTWVWS . TAVIAANBEIVNRERAIVRRDEL L EZFIAL
TWHEWVWZ D, REEEHITTHRALG S,

ZEELDOEHTIERT

2(A) THOIHANEERRT MK (B) ShEMS ERESE-MHR (C) &
B KEBRASFEELICREBESEMBR D) KERSDOHF ORHIFIZRT HENMEE
R, BREBEKROTHEMANM. RENFLEARDOFEHEMAZRT . NS [THEDA
MADEMANHLNGEN>T-Z LEXRT,

Source: Light P, Salmon M, Lohmann KJ (1993) Journal of Experimental Biology 182:
1-10.
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1. The geomagnetic compass used by migratory animals includes a polarity compass,
that distinguishes the poleward direction, and an inclination compass, that senses the
inclination angle. See Figure 1 that illustrates the geomagnetic field, and explain the
features of these two types of geomagnetic compasses.

Not shown due to copyright

Figure 1 (Left) Diagram of earth’s magnetic field. Arrows indicate the direction to
magnetic north in magnetic lines. (Right) Features of geomagnetic field vectors.
Source: Lohmann KJ, Hester JT, Lohmann CMF (1999) Ethology Ecology & Evolution
11: 1-23.

2. Figure 2 indicates the experimental results of the orientation of hatchling loggerhead
turtles in Florida in relation to magnetic fields. Based on the results, explain whether
loggerhead turtles have a polarity compass or an inclination compass.

Not shown due to copyright

Figure 2 Results of experiments for orientation under (A) the usual geomagnetic field for
loggerhead turtle hatchlings, (B) reversed vertical component, (C) both the vertical and
horizontal components reversed, (D) horizontal component of geomagnetic field. Each
data point represents the mean angle of orientation for a single hatchling. Arrows
indicate the mean angle of orientation for all turtles in each condition. NS means not
significant orientation to specific angles.

Source: Light P, Salmon M, Lohmann KJ (1993) Journal of Experimental Biology 182:
1-10.
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BZEES (Number): B-2
BHEERICBT2ZERF/RICOVT, UTOMBIZEZB S,

AlL, BEETZ 2 ODOHFEMREKBIZEVWTHADHEEEZITRTHERET S EVSEE

E{Iof2LED. 2 20EKEMLRET HERICETHMHEEA A > (NOs) DREZE
IEERLTLND, XERIZ 1965 F 12 AICEE I, M EE/ A F T RIEFT X THEKIE
SHZHREH SN T=,

1. RMERBRICETL2Z2RBEROIELGCHEE. RRB|IREAML L THEALG S,
2. RSN KIGRRD NOTREA LRI 2EAZHALGELY,

3. RLKILGNE—UTHILYDLAAY (Ca?) RELERLTWS (BIB) , C
NOEBRZHRALG S,

EEELDOEHTIERT

(Likens et al., Ecological Monographs, 40(1), p26, 1970 & Y ¥ERk)
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Answer the following questions about the nitrogen cycle in forest ecosystems.

Figure A shows the change in nitrate (NO3) concentration in a stream flowing out of two
adjacent forest catchments during an experiment in which all the vegetation on one of
the catchment was cut down. The clearing took place in December 1965, and all
aboveground biomass was removed from the catchment.

1. Explain the main characteristics of the nitrogen cycle in a forest ecosystem, in
contrast to the carbon cycle.

2. Explain why the NOs concentration in the stream of the clear-cut catchment
increases.

3. Calcium ion (Ca?*) concentrations also increase in a similar pattern (Figure B).
Explain the reason for this.

Not shown due to copyright

(After Likens et al., Ecological Monographs, 40(1), p26, 1970)
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MREES (Number): B-3

ARV -—EXFLIELIE, e, FE. Xt 28 ®RED52ICKAlEh, 2hE
NICEBDOERRY — XN DEIND,

1, G —EREAEY —ECRIIEFNIEFENLERRY—EXEZNZENITON
T 2O2UEEZEZHRE L,

2. BRDH 5B ORAMHBMEIEEN, AIMICEBmEIN/TET D, CDEEICL -
T, ZOFMOERRY —ERXICEDE I BEANEL DA DD BALHEES
NBZERRT—EXZ2DOULHIF T, ENTNEDL S BEMIEL DD EwRL
AN SN

Ecosystem services are often divided into five broad categories: provisioning, regulating,
cultural, supporting, and preserving, with multiple ecosystem services classified in each
category.

1. Describe specific ecosystem services that are included in the provisioning and
regulating categories, one or more for each service category.

2. Suppose that a natural forest in a region of Japan is cut down and converted into an
artificial forest (plantation). What changes will occur in the ecosystem services of the
forest as a result of this conversion? List two or more ecosystem services that are
expected to change and discuss what changes will occur in each.
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MREES (Number): B-4

1. F11E. W2 REZ 4 BEDBEAETECLEESONEICODVWTEESL
55 DDHREBEAMICKRBE LAEREERARTHS, Chdb AAED S5 D2DENENIC
DT, MmiE - BEAE - REFAOMRDBEICOVWTHRALG S,

[Tl L n
A . B E
< - < < 4 .
o
ﬂ]lm-H ™M L] 82} o o) o o] o L
% L]
o L ] o] o~ (o] . o]
o . Y . ° (e}
i o i — [e]
o o o
1 2 3 4 1 2 3 4 1 2 3 4
ST BESE EESE
N 1
D E
<+ < 1 o
ﬂ]lm-H ™M+ oe Qe oe ce (sl
B< oe
=
o ™ 4 Oe
Qe
— —
o oA
1 2 3 4 1 2 3 4
wEAE BIESE

1 REEBEAZOMRETIREMEAR, OlLRE1. @FRE2ERT ET D,

2. LEEH1 [F2 TRESRERAITOHIENZ D, BT (MIEEKDEZEHEL
TEZS) DEBICEESNS S DOREEAMEZHEELGE S,
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1. Figure 1 is an interaction diagram that schematically shows the five cases of possible
results when two varieties of crop are bred by four sowing methods. Explain the
these five cases (A-E).

presence / absence of effects of variety, sowing method, and their interaction in each of

2

Sowing method

3

4
Sowing method

Oe

Oe

i 2 3
Sowing method

4 1

indicated by O, and variety 2 is indicated by @.

2 4
Sowing method

Figure 1 Interaction diagram for the effects of varieties and sowing methods. Variety 1 is

2. Above Figure 1 shows an example of two-way analysis of variance (ANOVA).

Consider a case of analysis of covariance (ANCOVA) that includes variety and water
content as variables and draw five cases of interaction diagram.
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MREES (Number): B-5

[um—

NERBICE>TELBLREEZ 3 2FIF. TRENIZOVTHRALLGEL,

2. HAMPBICEWTHRBLERGEINSELMBRADEAGHE ZEKRNIZ—DET,
TN ZTOHMBOERRICRIZL TS EEZONSFLEICDNT200FEET
EALGE S,

1. List three problems caused by invasive species and explain each of them.

2. Give an example of invasive species and related geographic area, and describe the
influence of the invasive species on the area’s ecosystem in about 120 words.
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MREES (Number): D-1

PASETBIDOXARIZE T2V RV EELBHEEDEMN, 70X, E@RELHEERIZD
WTERBAE &,

Explain the purpose, process, similarities and differences of risk management and crisis
management in the context of disaster management.

MREES (Number): D-2
ROFBEBEHEMEICDONT, UTORWIEZ L,
Answer the questions on the following mathematical programming problem:
max XX,
subject to
2x, +x, <8

X +x, <5

x, 20,x,20

(1) a=1DELE. RBEEETE,
Solve the problem and show the optimal solution, when a=1.

(2) BEMEN (x,x,)=03,2) £L%5%cDEEETE.
Show the interval of « in which the optimal solution of the problem is

(x,x%,)=(3,2).
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MREES (Number): D-3
KEXL &L EfaD, COMRNTODVTERMLGEFE . ZHIFTHLGE S,

What is disaster culture? Discuss this concept by giving a few concrete examples.

BZE&ES (Number): D-4

KEDBHEEBIZETHIBRAFEREE S X T LA (NIMS ; National Incident
Management System) IZHEWT, EHEIEERICECEFELGERELT

FCommunication and Information Management] »'#% 4., [Communication and
Information Management] 2 DWTEAKBIIZEIEH/ LA S,

The National Emergency Management System (NIMS), a US crisis management
standard, is organized into three major components. “Communication and Information
Management” is one of the components. Discuss “Communication and Information
Management” with a concrete example.
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BZEES (Number): D-5

X%, 1SO 19123 (Geographic information — Schema for coverage geometry and
functions: 2005)IZ45(+% TCV_DiscreteGridPointCoverage] @ UML B T#H 5. —DE
[CEBES HLLTOREZHRBA LGS L.
(1) CV_Grid
(2) CV_GridValueMatrix
(8) CV_GridPointValuePair
F1=. [CV_DiscreteGridPointCoverage] TRrENdEERDHFIZRL. TDT—
AEEITDONTERBA LG S,

This figure shows the UML diagrams of “CV_DiscreteGridPointCoverage” in ISO 19123
document (Geographic information — Schema for coverage geometry and functions:
2005). Explain the following items in the figure.

(1) CV_Grid

(2) CV_GridValueMatrix

(3) CV_GridPointValuePair

Also, show an example of a thematic diagram shown in

"CV_DiscreteGridPointCoverage" and explain its data structure.

ZEELDEBTIERT

Not shown due to copyright

CV_DiscreteGridPointCoverage in ISO 19123
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FEES (Number): M-1

Ef - BEICET IFEREAVTHREZTIHREOEIERICOVT, LITO 10 EOMAEE
EIRTAVTHEE L. 48, BENOIIS 10 EOMAEIC OV TIETHREDIFT
e sy
BEIRET10EDCAE : TETUALARL, BEFALIRERR. siRE, g, &
A-Hh. XBEF. RARI 7. Iy FrJ. BRlLHER. ZXFA

Discuss what researchers who handle medical and healthcare information should keep
in mind using all ten of the following terms. The following ten terms should be clearly
underlined in the response.

Terms to be used: evidence level, randomized control trial, prospective, retrospective,
costs, confounding factors, propensity score, matching, stratified analysis, and
secondary use.

BZEES (Number): M-2

ERERETIMYE S TREOAEICOVNT., ZRTAES LS EKL. BEE &,
a) DICOM
b) DPC/PDPS
c) CAD
d) CDSS
e) EHR

Explain the following technical terms related to medical informatics.
a) DICOM
b) DPC/PDPS
c) CAD
d) CDSS
e) EHR
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MREHES (Number): M-3

5. CTIMRIZEEDESIZH L, 1mm ERROFENR 54 ADEZRLNZEICFIASh
HTEMEATLD,

a) CTHERZIZ.BED 16 Ev FMEFADHHE 512 EV LI OBBEDERE LTRES
NBEZENZL, 1ET B2/ (4 FTRESH, T2 ZEHBLENGEEDT
— YA XF1RFAREFY AN FEGIDER K,

b) a) TR L7 CTER 1024 RS54 A HHETF—H % 1Gbps DFRy FT—H TH™Y
YO0— RS 3ICEBRETHRBECHINER L. (1G=1024M, 1M=1024k,
1k=1024 & L TEHE)

c) a)TxRLI-CTEHEZZ, EBBEY FMERADAZ—. JL—LL— bk 30fps THTR
LIzBIE%. 1Gbps DF Y hT—HV TR MY—I VI RTT BIC1E. ZERTRT
EEEMBDUTICT ILENHINER &

Owing to recent advancements in CT/MRI scanners, the use of thin slice images, i.e.,
with 1 mm thickness, is getting popular in the field of diagnostic imaging.

a) CT slice data are usually saved in a 16-bit grayscale, 512-by-512 resolution image.
Calculate the size of a slice image in bytes, supposing each pixel is saved using 2
bytes and no data compression is used.

b) Calculate how many seconds it takes to download 1024 slices of such CT data via a
1G-bps network. (Supposing 1G=1024M, 1M=1024k, 1k=1024)

c) Suppose that video streaming is used to send such CT data, at 30 fps, with color
images with 8 bits per channel, via a 1G-bps network. Assuming the sender may
scale the frame, what is the maximum possible magnification ratio (%)?

26 / 28



MREES (Number): M-4

ERFEROBFEICEY . EREXFETOBRERO{XFARZICAY ., BEAKYVEYR
PREDRICRTONDESCHHENYFENL ERFHBROXFEZBMELE
HREBOBEICE T HIRMHREEZ = D2FF. TALIIOVWTHRISHRAL &,

The digitization of medical information is expected to make it easier to share information
among medical organizations and to enable patients to receive more appropriate
medical care quickly. Briefly explain two technical challenges in the construction of an
information infrastructure for sharing of medical information.

MREHES (Number): M-5

BE, T—LNERXEZEMNELTHRASNEGZEH D, FIZIEX. UNEYT—
AVETOTVWEBEDEFA—2ava LIFAEOICFIAENS, CZT. UNnEY
T—YavEAIBEEZXETAEOOHLWT—LEZERTHEEERZ D, UNE
T—2a eI BBORKERRECRREEEZDE. CDLSIBT—LETHA Y
T RHEHITFENLOODFRENHSEBOE, BEERETORER[ZEZBZEL T, Un
EVT—Yar e 88 EXETEODT—LETHFA T HRICEZ SN DM
EEHRAE &,

In recent years, games have been used more and more to support medical treatment.
For instance, games can be used to motivate patients undergoing physical rehabilitation.
Imagine that a new game will be created to help patients doing physical rehabilitation.
Given the special conditions of people undergoing rehabilitation treatment, and the
environment in which rehabilitation training is performed, there might be many problems
when designing such a game. Considering the points of view of the patient and of the
therapist, explain possible difficulties when designing a game for this purpose.
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MREES (Number): M-6

E, EEQICTIEOERELLHIC, BEESNIERBFROELFEKNICE>THY., £
DEMGFFERANRDLEN TS, —AT. ERFRIIBEDZSEBRERMTEAE
MEBSATVWEZ ENDZFORIRVCENTIIHRAIESOES. A4 FS4 UHER
ENTHY., BFITREIL—IANEDLNTILS,

ERERORE Y FWLICEDH DESOEE. HA FSAVEZDULEETF, ThZEThIZD
WTERIZERBAE &L,

In recent years, with the progress of medical ICT, the amount of medical data has
become enormous. So, it is necessary to make effective use of it. On the other hand,
since medical data contains sensitive private information such as the medical history of
patients, various laws and guidelines have been created for its handling.

List two or more laws or guidelines related to the handling of medical data, and explain
each of them briefly.
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