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Impression Effect of Robot that Learns Programming
with High School Learners while playing board games
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Abstract: In recent years, Programming education has become active in public schools. Moreover, the
programming education is becoming compulsory. Therefore, board games that learners can enjoy learning
programming are being used in educational field. However, having a partner to play board games at home
is not always feasible. We think that the robots can replace the partner who plays board games together.
If it can be realized, the possibilities of board games for programming education would expand. Thus, this
paper investigate the impression that the robot gives to high school learners and examine the effectiveness

of robots in board games for programming education.
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The game BOT available for multiple titles
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Abstract: The purpose of this study is to examine a method for extending the game BOT target
from a single game title to multiple targets. Game BOTs do not work well with different screen
representations, even if the games have similar content. We proposed a symbolization model with
meta-modules and unique modules, a symbolization that standardizes different screen representa-
tions for each game title and treats elements that perform the same function as the same. The
MiniGrid environment showed the effectiveness of using unique modules. In the Atari2600 envi-
ronment, the use of learned weights was found to be advantageous for learning. The performance
was similar when the study was conducted under a different title. It was shown that appearance
does not affect gameplay as long as elemental information is retained, and that learning is possible

even without detailed location information.
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Effects of Stepwise Precedent Narrowing in Fuzzy Modelling
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Abstract: In this research, we improve the iterative rule generation mechanism for fuzzy modeling. First
we develop an precedent narrowing algorithm to get a more accurate model. And next, we also introduce
a random sampling method to obtain errors of each candidate models to make modeling faster. According
to the results of simulations, these methods work effective enough.
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Improvement of Classification Accuracy for Metastasis of Lymph-node using Super-Resolution
and 3D Shape
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Abstract: Diagnosis of cancer metastasis to the lymph-node using an Al-based approach has been im-
portant these days in the medical field. However, it generally requires a large datasets. In this study, we
propose to improve the accuracy of classification of cancer metastasis with small datasets in lymph-node
by performing super-resolution preprocessing of CT images and using the 3D shapes of lymph-node.
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Predicting winners in FPS games using information from spectator screen

O e &,
O Sou Kawaguchi,

1 =2 )

FEL X JH

' PSS JIH

! Junji Nishino

fERF

IThe University of Electro-Communications
Abstract: Predictions of game winners were made based on the position and survival status of
characters acquired from the spectator screen.Five different prediction models were created, and

their accuracy was compared. The prediction by random forest was the most accurate.

A video

visualizing the battle situation based on the predicted win rate was also created.
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Analyzing “Kirinuki” Videos of a Live Streaming to Support Video Edit
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Abstract: In this study, the author collected and analyzed “kirinuki” videos from YouTube live streaming.
“Kirinuki” video is a short video which summarizes a long streaming video. The purpose of this study is
to find out the features and requirements of “kirinuki” video. Findings will help us to set the guidelines
to reduce the burden on those who edit “kirinuki” videos. This paper describes the results of the

regression and clustering analyses.
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Classification of Accident Types using Features of Map Images
extracted by Convolutional Neural Networks
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2Aichi Institute of Technology

3Aichi University

Abstract The number of fatalities due to traffic accidents in Aichi Prefecture is on the increase. Since
about half of the fatalities are elderly people, it needs to consider appropriate factors according to the

characteristics and situations of drivers to prevent accidents.

In this paper, we consider a CNN as a

feature extractor and propose a prediction method using the output of the CNN trained by accident
map images. Experimental results show that the proposed method can classify accident types with high

accuracy.
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Abstract: Recently, with the development of robot technology, educational robots that support learning
have been attracting attention. In this study, we focus on teacher-type robots that teach learners how to
solve problems. In previous studies, teacher-type robots provide learning support by having the learner
press a button. However, in actual educational settings, there are many situations in which a teacher
senses that a learner is perplexing and calls out to the learner to provide learning support. We believe that
a teacher-type robot can realize a human-like learning environment by estimating the learner’s perplexion
and providing learning support autonomously. In this study, we developed a method for estimating the
learner’s state of perplexion based on the learner’s facial expression, and developed a supervised robot
that provides learning support autonomously. In this study, we define the perplexion as a state in which
the learner is unable to solve a problem and asks for learning support. Facial expressions of the learner
due to the perplexed state were collected through learning using a learning system with a hint button. In
previous studies on emotion classification by human facial expressions, the emotion of perplexion has not
been addressed. Therefore, we constructed a method for estimating eight emotions by learning the learner’s
state of perplexion from the seven basic emotions (anger, disgust, fear, happy, sad, surprise, and neutral) of
the conventional method. However, since other emotions are also estimated, the accuracy of the estimation
of the state of perplexion itself is considered to be low. Therefore, in this paper, we propose a method for
estimating the learner’s state of confusion (hereinafter referred to as the “perplexion estimation method”)
so that learning support can be provided to autonomous enemies based on the learner’s state of perplexion
for a teacher-type robot in problem learning. The results of the subject experiments indicate that the robot
equipped with the perplexion estimation method is optimal in terms of the timing of assistance. From
these results, we believe that robots equipped with the perplexion estimation method can be introduced
into educational settings to realize a learning environment similar to that of human interaction.
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WAEEE, WIND SRK T & HAEANCIXIEIE 100%12 2
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Db ENoTz. o DRI, SRK Z iR RBEED
MAGDOEICTZZ X, v Y —2 D LRES DA
Lok s alEEE R R LTV, 72, SRK DX
MR KEHERF S 2 7-DICRETH 20, B XKEER
O HPIHEIE I AEE - 2T 0TS 28T, N
fLHEND M ET 2 2 2K T 5.

Ihozgedsr, WEBABICI DRI N, BE
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C OFERIZFFEDHBEICH T2 5D TH D, BEA WL
DRETH 5.

5 F&&

AFETIX, SNN D284 7 IEEBEB OIS, v
N — 2 DFEREEICE 2 BT OWCifam L7z, i
B FEBRE DS U, BRIz Bigh: o JER R
B LTI TOWIIERD 281 7 I5EBEITH L
T, TN Z2BEBOEHRTEM LD EHWS Z T, &t
HRFH ML TR, FERBEOR LB 2630
5Z %R
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Effect of Cognitive Biases for Jobs on Character Appearance Impressions.
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Abstract: In recent years, we see digital information boards in our daily lives. Most of the characters
used in digital billboards are young women, and characters of other ages, genders, and characters are
rarely seen. It is thought that the appearance of characters may be determined by the cognitive biases of
their creators and users. In this study, we clarify how users’ cognitive biases affect their impressions of a

character’s appearance.
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BHBEV—EADERKIZL->T, P—ERADK
TRBEENMERBEEREEN LTRSS LTk
STHEY, SILITEMTs2EmIchHD. T L%
BEz DL, EUOXRAOERFEL, HH@EEY—
ER K LTI Y e vk s Wz b, 7=
W, EVRARY—EREHI B 5P DHIHYEFNE
Wl E O AEZ T S22 L TH LW —EAD
SRS DOMENILN D & & BRI 7 Wik %
ORT LD, ZOXI R LEBET D LIEHRE
FEAxy U —7 OB A ZBFET 5 Z L1,
BN ERTHH T, m V=T IZRET
ZL OB NCHERATHD LV 2D,

E72, FAZENTYH, HAOEHRIBEERERE
WIZOWNWTw=a T M-S TEHIIZ T TV DR
WTIEH D0, HFHREEEOEESCT e ha Lok
A BETAZ LIS T, FI TV a—T
S T ERITNRT L D EDRA ) v R HDH. A4
EEOREEZBELTH, HREBEFERY hTV—7 D
A ORI, HFHRY 77 —o—fEk s LT
BEEDDIVENDD.

WY 77— BT DHEEIL, ik & E et
Hiffize —k & LCHEETLZERORNTHD &
Z6NTEY, HEEPRLE LEZHENEBRINT
WA, 2O D HERAEET~DE ML - T
RO A DA EE ST D] Z 2R LT
5. fEH@EER Yy N — 7 23X 2 HEAOHANE,
S OERBE 70 ha /L THRESH, Thny o
M 2T Lo THEEINTWS., O, 1HH
WER Y NU—7 OB GHOFE BT, ERRIC
EZE SN DEREZRATOCHRT D2 LI2L- T,
ZOWEFNERLEE 7 2 b a LOBEEMEES D
LHESh TR, 1,2,34]. 512, B
B EOBHRBEICET A2 HBmNITE A L7y
FITHR LT, HEISHLCHERBREOK 2o —/L
LA SEHEEEZBELTC, BEFRE2HMEITD
HEDRb#ERmINL TS [19,29].

COXHICEEEZBLCHBEEZERT L Z 0%
RSN LT, HINEHBICERZE KB
KERXLLFRDIER S Y MU= HEIL, V—2
ALy F 2 TNT e EOE RIS 2 KRR ICE E
LI EREO FCREBESATWS. LLELD
HEBETIE, PESGATORIKID O BENITIER
R 2 EHT 2 LIS WEERD D, HE
HEHINTWS Ry NU—JIZHTHE=4) 7
beX T 0 OBLED KIBICHIRESH 5720,
LR EDERRE O AR TELERE Y bU
— IR TE RN, F i, CRRFAEITK

THXY NI HEDIEY FOBHNLSLETHD.
UEDX S ICFEEER -y N7 HEBICE
VB R A AR L AT IS S D < BREBE ORI 5 5
NEFFREIN TS, Xy NT—=ZHEIZBWT,
RARZEMOY I 2 L= ZHEICHWAFLED S b,
EEROMRE LT,
- EREERBEICH LT, THRAZEHRL LT V.
- FHEEEHIC X 2 ZmEHORIKNEZEINTE 5.
- ERIC K AEEOSHA L TR LY, thoarEa
— TR L RS DEE AR — 2N VL EN AR
THD.
s RENREEBFEOLGARITELRT W —T DK
ETELCBIICLZMEDOY 27 2/NEL TE D,
FIEBICO NS E R AR L TE 5.
cREDY oy NOEFRRER E O EREHIZH T
EINSLTED.
—75, FEEOHE L LT,
- ST K ST EE B AEETH 5.
R E LY I 2L — R TEDL IR TND
AL N, BEREST T haL o8 |cE
i AN
REVNHD.
ZDE)IEEARCTZTHHEDAY v NEHEBIT D
72ls, Xy bU—7 ECHEREISNET—Z D0
By N — 7 EEE P ITALY I 2L —4
NEftshTng. RENR Ry hT—7 232
— % L LT, Cisco #=23#ft L T 5 Packet
Tracer[30]°A4—7F vV —2Th % GNS3[31]72 &
NH DM, F o OMREELE N HRE X TW\WB[13].
VR a2 L= OMRERME & LT, FEREOBEREN I
TEEINTWEIDITTIEARL VI 2 L—Z BT
D3y bU— 7 HEs OMREN IR S D & R b
HHDB, VIal—FZHWEIEDLN TS, F
72, HERSERBMIC L - T, FIHT AHEITKR
B, B ZIZWFE N FE R T DGR
RERTHD. I 2 b—Z BT —EOMREN
ff SN TV E LThH, A xry hU— 1%
ENTEDLVI2L—H IRy hT—THFITEBW
THENH D LM ENTWSH[7,11,13,21]. #HE
21]ic kB & Z#HEFHE OFA & LT, Packet Tracer
EROWZEBIZBOLT, BRI A REESIC
KBTI TNy a—T 4 ITRNERLS, FHLE
ik AR EICER TE D LWV ) [ TR &
LCHE LW ESZRAEICTH STV D Z &
INTW5A. Cisco VAT ALAADA Y 2T 5 (v
Zaxy hU—2 755 I—, CNA) ZHE0 Ahiz
REFRPBE M AR TIE, ERE A O T S BT
LINLTEY, ZOREREOEHYE & LT Packet Tracer
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ERAWEEENEBSNLTWND.

UTAE, (AR LA A el O 2 50 SR C & B BREE
NEEWSSH L. BERHTE % 0SS THD Linux
IZB W TIX, Namespace (ZRIZER]) &5 —=x
JVOISEEN S D . ZihiE, Namespace THID YT
LNB T ARENEN, D—FNV) =R &Sy
BLCRHATIHETHS. 72, User-Mode
Linux (UML) 1%, Linux FoOt 207tk R &
L CEET 5 Linux OS T&H Y, Linux Beli % {40
BICHER CE B Y 7 N =T Th b, = OREREARF
A+5LRE5 115650 PC ET, (KB FRy MU
—RRERTE L., O EREEZ T, HHRR
N — 2 EE % PC R Yy U — 2 2B/ TIT
IBBERRICOVTOMEN BRI N TS [H
X 8,10,13,33,34]. Zh 601X, (RARZEMICAL
BLIEARY U — 7 BRSO SRR SN D Ry
=218\, BESNDHEHRO AR L -
T7e haVBEoOXERT-720, ZEEAGRN
Xy NU— I BEBEEEZITO VT VA GRE) 5
ZTCHBEEITo WD, 72, ZOWELZFIALT
BHBERY NIV OHEBEL AT LEHBEL, £
DB RO BT e ZEE ST
5. ZhbOHEITEB T,
CBERBENRDIHEETE L2 L
- MEHOEBIE R Y U — 7 LoOBE A REICERT
HZET, abhalrvolEiaiECcEs b
DEINTWD.

— 5T, HHxy hU—7 R EoFRERIC BN
T, ROV T N =T AT AT 2
F TV I ARG ROBEHRWBE S 2T A TlE, £ OHE
HEHERNNSREIR D0, a2 v
777 R —EREFHAT HIERT AT LOREEN
JER 5T %. Amazon Web Service (AWS)<0H 2
TA A —Fy N EORAE AT N FigE L LT
707 R —E AR 2 —TlE, FAESCH AR
FINTIZ, Ry N =T VAT IMEEDT DDA
T NI F—2MECRML L TV D RIS, BRx
WA EL TRy NT—T A 7 TR+ 5
EE (N XA4y) biRkEh TS, ZhbEH
FBIEHAT 2 icky, koEBZEILEZRY b
U — 7R OEEDOFREENE Z bND. KE 144
HIZ7 70 RYP—ERZ2EEKBRIE 572012, AWS
T RNERET HEE 2 KT 1 AEORETT
WV, TOHEHHRLEBEIIOWNTHEI LTS
[24].

AFECrE, HHRBER Y MU —27 OB
BERRETAICHIEZ>TORy NU— VB HFED
BEto7=»iz, ZhETORy MU — 7 BT
HAFZERFITH LTHAE L, TOEREZHRES
4. SEATRFRICRT DA IC B VLTI, FEEAE
LA L ED THREEITo 120, FEHRE DI EiF,
MR CIEENDZ Ry FU—27 ¥ 3 2 L—Z2fRE
22 LTRSS NS Ry N —7 B TERT 5HE
BT A S CThoT-. ZNHEHBITHNS
72O DIIERE FOREIZHOVWTERNL, 5BOH
BIZRETAHEAICTOVWTOERLHET 5.

2. BEZHESRBRHRAGRY FIT—VHE
2.1 1EHEIE A R T 2 W1 T Hob B

HERRCREFSR COFRE E o T, HFHEE
B o R 2 2E T 281, @ERI oYL AR
{b & B E R E O A AR S STV 5 (17,
18]. FILU DX, FEFROEHRFE B IZI T 25 1l
BICET2HENHo RS T RWIRELICR L
T, BEFREE BT HEREE OB HONE
DEBPLFT—H V7 BIIRBTLE Yy NEH, Fv
7 72—, =7 —/ & FEDHAEARD AL
TOHHEMERR LTS, By MNAf, ¥ T2 %
—[[H, =7 —BRHEERNIILICT VR — RAGA T
PC T& % Arduino I Processing % Bfl L C, @3
WEREALT DV AT LAEREL, TOHEIER
BEELTWHAT]. £/, HESIE, IP 7 RL R
DOFKE & Ping I X 2ElEfER A EEDOY VAR — K
OV — X THERENTZRYy hU—2 ETITH
BEBELTCND. BEOHE GIET, W%BE~D
LA L SOT Y 208 L 7 EARBRIC K B ek O EE D
hRDNEE STV 5 [18].

HHBEEIC OV TOYIFE, FrlohEAl SEE
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ENEINTVDHI9]. T —F DEER L LV—F D%
B EENE D — LT LA BRI ERT 5 H8E
FENREBLZINTWD., HETIE, FHRS#BmET v
LRy NEMET LDOENENDT —Z@E R
AL C, Falo TF —# Zath+ 5 ERZIT
IBMBL I 2L —Ta B THhETCNSE. £D9H
2T, WEMEDRBEICOVWTERSELHEE LA
S>TW5[29].

22 Xy NU—2 32 b—2EHWTHE
VAV AT AR, ROy b U — 7 HilF
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#1572 — (Cisco Networking Academy, CNA)& 9
B7u 7 A MRBCTREMLTVWS[32]. BHA
TH RFECHZAE 72 & 175 8 (202342 A 5 AHL
1E) OFEREIEN SN, #E LT\ 5. CNA Ti,
By NU—2ZICET D E T E BT D%
REMEICET 2 HIFOHE AR LTV D, Ry b
T — 7 B B E O EREN T Y % 2 7 AT AGA
FNTWB7D, FEHOLVA ¥ —3 A4 vF
(L3SW), LA ¥—2 A1 »vF (L2SW), /L—X,
PR ESHOR Yy FU— 7 R ARE LT, Ei
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CNA DA DOZEREEIIC B TIE, T HREEE & HEFF
THZ LR, BTy NU— B 21T T2
DIZ LB/ S A A b T35 Z &
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The goal of this study is proposing a dynamic difficulty adjusting (DDA) Artificial intelligence (AI)
algorithm in unsolved abstract games. Al has achieved superhuman performance in board games, and
now, it is not enjoyable for human players since it’s not winnable. To keep human players entertained,
Al needs to change its difficulty dynamically to be on the same level as the player. Especially in this
research, the target is DDA for large-scale games such as chess which do not have complete game

solution.

For this purpose, we introduce Interval Alpha-Beta algorithm which is created by modifying the
Alpha-Beta algorithm toward an adaptive difficulty adjustment. This algorithm is tested in chess Al
with a time limit of 30 seconds per move against Elo 1300 human player and 2450 Elo Al. As a result,
AT with this algorithm kept the game going over as an average of 24 moves against 2450 Elo Al, 28
moves against the player while keeping the balance in the game with a win rate of %10.

In conclusion, AI which uses the Interval Alpha-Beta algorithm was moderately successful to keep the

game long without making unnatural moves.

1 Introduction

The goal of this study is proposing a dynamic dif-
ficulty adjusting (DDA) Al algorithm in unsolved
abstract games.

Artificial intelligence (AI) has achieved superhu-
man performance in board games such as Go and
chess. In other words, it is impossible for human
player to beat Al in such games. Therefore, it is not
enjoyable for human player since it’s not winnable.
Also, if a weak version of Al is used, similarly it
might fail to entertain human player since it is too
weak. Thus, to keep human player entertained, hu-
man player needs to feel challenged. To achieve
this, Al needs to change its difficulty dynamically
to be in same level with player

According to the Kokoro Ikeda‘s research, to
keep human player entertained there are six re-
quirements for the AT [1]. Especially, three of them
are related to this research;

Rg-A. Acquiring an opponent model: The
AT should understand how much knowledge and
ability a human player has about the target game.

Rg-B. Controlling the game position: The

Al should adapt his moves to the level of the weaker
player and use some kind of “gentle moves” to keep
game in balance without being noticed.

Rg-C. Avoiding unnatural moves: The Al
should avoid unnatural moves such as making an
obvious critical mistake.

There are some researches where DDA which
achieves those requirements in Mancala [1] and
Nine men’s morris [2]. However, those games have
less states of game than big table games such as
Chess or Go. And now, in this research, the target
is DDA for large-scale games such as chess which
do not have complete game tree figures and node
values.

2 Method

For making the game Al difficulty dynamic, Al
needs to choose a similar level of moves to the
player. Also, since it is not possible to do a full
search in unsolved games due to the high number
of possibilities, some existing game Al algorithms
are proposed in this research such as the Alpha-
Beta and Monte Carlo Tree Search (MTCS) game
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algorithms. However, those algorithms are made
for choosing the best move instead of choosing a
similar level of move with the player. Therefore,
they are tested whether they are open for modifi-
cation or not. The modification condition is, Al
which uses that algorithm is at least stronger than
an average chess player whose Elo is around 1300
since Al cannot adjust its difficulty if it is weaker
than the player in the first place. If the algorithm
meets the condition, the algorithm is modified to
search for a move that matches the player’s move.

First of all, chess engines that use those game al-
gorithms will be implemented. After testing those
in chess, they will be modified for DDA Al if they
can meet the condition for modification. Current
modification ideas are:

1) Modified Alpha-Beta search
2) Modified Monte Carlo Tree Search (MCTS)

2.1 Interval Alpha-beta algorithm

To choose similar values with the player, the Alpha-
beta algorithm needs to be modified. So, for this
problem, the x, y interval is created. The x, y in-
terval is calculated from player power(pp) which
is the value of the player's move. Pp is calcu-
lated every turn by the player’s latest move. Al
chooses the max value in the x, y interval.Aside
from normal alpha-beta algorithm condition “con-
dition 1 (if (alpha>beta) alpha-beta cut;)”, new
condition “condition 2, if (alpha>y || alpha<x) skip
that node;” is added. As expected, Interval Alpha-
Beta algorithm visits more nodes than Alpha-Beta
algorithm (Fig.2).

Interval vs Normal Alpha-beta

0,4
0,3
02 \—.—/—_’
01
0
2 3 4 5 6 7 8 9 10
depth
e=@==atio (Interval/totalNodeCount)
ratio (Normal/totalNodeCount)
Fig. 2. Comparison of Alpha-Beta & Interval

Alpha-beta algorithms visit counts in same exam-
ple tree.

2.2 Modified Monte Carlo
Search

Tree

The MCTS is a method for optimal decisions in
ATl problems. In MTCS, to calculate the weight
of the nodes, UCT formula is used. The purpose
of Modified MCTS is, changing the calculation of
UCT formula and condition of choosing the next
move so, it can be applied to the DDA Al

3 Implementation and exper-
imental results on DDA

Since some of the requirements for Al to keep play-
ers entertained are relatively for each player, six
requirements of keeping human players entertained
[1] are taken as standards. Especially, achieving
rq-B and rqg-C is the main focus of this study, since
they make the game long and challenging which
leads to a fun game. Therefore, measurement is
taken as whether DDA AT fulfills those or not.

3.1 Implementation of Alpha-Beta

algorithm program for chess

For the Alpha-Beta algorithm in chess, a chess en-
gine called "Cosette’ is used. Since Cosette is 2503
Elo in chess which is far above the average, it is
suitable for DDA Al. Cosette also is suitable for
modification since the complexity of its code is not



high.

3.2 Implementation of Monte Carlo
Tree Search for DDA Al

For the Monte Carlo Tree Search, a chess engine
that uses the MCTS algorithm and is suitable for
modification could not be found. Therefore, it is
created by modifying the chess engine called “Min-
imal Chess Engine”. Only board and piece libraries
are used from the Minimal Chess Engine. MCTS
algorithm and evaluation function are created from
scratch. However, Due to poor implementation
chess Al with MTCS kept making unnatural moves
each time, and lost the game quickly. Therefore, it
could not meet the condition for modification.

3.3 Implementation of Interval

Alpha-Beta algorithm program
for DDA Al

For the Interval Alpha-Beta algorithm in chess, a
chess engine called ‘Cosette’ is modified according
to the method from section 2.1.

Firstly, the static value of player power which
defines the strength of a player in chess is created
along with the static interval of x and y. The reason
for this modification is to test whether chess Al will
choose movements in that interval or not. Overall,
Al became weaker to match with the overall player
(before it was winning against the player) which is
expected. Also, there is not always a move in that
static interval, after some point, AI became unable
to move and lost the game.

Since the test was successful, as the next step
formula for calculating player power, interval x and
y dynamically need to be created. For this case,
four equations are tested in chess with a time limit
of 30 seconds per move against a human player
whose Elo is in chess around 1300.

In the equations below, pp is Player Power, x
is interval X, y is interval Y, e() is the evaluation
function which returns the evaluation value of a
move, m; is ¢th move, N is move count, m; is last
move.

Type A: Wider and overall version of In-

terval N
Zi:l e(m;)

pp = W (1)

x = pp — |pp| (2)
y = pp + |pp|

Type B: Narrow and overall version of

Interval N
pp = Zi:l]\f(mi) (4)
v =pp— 12 (5)
y=pp+ @ (6)

Type C: Wider and last move version of
Interval

pp =my (7)
x = pp — |pp| (8)
y = pp + |pp| 9)

Type D: Narrow and last move version of
Interval

pp = ny (10)
pp

T =pp— % (11)
pp

y=npp+ % (12)

Equation (1) and (4) is the same. Similarly,
(2) and (8), (3) and (9), (5) and (11), (6) and
(12), (7) and (10) are the same equation. Player
evaluations are calculated with Cosette‘s
evaluation function, in other words, Al used
its evaluation function to calculate player
power.

In type A and type B, 4 and 5 times out
of 10 games respectively, between early and mid-
game(around 10-15 moves) Al could not find a
move. Therefore, lost the game.

In type D 1 time out of 10 games, in mid-
game(after 15 moves) Al could not find a move.

In type C there was not a problem with finding
a move, however, the player lost the Al 8 times out



of 10 games. Therefore, Al was clearly stronger
than the player.

To overcome those problems, a new option is
added for AL If Al cannot find until depth 3, it
will double the interval range until finding a move.

After adding the new option, equations type A
and type B performance increased. However, it
was not enough for carrying the game to the late
game, only their move count before the state of not
finding a move increased. Therefore, those equa-
tions are abandoned. In type D case problem of
not finding a move is solved. However, the player
started to dominate the game generally game fin-
ished between the early and mid-game. In other
words, the equation type D result was the oppo-
site of the equation type C result.

Since result of equations type C and type D
similar but opposite, type E equation is created.

Type E: Semi narrow/wide and last move
version of Interval

y < (pp+ |pp|)

if pp < 0 then

pp
y < (pp+ %)
else if pp == 0) then

y < 100

Since Al searches for the best move in the inter-
val, only the upper border of the interval limits the
Al. Therefore the bottom border of the interval, in
other words, interval X is removed. Also, to prevent
the player and Al to dominate each other, equa-
tions type C and type D are mixed. Therefore,
when the player plays positively evaluated moves,
Al search for the stronger move, however, if the
player plays negatively evaluated moves, Al does
not punish the player and searches for a less strong
move than a positively evaluated move. In case the
player plays a move that evaluates as zero which
makes the interval upper limit to zero as well in
normal conditions since it might result in Al to go
in not finding a move state. Thus by the average of
player moves evaluations, a static upper limit value
for Al is calculated as 100.

The result of equation type E is, the player won
9 games out of 10 in an average of 28 moves. During
the games, 3 times unnatural moves occurred such

as not running the queen from the threat or not
preventing a checkmate.

Also, Interval Alpha-Beta Al is tested with an-
other Al with an Elo of 2450. Interval Alpha-Beta
AT lost to another AI 20 times out of 20 games in
an average of 24 moves. During 20 games, Al made
a total of 8 unnatural moves.

Since equation type E created better results
than other equations, it is chosen as the Interval
Alpha-Beta algorithm‘s equation formula.

4 Discussion

4.1 DDA by Interval Alpha-Beta

The reason for Interval Alpha-Beta Al doing un-
natural moves in games might be due nature of the
Alpha-Beta Algorithm. Al performs an iterative
search and chooses the best move in the deepest
leaves of the game state tree it can reach in a lim-
ited amount of time. If the player plays a weak
move, Al might search for a bad game state for it-
self to match with the player in 18 moves, which
may lead to sacrificing its queen in this turn (sec-
ond most valuable piece) for nothing because it is
the closest game state for Al to match with the
player‘s current move. However, the same princi-
ple applies for making good moves as well, even
though the player played a bad move. For ex-
ample, if the player gave their queen for free, Al
might find a state 10 moves later where it takes the
player’s queen now but sacrifices its queen and rook
for free in the next moves. Therefore, in 10 moves
it matches with players’ current evaluation. How-
ever, after taking players queen since it will search
again, it won’t choose the same state and get an
advantage.

Moreover, another reason for Al to play unnat-
ural moves is, Al plays weak moves to match the
player‘s weak moves even though the player is cre-
ating a strong state with weak moves. For ex-
ample, in normal conditions, Al is in a position
that cannot be checkmated. However, the player
makes a move that leads to checkmate in 5-6 moves
but can be easily avoided. Since it can be easily
avoided, evaluation of that move is low, therefore
AT chooses a move with an equation of type E.
This leads to weak moves as well, however when



the player reaches the last 2 moves for checkmate
even though the player‘s move evaluation is signif-
icantly increased, it might be unavoidable for Al
because not only it was a sudden increase in eval-
uation, but also in last 3-4 moves Al played weak
moves which made the situation impossible for pre-
venting checkmate.

The reason for abandoning equations type A
and type B is, the evaluation function of Cosette
was a bit different. For instance, in the original
Cosette (which is a chess Al with 2503 Elo), while
the player’s first move was 65 points, the best move
Cosette chose against it was -3 points. Also, during
the game generally normal moves‘ evaluations be-
tween (-400,400) points, so if the average of those
is taken and set an interval according to that aver-
age after some point average became closer to zero
which leads to not finding any moves by Al in 30
seconds due to interval upper limit is around zero.

5 Conclusion

5.1 Interval Alpha-Beta

Even though Interval Alpha-Beta Al lost to player
9 out of 10 times. The aim of this research is to
make a DDA Al in unsolved strategy games which
entertain players. Since every people has a differ-
ent taste in games, this research aims to fulfill the
six requirements (mainly three) for AT which keep
human players entertained [1]. Therefore, Inter-
val Alpha-Beta Al that uses equation type E, in
other words, DDA AT of this research, moderately
achieved requirements A, B, C. Since, it plays ac-
cording to the player's move evaluation, tries to
keep the balance of the game so that the game can
be carried to between mid and late game (around
25-35 moves).

5.2 DDA by Monte Carlo Tree
Search

Since MCTS Al implemented in this research was
not strong enough to beat an easy chess Al, Mod-
ified MCTS to make DDA Al is not implemented.
Therefore, there is not any suggestion related to
creating DDA Al with MCTS algorithm. However,
in future research, more suitable chess evaluation

formulas for MCTS are suggested to make MCTS
Al stronger.
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Abstract: This paper explores the influence of rule representation on the performance of Michigan-Style
Learning Fuzzy-Classifier Systems (LFCSs) in terms of classification accuracy. A novel LFCS, named
a sUpervised Self-Adaptive-Classifier System (Adaptive-UCS), is introduced to address the limitations
posed by conventional rule representations in coping with problems featuring unknown or uncertain data
characteristics, such as noisy inputs. Adaptive-UCS utilizes a fuzzy indicator and evolutionary operators
to optimize the rule representation, leading to an optimal representation. The results from experiments
indicate that Adaptive-UCS outperforms other methods in terms of classification accuracy, robustness,
and stability, thus providing a practical solution for LFCSs to tackle unknown problems without resorting

to trial-and-error.

1 EL®IC

I TN VBIER R AT s (Michigan-Style Learn-
ing Classifier System: LCS) [1] &, #BARTAEZR AT (XAD)
Y UTSHMHE T L — LR — 2 DML IS D < 5
XA LTHY, F—2ohtdie UTHEHHEZNS
(2, 3]. LCS 3 — V8 b @ FRBER DR 7 13V
R L (steady-state GA) 26720, F—XHICHET 2
R 2 BT L I 2 BiARTEEZR TF-THEN L —L &
LTA T 2. LCS ORERMDEFIEL LTHRD K<H
LRTWBDIE, b DEEDEFS AT 4 (sUper-
vised Classifier System: UCS) [4] & Z DILRFIETDH %
7 7 I 4 BEmICE-D < UCS (sUpervised Fuzzy-Classifier
System: Fuzzy-UCS) [5] TH 5. Hi& dAMER L —L
BEREROZ VAT N—)b, BERIERLL LR %2
Fo7 7 4 = E2HAWTHEEITS. #€-T, UCS
(Fuzzy-UCS) &, B (BIKZR) 7 2 G CHEREh
2RI LT\ b, RHZ, Fuzzy-UCS TER S
57 7Y 4 —E, PHERM (e.g., MEFSLRIEMH) 26
T57—XNBECBVTHNTH L Z e TVD
[6]. Orriols-Puig & [5] &MFIED T HEEREZ 20 D
7 — 2 EMEZ W THEMRGEL, 20 Mo 55 8T
Fuzzy-UCS 53 UCS % kA D, b 12 [Tld Fuzzy-UCS
MBUCSIZH B Z e L. FRtofiRE, 7794
L= DA, HBENIZ VAT N —ILDAEERT 2H
KD (Fuzzy-)UCS OPEHATIE, muWirkEMGez 85
5ZLIINHTHZ Z e ZEHALTWVS.

SEMERPETIRRZ kL 77 s HEHOM SR
RABRICERAT 372912, AETIEL—LERH2 HOE

JOEATREZR UCS (sUpervised Self-Adaptive-Classifier Sys-
tem: Adaptive-UCS) Z8ZR L, ZOEMMELZMRIET 5.
Adaptive-UCS I121%, L— DX 2Ny TRk BT
R (ZVRT) 53 =AM (7794) ObEL6H0
WERET BN—IRT XA =R TH BT 73 1 688 (fuzzy
indicator) DFTVBEAINTWES., 77 1 IEEITE
LR (XX - ERER) ko ThRiEikahs
T, YRATLADREBRN—NVEREZERTH L NTE
5. ZOKEIZX D, Adaptive-UCSIZ 1 DD AT A
T VRN —)LE T 7 4 — )L EFNRINC RN E
T EMAEEY 72 5. Adaptive-UCS DREIX, HE
FEHEEEE LSRR S TORY Fv—ZHEICBVT
MEEX 4L 5.
ARORBIIL o@D TH 5. 8 2 ETE, BEF
DL —NRIUTOWTHRIEST 2. 3 BETRRRED
Adaptive-UCS IZDOWTEHAL, 34 BETIXERIETH B
FETRZ VR TN =i UCS, BRI Y 7 ¥ 4
=L [7) 12HD £ Fuzzy-UCS KM UHRZRIED Adaptive-
UCS IZ & 2 HHRFEER #2175 . 5 5 B CIIFERGRICHT
LT ATV, HOREICTAREZELD 5.

2 BOEMSE

ARETIE, EBEA 2S5 LCS DR TIRE S e
Be& 7227 )V AT N—NREN T 7 ¥ 4 —VRBIOME
WIZOWTHHT 5. B, 774 v—LZ2HWS LCS &
7 73 4 3T AT L (Learning Fuzzy-Classifier Sys-
tem: LFCS) [8] LI 5.

BEETARRB 9] 1, BIEERTH S 27 VAT —k
WThb, B ORGEDOESWL—AEEZRFDOZ L



Mo, T=ROCBVWTRLHEHINS [3]. Z0H,
BHETR 7 7 ZAER % X 0 IEMEICE IS 2 72912, ks
RFEEL [10], ORI (1), BIMEZHEARE [12] 22
DI VAT N— VR RER ST

LFCS OfREHFIETH % Fuzzy-XCS [6] & Fuzzy-
UCS [5] DFFETIE, =MBX oy y TBIBICED L
774 = AEREBHWSNTED, ZOBOIFICE
WTHIAL VB LTz [13]. Tadokoro & [14] 1%, 2E&E
IERD OMEREEREBE X Ny y TR 527 7
VA4N—EEBAL, T—XOMHBZERIER DM
S EF— X MBI TEOEMEER L
Shoeleh & (7] 1%, BESAERTHEZNGR, THDBEA Y
Ny TR 2 BRORATVAD B 4 ZRO BRI
YEHEFT BT, 1DODAL—ATZ VRS (HiE) 7
=R 7 72 4 (BIR) 7RV — VHE R Z
FRHCRIRT 2 Z e 2A[REIC L=, LA L, L— LRt
DS X — R OWEING, BEREBOILARIBE, &
AT LMREERBHE ST 2 A[REML D 5. 2 ORI, Lanzi
& Wilson [11] 2R U7z, MERBOTESB OB > A
T AMREK T2 Sl 2 U7 EEBERD 5 bR 5.
T2, BERRIZ, WL OrDOETF— X HHEMBEICEWT
BEFERRE LD BEREIS L e REINTVWS. £
T, ARTIENT X —=2F % 2 IS Lz X v oN—
>y TR LV T CISHEISINCIHE T 22T, 1D
DTS AT LTI VATRET 72 4 RA—IVHE
T E RIS 2 B OB O 2 ILD A7z LFCS 2%
55,

3 Adaptive-UCS

RETE, HIFHDORX >y TR LV—LEICH
SIS 5 LFCS (Adaptive-UCS) Z12RT 5.
3.1 FEHERIR
3.1.1 JL—ILINFX—=&

Adaptive-UCS ® n RIT7 7 ¥ 4 —IV kX, Fuzzy-
UCS ¥ ARICROR (1) TRBEh 3.

IF z; is AY and --- and z,, is A¥ (1)
THEN ¢* WITH w*,

ZIZT, A= (A1, ..., Ay) FERMBES, wF € (0,1]13,
V=)V k HFERER2 Z R & 2 TS 2RO, LE '
RTEATHD.

Adaptive-UCS OSSN 7 7 O 4 BH A 1F, BAEH L
LF=ATEOFIYE ¢; € R (center) &l s; € RT (spread)
WEoT, A= (¢,8) LEESNS. Adaptive-UCS

Ha, (x;) U, (x;)
A S; A s;
e S— S
1 1
> X; > X;
0lc—si C «c+s; 0lc—si C c¢+s;
F; = 0 (crisp) F; = 1 (fuzzy)

1: Adaptive-UCS DFEHH7 » 2 1+ BE A = (i, 51).

BOFIIBN—NRT A=K LT, T 7 7O 4 RE
DR YNy TRBOGRD 2 VAT T 72 4 hroens
NIR=RTHB7 7Y 4+ {88E F € B" (fuzzy indicator)
PEAXNTVS. BRI, FF=0DL— kD5
BB 7 2 4 A AR X, FBRME F — sk, ERRfEF+sF o
RATEIIR vonsw TR A7 &N 5. —HT, Ff =1
D= k DRI T 7 ¥ 1 & AP, ETHR F — sk,
TE e AENS. 1%, Adaptive-UCS @)L —)L
M7 74 BE A ZEARNTRLEDOTH S.

BN— kX, UR3DDEERTX—XEHD: (i)
=)L k OFEEZRRTEEE FF e (—1,1]; (i) v—v k
WHEE U7 [0 TR TREBR E eap® € RY; (ii) v—v k
KB XN TWE L —VEERTESE num® € Ng. 2
NHEDNRT X =2, FEE2BLTEHRINS.
3.1.2 REEHHE

Adaptive-UCS IZBIF B ASIRNZ Ml xz € R* DL—)L
k ~NDREE (matching degree) pax(x; F*) € [0,1] 1,
RDOK (2) DX S WEREEINS.

n
pan (z; F*) :HMAf(xﬁ]:ik)v (2)
=1

2IT, par(50) /[ par (1) BERENEMRT 7 2 4
BEH AP 2RBT RN | AR Ny TR
TH5.

2 1% Adaptive-UCS \ZBT % 2 Kt—v ki, ko, ks
DORIVEIE F 2 2L X B ROREEE L L 22
LART =LK ThHh, HEPBEE 0, REariEaE
1 Z2£3 (S 1000 x 1000). ZD X 512, #BEEF1
DDIL—ILEIFERIC & > T 27 @Y D — LHEERE H
CEIG T 5.

nEB, ARTIEIRAET XAy y TEHBORRE L
TEABHE =P ZEIRLTVWER, Zhd 220900
FThh, b LA OMEE, AANFRADOHRHE ¢
Vi s; D2ETRIETE ZEEDOEEK (e.g., IEFRTH
[14] % raised cosine 7, 7 7F Z5140 OHfERE L RIRD
WWEEHRZ 2L bARETH 5.
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(a) F = (0,0) (b) F=(0,1)
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(c) F = (1,0) d) F=(1,1)

2: 77 V4 1EIE F € B2 2L B BED 2 RKIT/V—IU ki, ko, ks DIV — LHETE FEIR
(ARt = AT = (0.5,0.2), A¥2 = A%z = (0.2,0.1), A% = (0.9,0.1); A% = (0.9,0.3).)

3.2 XAZ=XL

Adaptive-UCS I3FESTEB (performance component), B
ik (update component) & OFERA (discovery compo-
nent) ® 3 LMK IN S, F72, Adaptive-UCS &
¥#EE—F (training mode) B L {IET A FPE—TF (test
mode) DELELIZBLTWE 0 K> TENENRR L. ¥
BE— FCEETE, HHE, FEEREZIESEST 22
& T, BV — VOB KR CFHNL — LV ORKRZFATS
5. —HTT7AME— FTEETIHOALEEL, BEFD
N—ty FERWT, B2 7 A5 IhTHiERn
AND Y A %HiwmT 5. AEHTEINOLDA D =X L
WZOWTNEICEAS 5.
3.2.1 FETHB

ETDOIL—IE, L—i+t v b [P] (population) IZJ&
T5. FTRANLITBVWT, BEISTI IR cITET S
ANz %225 (7 A ME— FRICKIER S 7 R cld5
Z oIV, T, BMEHES (match set) [M] = {k €
[Pllpar(z; F¥) > 0} TG T 5. 20, AT LDT
A ME=FRIBELTWVWSRHAEE, M OL—LZHWT,
INESEIHERR (weighted average inference) [13] 1IZ& 2T
AN @D 7 AT 2. AT LHWERE—- FIIB
LTWa5EIE, EFEiEEHT 5.
3.2.2 EHE

M] DB S 4%, ¥ AT DIIEMRES (correct set)
[C] = {k € M]|cF =c} 2B T 2. 2D, M HAD4E
TDONL—NDIRT X —& exp, F % Fuzzy-UCS ¥ FIFED
HHR [5] THWTEHT 5. 2Dk, [C] NOH&ED — I
BA—Z, [ClADETDOL—L X h, BETE
BB THNIAET S, Iz ERESTIE (correct
set subsumption) £\ 5.

3.2.3 EEIR

FRGBTIXEFIRE GA 2EITL, [C] »oBEIRE Nz
20DFN—NLOEHE 2O0OH L NFIL—L2 TS5, F

D, HEALIHRIETH 258 - Z2RZEED 2 DD FIL—)VIZ
MU THEHAXNS. Adaptive-UCS T, ST » 2 4
BE A= (ciy8) T 7 I A 18R F TR L T—HRR X
DR y THAINS. i, BRERD A = (¢,si)
RO F e U GHE NS, BIRINCIE, ZERZ RiER
Pt 272 LIZE, ¢, 8 WAXHFH [—mo, mo) 22 H—Hk
WCHR U7 BLEMES A X 5. 22T, mo 3RARER
BERINANR—NRGRA—RTHS. Fiz, F ¥, BED
% RERX BB ERT 5. kb5, F,=0(or1)
DA, 1 (or 0) N ERT 5. LA EIBEH XNz 2
DDFN—UI [Pl ITHASNS. 2D E, BL—Ln
FL—NZeETEMFRTHNIUETS. Zhz GA
8 (GA subsumption) W5, ¥£7z, [P] DAL—1D
num DEFED, V—IVDOERRKBEZRTNA =T X —
X N %2558, [P] OHFTHMMNIZ pyn(x) - (FF)
PMEVIL—IL k BBIERICHIBR SN E. 22T, vk FF
WIRTRINVT 4 ZIRIANAR=NRNIGRX—=RTH 5.

4 FEE

WERIETH 2BE K2 ) R T — L RBUH-S L UCS
[4], BE7 7 ¥ 4 L—ARBNTED < Fuzzy-UCS 5], &
URRIETH %5 Adaptive-UCS OMEREXRMEES 5.

4.1 RNYFI—7E: Noisy Checkerboard

Noisy Checkerboard [/ (NCB i) 1&, 2 LCS
DMREFHM 12 IV 5415 Checkerboard [ (CB )
O] ICAHEFESEZMNG LMETH 5. CBEERLH
OFEBICHEI XN LTERZ N, VXA
WHERINZEBUEAT 2 € [0,1)2 12X LT, ZDONX
MR ELFHOEBOE L LI EN 20 ERA
{0,1} DIEEZ A LTRET 2METHZ. —77,
NCB ETIE¥#EE— R 7 A ME—-NIZBWVT, BRE
(CB RfEY [F#R) 1FIEEES T R c TS 5 AIRT bv

€[0,1)? 2 UCSITEET B. 72720, ¥HE—NF
DH, UCS Wz & c ZZET AT, o ldh v RS



N(0,02) TiEh 3. Tibb, MECHXhiz AN
Vie {1,2} i a; 2, + N(0,0%) E LTRBIENS. K
FiXiX, o € {0,0.025,0.05} IZEE L7z 3 D NCB [
BERHWTEREITS. BB, 0 =0DFRERTDNCB
WX CBMErFlitchz (bbb, S OHEM
B THB) ZICHEIN.

4.2 RERERTE

ETHEIZ, UCS!, Fuzzy-UCS?, Adaptive-UCS3
DINA IR=0%F X — RIIFATIRIL [4, 5, 7) & REDfEIC
WET B, 72721, o€{0.025,0.05} ® NCB H#ETIZ,
Urbanowicz [15, 2] 23808 L 72 B BRIRICHBIT 587 X —
REBEEDITA R F A4 D, v = 1,acco) = Fy = 0.95
3%, 8 /7 A MEENE 200,000 FlE L, FEHEe TR
NE 1 ETORHICHETT . FHMlifEEIERR S 7 V&
LY — KRB LUK 30 fTOMY L2EBRCB T %, 7
A b T = RIIKT B SFEREE R CEE L -V e T
5. AT, MEIMNEEZERZHRT 27012, HEKE
0.05 D NTEZEMEERTITS. BIRINIZIX, Levene DES)
BUREIC & o THESBIEDED NGB T B &
Tukey DEEMEE T TEML, FHHMEIED SH
T2 o 7235803 Welch DFRFE £ Games-Howell DE4E
ERHT 5.

4.3 SHEER

£ 11X, &> A7 OFEEHE (HGFERBE, v—u
B) #RLTWS. 22T, RAPDkRE/HEOREENT I
ZHMEIC L o TRV AT AMTENENRE /FEDR
WL TW3 LHIM STz o 2T A DMt 2 £ 5.
FEMN OB, ZRREICHE OB 2R T .

3 1%, NCB M#EIZEB I} % UCS, Fuzzy-UCS,
Adaptive-UCS @ 4000 [Blf5 D5 5 FEkE B O #HERB 2R
L7bDTH3. ZNoDOROMEIITT R M EIEL, e
30 1T B 2B FHiEZ RS, &7 7D
Z—N—1Z 30 RITICBI % BREEXE 2R T.

K1IIPRT X1, IBRED Adaptive-UCS 13 RED
HIELTWwa Z e 2RI —n. Fiz,
2T OFMEFERIC B W TIREED R S m WA 2 5
LTV ZeDbd, REEOFMMEZMETE 5.

1UCS: N = 6400, acco = 0.99, B = 0.2, v = 10, x = 0.8,
Pmut = 0.04, 6 = 0.1, mg = 0.1, o = 0.2, Oga = 50,
O4e1 = 50, Oy, = 50, 7 = 0.4, doCorrectSetSubsumption = yes,
doG ASubsumption = yes.

2Fuzzy-UCS: Analogous to UCS, except: acco = N/A, f =
N/Av Fp =0.99, Gexploit =10, eoverlap =0.8.

3 Adaptive-UCS: Analogous to Fuzzy-UCS, except: Ooverlap =
0.5.

5 ER

AETIX, 4.3 BICHERINARRIEOEMIEE RN
WHRET 22 2HMNZ, S ATLBED &S ICHE
2] (75 285 BRLTW 20 2iERT 5. BIK
FNCiE, 2 RoToREZER S = [0,1)2 % 1,000,000 73
L (Tbb, MUREE 1000 x 1000), & 2iRfTICBIT S
BEAEITI T 545> A7 4 (200,000 FIOFEE TR O
#imr 7 X {01} &4 H, HTHIET .

4a, 4b, 4c X, ZNZN UCS, Fuzzy-UCS, Adaptive-
UCS 231 L7 NCB @ (o = 0) 2B #2727 &
DOHEFERTH 2. R 1I/RLIZK 1T, 200,000 [FIRF R
TOEI AT LAOPEREICARRZIIA LRV, Zh
LORD Y I AGEFAEICER L TAD L, &FZAT A
DIEBEREZEMED A HEZ 5. HlZ1F, K 4a D UCS
KUK 4c @D Adaptive-UCS X EHTEZ V A T —niz &
D, NI LT TRy 5 AR R EHIGOEIL TW3.
— T, K4b ® Fuzzy-UCS 1%, 7 7 ZWFENERL L T
By 22 % IEREERITETE 5, AZBH U
Lo TCWAREIIAEUERZ I 6N S, UL, BEERR
DEPRIRX YNy TEBDFED pyn () <1 2725 X
(i.e., [ak, bE]V [k, d¥]) 25, CBRIED 7 7 AR EHE L
72 eDFRETHE eEZ LN FHC CBEED LS
IREMC T UCFETR 7 7 ZIRB TR X AT 2 I
FLTIE, EAEZ YR —L0DHATOMRRNIFEET
HoHD, AIBIX Ny y TEBUC X > TEAEZ Y R
TN—VERET 255, Vie {1,2} :af =bf Ak =dF
DSR2 X TR &7, EEE LCS DFEHA
THWOLNZEARERY, KB TFEBICT VX LEZN
BT 2R T0OEBRBECHE 2T 25, ki
DM EERT 572012132 08 (Ri#k) BEE
BI3rEZONG. ZOFERE, NEZLV-AREHRIC
FoTEZHME Ob—ty P A X) M2 FELD D
RN R EVEBER (cf. 1) 2odIFEIN 3.

—J7TC, HEDMb o258, £ AT LIBT3
SREMREDEREAESINEICENS. £ 1 &UK 3b, 3¢ 23
RT &I, HFRENKW 0 = 0.025 DFRE FTI,
UCS/Fuzzy-UCS 32> A7 A THRICRE /EED D
BMHREE TR L TWAD, MEHRENE W o = 0.05 DEE
TTEINS 2 FEOEREIHIET 5. ZOMBEIZOW
T, RDOESICEETES. 7, HF IR 2%
DANEZFREN x, 2V LT3, MEEENEL (.,
o =0.025) BEICBVTIE, = & oV DIERY 5 A0 R

IEEERICBU LR 7 7O+ £8 A 13, BEOTES
ai,bi,ci,di €R (a; <by <y <dy) WEoT Ay = (a4,bi,¢4,d;) &
ERINS.



7 1: NCB & (0 € {0,0.025,0.05}) IZBIF 2% AT 2O EL L—NLty PHA X

NCB NOISE STRENGTH | SysTeM ENTIRE 200,000 TESTS LaAsT 10,000 TESTS
Ace. (%) | P | Ace. (%) | I[Pl
| ééapt’lvg—[}(jSﬁ 97.08 (1) 2525 (1) 98.34 (1) | 2651 (1)
oc=0 No Fuzzy-UCS 96.56 (2) 2936 (2) 98.24 (1) 3416 (3)
UCs 96.48 (2) 2955 (2) 98.15 (1) 2962 (2)
| é@aptivg—ggSﬁ 95.44 (1) 3862 (2) 96.71 (1) 3964 (1)
o =0.025 Low Fuzzy-UCS 93.53 (2) 3719 (1) 95.42 (2) | 4132 (2)
UcCs 93.63 (2) 4047 (3) 96.59 (1) 4088 (2)
| ééagtiv(i—[jgsi 7973.72-5} gll | 4601 (2) 94.41 (1) 4754 (2)
o =0.05 High Fuzzy-UCS 92.76 (2) 4688 (3) 93.79 (1) 4840 (3)
UGS 90.27 (3) 4538 (1) 92.66 (2) 4668 (1)
| AdaptiveUCS | 1 | _ L7 __|__ 1__]__ 1.3 _
Average Rank Fuzzy-UCS 2 2 1.3 2.7
UCS 2.7 2 1.3 1.7
100.0 1000 1000
975 _aunnd LT St 975 975
_ /..,’4;”. _ ....--ln g, R
E 950 _.' g 95.0 -_i % 95.0 g, o
E 925 "1 g os § £ s e
‘; 90.0 qi ‘; 90.0 i' / 5‘; 90.0
; 875 / é 8§75 é 875
—e— UCS —e— UCS —e— UCS
825 Fuzzy-UCS 82.5 Fuzzy-UCS 82.5 Fuzzy-UCS
®- Adaptive-UCS H = Adaptive-UCS i = Adaptive-UCS
80.0 80.0 80.0 ~*
0 25000 50000 75000 100000 125000 150000 175000 200000 0 25000 50000 75000 100000 125000 150000 175000 200000 0 25000 50000 75000 100000 125000 150000 175000 200000
Test Steps Test Steps Test Steps

(a) 0 = 0 (no noise) (b) 0 =0.025

(low noise) (c) 0 =0.05 (high noise)

3: NCB [i& (o € {0,0.025,0.05}) I231) % 77 EFEE (Classification Accuracy) DOHERS

RAMERIIMEL 2 5. EoT, mBLICHMZ2ET2H
JBE7 73 4 V= (Fuzzy-UCS) &b b, BAEIZ VRS
N—LUCS &K B2DENEMTH-7zEZ NS, —
BT, MEEENEW (Le., 0 = 0.05) BEICBWVWTIE,
z b N DIEMRY 5 AR ZHRIZEL LS. {toT,
FERRICBWTIE, FHESEEICH U TEEREE 7 7 2«
N—E, FEEEMICH L TSR Z VRS r—1 kD
SEMEH Lz EZ N5, ZOTRE, HEAN
WHBEELEZZ VRS A—NM k> TEYMEREZ 5 X
R RS R BN TV S X 4g DFEER» 5 X
FEhs Zoksic, AEBHEREIBIEY 72 41—
IV DR TS AN S 2R R L TWS. L
ML, BIRLZ k9512, RA— 3 EdtIicE 284
5200, MENRIEMERICEL TIEREELD D
BREIWCTFES Z 2 IiclEINZ W (cf £ 1).

6 HHDOIC

ARETIE, BIFHBDOX Ny TEEE L —VIBIZH
GRS 3 2 LFCS (Adaptive-UCS) %4253 %
e dIT, TOMRER RHEFEMEEZ B L M EREICBT
BNV Fv— 7 M THEE L7z, ERIETH 2@8E )7
K7 ) 2T N—EHDIL UCS RUBET 7 4 L—b

WZHD < Fuzzy-UCS & D HEEEROAER, HEE OIREH
v EWV) B LTI, 29— (7794
=)L) BRFICBVWTENTH S Z e RENT. £
7o, BBRIIHESTOFRLEEICKS S, —ELTEF
HHE TR ARICENSHEEREE R L.

SHOFEL LT, X h 2RV F~— 7 HETOHRE
KIEM CRREZEOWRES T o 5. AR TIHEE
TRV —T D7 7 ZFFAUNEZ 2T = v 1 —K—
FRIGEZERA L7228, BL—LTODr 5 ZEEFELAIN
HR R (e.g., RDOPHFRIRD 7 7 REGEFRTHK SN 2
BIRE) X2 EN S, £, RETIEASNMEI
MNUTHY ZRME 2 G T 2REZ o 703, —EMER
TANEDORIBYFAET 285, FHIFICGEZ6ND
B2 9 ABNIET 2R \Wo 7z, Bz 2 FHEEN%
L 7RI BV T HIRBENF RN T D 2 2GS 46
DD 5.
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Scientific Articles Exploration System Based on Book Shelves Metaphor
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!Graduate School of Informatics and Engineering,

The University of Electro-Communications
Abstract: In this research, the author developed a system that assists users to explore scientific article
widely. This system aims to promote serendipity by (1) expanding the search space of scientific articles
and (2) making it easier to find useful articles in the search space with a VR interface of book shelf
metaphor. The author conducted experiments that observe availability and the change of the behavior
to search information. The result shows that the proposed system has better serendipity scale than the

existing system.
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Abstract:
This study focused on the fact that adapting to one’s learning styles improves the ease of understanding for
each user. However, few researches have applied the learning style theory to the fields other than that of

education. This study proposes 2 types of web-based instruction manuals based on the Sequential/Global
dimension of Felder-Silverman Learning Styles Model. This paper describes the results of the experiment

to examine the effectiveness of the proposed instruction manuals.
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A Support System to Understand the Appropriate Psychological Distance
at the First Time Meeting

O 12k T,
O 'Takumi Goto,
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Abstract:

We are interested in one’s feelings about the psychological distance from the other at the first time online
meeting. We have experimented on whether communication channels and biological information can rep-
resent feelings. The result showed that it is hard to estimate the feelings. We have carried out another
experiment to examine how to display one’s feelings to the other. We have developed the online meeting
system for the experiment with direct display and blur display. As a result, entering the feeling into the
proposal system causes more stress to the subject than expected.
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Switching among several Als for cooperative play by player and Al
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Abstract: With the recent development of Als, Als became a partner of players in board games to support
the missing parts of humans. This research aims to apply this concept to video games, using Al to support
the players’ enjoyment. Players play only the parts they want to play and let AI play the rest. Some
experiment have been carried out to show the feasibility of these switching procedure. As a result, the Als
can play the stages, allowing the player and the Als to switch intentionally while playing video games.
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Abstract:

BUE, /NMUOKMIAT NA ZTHRIH TRERBEESNER SN TN D, AIZETHR LT D

TWINE [IRFERBER 5 O—D2>ThHDH. £z, BT DT & U TR M OB ]S S
TW5. BEMETHNOBLSTIX, e 7o FiEioxr3 2 (2 >~ 25 T2 2 EREETHS.
ZF ZTARBIZETIE, TWINE (2% L THizicn S v ZEAICHE B LR T 23R8+ 5. I 21—
arvERTIE, ToFLEy Ny MIETTALET A LE Yy by MEEETSTLICBWT, 30 fHO
W AR T52LT, 70 FEEZETHET S Z LIRS LTE

1. [FLEHIC

Internet of Things (IoT) D KIZfEVS, MO R v
N — 7 B SNDT A ANEEIML W5, £
DI, ZNHDERDHTNAATOEF 2 T4
FERIZEELRMETHD. B2 T 4 2MRTD
FEEN I S THY, ZORSHEHE L TiRkE
Brg 28 EH S TWD [1]. BERF S, /DEEH
P RHEE - REBECHHATE DD, VY —
ANPOLNDIHETH 0T T3 A TIHEATHZ &
MNTED.

— 5T, BEIIRET DA & L ClsRERI A R o
BN ER S TS [2]-6]. SR BRI, B
FALBRRECE KIS IEARR Y (fE) ZRASIHED
Z & T, WNERORLESEE 2 R IEICBYS T T ©
bbH. FORD, MERRMEITICT 272
WCHRAET 2 Z L IFFEFICEETH S.

AWFSETIE, TWINE (2353 2 Bebsf] g & LT

TNV TERMIER LE-TEERETDH. £
LT, ¥Y2alb—varEZRICI > TRETFEDE
NEZFRRET 5.

2. #{#

2.1 TWINE

TWINE [1]i%, 72> 7 & 64bit T 16 3 —fi%
b Feistel #&i& % FF OB 5 CTh 5. #EEIL 80bit
H 128bit MBIV AETH Y, AL TITEE
80bit @ TWINE Z x4t &3 %5. TWINE O 57 /L
=Y X A% Algorithml {Z7R7.

A 80bit O TWINE 1% 36 [HlD T 7 o RALFET
R L, %7 70 FVET F B E S8 (p()) (1
X DAPEAEAT S . F BIBTIE, S-BOX T X 5 EHasL
HO(S() & T 7 Rt RK & DY BIGREL IR 4
179, £2, ZEOT VR THDH36 7V FAT
%, JEHE A BRWZALBE AT H Z & C, K3 PT
LR CT £+ 5.

2. 2 WFEF REN

B BRI AR, WS ALERRR IR AR Y ZRA S
BT 21T ). SEORAGTIEICE, L—)—R
FORFEBEOMLS, FIEZ v 7 O, B
DENREDOFIERM LTS, ZNHIZL - T,

Algorithml: Encryption of TWINE

Function TWINEenc (PT, RK, CT)

1 1

Xyl - | Xis < PT
RK' || - | RK* < RK
fori < 1to 35 do begin
RKj || - || RK; < RK'

forj < 0to7do
Xy < S(X5; @ RK) ® X)),
fork < 0to 15 do

X ;v(+kl) — X, /I p(): diffusion layer
end

forj <~ 0to7do
36 36 36
X5 < S(X3] ®RK;") @ X
CT — X0 || - || X3¢

36
2j+1

BEERY (f) ZRASYE, SFEA Y5 CE R
BT 5. T T, SEAVREEXOREHER LT
fi#HT3" % Fi5 (Statistical Fault Analysis : SFA[2]) &,
BFE N RA L TR WIER OB S SCE OT &
THRNT T D FIERD D .

ARG TSR &9 25 TWINE 126 LTIE, BEE3C
AT T AW FEDR WL OMEREN TV B,
B ARBIT X, 7= kAT (Differential Fault
Analysis : DFA[3][4]) °7 7 > RIN% DFA[S], K5=
AT RO N v 7B E B LT RIE [6]70
EntE S TWAb. —J5 T, TWINE (2% % SFA
WZEH9 A HFFEIE RS 72 570,

3. REFE

AAFFETIE, TWINE (ZX%9 % SFA 2L 5.
SFA T, MfEAZBEBASES Z & TS FRBHEDYE
—MERERbN DT EIZER LTI 21T . AR
BNZIE, BBEIR AR OB EL DR B Hh RE O S N
VIBEBEFARAL, ZROOEAIHEL Y HE
XIRBIMRKRELRDIMNIEBTS.
BRERFEOMELX IR T. X LIZRT LT,
TWINE @ 36R H D& HE5HEfE (X 1 OFTix
XI) IHEAL, ZOmEEHETS. ZoREhREE
IR TH D70, FHEIIZEEMDORE S 3L C & RK*
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EHFET T LT 100 [ O EEA Y 53L& ER L7z,
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TV, 2OV % Effggss & UCRI L. Bk
RA2X 2R T. X 2 OREHNIARHTICAE A U 72
AN S O8 %, M EfRES A2 R LT\ 5.
fiEHTIZ TWINE @ 36R DT 7 RiEA w5 & LT
B, RT3t &b, ERRFER LY, T4
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h #zfEE T T AN T, 30 B O ERE A V) RS A
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HIEMWERTED., —FT, 4Ly 7Y

X, =S(C,®RK,)DC,

NIV EH 1B (24 = 16:8Y)
BRE | TEOwW
el 2.01 - =
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#1 BREFECTOHEET IV

e L N
FUELEY N 7Y v gg%zﬁyﬁAb:@%ﬁ
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32 °
28
=24
=20
f;‘é 16 —e—Dit reset
#®
& 12 bit set
H s bit flip
4
0
1 5 10 15 20 25 30
HIEAYREE XD
X2 ZEBER

v THEET LTI, EFEAET T FRA2HETET
ETCVWRNWI ERHERTE D, Tk, V4 AE
v b7V FEEEET VT, ATICNE LT i
IR ARFORF S HMEOE —HERH E VLT LT
RWZENFRKRE L TEZLND.

5. £&6H

AW ClE, TWINE |25t LTS UV EAICE
BLEZ7 4= M#TEIRE L. RIFIETIE 3o
DEGEE 7 V238N UfRhT L72 /5%, TWINE (23
WTCT X AEy Nty NEREET L E T 2 A
vy bty FETTAICEBWT, NI T EBRIC
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NI ARECH D Z E AL LTz,
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