EB1HE HARFERFFRAFEERHERME
(TFERFEHE)

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

SM248A1H 10:00~12:00
August 1, 2020 10:00 - 12:00

CEE]
AERFIBDERAHOETHER TIEINITEL.
BEAMREIRBZEEOT6 MTHD. HEREFIKE, MMEHEEL, BT (XM
RIDFEHRALZLDABNITELICRALEHS L.
BRBIX 5 ETHD. —D>5 3 BEERL, fFRELLGSL.
RERMORMKICEH SN TOSIEFEICOLWTHLEET DL
IR 1 BISOE, MERMK A MZeEAIT L. BERMIREMEEALTLHE
HREWD, ERYISSEIREICHET S EEHRLT S

NOTES
Do not open the pages before the announcement of the examination’s start.
This is the Question Booklet of 6 pages including this front cover.
After the call of starting, check 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.
Read carefully the notes on the front cover of the Answer Sheets, too.
Use one sheet for each question. If necessary, the reverse side may be used,
stating “See verso” at the end of the page.
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fIE&ES (Number) 1

AL 2= AT =% T 7 F X ICEHTLUTOMNCE % L.

Answer the following questions regarding computer architecture.

1) v 277 2NEF ROV THBE L.

Explain the stored-program concept.

() fihfamty barva—4 (RISC) tEAGMATEy harEa—4 (CISC) DEWN
Zei B X
Explain the difference between a reduced instruction set computer (RISC) and a complex

instruction set computer (CISC).

(3) CPUNRT BT T LEFATT DD~ A 7 WTHON TR L.

Explain the machine cycle for executing a program on the CPU.

4 AEV~v 7 RO IZHOW T L.
Explain memory-mapped I/O.
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IRE&ES (Number) 2

F_RL—F 4 VAT M T AU TOMWCEZ L.

Answer the following questions regarding operating systems.

(1) LTOFRV—T 4 TV AT LOBRERITOWNTENENMRICHIE L.

Briefly explain each of the following components of an operating system.

(a) ¥ =/ Shell
(b) 77 A/L~3F— % File manager
() T/3 A RZ A /X Device driver

(d) 7«4 AsNyF ¥ Dispatcher

(2) RARAEY &I B L.

Explain what a virtual memory is.

B) ANV =T 4 VTV AT LADT — 7ROV TAE L. £/, T — 7o
T APBBELROH) TP X
Explain the booting process of an operating system. Also, explain why the booting process is

necessary.

4) 7t AMOBEEICEL, Ty Rev 7 OREFHEHIAT L. £/, 7y Fay i
FAE L TODIRPUT DWW TEARHS 2 —oz8 1 TRl L.
Concerning competitions among processes, explain the conditions under which a deadlock

occurs. Also, explain the situation where a deadlock occurs by giving a concrete example.
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fRE&ES (Number) 3

PIFORWCZE 2 k.

1) A% —Fy MY 7 Ny =T HEE#EED 4 SOREZF|IZEE L.

Q) AVF—Fy MY T MU =2TREBED 4 SOBEEHLT, £ % —x> |
FORETLHOIIAA =V EIRETDH T R 2T L.

B) AVHF—Fy "7 U= THERET, V—HXIZHLEDRWBII)? Z O

it L.
@) BT UAR—MBIIRERA =V RISV y MZYEIT D0
D

Answer the following questions.

(1) List the four layers in the Internet software hierarchy.

(2) Explain the process of message passing from an origin to a destination over the
Internet using the four layers in the Internet software hierarchy.

(3) What layers of the Internet software hierarchy are not needed at a router? Please
explain why.

(4) Why does the transport layer chop large messages into small packets?
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IRE&ES (Number) 4

T2 AT AU TORWICE Z K.

Answer the following questions on algorithms.

(M

(M

@

@

LIFD 3 507 v= Y X LORRFHREIC OV Tiamt L.
(a) FHEANEICLDEFNTLTY XA

(b) ZHRBERT LTY XA

(c) —mBEET7T VT XL

Discuss the time complexity of the following three algorithms.
(a) The insertion sort algorithm

(b) The sequential search algorithm

(c) The binary search algorithm

NI A DEE LRI D XV, 3RO A, B, C E&BOME (1,2,3..) 20672->T
W5, FTRDO XS, &I, HLAICT X TOMEDR, BEEO/NS WS DORKT BTk
DX IEICHEAEALN TS, BEIE, T XTOMBEZH A 2»26h C IZ8nT 2
LTHD. TRTOMEEML TH XV, —FEIZ 1 OME L@ LTI bR,
FLRERMABEZR LTINS EDOD BIZEWTIIR L2V, AEZEOKE n OMEZ b
DN A DEED IS KV RIS 2T 3 XL E L 2 — R TRl k.

The puzzle called the Towers of Hanoi consists of three pegs A, B, C, and several rings (1, 2,
3...). At the initial state, all the rings are stacked in peg A, in order of descending diameter from
bottom to top, as shown in the Figure below. The objective of the puzzle is to move the entire
stack of rings from peg A to peg C. You are allowed to use all the pegs but move only one ring at
a time, and at no time is a ring to be placed on the top of a smaller ring. Write a pseudocode for

an algorithm that solves the Towers of Hanoi puzzle for an arbitrary number of rings n.

A B C
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BIEES (Number) 5
UUTFOWCZEx L.
1. E5, URLN, A¥ v 7 OEWEHAE XK.

2. LIFOBRFINAA A VIS L I, ITEREIRESIERIETENLE
NEDE I ICRE SN D ERE.

6 8 5
1 7 2
3 5 0

3. THORERMTHUTOHEIONT, TRENMEARFEHVCHIL, X
L.
a. WHEA N L — YV AT AEERT Dk
b. ARfkE B— e L A€ U /TN 2 )ik
4. 2—PEROT—H U LMBT — S ROBENZHHAE L.

Answer the following questions.
1. Explain the differences between array, list and stack.

2. Show how the array below would be arranged in main memory when stored in row

major order and column major order, respectively.

6 8 5
1 7 2
3 5 0

3. Explain and draw simple examples of how to store a binary tree:
a. using a linked storage system
b. using a single contiguous block of memory cells for the entire tree.

4. Explain the difference between user-defined data type and abstract data type.
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F1EERS

tt-1a, #t-1b. #t-2. $£-3.
#t-5b. -6, #t-14

T1~T5 H 3 @8

#t-8. #t-9 B1~B5 m5 3 &
$t-10, -1, #£-12 D1~D5 m 3 78
#t-13 M1~M5 hi5 3 RB

Questions to be chosen depending on first-choice application group

First-choice Applicant group

Sl-1a, SI-1b, SI-2, SI-3, SI-5b,
SI-6, SI-14

Select three among T1~T5

SI-8, SI-9 Select three among B1~B5
SI-10, SI-11, SI-12 Select three among D1~D5
SI-13 Select three among M1~M5
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BIEES (N umber): T-1

1. 5382 *—~ R(Ay, Ao, ..., A,) O Lo#ESHERRBI RN AL X, R E
D EFIBRRII A Oy 7 7 2 Th 5. HEIERBEGRRIEE G IC B
TR EoimMizRick W EEI NS,

o HTimMI R(ty,to,...,t,) EFimBXTH 2. 22T, t; 1=1,2,...,n) IF
EREZZERTH 3.
o p Ly imHIXTHhNE, oAy FEEXTH B,
o o DmE, z 2% o DHWBZHTHNIL, Tx(p) I TH 5.
ez, BfgA*—~ S(A,B)2Ex5 &,

Jz(S(x,y) A S(z,2))

%, S Eoimch 2.
BIfRA ¥ —= R(Ay, Ag, ..., A,) O Lo ERERBEIRREIR A2 1,

{xl,xg,...,:zzm | (,0}

DIFELTWE, 22T, m>1THY, pliF, R(A1, A, ..., A,) O LOFmH
TH5. {x1,m0,..., e} (T DHHEBEAL T 5. £/, 21,29,...,%m
% M2 & W4,

e zlE, BffA¥—~ S(A,B) &z 2L, ROMEGE ¢, dwTad S E
DO ERERBBRmEM A S TH 5.

¢ - {w,w ]| 3u(S(v,w))}
2 : Ay, 2| F(S(z,y) A S(z,2))}

EREEH O EBEG~DOERERALIER, BFEAF—~v RO v RX VR ],
KU R Eod#SHE RGN A Y ¢ 5 AN L E, TIXHT S ¢ D%
q(I) 13, W oEHEBEFRREMAEOBE L AKICRAOHEEZHVTERS
na.
(a) BEA ¥ —= S(A,B) D4 v RA2 Vv AL LTUTFD I %2%%2%. zoL%, S
O S R E RIBERRIER A ¢ O T I T 3% (1) 252 k. hex
D X5 BEMEFO N0 OB Z I L. ST TR AOEEE AV %
k.
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A | B
a1 bl
ai bQ

(b) BfpA*¥—~< S(A,B) DA vREZvRELTLiL () DI 2E2%. DL
¥, S LodESAERBBIGRRIENAE ¢ O [ 1T F 2% (1) 5% X.
BEZD XS BEPGONZ 0P ZHHE L. SiHPciIAOEE %
Hwsz k.,

(c) BifRA*—~ S(A, B) LcBIBUEIEN A — B BBOLT 5 7% b1, #ERUER
IBIREREEN A ¢ & o FFFMIC R D, Z O 2 B K.

(d) BHEADP ODEB L EROEA~OFREIRINALIESR, ¢ OEBEA
{z,y,2} D6 ¢ DEEES {v,w} ~RD X 5 HILRAA 0 BFET 5.

O(x) =v, 0(y) =w, 0(z2)=w

7z, ZOIRRACKY, g ODHNEEINL g1 DN EBINCERINS.
¥z, 01, qo CHNZETMBRXE ¢ ICHN 2 JEFmBXICERT 5.
bz end, SOEDXIBRAVAZYVATIZNLTS ¢1(I) C go(1) 28
BOL 5 2 EpEERfT T OG0k iSO N kA S X,
2. U TFo&EMICEZL L., 727FL, T—Z2R—RD 7 vHr7vav T, icBVWTT—

2z T TEEE Ri(x) TRL, 7—% x CHZIAGEELZ W;(x) TRTD

DETS.

() 7T=F2_R=2D 7 vHFr7vavBEH {1, To,...., Ty} (m>2) 525,
(T, Ty,...., Ty} DAYV 2 —VDEHERGZ K.

(b) FACIREESLATRER 7 ¥ 2 —VDERE 5 2 K.

() RDART ¥ 2 — VD EAARREIESNL AT RED> &5 22 HiE+ K. Z DHE it %
At X

R1 (a) WQ (a) W2 (b)Rg (G)Wl (b) W3 (b)

(D) EfE () DART Y a—LNDEi%Es T 7 2i&, TORT Y a—APEZEETIL
A[RED &S R HIER L. Z oIEER & SR X
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1. Conjunctive domain relational calculus queries on a relational schema

R(Aq, As, ..., A,) are a subclass of domain relational calculus queries on R.
A formula over R for the conjunctive domain relational calculus queries is
defined as follows:

e An atomic formula R(t1,ts,...,t,) is a formula, where t; (i = 1,2,...,n)

is a variable or a constant.
e © A is a formula, where ¢ and 1) are formulas; and
e Jz(p) is a formula, where ¢ is a formula and x is a free variable in .

For example, consider a relational schema S(A, B).
(S (z, ) A Sz, 2))

is a formula over S.
A conjunctive domain relational calculus query over a relational schema
R(Aq, As, ..., A,) has the form

{z1,29,.. ., 2m | ©},
where m > 1, and ¢ is a formula over R(A1, A, ..., Ay). {z1,22,...,2n} i8
equal to the set of free variables of p. x1, 22, ..., x,, is called an output variable

sequence.
For example, consider a relational schema S(A,B). Both of the following

queries ¢; and g9 are conjunctive domain relational calculus queries over S.

¢ : {w,w | 3u(S(v,w))}
q2: Ay, 2| F2(S(z,y) A S(z,2))}

A mapping from a set of variables to a set of variables is called a valuation.

Given an instance [ on a relational schema R, and a conjunctive domain rela-

tional calculus query g over R, the answer ¢(I) of g on I is defined using the

notion of valuation analogously to the case of normal domain relational calculus

queries.

(a) Consider the following instance I on a relational schema S(A, B). Give the
answer ¢;(I) of the conjunctive domain relational calculus query ¢; over
R. Explain the reason why the answer was obtained. Use the notion of

valuation in the explanation.
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(b)

(c)

(d)

A | B
aq b1
a b2

Consider the instance I in the above (a) on the relational schema S(A, B).
Give the answer ¢y(I) of the conjunctive domain relational calculus query
g2 over R. Explain the reason why the answer was obtained. Use the
notion of valuation in the explanation.

If the functional dependency A — B holds on the relational schema
S(A, B), the two conjunctive domain relational calculus queries ¢; and g
are equivalent. Explain the reason.

A mapping from a set of variables to a set of variables and constants is
called an extended valuation. There exists the following extended valuation

0 from the set of variables {x,y, z} of g2 to the set of variables {v,w} of
q1-

O(x) =v, O(y)=w, 0(z)=w
Furthermore, the extended valuation € maps the output variable sequence
of go to the output variable sequence of g;. 6 also maps an atomic formula
in go to an atomic formula in ¢;.
From these observations, we can conclude that ¢; (1) C g2(/) holds for any

instance I on S. Explain the reason why this conclusion was derived.

2. Answer the following questions. Here, we use R;(z) to denote an operation to

read a data = and use W;(x) to denote an operation to write a data x in a

database transaction T;.

(a)

(b)
(c)

(d)

Consider a set of database transactions {17, 7s, ..., Ty} (m > 2). Give the
definition of a schedule of {T1,T5,..., T}

Give the definition of a final state serializable schedule.

Decide whether the following schedule is final state serializable or not.

Explain your decision process.
Rl (CL)WQ (CL)WQ (b)Rg(a)Wl (b)Wg(b)
Draw the conflict graph of the above schedule in (c¢) and decide whether

this schedule is conflict serializable or not. Explain your decision process.
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RIREES (Number): T-2

~ V3 7 g e &R b ICBE 9 4 LT o RE)-(5) I X

(1) BT o fE% e X
[(RYv— 5% [~ra 7] A TQfEl =547 ) —]

Q) RV Y—=KE] i3, MiEKE] &idEo X5 icinsr», BARFlZRL
DD, Wi X

3) [Q%#H (Q-learning) ] DTN TV X L% R4

4) eV —7 1 (greedy)i ] [EMBEIEC (BEEEIED ) 1148 (Regret)] DHEEZ W
T, e E BT 5 THEM (FRE. Exploration) | & [F[F (Exploitation)| 2
WCEEE K

(5) REEZEMAA & VIS A L CRICFEZ M b0 s BIPIZ R, 205 2T
L Q 7 —= v 7 %MAT 5 720Ic £ X 5 1RO &AL EAT 5 & AN 758
U2 B DS FIREIC 75 B 2 % dE K

Answer all the following questions (1)-(5) on Markov decision processes (MDPs) and

reinforcement learning:

(1) Explain the following terms:

nn nn nn

"policy", "Markov property", "utility", "Q-value", "model-free."

(2) Explain what is a "policy iteration". Explain how it differs from a "value-iteration". Make

your own example and use it for the explanation.
(3) Describe the "Q-learning" algorithm.

4) Explain "exploration" and "exploitation" in reinforcement-learning using terms "e-greed
p p p g g g y

method", "exploration functions", and "regret."
(5) Make your own example about the use of reinforcement learning for a problem with a large

state-space, and then discuss, how you should generalize the states to apply approximate
Q-learning in order to enable efficient reinforcement learning.
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RIREES (Number): T-3

BB m,n Dm>n>2 %270, B AL],..., Aln] DENZENIT {1,-,m}
DRBRDIBEEPENINTVWEEDELT L, B AX1<i<j<nRdTRTOD
R, jITDWT Afi] < Alj] DR DD L ENDZDIFIZIRY VYV — MEATH B &
890 BLHIMY — MEATHDINENPEZFARDZT NI A LEY — MRETVITY X
LEWE, ARSI NEH ADY — MFEARSIE true ZH I, 5 ThVWE T
false ZH T 2251, 2OV = MRETILVITY XALIFZIELWVWE WS, T TY XL
DEMZZUTIZERT ST VXU big-0 ik e T O Z HWTHHMIT 5, B
frg: N—=-RIZXULT,

o F(n) = O(g(m) (GC >0, Iny, st. Y > mo, |f(n)] < Clg(n)] D &)
e f(n) =Q(g(n)) (3C >0, Ing, s.t. Vn > ng, |f(n)| > Clg(n)| ®& &)

e f(n) =06(g(n)) (3C,C" >0, Ing, s.t. Yn > ng, Clg(n)| < |f(n)] < C'|g(n)|
DL xE)

&35, AFORWIZER X,

1. MFDY = MRET NV TV XL Algorithm 1 2AIELWZ & 25R3E, 72, &E
T—ADEMSI N O(n) THHI L xHHL., BT —ADEMS 2RE,

Algorithm 1 V — M&#E

1: procedure ISSORTED(A, n)

2 fori=1ton—1do

3 if Afi] > A[i + 1] then
4: return false

5: end if

6 end for

7 return true

8: end procedure

2. WHRBIELWY — MRET LIV XLb, TORETr —ADEMES L Q(n) T
HBHZLmRE, TVI)ZXLHPES A DEODOZY N)—IZT 7R ALK
NIEXB SRV EEZD L LW,

3. V= MRET VTV XL Algorithm 1 DG — ADEHESIZDOWTEZ B 7=
O, {1,...,m} OELL n HOHERTHS (Al],...,Aln]) Z2—FT7 VXL
IZEIED LT 5,

(a) BAEL F:{1,....,n} = {1,...,m} D'Vi,j € {1,...,n}, i #j = f(i) #
fO) DESHHFTHD LW, Vije{l,...,n}, i <j= f(i) < f(j) D
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EHPWEINTH D &\ D, BB ZBIEOMEEIZ m(m—1) - (m—n+1) =
o HCH B L i, &, RSB (7) = sty

HThsZErrH,
(b) RIMIDFERZHNT A DY — MNEATH DHER%Z R,

(c) Algorithm 1 IZBWT, for W—T WD & d k RIFETINLHERE py
9B, TOLE 1<k<n—-11ZBWVWTp,=1/kl THDZLZRYE,

(d) Algorithm 1 (28175 for )V — T DNEHETEBPE e = exp(l) =
Sk THIZ SN0 B Tk ERE,

(e) HifDFERZFHWT Algorithm 1 DY — ADEME X %KD X,

4. U TFTlEn BEETCn=m ThHd&T 5,

(a) V—MRET7ILTY XL Algorithm 1 ZHE L, ZORES KO FHr—
ZADEMEZX R, V— MNEADESIDN n=m OHHIZEDLIBED
2B EZBE LWV,

(b) £F¥ 2T+ DBENS, TIITY XLIEDH 5B AJI Tl —DFATIRH,
ThOLLEEERTREZE S, D, £MFESE Gf X)) 28RN e
HELWV, ZOEMZEEZT Y — MRET VTV X L% n=m OHHIZD
WTRYE, 72720, Bz 2 AN L. 2=0D L & true 2 RL, 5T
RNE ZT false &R, G5 I807% B F 70\ EE FEAT IR O BIE IsZERO
EHOWTIW,
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In this problem, we are interested in estimating the complexity of sorted-
ness, i.e. testing whether an array of integers is sorted. More precisely, we
are given an array A of n elements A[l],..., A[n] that are distinct integers in
{1,...,m}, where m > n > 2. We then consider algorithms that test whether
the array A satisfies:

Ali] < A[j] foralll1<i<j<n.

Complexity estimates use Landau’s big-O notation and its variants, defined as
follows. For f,g: N — R, we write:

e f(n)=0(g(n)) when 3C > 0,3ng s.t. Yn > ny, |f(n)| < Clg(n)];
e f(n) =Q(g(n)) when 3C > 0,3ng s.t. Yn > ng, |f(n)] > Clg(n)|;

e f(n) =0O(g(n)) when 3C,C’" > 0,3ng s.t. Vn > ng, Clg(n)] < |f(n)| <
C'lg(n)l-

Answer the following questions.

1. We consider the following algorithm for the sortedness problem.

Algorithm 1 Sortedness test

1: procedure ISSORTED(A, n)
2 fori=1ton—1do

3 if A[i] > A[i + 1] then
4: return false

5 end if

6 end for

7 return t{rue

8: end procedure

Show that Algorithm 1 is correct, and has a worst case complexity of
©(n). What is its complexity in the best case?

2. Show that any correct algorithm for this problem must have a worst case
complexity of at least Q(n). Hint: consider the number of entries of the
array A that are accessed by the algorithm.

3. We now want to study the complexity of Algorithm 1 on average. To
do so, we assume that the tuple (A[l],..., A[n]) is picked uniformly at
random among n-tuples of distinct elements of {1,...,m}.

(a) A function f:{1,...,n} — {1,...,m} is said to be injective when
Vi,j€{1,...,n}, i #j = f(i) # f(j), and to be increasing when
Vi,j € {1,...,n}, i < j = f(i) < f(j). Show that there are
exactly m(m —1)---(m —n+1) = #’m, injective functions and

| . . .
(m) = —— increasing functions.
n nl(m—n)!
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(b) What is the probability that the array A is sorted? Justify your
answer using the previous result.

(c) Let py be the probability that, in the execution of Algorithm 1,
at least k iterations of the for loop are carried out. Show that
pr=1/klfor 1 <k <n-1

(d) Show that the average number of iterations of the for loop carried
out in Algorithm 1 is bounded above by the constant e = exp(1) =
+oo
S 1/kL
k=1

(e) Deduce the average case complexity of Algorithm 1.
4. We now assume further that n is fixed to n = m.

(a) Propose an improvement of Algorithm 1 in this setting, and give
its complexity in the worst case and on average. Hint: you may
consider which arrays are sorted when n = m.

(b) For security reasons, one sometimes wants to use algorithms that
have the exact same running time on all inputs, and contain no
conditional branches (i.e., no if statement). Propose such an algo-
rithm for the sortedness problem when n = m. You may assume
the existence of a function ISZERO that exectutes in fixed running
time without conditional branches, and on input of an integer =,
returns true if z = 0 and false otherwise.
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RIREES (Number): T-4
PLRORIWIZE Z L.
1. X7 MVZEETIV (t-idf ZFH\W5$H D) & Binary Independence €7

U (BIM) 1%, WINBHELHoNEZXERBDOLZODETIVTH 5. [
FERHLUZIGED, TNFNOMEE REIZOWTELRE K.

2. DT CEBINDHNEARV LUERENSBRDIAMNT 77 GaEZ5.

V = {al,...,agg}u{bl,...,bloo}
E = {(a,a5) |i#j, 1<i<99, 1<5<99}
{(bi, b)) | i # 4, 1 <i <100, 1<j<100}

-

(a) GIZHWT, EbmE\ PageRank 237 2 DOTHK (HED 254G
FENSRT) FENPFHE L. 72, REZO LS LFRIIA
L MBEE K.

(b) GIZBWT, EHEWVHITS I &5 authority % FFDIHM (HED
DHEEIEENSET) FENWDHEHT L. £/, BEZD LS 0k
RIZIR 2 hERE L.

3. EAEAV LUESENSRBENS ST GIiBVT, /—RueV D
25 ARG C W) BUATDOE S ICERSND.
Clo) - LEBCEIOR

k(v)(k(v) —1)/2

72720, k() 3o DUWETHB. kv) <2D8E, 275 ZAXEEC() &
EZINTVEDE TS, ZOH, IFOZ & ZiFHE L.

HELEE TS T7GDETD /) —Rolzx LT, 175 AXE%
BMCWw) PEHEIN, Clv)=1THod] DKL OK, G5
LTI TTH5.
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Answer the following questions.

1.

The vector space model (using tf-idf) and the binary independence model
(BIM) are both well-known models for document retrieval. Discuss what
are advantages and disadvantages of each method compared with the
other.

Consider a directed graph G with the following node set V' and the edge
set F.

V = {Cll,...,agg}U{bl,...,bloo}
{(bi,b;) | 1§, 1 <i<100, 1<j<100}

-

(a) Explain which node (if there are ties, all of them) has the highest
PageRank score in G. Also discuss its reason.

(b) Explain which node (if there are ties, all of them) has the highest
HITS authority score in G. Also discuss its reason.

Given an undirected graph G with the node set V' and the edge set F,
the clustering coefficient of v € V', denoted by C(v), is defined as follows:

_ the number of triangles including v

)= TOICOERIE

where k(v) is the degree of v. When k(v) < 2, C(v) is undefined for v.
Prove the following statement.

If every node v in a connected undirected graph G has its clus-
tering coeflicient C'(v) defined and C'(v) = 1, G is a complete
graph.

13 / 30



RIREES (Number): T-5

AvET7 2 —ADFFLFHITOWTUTORWICE Z L.

(WDFFNF =<3 1988 FIHRE L, A v E 72 —2ADT ¥4 VFIH®D 6 THH
R THIT, FHEE% 200 XFUN TR X,

Q) AVvE72—ADFHiD7=zdDT —2NEDFEE S5 OBIT L, T/, T L
2, ZNEFNDOREFTE T2 &DET 200 XFUNTERE, (2% Y. (200 XF
LAN D FfT & BT D FiH) x5 THH TAEH 1000 XFUAN L 725 X 5 ICHHE X, )

(3) GUI(Graphical User Interface)® Touch Interface 72 &', TN E CICIRE I N4 v & 7
= — XD % SV L. ZNZNDORHEZ 200 XFLANTHHE L, 7272 L.
GUI *° Touch Interface % 8 fHDOFICEHD R\ &,

Answer the following questions about user interfaces.

(1) Describe Donald Norman’s 6 principles for designing interfaces, proposed in 1988 with less
than 100 words each.

(2) Describe 5 methods of data collection for evaluating interfaces, and describe the advantages
and disadvantages of each method with less than 100 words (i.e., in total 500 words).

(3) List 8 types of interfaces such as GUI (Graphical User Interface) and Touch Interface, and

describe the feature of each type within 100 words. Please note that GUI and Touch Interface
shall not be included in the 8 types.
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II.

H5EYMEDOIE X 1ot § 28 T D3R 2GS 2 729 ic, 20 filfRiconTil
HET & B ORE X OfEZHIE L 72, Z OfEH. UHAT © 4.0442.01, LHHE -
5.2142.29, fAfRZ & oz (ULEREE —QUEHT) @ 1112118 & x5 7z (BT d
AR HER 22 ) . C OBIEH I LC 2 2000 (O 1 LI 2) %f1-
7z

M 1 WUER T & WU o S IC N L CEN AR E L C 2 MR 0 2 o fE
(tHRE) Z1To77. ZOMEREEMEERP 120.09 & 72> 77,

o 2 2 AR R — AUBERT OE DO FEEIC O W T HIRE 21T - 720 X DR AEMER
P (£ 0.00045 & 720 7z

1) 217 1 &7 2 DIRIERE % 2 W Z R,
2) 3T 1 &2 Dt DO HEEZ ZNZ IR,
3) JWHE X ICH3 20UE T OFRZMETT 272012k, £H 500 ch 5
2%
Z oMM bR, T, WU LSWHHHEL LS E IR X,

50 fElfkofRE (X1, PEERE (X2) 3L UHER (X3) ZHEL, cnd 3B
B OHBIREITIN % Ko 72 (Al b HHAE L LT o72) #ERER 1 IR L7z,
IHICHR (X3) oEERWEE (X1) &NKENE (X2) DRMERBEREIT
—0.093 & 7o 7z,

INHORER» B fRE (X1, WiEENR (X2) 3L UHE (X3) ORf%% i
L7230y,

x 1 HHBATA

X1 X2 X3
X1 1.0000000 0.9456760 0.9745993
X2 0.9456760 1.0000000 0.9750623
X3 0.9745993 0.9750623 1.0000000
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II.

Answer the following questions.

In order to survey the effects of Treatment T on the trait X, measurements of trait X under
pre-treatment and post- treatment were carried out for 20 individuals. Mean and standard
deviation for each trial were as follows.

Pre-treatment: 4.04+2.01, post-treatment: 5.214+2.29 and difference between post- and pre-
treatment of each individual: 1.11£1.18. Two different analyses (Analysis 1 and Analysis 2)
were carried out.

Analysis 1 : A t-test under equal variance was used for pre- and post-treatment means. The

significance probability was 0.09 for this test results.

Analysis 2 : A paired t-test was used to test the mean difference between pre- and post-

treatments of each individual. The significance probability was 0.00045 for
this test result.

1) Show the null-hypothesis for both Analysis 1 and 2.

2) Show the degree of freedom of the t-distribution for Analysis 1 and 2.

3) Which analysis is appropriate for the test of the effect of Treatment T on trait X?
Please explain the reason. Describe the conclusion derived from the appropriate
analysis.

Body weight (X1), visceral fat (X2) and age in months (X3) of 50 individuals were
measured and the correlation coefficients matrix was calculated for these three traits (age in
months was also treated as a continuous variable). The result is shown in Table 1. The
partial correlation coefficient of X1 and X2, in which the effect of X3 is adjusted, was
-0.093. Describe the relationship among body weight (X1), visceral fat (X2) and age in
months (X3) using these results.

Table 1 correlation coefficients matrix

X1 X2 X3
X1 1.0000000 0.9456760 0.9745993
X2 0.9456760 1.0000000 0.9750623
X3 0.9745993 0.9750623 1.0000000
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(Likens et al., Ecological Monographs, 40(1), p26, 1970)
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FiZS B o JF R & 35EBH L 7 & W,
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Not shown due to copyright

(Likens et al., Ecological Monographs, 40(1), p26, 1970)

An experiment was conducted to cut the vegetation completely in one of two adjacent
watersheds and to observe its effects in a forest dominated by deciduous broad-leaved trees in
the cool temperate regions of North America. The figure above represents one of the results in
that experiment. The two lines show the change in the flow rate of each stream during the
experiment. | shows the time when logging was done in one of the watersheds.

1. Give the name of this experimental method.

2. There is no significant seasonal change in precipitation in this area, and monthly average
precipitation is around 100 mm. There are seasonal variations in discharge observed in the two
watersheds. Explain the cause of this seasonal variation.

3. Since the time of logging, the discharges in the two watersheds show different changes.
Explain the mechanisms that cause different changes by identifying the watershed where the
logging took place.
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Answer the following questions about succession in terrestrial ecosystems.

1. Describe each of primary succession and secondary succession, and explain their
differences.

2. Show three characteristics that are commonly found in species in early stage of secondary
succession, and explain the adaptive significance for each.

3. Describe the change in nitrogen cycle throughout primary succession.
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Answer the following questions about animal-borne devices that are widely used in studies of

animal behavior.
1) Explain advantages and disadvantages of transmitters and data storage tags (data loggers).
2) Explain advantages and disadvantages of radio transmitters and ultrasonic transmitters.
3) Explain the most appropriate animal-borne devices and their application
a) To determine the location where green turtles move to and stay after their

reproductive period
b) To determine the diel cycle of activity of Japanese ratsnakes
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Select and answer three out of the six questions below.

1)
2)
3)
4)
5)
6)

Explain the difference between standard deviation and standard error.
Explain the difference between virus and bacteria.

List two ecosystem services, and explain them.

Explain what mycorrhizae are.

Explain methods to evaluate water use efficiency in plants.

Explain the categorization of plankton, nekton, and benthos, in marine organisms.
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Explain the purpose, process, commons and differences of risk management and crisis

management.

IRE&E S (Number): D-2

RO EBEEHEFAEIC O WT, T OfwIcE z X,
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=1DL &, AR,
Solve the problem and show the optimal solution, when a=1.
(2) IR (%, X,) =(3,2) & 725 a DEIPH &R,

Show the interval of a in which the optimal solution of the problem is

(x,)=0,2).

RIRE& S (Number): D-3

KEVRZ -aia=F—vaviidfar, ZOMRCOWTEENLENZ = =5

FCEC R S v,
What is disaster risk communication? Discuss this concept by giving a few concrete examples.
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(1) Explain “stand-alone positioning” in Global Positioning System (GPS) using the following
terms.
Terms: Minimum number of satellites for positioning, Navigation Message,
Pseudorange
(2) Explain “Quasi-Zenith Satellite System”, a Japanese satellite positioning system, using the
following terms.
Terms: quasi-zenith satellite orbit, Relationship with GPS, Sub-meter Level
Augmentation Service, Safety Confirmation Service (Q-ANPI)
(3) Explain contents and impacts of two concrete GPS based services for disaster prevention

and/or disaster response.

f#E& S (Number): D-5

KE DGR E RN T H 2 R A HEEH Y X7 40 (NIMS ; National Incident Management
System) IZEWT, fEHENIGEBINICE C 8 R EFE L L T [Resource Management | 73
» %, [ Resource Management | 12\ C [fEH] OS2 O BARFICHE S E5H U 2 3,

The National Emergency Management System (NIMS), a US crisis management standard, is
organized into three major components. “Resource Management” is one of the components that
lead to successful crisis management. Discuss “Resource Management” from the viewpoints of

“information” with a concrete example.
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“Security Guideline for Medical Information Systems” from Ministry of Medicine, Health,
Labour and Welfare requests medical institutions to fulfill three requirements when they store
medical records electronically. Explain the three requirements and state their meanings. Also,
explain whether online document creation applications such as Google Documents can be used

to write medical records under the three requirements.
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Clinical pathway is a chart healthcare professional regularly uses. The chart contains
standardized patient schedule for specific treatment or examination.

1) The chart below is a sample of clinical pathway. When you intend to examine the efficiency

of “before-surgery antibiotics”, how do you do it? Discuss what kind of data you have to collect

and how to evaluate the efficiency.

Sample Hospital, Clinical Pathway for cholecystectomy

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Da7 11

POD -3 POD -2 POD -1 Before surgery After surgery POD 1 POD 2 POD 3 POD 4 POD 5 POD 6 POD 7
Meal Normal meal Oral intake prohibited Waterly cooked rice only Soft meal will be served Normal meal
Body Hygiene  Bathing allowed Bed bath only Shower allowed Bathing allowed
Daily Activity No limit Complete rest Rehabilitation 5
Examination Blood exam  Blood exam Blood exam Blood exam Blood exam Blood exam P =clgioe
Treatment Surgery
Intravenous Drip Antibiotics ~ Antibiotics ~ Antibiotics  Antibiotics Antibiotics  Antibiotics  Antibiotics None

* Antibiotics: Drug to prevent harmful damage to human body caused by bacteria by killing
them or inhibiting them to reproduce.
* Rationale for before-surgery antibiotics: Plenty of bacteria colonize on our skin surface. When

surgeons make incision, those bacteria will go into patients’ body which must be aseptic
(non-bacterial). To prevent surgical-site infection which is caused by bacterial infection, proper
administration of antibiotics before surgery is essential.

* Surgical-site infection: Bacterial infection that occurs after surgery. Patients develop fever or

their wound ulcerate.
2) Analysis on 1) proves before-surgery antibiotics is not effective. How do you update the
clinical pathway? Also discuss advantages for patients and hospitals. Refer to Donabedian’s

three factors framework of quality of care (Structure, Process, and Outcome) as baseline of your

discussion.

3) What kind of diseases does not fit the clinical pathway? Explain the reason.
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Lung cancer is one of the major causes of cancer-related death worldwide. Early diagnosis using
computed tomography (CT) images can effectively reduce the mortality. The figure below
shows examples of pulmonary nodule detection from lung CT images. Pulmonary nodules are
shadows that could be cancer in a lung CT image, and are currently found by radiologists in the
process of reading.

In this practice, consider replacing this process with machine learning. Unlike general image
classification, this challenge has the following characteristics:

* Multiple lung nodules could be present in one lung CT image
* Nodules vary in size

* CT images are composed of CT values, unlike RGB images

Based on these characteristics, consider an appropriate machine learning method to solve the
problem and discuss the method. Also, please provide your answers from the following
perspectives.

* Processes to generate training data
* Detection model design and its learning method

+ Evaluation method for detection models

Pulmonary nodules image:

Not shown due to copyright
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Due to the development of information and communication technologies, expectations for
telemedicine, which conducts medical-related activities online, have been gathered, and a new
health care fee, i.e., "online medical fee", has been established from April 2018. Because it is a
developing area, various medical treatment styles have been proposed, and it is often assumed
that a medical interview will be conducted using a camera on a smartphone. On the other hand,
the function of transferring data via not only the camera but also medical equipment such as
ultrasonic echoes and stethoscopes is being developed. Explain 1) three technical issues and 2)
one operational issues that may occur when delivering various data generated by this kind of

medical devices to a remote site using information communication technology.
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Recently, failing to explain contents of radiology reports has become a big social problem.
The process of radiology reporting is generally as follows:
1. (day x) A doctor evaluates the necessity of a radiology test and requests the radiology
test when seeing a patient.
(day y) The patient has the radiology test.
3. (day y) The doctor checks the images of the radiology test on a hospital information
system when seeing the patient.
4. (day y) A radiologist writes a radiology report on the hospital information system.
5. (day z) The doctor explains the contents of the radiology report when seeing the
patient.
Because the writing of a radiology report in step 4 takes a lot of time and it may be written on
the day after day y, the day when a doctor explains the contents of a radiology report and the
day when a patient undertakes a radiology test are usually different. Sometimes a problem
happens where, even though the radiology report points out the issue with the patient, a doctor
fails to explain it to the patient properly. Discuss where the cause of this problem is, what
measures information systems could take to address it. At the same time, explain what are
limitations of utilizing the information systems for addressing the problem.
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