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Isomorphism between probability and fuzzy measures
with its applications to attitude analysis

ooooo
Yahachiro Tsukamoto
ooooooong

Emeritus Professor, Meijo University

abstract: There exists an isomorphism between probability space and fuzzy measure space consisting

of essential 0-1 necessity measure, A-fuzzy measures and essential 0-1 possibility measure. This

presentation shows the derivation of such an isomorphic mapping, its applications to analysis of risk

averters or uncertainty averters, and a way to automatically generate an appropriate modal verb with

the use of truth qualification technique. In addition, some other studies than those described above will

also be briefly presented.

keywords: probability, ®,-transformation, fuzzy measures, linguisistic measures, risk averter,

truth qualification, modal verbs in everyday life
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The future conditional 0 0O 00O00O0O0OOO
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I1: If I study, I will get an A.
I12: If I study, I must get an A.
13: If I study, I should get an A.
I4: If I study, I may get an A.
I5: If I study, I might get an A.
I16: If I study, I could get an A.
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I7: 1t is the most likely that 1 will get an A.
I8: It is probable that I will get an A.
19: 1t is likely that T will get an A.

I110: It is not very probable that I will get an A.

I11: Tt is the least likely that T will get an A.
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(S1):The way things are going, I will certainly pass it.

(s2):The way things are going, I will probably pass it.

(S3):The way things are going, I will possibly pass it.
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almost certain, most certain)

I113:  sure ( can be sure, be totally sure)
114: believe (with evidence)

I15: confident (with evidence)

116: should (expect, hope)

I17: 1000 positive

000, Intention 00000, 000000,0000
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Sooooooo

I would not be caught dead wearing that hat.
Nothing is going to stop me from winning.

I am definitely going home early tonight.

ooooooooono

I have to do home work.

I am supposed to visit her tonight.

I am planning to attend the meeting tomorrow.

ooooad
I did not mean to hurt her.
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Fuzzy Linear Programming with General Necessity Measures Preserves the Linearlity.
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Masahiro Inuiguchi
0000 000 0ooooooo

Graduate School of Engineering Science, Osaka University

Abstract: In this paper, treatments of possibilistic linear programming problems by necessity measures
are studied. We show that the necessity fractile optimization model is reduced to a semi-infinite linear
programming problem under several natural conditions on implication functions defying necessity measures.
We show that the problem can be reduced to a linear programming problem when fuzzy parameters have
linear membership functions and implication functions satisfy a certain condition. Moreover, the same
results are given in the case when necessity measures are defined by two modifier functions. We demonstrate
the results when S-, R- and reciprocal R-implications are employed to define necessity measures.
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The Transportation Cost Management Technique using
Transportation Problem with Genetic Algorithm
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Osaka International University

Abstract: Logistics network design is one of the most important phases in supply chain management (SCM).
Transportation problem (TP) is a well-known basic network model that can be generally defined as a problem to
minimize the total delivery cost. However, the concept of inventory is not included in a traditional TP model. Moreover,

time concepts,

such as carrying costs in a certain period, are not treated. These restrictions on this model profoundly

affect the use of the TP model in the real world. In this paper, we formulate a Progressive Flexible Logistics Network
Model (PFLN). In this model, 1 year is divided into several terms and the annual demands of delivery centers are
satisfied for each term. To solve the problem, we applied an effective Genetic Algorithm (GA).

1. [FL®HIC

FRL—va X U —=F O TRINIZ
FH B 3 2 ik [ (TP: Transportation Problem)i,
Hitchcock HIZ & » TERILE Tz, ZDHMIL,
BEOMAGH DA OTFEM~, FFEEIw -
SD ETORERIA FORMETHD. Zh
ETITH, 1RO TP 2B LTz, 2 BfFfmikhlE
(two-stage Transportation Problem)=<°, [ & 2 #ii1% ii]
¥ (Fixed Charge Transportation),  HEMLAIHIK 2 £
9 Bd 2% [ B (escTP: Transportation Problem with
exclusionary side constraints) & VN5 72 E T /LR
SNTVDON, BIEET LV EHKR LSS, &
SNTVLHRZTIDLTrRbDLR>TND
[1-3]. B 2%, fEEOBEER L ORR OB,
WERD TP ET MTHEEN TRV, REIERK
NZEDOERAOHIIL, v YRAT 47 A0RE - &
FEONHTHEHEIN TWLMETHY, Rzt
IS PREREAR IR Y DA WTEE R A MR 5 HE
DPFIE S AUfET TV D, E7e, EEOMEE Y
W5 %6, FRICEET DB H D DD KR O
BMaThHs. TORFM &%, RE HIFRCH
HLHEET D L OB ER AT, M
b, ZEML LT MIBWT, &2 TChn/— K
PEFESNTWD K97, 7L F 7 L 7RRlikk
WEFFOFR Yy N —7 BT R, SO ERER
T ~OXS, EHIZIEAS HO X 5 ITEWELL Z
AT AT NEEBELTET VRES ORFIEHR
BLlgoTnD.

Z ZTCAMIETIE, LFEOR VAT 4 7 ADR
AL, BREM LTIV -0V RAT 4
7 A% v NU— 27 %7 )L (PFLN: Progressive
Flexible Logistics Network Model) =243 L, #iitiZ
BWTEBET & EHEaX MyMbzE1TH. M3
DFEFEINE, BEOREZI T IR T

- >
— —
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&, YRR RE ORI E b D BIcH T
JL Y X IL(GA: Genetic Algorithm) Z£:H 9 %.

2. PFLN O#1=

INETITRESNIZ TP OF T, M1DXH
A HOREREELVZBRELIEET L E
LT, V¥ TN -uaPRT 47 AKXy hU—
2 &7 JL(FLN: Flexible Logistics Network Model)73
HDH[4[5]. Z® FLN TiE, v hU—7 kiZfF
TET DB MRPAHEITHES SN TND E VD FE
MEFF->TRY, BLAE A — T —)DEE~ER
Wik T 5FRLHIINTND., LLRRDL,
—MxE97e TP & [AER, FEECRFICEI 3 2 8EEIX
EENTHRY, BV RT 7 ADSEE, %<
DEENHEL LTEBY, ZOHTRERMFET
& B O DEJHE B (inventory control) T 5. {EJE
B2 HZ LR NERE D20, (EREH
TIETELLETHEEELDRSMA DT LN EE
2725, LnLenb, fEEXARET L E0—1
ALV FN D ATREMEN 8 5 723, @) e 7
EHEFFT 2 Z LI fEHa R M &, —E AL
N EFELNGUASHALERLS. OFD,
AL A2 RIS, DORBIERAHIL, #Bih
SO N O FEJE B A i EICHER S PRI % = L3
BELATH2BEERELOTHD.

AL CTIRETHIRER 7L XTI - v PR
T4 AFX v hU—27FET )L (PFLN: Progressive
Flexible Logistics Network Model)iZ, £ ® FLN
(RO SN L, T childsh s 8
LHEL L THESE-ETFT L ENWZ D, EFME
RIZHT Y, [EEOMEEERT 2 L THEL R
HHMOMRICHONTHBE L7z, W, "WihE
T OREL, HEOTEH &L a7
H(ERED), EIXEHIITOND. Z 2Tl
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LET b ZEITo 72, BRIZIE, 1 % 4
W20, BHIOMESED R b, R OEEHER O
B/MbE BRI LTV D,

(e

qﬁl‘ﬁ‘ = % = % = 'ﬂ%‘
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i=1 j=1
] J K
Zx;,(t)+2x;,(t)+2xgk,(t)z ey, Vil p @
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(DX, SHEH DR KR REICBET K54 TH
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NTEXEEREELEZE LN ORI EREZ R
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1. A= 27 J — GA(st-GA: spanning
tree-based GA) [6]

2. EESENEALEY GA (priGA: priority-based GA)

3. AT U REESENARL Y (h-priGA: hybrid
priority-based GA ) [6]

4. RV« T8 L% —M (Brk-GA:
Boltzmann random key-based GA ) [7]

5. ATV ReARLY=r e TUHLF—
M GA(h-BrkGA: hybrid Boltzmann random
key-based GA )

TREIC, & GA OREZ R,

#£ 1. HIRICHWD GA L ZDRRIE

GA SEERT %X ERER | fic BR
st-GA | Pruferfir—2x —RXE B3] - I—L v R
priGA | BRIEREA—X WMX A - I—L YR

h-priGA | BEIBF~N—X WMX X on L—Ly MR
S LFx— = = BV ESS

Brk-GA Py —RXE 32 - Jo—LoREEE
SV L¥x— _ EIAEST

h-BrkGA Rz ARE X on Jo—L oS

Z Z T, Weight Mapping Crossover (WMX)iZ,,
priGA [Zi# L72 R X{E L L TRESNTZFIETH
5H[6]. ZOFEE, —RRXXOYEERME LTHRS
ZENTED. ¥, Vrvguyyrarhn
— 7 (flc: fuzzy logic controller)lE, 28X 3 & JE5R%8
WREF— N Fa—= T FETHL[6]. KATiE
EHWLGE, EEO#EEIZEIMICH BT 50,
JOPTE~ BRI T D ATREER B 2 bivd. £ 2
T, AENFZHE TICEE DG LSR5
89 % Brk-GA & DI 24T 9 [7]. AWFETRE
T 5 TP &7 /LT, t HIRIZ DC ORMIFEEE 2 IR
ETDETNERS>TND. RFAOFZTFHEIX
FEECEBEZICH LTZUL T O TRESH, 20
THIME D b BAE O & A 2 L1\ 72 B3 Ik
FEERLIRD.

THME = axAlEIFERHE+ (1 —o) <@iET-HIE

Ve () = gy (t=1) + (1= @) gy (t=1) (12)

ZZTC, R o CEEERD) 1L, 0<a<l O#i
FCHRESND. a1 ISEVIE EERTEZ2 B
L, 0 lCiEWEEEEDRmAZEMRT S &Ik
D, 32108, ERICHWET A MT—Z &R,
BUEEER 21T 5 121E, R A X — FMRF(t=0)D T-H|
ERAME L 225720, = ZTlE 100-150 O T
VA NIEAESET-. £77, DC OYIHEE &I,
ZTNEN10-20 I TT o Z ATERR LTz

F2. TANTF—X

No. of
plants (i)

No. of
DCs ()

No. of
retailers (k)

No. of
customers (l)

Mutation
rate

Crossover
rate

Problem
No.

Population
size

1 2 5 8 20 100 0.2 0.1
2 3 7 12 30 100 0.2 0.1
3 5 3 12 45 100 0.3 0.1
4 6 8 20 80 100 0.3 0.1

£ 31, KT Y A L%E 30 BTOEIT LK
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D BfE, EOYY), BEHERZESD), % L TFRY
FERREACT)Z/RT. £72, HEMO FIORS
NTWHDNE, FHTofREEHEE)THS. X3
L, M4 %2 t=1 & LTHFIT LG A0 7
7 ThDH. ZZTIE, 500 ALK, 4 GA @
LT R O Tz,

4. WERLESHBRDEE

FEEMNS, 5 FEETICHBWT PFLN 2fE< Z
EMARETH o=, £, ECORMMEICXL
Brk-GA 73 Bfi#(Best)Z TV D Z &3 bnd.
S BT, fROF-EJ(AVG) & R FHEREE(ACT)IIZ 3
WTHERETOD Z DRI NTZ. 2L, 7
VHELF— R ZDYEEREBINZLY T
RN EEEATEZZEMEAL WS EE
bbb, i, v—BH Y —FEEA TN
5, HOFHRERMTHERD D Z ERAEETH -
72, FIE 4 T, stGA & priGA 2MEV VEEYE(R 75(SD)
BZE R L. L L7 S, AVG % Brk-GA & FHig
L7cty, BREN LWREZRLANINR L2 Z &
EHERTHZEMTE D, £/, FLCZE AT D
L&, MERFENEMEIND Z PR TE S,
L72>L, priGA & h-priGA, Brk-GA & h-BrkGA %
THENLARTZHE, SD ERAHELTWS Z &
NERTEND. I, S bo=Diz, &
MIR&E S BArMEzRERHLTLES>TWNDH I L
ERLTWD. BONTMOEN G R T, Brk-GA
XD RAICH AR 2R L TV D EE XD,
Brk-GA & i FEDOF T—HFH W TP H GA Th
% st-GA Z el 34U, e B T RfIE 6.3%008 S 41,
R 66.1%8GE SN TV 5.
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st-GA priGA
;mblem Best AVG SD  ACT(s)| Best AVG SD  ACT(s)
0.
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On a Representation of weights for Inner Dependence AHP

Ki 5E— TRk EEZ
Shinichi Ohnishi Tatsuhiko Saito
Ay = R A R

Hokkai-Gakuen Univ. Hokkai-Gakuen Univ.

Abstract:

Hokkai-Gakuen Univ.

v A Jew
Takahiro Yamanoi Hideyuki Imai
Elnir=ar PN AbE R

Hokkaido Univ.

AHP (Analytic Hierarchy Process) has been widely used in decision making. Inner

dependence method AHP is one technique even in case of criteria have dependency. However comparison
matrices as data do not always have enough consistency. In these cases, fuzzy representation for
weighting criteria is useful. In this paper, we refine fuzzy weights of alternatives using results from a
sensitivity analysis. It also can show its usefulness when the comparison matrix data do not have

enough reliability.

1. [FL®HIC

PNERDE B T AT FE UE AN PE M E T & 7R\
AICHWHIAHPO—TFTETHD. L LEBEOIG
AT — R BATHND 0 A2 F 27202
2, T—XIAEEE B2 DN TV DA T
LD, ZOLIRGA, BEEEDT 74 XBN
HFRTHLZ ENMbBNTND
AR CIILARNCIRE LT E O R 2 A nWi- o
oA FRIUOWTEEL, HDWOEWEOLLEIZS

WTH R ARET -, £ L TF—ZIZ 0 E N
BNGEDOBERZ 2R IT72D0, BEEOEEXE (v
A b)) REZRE, BLTD.

2. RERHESE AHP

WE D AHP (2B W CTIEFHMEEEELE DN VE 2
TEHIVERDDH. LN LEEROGHICBWTIEZED

L9 eI EA WO LIRET S Z L EE LV VIR
DFEIET D . WEIEBIE[SIEZ D K 9 7R3 THW
5—20 AHP DIEIEIFIETH 5.

WIEMEIBIE CI3iERAT F={f;}, Z W\ T, BED
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A Study on Pairwise Comparison Scales of Fuzzy Exponential AHP
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Abstract : In this paper we propose to introduce the concept of exponential fuzzy number into a simple
AHP(Analytical Hierarchy Process) model. The variety of the bottom “@” in the exponential fuzzy number
has a big influence on the decision making of AHP method. We will discuss the optimal bottom “@” which
maximizes the difference of weights between two alternatlves
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Infinite Series orthe Fuzzy Number Space

MG 2R AR

Jiro Inaida

HAKZ
Nihon University

Abstract: It is well known that fuzzy mapping plays an important and fundamental role in fuzzy analysis.
In this paper, we attempt to determine extensive classes of these fuzzy mappings that are represented by their
Taylor expansion. We have first obtained that the continuous function f(x) can transform a fuzzy mapping f(u)
using the extension principle. And we discuss some properties of the series of fuzzy numbers. From these
properties we have seen that f(u) has the property of being analytic for the analytic function f(x). Finally as

an application, we give a sufficient condition for convergence of a fuzzy alternating series.

Keywords: fuzzy number, fuzzy mapping, fuzzy sequence, fuzzy series
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The Choquet integral model include compensation and non-compensation models
: Estimation of compensation level of marketing data

gooono
Eiichiro Takahagi
oooo

Senehu University

Abstract: Choquet integral models can do the intermediate evaluation among maximum, weighted av-
eraging and minimum. In marketing non-compensation models, the maximum model is the conjunctive
model and the minimum is the disjunctive model and compensation model is the liner functions. To
apply the Choquet integral model, we can do the intermediate evaluation among non-compensation and

compensation models. Lastly, we estimate the degree of non-compensation and compensation level.
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[Fuzzy] [Multi] Sets and Free Monoids

oNH Bl  EHAEH H2 1 HEAA T RRAE NIRRT

oTetsuya Murai  Sadaaki Miyamoto  Masahiro Inuiguchi Yasuo Kudo Seiki Akama
Bl R EpNES PR T NP NS FEWTERY CURTVvZ
Hokkaido Univ. Univ.of Tsukuba Osaka Univ. Muroran IT C-Republic

Abstract: In this presentation, we make some consideration on the concepts of [fuzzy] [multi]sets from a point of view

of free monoids and on roles of sequences in uncertain information processing. For the purpose, we reforivellate na
subsets and multisets as some quotient sets induced from free monoids as the set of finite sequences, i.e, strings based
on equivalence relations. Finally we remark that fuzzy multisets would be better defined as multisets on the set of truth
values excluding 0, which should behave as the identity element because multisets must not count non-membership.
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—Iid, BIEDMBABEONT VWS LEEX OGNS, FH—#HT 5 : PU)={A|A:U - 2}.

HIREE DIMERFLIE (X0, -+, ¥aa} IR LT, ARE

Bx (i=0,--,n-1eN)ZELZEZEZXT,

IHEBIX (DR EHEFR) A2 edhv. 128,

HABRROESIZ0 2502 T 4 N={0,1,2,..}.
lEWS, £H5ORBEE UTCEBIZHET S, L

22. RIVFEEL

ULEDYLFEEIIY Y MEBu:USsNELT
EHZFIND. HFEA supp(u)={(xeU |u(X)>0}% ud
AL, YVFEE p, 1 FOHENE L GEBERI

7b=b, MHT 5, LW RANZLESTHS. Lh p=p e V¥xeU (uX) = i'(X)
L, BEDOGEH 5. HlxiE, CoddDEE%RT — & pC i e vVxeU (ux) < 1 (X)

NR— 2O (cf.[1, 8) I2BWVWT, X TIVOEENHX
N, WS BHANS B, —f, SQLCR[2) TRE KXo TEHIND. 7z, U (A B LT n LEip
ERZINEZRETHY, SAFELTHHBT S0 ) ITHA, + (IE) OEFES EREBIZERIND ¢
MAKDETHA S, LWOERDERINS.
U 1 )(X) = max(uX), 1’ (X)),

BLED 512, OB B AR & %A T u “ﬁ)_ X109

5. ARTIE, HHE A K (CL[10]) OYEH S, Fi (0 )09 = minGu(x), #().
B (cf. [5, 10) 2 AL LT, [77 VAWV F] (e + 1)) = u( + 1'(%).

%A (cf[10,12,6,7,11,9, 3, 14JL DWW TELET 3. U EDvLFEa2EE MU) CET -
2. #fm M(U) € 1 U > ).
2.1. MAEE
(A|AC U} IZEAHE U (A6 & n (@), © ¢
EE)ITEEL O L 2ERESU 2INAT, 77—
(P(U),U,n,C,0,U) 277, BESO LREESUIE TEHTDIE, ME+ BT RAITIIREDS,
BEBERCEZEREEZZRED, ThEh, B/ &MU, +,0) IEWie ) 1 Nickhbd., koT, MH

0(x) = 0 (Yxe U).
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P72 (M(U), U, N, +,0) IXRNEfP v #E / 1 N TH
5. 7=, (MU),C) BIEHFEATH D, 0 (e MU)) Ix
ZOJEfR c BT 27Nt TH S, MU) IFm Ko
Fr-mowoT, —fRicHinEEIERTE R VL

2.3. 3

D EFHIZERD 5 (cf. [5,10]). ARTIXAERI S
FEHEUDPSERINIEHBEE/ A NU DERLTS
EFRERD. U DEHEE ORI LA . TERSh
LitEH ks U & &L A ITEAR (s (5-9) =
(s-8)- & (Vs,8,8" € U")) Zili7= L, 7281 e |3
FIZBT 28 THD (s e =e-5=¢e(¥seUY)).
oT, WU, &) E/ A1 RTHY, U LOHHE
A4 REFIEND. U DEFEZF| & ITER2,

£5 se U I L T, &idE x D sH D BRI
525507 NEK

ct :UxU" >N

EIRET S, ct'(x,9) & x ¥ s HUZ BT 5 B TH
5. FlsDHEIEFRATERIND :

supp) def {xe U |ct(x s)> 0}.

Fls= XX X, S = Y1¥o---Yym WZBAL T, sA' ¢
DEDHNTH B (sC 8 EL) &L, HFPHEAFHE
e:NoMMPFELT, EED keniZHLT, k) =
S(eK) £ THSE. 22T, —fRiZ, AR N>
DIZHLT, n={0,1,--- ,n-1} TH 5. &5 DREHR
ClxU* LDlEFRTH Y, (U C) HEFEETHS. L
"L, EEDH s g IzB LT, EMR (join) & TR (meet)
BB TUBFHELRVDT, —IZ, HITIEBR 520,

3. BHE/ A REVILFEES
U Lo IHBR ~y 2 XARTEHT S

s~u S © ¥xe U (ct'(x,s) = ct'(x, 5)).

-
-

INIXFAEBRTH O, RBET KT 250 % H |
e 5. BES U~y OEHE% [s]., TlERL,
HIZ [y & EL. FED [y (€ U*/~n) IZDWNT,

S e€[gm = ¥xe U (ct’(x, S) = ct’(x, 5))

DO LE, ct(x, ) DIEIFRETLOED Hiziks T,
[Siw (BT 2 H > hEE M : Ux(U*/ ~v) > N %

ctM(x, [S]v) = ct(X, S).

Ui 2 AR IZ 2 BT A% L LT, [4,13] Bid 5.
CHPEHAII VI UVIEEE NG @ xyz=X-y- Z.
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TEHTES, HEMIZEL T, XDBEH LD

[Slv = [STm © ¥xe U(etM(x,[s]w) = ct™(x, [STm))
[Sly PEZERNTEET S :

supp! ([slm) &' (x € U | ct™(x, [S]w) > O}.

FMEE [Sm, [STm € U*/ ~m IZF LT,

(1) ct*(x,t) = maxctM(x,[Sm), ctM(x,[S]u)) TH %
I RteU BH->T, TOEIFIKSTIZ

[sIm Um [STm « [tIm,

(2) ct*(x, t) = min(ctM(x, [s]m), ctM (X, [S]m)) TH B &

S teU BH->T, TORVFIKSTIZ

[Sm e [Tm E [t

THBEZEZRETDE, RBFEH D :

ct™(x, [sImUm[STm) = max(ct (x, [s]m), et (x, [STm)),
ct"(x [slunm[sTu) = min(ct (x, [s]m), et (x, [STwm)).
Wo>T, AFDADRK O IO &5
[Slm Um [SIv = [SIm,  [SIm Nwm [SIm = [S]wm,
[sIm Um [STm = [STm Um [S]wm,
[sIm Nm [STm = [STm Nwm [S]m,

[slv Um ([STm Um [STm) = ([SIm Um [STm) Um [S7Tm,
[slv N ([STm Om [S7Tm) = ([SIm O [STm) Om [S7]wm,
[slm Um ([SIm N [STm) = [S]ms
[slm v ([SIm Uwm [S]Tm) = [S]ms
[slm Un ([STm N [871m) = ([SIm Ut [STw) O ([SIw Una [87Tw),
[sIm N ([STm U [87Im) = ([SIm N [STm) Um ([S]m N [S7Tm)-
£oT, Uy & nu iFZENZN, join & meetTH D, ##

i (U™ ~m, Um, ) IEDBLRTH 5.

RERE U~y DB [S]u, [STm 12X LT, FiIHD
EEHE AR LT, FEEEOER +y &

[Slv +u [STw = [sSTw

TREETD L,

ct™(x [SIu +m [STm) = ct(x [S]u) + ct™ (X, [STw).
W OLD. Ko T, +yv RFEMEEH O Y > B
ctM BT A IETH D, REKD LD -

[SIm +m [STm = [STm +m [S]wm,

([sIm +m [STm) +m [S"Im = [SIm +m ([STm +m [S"Tm)-



WL 4y ICBIT BT (BAL) 6% Oy €[]y CEET
X, EBE, [Slm+mOv =Ov+m[Slu =0m TH 5. &o
T, W& (U*/~m,+m,0m) ETHEE ) A R THB. &
12, Mk join 8 X meetk DI, FhZh

(Sl +n ([STw) Un [S"Im) = ([SIw +n [STm) Um ([SIw +m [S"Tw)s
[Slv +m ([STm) O [S"Tn) = ([SIm +m [STw) N ([SIm +m [S"Tm)

DO NLD. Ko T, Wh&E (U ~m, Um, N, +m, O ) 1
HIEFTHE ) 1 FTH 5.

HIR D join (meetTH K \W) 225, U*/~y LOJERE
% [Sw Cu [STv S [Shy Um [STw =[S 12 & > TR
HETE, MU/ ~w, ) BIEFEETHS. Oy lxZ
DIEFD T THR/INTTTH 5. BHSPITRAD LD LD ;

[slw Sum [STm © Yxe U (ct™(x, [s]wm) < et (x [STm)).

BILDAE TRV D, #5E (U*/ ~m, UM, N, +m, 0m) %
Bz, Ut~y &L

U LD VFEEDRE MU) EARHiO U/ ~y &
DEARIZDOWTHERS. By MU) > U/ ~y 25
ueMU)IZRLUT, ylu)=[tly CTEHET 3. ZIT,
FItIHERED x e U T LT, ctM(x,t) = u(X) %27z
TEOIEIINS. ZOK, ¢ 2B THD, MU)
DHEHEUB LU N, + 2RET 5

Yo p') =) Um ),
Ylunp') =) m v),
Yl + ') = g(u) +m ().
DFED, YliEMU) 25 U~y ~NORIBEHRTH D,
ZHUZ&-T, MU) & U~y & ZFA—FHT 5 :
M(U) = {u | Is€ U (u = [s]m)}-

4. HHE/ A FEEBOES
M(U) (= U"/~n) EDOZHHBIR ~p %

w~p i & supp’ () = supp' ().

IZE-oTEZET AL, HoRIZFAMEREZKTHD, <L
FHEE EAORESERDOBEAZERT S, AT, e
&MU/ ~p Z2EZ 5. FMEHE [u]p DEIFRKITCDE
D oS 12 supP([ulp) € supp!(v) TEETE 3.
I (e, [1]p DRI DWW CRAIK Y 3L

[ulp = [1]p & supP ([ulp) = supP ([u']p).
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[ulp DEHERIEL ct® 1 U x (M(U)/~p) = 2 %

x € supp'([ulp) DL F,

17
ct”(x. [u]p) =
0, Thbsor =z

VCE%Té ’fﬁ%’z\@ [,u]p, [ﬂ']p (S M(U)/ ~p &:;ﬁbf,
HE Up & np 2 ENTN,

(e Up ['p € [ Um ]p,
[lp O [ ]p E w1 1p

TREFRT DI, FERRBIZEL T, RHOWEEA D LD

ct”(x [ulp Up [11p) = max(cE(x, [u]p), ct(x, [u']p)),
ct”(x, [ulp e [1p) = min(ct”(x, [u] p), et (X, [1']p)).-

Ihh s, UTFOMENESIZEPND :

[l Up e = ke,  [ulp Np [u]p = [u]p,
[l Up []p = [u']p Up [u]p,
[klp e [k]p =[] NP [P,

(1l Up ([1']p Up [1"]p) = ([ulp Up [1']p) Up [1"]p,
[kde ne ([1'Tp Ne [1”1R) = (Wlp Ne [w']p) Ne [P,
[ulp Up ([ulp N [1']p) = [u]P,

[ulp Np ([ulp Up [u']p) = [1]P,

[1dp Up ([']p e [1”1p) = ([ude Up [w]R) Ne ([ulp Up [1"Tp),
[1de N ([u'Tp Up [u”1e) = ([ude e [1]R) Up ([ulp Ne [1”]p).
£oT, Up, Np IZZNZ N join, meetTH b, Hid

(MU)/~p,Up,Np) 1Z (D72 LB) DR TH 5.
B DINE +p XNV FEEDINE +y 225, T
B [u]p, [u']lp € MU)/ ~p IZXF LT,

[ulp +p [u]p
ko TEBTES., UL, HEUp ILHRT S :

def

[t +m 1 Tp-

e +p [1']p = [ulp Up [1]p.

M(U)/~p LONEFZ [WlpCrlule & [ulpUplile =
Wlp (e Wpnplule =[ulp) TEET DL, AICEL
TRV DD -

[lp cp [']p & supp’(u) < supp’ ()

NERE L (M(U)/ ~p, Cp) 1250 T, Op £ [Ow]e I2IESE

Cp BT BRINILE RS ¢

[ulp Up Op = Op Up [u]p = Op.



—4, supp(u)=U &2 unib b, TOREFHIMKS
P, % 2ERTE, G ItETARATLES

[lp Np 1p = 1p Np [u]p = [u]p.

(MU)/ ~p,Cp) IZIRRTEDTFET DT, LED [u]p
WXL T, supp’(u) = (supp () E 2T u, ) B
FEL, ThoDBETHIZESTIC, HAEC %

([1p) = [W'Tp
TEHTET, RHWH LD :
([ulp)™ Up [ulp = 1p,  ([u]P)™ N [u]p = Op.

->T, HE (MU)/~p,Up,Np, % 1p,0p) & 7 —
VWRETHB. AR, BELMPELCLVWERD, #id
(M(U)/ ~p,Up, Np, %%, 1p,0p) % M(U)/~p L HEFT 5.

REEL PU) EAHD MU)/ ~p & DBEFRIZDWNWT
HRZ. B g PU) > MU)/~p %, Aec PU) Ik
L ctP(x, [u]lp) = AKX) Zii7= S5 u 3D, ZTDEDS
TR ST, E(A) = [u]p TEHTES. £IXLHHTH
b, HEUBLUON,C, AT, BINTERETS

EAUB) =£(A) Up £(B), £(ANB) = £(A)Np &(B),
EAC) = (A%, £U) =1p, £(0) = Op.

BsT, £ PU) 25 MU)/ ~p ~DRBIGETH 1,
ZHZ & o T, PU) & MU)/~p ZFH—FHT 5 :

P(U) = {X|3u e M(U) (X = [u]p)}-

5. 8bWIC

Yager[12]ix7 7 ¥+ ¥ VFEEEGE LU — M(1)
CUTEHLE. 22T, 1=[0,1]TH5B. ZOEH
OREIZZ L —FO(BEBRW)EAT Y N LTWS K
Thd. ZHEDLST, Yager[12](p.33)TIEZ'L— R0
DEEZENPET LIV LAV EERLTWS., #
HBEIIVWR, ERLEIFETS.

ZDEDMED D, YagerEHD 7 ) AT EH
2B, YAFEAE L U > MQR)THB. Lal,

M(2) = 2/ ~wm= {[0*1™m | k. me N}

- >
— —

Thdhro, —fIZ, 02 kEAY Y FLTWS.

T, 0K=00---0, 1™ = 11---1 TH v, Kz, 0° =
e e

k m
1° = e THD. BB, S VFESOMERNEE

Ho fin-1
£ (i € M(2)) &F 21,

_[0%w [0 [1%m
My = { , , }

X y z

FU DS MR)ANDEHETHS. LhL, oI
LVFEETIERW. £oT, MU)c My(U) TH 5.

INEBETFZ720121F, 0ITRLT, 24 e 25t
TR IV, EREIZIE, ROEME

7:2-1{e1} (7z7ZL,7(0)=¢, 7(1)=1)

#EZ, M) DERIZEHSBIZEMT 5. HIZE,

7([0%m) 7([0'1%]m) T([1*]m)

T(uy) = { , , }

X y z

:{[«92]M (113 [14]M}

X y z

:{[1O]M 13w [1%]wm

X y z

V(e = 1%275)

ZHNE NV FEEDMERE M{1)) & L2 &tk

p=1ly) 1 U - ML)

L2L, (LHIE—aEE9x

MULF) = {1 /~m = {1} = {5, 1,1%---} =N

R0, t(uy) XAy NEKAS, TRbE, BRD
WRLDTHE., 7791 DGEIFILGTHRET 5.
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Suppressed Fuzzy c-Means []
O00000000000000

Some Behavior Analysis and a Method of Parameter Selection in Suppressed Fuzzy c-Means

OO0 00 OO0 000 OO0 00
Hiroyoshi Asaki Mayuka F.Kawaguchi Masaaki Miyakoshi
ooooo ooooo ooooo

Hokkaido University = Hokkaido University = Hokkaido University

Abstract: This research work focuses on Suppressed Fuzzy c-Means (S-FCM) as a fuzzy clustering method.
In S-FCM, a parameter a weights each membership, and the iteration count of the algorithm is reduced in
comparison to the case of FCM. Also, Modified Suppressed Fuzzy c-Means (MS-FCM) has been proposed
in order to select a automatically. In this report, the authors show how clustering result of S-FCM behaves
with the variation of . And then we propose a new method to select a by using variance of each cluster.
Some numerical experiments show that our proposed method is efficient in both aspects of the clustering
performance and the iteration count of the algorithm.
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Abstract—In this study, we present the fuzzy random vari-
able based multi-attribute decision model. The proposed
concept can be used to model multi-attribute problem where
fuzziness and randomness are accompanied. We include the
procedure for building a multi-attribute evaluation where
the attribute’s weighting is performed by fuzzy random
regression method. This emphasized that the proposed
model is useful to facilitate this decision model in evalu-
ating alternatives and indicating optimum choice under the
presence of hybrid uncertainty.

Index Terms—multi-attribute decision making, fuzzy ran-
dom variables, fuzzy random regression.

I. INTRODUCTION

The ultimate goal in multi-attribute decision model are
describing the decision making with more than single
attributes to obtain the best alternatives among the set of
evaluated alternatives. In a linear evaluation problem the
final ratings of each alternative are assessed by a linear
function of relative merits of attributes. The relative merits
of the alternatives are judged by comparing and ranking
the final ratings. Therefore, weighting the alternatives
plays a pivotal role in multi-attribute decision making.
It requires weight information for attributes. Typically,
decision makers play an essential role in deciding the
weight. However, in real situations it is sometimes diffi-
cult to estimate the weights when the appropriate value
can not be provided. Even though mathematical analysis
may contribute to determine these weight, historical data
used may contain fuzzy and random properties and should
be treated properly.

The traditional multi-attribute method was developed
to handle problem with certain information. That is, crisp
evaluation is used in the formulation of multi-attribute
problems. Nevertheless, it found difficulty with the fact
that human judgments are included in the decision pro-
cess model. In the representation of human’s knowledge,
a crisp expression is not always appropriate. In many
multi-attribute problems, the information available to a
decision-maker is often imprecise due to inaccurate at-
tribute measurements and inconsistent priority judgments
[4]. Decision knowledge is represented with uncertainty in
both qualitative and quantitative forms. In such situations,
uncertain and imprecise data are usually present which
make the decision making process complex and challeng-
ing. Furthermore, random characteristics may be observed
in the evaluation process at the same time. Fuzzy random
situations exists when the response is not known may be
expected from any given respondent, and the responses

Nureize Arbaiy
TFaculty of Science Computer
and Information Technology,
University Tun Hussein Onn Malaysia,
86400 Batu Pahat, Johor, Malaysia
TE-mail:nureize @uthm.edu.my

will be characterized by fuzzy number [2]. Thus, the fuzzy
random variable is then useful to deal with the situations
where the actual value of random variable is ambiguous
[1]. When a regression analysis will be possibly used
to estimate the weight of the attributes, a fuzzy random
regression is introduced to approximate the weight [5],
[6] where hybrid uncertainties co-exist.

In this paper, we propose the multi-attribute decision
making scheme to accommodate the evaluation process
in the hybrid uncertainty situation. We highlights two
issues that should be addressed. First, it is necessary
to derive a set of numerical weights representing the
importance of the attributes with respect to the total
evaluation. Second, when both of the random and fuzzy
information are present in the observed data, it is required
to characterize the data not only by using the formalism
of random variables. Hence, the objective of this study is
to build a fuzzy random regression model with confidence
intervals in the fuzzy multi-attribute decision making
design. The use of the fuzzy multi-attribute decision
making scheme enables decision makers to evaluate and
find the importance weight and further provide a ranking
for selective samples.

The remainder of this paper is organized as follows.
Section 2 describes the preliminaries of fuzzy regression
model and fuzzy random regression model. Section 3
explains the solution of Fuzzy Random Regression for
multi-attribute decision making. Finally, conclusions are
drawn in Section 4.

1I. PRELIMINARIES

In this section, a fuzzy regression model and fuzzy
random regression model are explained. Specifically, the
fuzzy random regression model is built on the basis of
confidence intervals.

A. Possibilistic Fuzzy Regression Model

A possibilistic regression analysis is characterized
based on the concept of possibility, where a fuzzy regres-
sion model is reinterpreted in the context of possibility
[9], [8]. Additionally, a fuzzy regression model was in-
troduced for fuzzy data, which involve heuristic methods
to determine the product value between fuzzy numbers
[10]. In such a case, a fuzzy regression model is handled
within a fuzzy methodology and this methodology can
be utilized for the evaluation of multi-attribute decision
making problems [4].

A possibility model is a re-interpretation of fuzzy
equations and deals with a linear regression analysis
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formulated by possibilistic linear systems. The extension
principle used in the model formulation can be explain
from the possibility measure. A fuzzy regression model
is built in terms of fuzzy numbers and all observed
values expressing uncertainty in the system. That is, the
fuzzy regression models ought to contain all observed
data within the estimated fuzzy numbers. Assume that we
have K attributes and N samples, use k for indicating an
attribute number, and ¢ as a sample number. The input-
output data point D; = (x;,y;) is interpreted in such a
way that a fuzzy number z; is the i*" input for a certain
system and y; is the associated output, ¢ = 1,---  N.
Assume that, regression coefficient Ay is a triangular
fuzzy number Ay = (ak, Ar), k = 1,---, K with centre
ar, and width A;. An input vector x; of all attributes is
characterized for the i*" sample.
The fuzzy regression is written as follows:
Y =[Y] = [Adizin + - + Axonvk] = AXE

zi=1;i=1,---,N. (h

Definition 1: Let us denote a symmetric fuzzy number
A; as A; = (a;, \i) 1, and is defined by:

pa,(ci) = L((c; —as) /i) )

where reference function L(z) satisfies L(z) =

L(—x),L(0) —1 and L is strictly decreasing on [0, +0o0].
According to the extension principle, Equation (1) is

rewritten as following possibilistic linear equation:

Yi = AX} = (ax{, A[xi|®) @)

where |x;| = (|xal, -, |xix]|). The possibility output
Y, is calculated by a possibility measure. The output of
the fuzzy regression (1), whose coefficients are fuzzy
numbers, results in a fuzzy number.

The regression model with fuzzy coefficients can be
expressed using the lower boundary ax! — A|x;|®, cen-
tre ax} and upper boundary ax!+ A|x;|*. The total
evaluation centre for a sample (y;,x;),7 = 1,---, N
is described as a fuzzy number y; = (y;,7v:). y; and
v; are the total evaluation centre value and its width.
Considering a value vector, x;, of all attributes, where
the template membership function of fuzzy coefficients is
set to L(«), and membership grade «, should extend a
sample included in the regression model. The inclusion
relation between the model and the samples are expressed
as follows:

Yi+ L7 o)y < axt + L7 (a)Al!
Yi — L o)y > axt — L} (a)Axl!

“

In other words, the fuzzy regression model is built to
contain all samples in the model. This problem results in
a linear program.

The regression model can be written as the following
linear programming problem.

N
: t

121,1/{121: Alxi|

subjelct to:

Yi 4+ L7 o)y < axi' + L o) \|xi|®
Yi — L7 )y > axi' — L™ (o) \|xi|®
1= 17 B N7
A >0,

(&)

where (yi,%;), i = (Yi, Vi), Xi = [Ti1, -+, Tix), for i =
1,---, N are the notations of observed data and fuzzy
coefficient vector A consists of fuzzy coefficients Ay =
(ak,)\k) for k = 1,---,K .

The linear programming Equation (5) minimizes the

N
width Z Alxi

i=1
inclusion relation (4) in order to determine the fuzzy
parameters.

t_ subject to constraints explained by the

B. Confidence Interval Based Fuzzy Random
Regression Model

In this section, the fuzzy random regression model
is built by using confidence intervals. Fuzzy random
variables are introduced as random variables whose values
are fuzzy numbers as follows.

Definition 2: Given a universe I, let Pos be a possi-
bility measure defined on the power set P(T') of T. Let R
be the set of real numbers. A function Y : T' — R is said
to be a fuzzy variable defined on I'.

The possibility distribution py of Y is defined by
uy (t) = Pos{Y = t},t € R which is the possibility
of event {Y = t}. For fuzzy variable Y with possibility
function, p(y) the possibility and necessity of event
{Y < r} are given, respectively, in the following forms:

Pos{Y < r} =suppuy(t),

t<r
Nec{Y <r} =1 —sup py(t). ©)
t>r

The expectation based on an average of possibility and
necessity is defined from [3]. The expected value of a
fuzzy variable is presented as follows:

Definition 3: Let Y be a fuzzy variable. Thus, let us
consider the credibility measure. Under the condition that
the expected value of Y is one of the two integrals is finite
and defined as:

T (; [1 + sup py (t) — sup MY(t)} ) dr
E[Y} _ 0 t>r t <r

T e rr])

Note that the credibility measure is an average of the
possibility and necessity measures.

Definition 4: Let X be a fuzzy random variable defined
on a probability space (2,%, Pr). Let us denote,

[c=1+4sup Hz(w)® — sup Mz(w)m]’ and
t>r t<r

()

[d =1+ sup [z (w)® — Sup fzym]. The expected
t<r t >r
value of X is defined as
oo 0
E[X] :/ [ S (3le)dr— [ (31d])dr | Pr(dw). (8
Q 0 —o00

Definition 5: Let X be a fuzzy random variable defined
on a probability space (Q, %, Pr) with expected value e.
The variance of X with e = E[X] given by Definition 4

is defined as:
var[X] = E[(X —e)?]. )

In this paper the main concern is on the properties
of possibilistic linear model which is considered during
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the formulation of fuzzy random regression model. A
possibilistic linear system can be used as a model for
interval analysis. Let us regard that the input data X;;, =
(zik, zly, 2% )7 and output data Vi = (Vik, Y, y2)T
are taken for values of fuzzy random variables for all : =

-wNand, k =1,---,K. Here forall i = 1,--- | N
and, k = 1,---, K, Y; and X;; are fuzzy random data
defined as

My,

vi= (A0 Y i}

t=l

10)

My

X = | {0 X5 X507 dh ) (1n

respectively. That means that all values are given as
fuzzy random variables, where the fuzzy values Y; =

(Yi, yhy)r and X = (@i, xly, 2% )7 are obtained
with probability p! and ¢!, for i = -, N and,
k=1---Kort = -, Mx,,, respectively. Let

us denote a fuzzy linear model with fuzzy coefficients
T, A as follows:
= AT X + -

+A}((XiK, (12)

where Y;* denotes an estimate of the output and A} =
) w1

(W,AZZ,AZU)T are symmetric triangular fuzzy

coefficients for given triangular fuzzy random data X

fori =1,---,N; k = 1,---, K. When fuzzy random

My,
outputs Y; = U {(Yt v th")T,pz} i=1,---,N

are given at the same time, the fuzzy random linear model
is used so that the model includes all given fuzzy random
outputs. Therefore, the following relation should hold:

Y =A1Xa+  +Ax X Drr Ys, i=1,---,N, (13)

where Dppg is a fuzzy random inclusion relation.

At this stage we establish the confidence interval
which is induced by the expectation and variance of a
fuzzy random variable. A one-sigma confidence interval
expresses the consideration of confidence interval of each
fuzzy random variable and is expressed as follows:

vovar(z), E(X) + \/var(x)]

The o-confidence intervals based fuzzy random regression
model is described as follows:

Ilex, ox]A[E(X) — (14)

K
. _ o
min J(A) =Y (A} - 4))
. k=1
A} > A,
£ 2 A (1s)
= ZA:I[{eXik7o-Xik] D, Il{evi, ov;]
k=1
i=1,---,N; k=1,---, K.

The inclusion relation should be written as follows:

Vi +{evi +ovi } < Z(Ak {exi +oxi})

Ym} 2 Z(AL
k=1

(16)

Y —{ev,, —o Aexi —oxi 1)

TABLE I
Fuzzy EVALUATION SCALE.
Intensity of Importance Definition
Crisp Value | Fuzzy Value | Fuzzy membership
= (a,})

1 1 (1,1) Very poor
2 2 (2,1) Fairly poor
3 3 (3,1) Poor
4 4 (4,1) Below acceptance
5 5 (5,1) Acceptable
6 6 (6,1) Fairly good
7 7 (7,1) Good
8 8 (8,1) Fairly excellent
9 9 (9,1) Excellent

Given this formulation, the solution of the problem
may be found using some heuristics or convex hull
consideration as proposed in Watada [11]. The solution
of the fuzzy random regression model with confidence
interval can be rewritten as a problem of N samples with
one output and K input interval values [12].

1. MULTI-ATTRIBUTE DECISION
MODEL

In this section, we explain a fuzzy multi-attribute
decision model under hybrid uncertainty circumstances.
We introduce the fuzzy evaluation scale as listed in Table
I to express the expert’s evaluation. The triangular fuzzy
numbers are used instead of crisp numbers to describe the
fuzzy importance level.

Let us regards the  following  notation
for convenience for model definition.
X; : decision variables
A* : attribute’s weight vector
o : expected value of attribute £ for sample ¢
OX, : variance of attribute £ for sample ¢
Ilex,,,ox,.] :1xo— confidence interval
[a', a%] : interval numbers
where t=1,---,N,and k=1,---, K.

The proposed methodology is as follows:

1) Problem Description and Data Preparation.
The multi-attribute evaluation model of this system
consists of total evaluation, attributes, and alter-
natives to be evaluated. Data are collected from
human graders and the values for each criterion
were assigned in a straightforward manner based
on fuzzy evaluation scale as shown in Table I.

2) Weight Estimation.
The following steps explain the Fuzzy Random
Regression Model, which is used to estimate the
weight of attributes.

a) Organize the fuzzy random data that result in
the form of (Y;, X;x) foralli =1,---, N and
k=1,---, K.Y, denotes the total evaluation
of each i*" sample, and X;; represents the
assessment of the attributes.

b) Compute the confidence interval of each
fuzzy random values to construct the 1 x
o—confidence interval.

i) Calculate the expected value of triangular
fuzzy random variable E[z] as equation
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(8).
ii) Calculate the variance var[z] as equation
9.

c) Estimate the attribute’s weight by using Fuzzy
Random Regression Model (15). Let X} de-
note an attribute vector of sample ¢ and Y;*
is the total evaluation of sample ¢ where
for : = 1,---,N and N is the number of
candidate alternatives to be evaluated. Fuzzy
random multi-attribute decision model is de-
scribed in terms of fuzzy regression model
(15) and inclusion relation (16) is described as
follows. All confidence intervals I[ex;,, ,0x;,]
are non-negative values in this problem.

min J(A4) =) (af —ai)

) k=1
subject to
ai > aj,
K
yi +(ev, +oy,) < Za’z(exik +0x.1)
k=1

K
yi — (ey; —oy;) > Zak(exik —0ox,,)

k=1
fore=1,---,Nand k=1,---, K

a7
where a) and a} are the lower and upper
boundary for estimated weight. The solution
for fuzzy random variables results in an inter-

val numbers [a}, a¥].

3) Ranking the alternatives.

The weights [a}, a?] are obtained from fuzzy ran-
dom regression model (17) and can be used to
calculate the final score of evaluation for rank-
ing purpose. In order to build the multi-attribute
decision model, let us denote a judgment matrix
by A = [a;k]nxk and a fuzzy weight vector of
attribute selection by W = [W;];x k. The total
score vector R = [r;],x1 of alternatives can be
calculated with the following expressions:

R=[r]=4-WT
K

ry = Z(au@ Sw;),
k=1

where T is the transpose of a matrix or vector. In
Equation (18), the total score R can be used to rank
the alternatives.
4) Decision analysis.

Decision analysis can be made based on the result
obtained from Step 1 to Step 4. The analysis may
contain the most appropriate alternative (choice),
a complete order of the alternatives (rank) and a
ordered list of best alternatives (sort).

(18)

Hence, the solution’s steps embrace two main points.
The analysis begins by establishing attributes using fuzzy
random variables-based regression that can measure rele-
vant goal accomplishments. Second, we provide a multi-
attribute decision scheme to evaluate and rank the alter-
natives under consideration of multiple attributes. In this
study, when the fuzzy importance weights and fuzzy scale

ratings are given, the total scores for alternatives can be
analytically obtained as fuzzy numbers.

1v. CONCLUSIONS

The multi-attribute evaluation is one of useful method
to assess information relating to the evaluation’s at-
tributes. The methodology should then be useful to model
problems incorporating knowledge and judgments. A bet-
ter understanding of this judgment and knowledge can
be represented by weights of attributes during a decision
making process. This uncertainty element is important to
properly treated, as the judgment evaluation somewhat
strongly involves individual human preferences. Hence,
in this paper, a multi-attribute decision model is built
based on Fuzzy Random Regression Model (15). Our
work described in this paper reveals that fuzzy decision
in a multi-attribute structure can be effectively used to
better facilitate the decision making process during the
evaluation of contractors.
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Abstract: We examined psychological causes of ambiguity.
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In the pilot study, we collected 175

scenes and 175 reasons of ambiguity from the data of 42 university students. Based on the findings
of the pilot study, we examined 16 reasons of ambiguity for 19 situations. Results of factor

analysis and

cluster analysis indicate that there are a variety of rational reasons ambiguity

affects social judgments and choices in the ways it does. We argue that the reasons of ambiguity

are related to not only uncertainty and ignorance but also politeness and social norms.
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Abstract:

Music 1s an important part of life. Back ground music is practically available while

studying. However, there are many different opinions concerning the effectiveness of listening
music while studying. The objective of this research is focused on finding the adequate music for
each individual to positively affect the work they do while studying. Beginning point of this study is
to find an appropriate music style that can help people in general to positively improve their study
aptitudes. Concerning the characteristics addressed, it has been proven that depending on
simplicity of music structure, music helps to relax while studying.
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An Attempt of Author Identification of Program Source Codes Using Rough Sets

oo od

goobod

ooo O
Yasuo Kudo Satoshi Echizenya

o0 od
Tetsuya Murai
ooooo

Muroran Institute of Technology Hokkaido University

Abstract: We apply rough set data analysis to author identification of program source codes of the C
programming language. In general, program source codes include authors’ characteristic coding patterns
even though some programming style is provided. In this paper, we concentrate coding patterns about
how to use spaces around statements in “for” and “if”, “while” sentences and around relation and logical

operators.

We then extract authors’ coding patterns about how to use spaces by generating relative

reducts and decision rules. Experimental results indicate the possibility that rough set data analysis can
appropriately describe tendencies of authors’ coding patterns.
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Comparisons of the Two Extended Fuzzy Logic Models, IFS model and the

HLS model: Detailed Analysis of the Case that the Result of the Reasoning by using

the HLS model is not Included in the IFS Area
Aichi Institute of Technology Huang Xiaoyu, Tetsuhisa Oda

Abstract: After the proposal of the Fuzzy Set theory by L.A.Zadeh, several kinds of extended fuzzy set/logic models have been
developed. For example, the Interval Valued Fuzzy Set (IVFS) model is one of the well-known extended models. In Bulgaria, K.
Atanassov proposed the Intuitionistic Fuzzy Set (IFS) model. The IFS assumes the degree of membership and the degree of
non-membership of an element of an ambiguous set. In Japan, the Hyper Logic Space (HLS) model was proposed by T. Oda. The
HLS expanded the numerical truth-value of the fuzzy logic in order to define the degree of contradictions of the Fuzzy-set Concurent
Rating (FCR) method, which was proposed as a new psychological measurement method. Since the HLS closely resembles to the
IFS, the superiority of the HLS to the IFS has been unclear. This study compares the results of each model’s implication and shows
the limited superiority of the HLS model.
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Hokkaido University

Abstract: We propose constructive discursive logic, which is a constructive version of Jaskowski’s discur-
sive logic. We give its proof and model theory. The proposed logic can be used to describe paraconsistent

and non-monotonic reasoning.

1 Introduction

Jaskowski’s discursive logic (or discussive logic) is
the first formal paraconsistent logic which is classified
Dis-

cursive logic can be motivated by the nature of our

as a non-adjunctive system; see Jaskowski [6].

ordinary discourse. That is, in a discourse, several
participants exist and have some information, beliefs,

and others.

In this regard, truth is formalized by means of the
sum of opinions supplied by participants. Even if each
participant has consistent information, some partici-

pant could be inconsistent with other participants.

This amounts to supposing that AA ~ A does not
hold while both A and ~ A do. This means that the
so-called adjunction, i.e. from - A Btor- AAB
is invalid. Jaskowski modeled the idea founded on
modal logic S5 and reached the discursive logic in
which adjunction and modus ponens cannot hold. In
addition, Jaskowski introduced discursive implication

A —4 B as $A — B satisfying modus ponens.

The aim of this paper is to provide a foundation for
constructive discursive logic. All proofs of the results

presented in this paper can be found in [1].

2 Jaskowski’s Discursive Logic
Discursive Logic was proposed by a Polish logician
S.Jaskowski [6] in 1948. It was a formal system J
satisfying the conditions: (a) from two contradictory
propositions, it should not be possible to deduce any
proposition; (b) most of the classical theses compat-
ible with (a) should be valid; (c¢) J should have an

59

intuitive interpretation.

Such a calculus has, among others, the following
intuitive properties remarked by Jaskowski himself:
suppose that one desires to systematize in only one
deductive system all theses defended in a discussion.
In general, the participants do not confer the same
meaning to some of the symbols.

One would have then as theses of a deductive sys-
tem that formalize such a discussion, an assertion and
its negation, so both are “true” since it has a variation
in the sense given to the symbols.

Jaskowski’s Ds contains propositional formulas
built from logical symbols of classical logic. In addi-
tion, possibility operator <) in S5 is added. Based on
the possibility operator, three discursive logical sym-
bols can be defined as follows: A =4 B =g4.y OA —
B, ANg B =gef CANB, and A <34 B =45 (A =4
B)Ng (B =4 A).

Additionally, we can define discursive negation —4A
as A —g false. Jaskowski’s original formulation of
D5 in [6] used the logical symbols: —4, <24, V, A, 7,
and he later defined Ag in [7].

The following axiomatization due to Kotas [8] has

the following axioms and the rules of inference.

Axioms

) O(A = (mA — B))
A2)0((A—=-B) = (B—=C)— (A= 0))
(mA— A) = A)

0O(A— B) — (DA — OB))
ﬁDA—) DﬁDA)

(
(
(
(
(
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Rules of Inference

(R1) substitution rule
(R2) 0A,0(A — B)/OB

(R3) OA/O00A

(R4)

(R5) ~O0-0A4/A

3 Constructive Discursive Logic

Discursive logic is motivated by using the modal
logic S5 to define discursive logical connectives which
can formalize a non-adjunctive system. It can be seen
as a paraconsistent logic, which does not satisfy ez-
plosion of the form: {A,-A} E B for any A and B,
where |= is a consequence relation. Say that a system
is trivial iff all the formulas are provable. Paraconsis-
tent logic can be used to formalize inconsistent but
non-trivial systems.

A question arises. Most works on discursive logic
utilize classical logic and S5 as a basis. However, we
do not think that these are essential. For instance,
an intuitionist hopes to have a discursive system in a
constructive setting.

To make the idea formal, it is worth considering
Nelson’s constructive logic with strong negation N~
of Almukdad and Nelson [4]. In N~ ~ denotes strong
negation satisfying the following axioms:

(N1) ~~ A+ A

(N2) ~ (AAB) < (~ AV ~ B)

(N3) ~ (AV B) > (~ AN~ B)

(N4) ~ (A — B) <> (AN~ B)
and the axiomatization of the intuitionistic positive
logic Int™ with modus ponens (MP), ie. A, A —
B/ B as the rule of inference.

Note here that N~ is paraconsistent in the sense
that ~ (AA ~ A) and (AA ~ A) — B do not hold. If
we add (N0): (AA ~ A) — B to N—, we have N of
Nelson [9].

In N, intuitionistic negation — can be defined as
follows: mA =45 A — ~ A.

If we add the law of ezcluded middle: AV ~ A to
N, the resulting system is classical logic.

Indeed, N~ is itself a paraconsistent logic, but can
also be accommodated as a version of discursive logic.

Now, we introduce the constructive discursive logic

with strong megation CDLSN. It diverges in two
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ways from Dsy: (1) it does not take classical logic as
its starting point; and (2) it does not use the possi-
bility operator < as a modality, but a negation with
modal operators.

CDLSN can be defined in two ways.

extend N~ with discursive negation —4. The other is

One is to

to weaken intuitionistic negation in N~. We adopt
the first approach.

Here, we fix the language of the logics which we use
in this paper. The language of Int™ is defined as the
set of propositional variables and logical symbols: A
(conjunction), V (disjunction) and — (implication).
The language of Int is the extension of that of Int™
with — (intuitionistic negation). The language of N~
is the extension of that of Int* with ~ (strong nega-
tion). The language of CDLSN is the extension of
N~ with —4 (discursive negation). Additionally, we
use the logical constant false as the abbreviation of
~ (A= A).

We believe that CDLSN is (constructive) improve-
ment of Dy. First, CDLSN uses Intt rather than
classical logic as the base. Second, CDLSN simulates
modality in Dy by negations, although Dy needs the
possibility operator.

-4 is similar to -, but these are not equivalent. The
motivation of introducing —g is to interpret discursive
negation as the negation used by an intuitionist in
the discursive context. Unfortunately, intuitionistic
negation is not a discursive negation. And we need
to re-interpret it as —4. Based on —g, we can define
—q and Ag4.

Discursive implication —4 and discursive conjunc-
tion Ay can be respectively introduced by definition
as follows.

A =4 B=g4er "qAV B
ANg B =geg ~qgANDB

Observe that A — (~ A — B) is not a theorem
in CDLSN while A — (—4A — B) is a theorem in
CDLSN. The axiomatization of CDLSN is that of
N~ with the following three axioms.

(CDLSN1) —=4A — (A — B)
(CDLSN2) (A — B) = ((A = —4B) = —4A)
(CDLSN3) A — ~ —4A

Here, an explanation of these axioms may be in or-

der. (CDLSN1) and (CDLSN2) describe basic prop-



erties of intuitionistic negation. By (CDLSN3), we
show the connection of ~ and —y. The intuitive in-
terpretation of ~ —y is like possibility under our se-
mantics developed below.

—g is weaker than —. Vorob’ev [11] proposed a con-
structive logic having both strong and intuitionistic
negation. It extends N with the following two ax-
ioms:

~-A A

~ A — —A, where A is atomic
If we replace (CDLSN3) by the axiom of the form
~ —gA < A and add the axiom ~ A — —4A, then
-4 agrees with —. Thus, it is not possible to identify
— and —y in our axiomatization.

We use F A to mean that A is a theorem in
CDLSN. Here, the notion of a proof is defined as
usual. Let I' = {Bjy, ..., By} be a set of formulas and
A be a formula. Then, T'H A iff FT" — A.

Notice that -4 has some similarities with —, as the
following lemma indicates.

Lemma 1 The following formulas are provable in
CDLSN.

(1) FA— —g—gA

(2)F (A — B) = (-4B — —4A)

(8)F (AN—4A) - B

(4) F —a(A A —4A)

(5)F (A — —4A) —» 4A

It should be, however, pointed out that the follow-
ing formulas are not provable in CDLSN.

e (AN~ A)
AV ~ A
/(A= B) = (~
V—qg—dA — A
AV - A
V(-gdA—A)— A
o~ —agA— A
HA—; A

B —~ A)

4 Kripke Semantics
It is possible to give a Kripke semantics for
CDLSN which is a discursive modification of that
for N provided by Thomason [10] and Akama [2, 3].
Let PV be a set of propositional variables and p
be a propositional variable, and For be a set of for-

mulas. A CDLSN-model is a tuple (W, wq, R, V),
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where W # 0 is a set of worlds, wyg € W satisfying
Vw(wgRw), R C W x W is a reflexive and transi-
tive relation, and V : PV x W — {0,1} is a partial
valuation satisfying that V(p,w) = 1 and wRv =
V(p,v) =1land V(p,w) =0and wRv = V(p,v) =0
for any formula p € PV and w,v € W. Here,
V(p, w) =0

is read “p is false at w”

w) =1 is read “p is true at w” and V(p,
, respectively.
We can now extend V for any formula A, B in a

tandem way as follows.

V(~
v
v

(~Aw) =1 V(4,w)=0

(A/\B w)=1if V(A,w) =1 and V(B,w) =
(AVB,w)=1if V(A,w) =1or V(B,w) =
(A — B,w) =1iff Yo(wRv and V(A,v) =

<

= V(B,v)=1)
V(ﬁdA w) =1iff Vo(wRv = V(4,v) =0)
Vi~ Aw)=0if V(A,w) =1
V(A/\B w) = 0 iff V(A,w) =0 or V(B,w) =0
V(AV B,w)=0iff V(A,w) =0 and V(B,w) =0
(

V(A— B,w)=0iff V(A,w) =1 and V(B,w) =0
V(—¢A,w) =0 iff Jv(wRv and V(A,v) =1)

Additionally,
V(AN ~ A,w) =1 for some A and some w, which
is used to invalidate (AA ~ A) — B, and guarantees

we need the following condition:

the paraconsistency of ~ in CDSLN.

Note that ~ —y behaves as a modality. In this
regard, we do not need to introduce a possibility op-
erator into CDLSN as a primitive.

We say that A is valid, written = A, iff V(A wg) =
1 in all CDLSN-models. Let I' = {By,..., B,,} be
Then, we say that I' entails A,
written I' = A, iff ' — A is valid.

a set of formulas.

Lemma 2 The following hold for any formula A
which is not of the form ~ —4¢B, and any worlds
w,v € W.

V(A,w)=1and wRv = V(Av)=1

V(A,w) =0 and wRv = V(A,v)=0
Lemma 2 does not hold for the formula of the form
~ —3A. We think that the fact is intuitive because
~ —3A behaves as possibility.
Theorem 1 (soundness) WA = = A.

Now, we give a completeness proof. We say that a

set of formulas I'* is a maximal non-trivial discursive



theory (mntdt) iff (1) T'* is a theory, (2) T'* is non-
trivial, i.e. T* I/ B for some B, (3) T'* is mazimal, i.e.
AeT*or AgT*, (4) I'* is discursive, i.e. 7gA ¢ T'™*
iff ~ —gA € T,

capture the property of discursive negation.

Here, discursiveness is needed to

Lemma 3 For any mntdt I' and any formula A, B,
the following hold:

(1) ANBeT iff AcT and BeT

(2) AVBeT iff AcT or BeT

(8) A—- Bel iff VAU CAand A€ A
= BeA)

(4) "aA €T {ff VA(L CA = ALA)

(5)~(AANB)eT iff ~A€T or~BeTl

(6)~(AvB) el iff ~AcTl and~B el

(7)~(A—=B)el i§ff AcT and ~BeTl

(8) ~~AecT iff AeT

(9) ~—4A €T iff IA(T C A and A € A).

Based on the maximal non-trivial discursive theory,
we can define a canonical model (I', C, V') such that
I' is a mntdt, C is the subset relation, and V is a
valuation satisfying the conditions that V(p,T') = 1
iff p e T and that V(p,I') =0iff ~p €T.

Lemma 4 (truth lemma) For any mntdt T' and
any A, we have the following:

VAT)=1if AeTl

VAT)=04if ~AeT

Theorem 2 (completeness) ' = A = T'+ A.

5 Concluding Remarks

We proposed a constructive version of discursive
logic CDLSN with an axiomatization and semantics.
Finally, we mention some applications of CDLSN,
which will be explored elsewhere.

First, we can study a multi-agent system based on
CDLSN. By using discursive logical symbols, we
can deal with various inferences performed in a multi-
agent system, which are inconsistent but non-trivial.

Second, in CDLSN it is possible to describe non-
monotonic reasoning, in which new information can
invalidate old theorems. For instance, a formula of
the form: AA ~ —4B — B can serve as the non-
monotonic rule which reads “if A holds and B is con-

structively consistent, then B holds”.
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Third, we could extend CDLSN with some inten-
sional operators. For example, it will be interesting
if knowledge and temporal operators are introduced
into CDLSN.
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We present in this paper some basic consideration on how we can describe chord progression
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Hokkaido University

Hokkaido University

This research work treats a logical algebra with syllogism from the viewpoint of implication fragment logics.
The framework of implication fragment logics has been generated in the researches on formal systems of
several propositional logics. On the other hand, the algebra P has been introduced as the weakest logical
algebra equipped with syllogism. In this report, the authors try to specify an implication fragment logic

corresponding to the algebra P.
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Forsight Kansei(Kansei Tenran) and about the problem of the Japanese Education

Yoichi Nakajima

Takikawa Meien municipal junior high school
Abstract: Reason is included by the Kansei. Maintenance must be difficult man's vital activity without
the Kansei. The Kansei Tenran explains the side that is an autonomous vital activity to which the
Kansei does the growth development.
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SOM
Compact Method for Determination of Parameters of Fuzzy Control
System in Temperature Controller by using SOM

Nobuo MATSUDA Fumiaki TAJIMA Naoki MIYATAKE
Oshima College of Maritime Yokohama National Chiba Institute of Science
Technology University

Abstract: We propose a compact method for determination of parameters of fuzzy control system in
temperature controller by using the SOM. The controlled system was analogically approximated with an
electronic circuit RLC and the behavior of the circuit was simulated with mathematical technique. The indexes of
the circuit performance were mapped on a SOM map and optimal parameters were selected and estimated from
the map.

Key Words: Fuzzy control, Self-Organizing Map, Determination of Membership function, Temperature

controller.
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Visualization of a Suburban Area Climate using Yellow Leaves of Ginkyo(1I)
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Determination of diameter and refractive index of a silver-clad nano-cylinder
suggesting plasmon effect

{ELES SCHE P LR A HEFER B X E A A HEHE =
Fumiaki Tajima Yoshio Nishiyama Nobuo Matsuda Naoki Miyatake Syuzo Matsuda
PRl ESAVANE i [ 3L K REFMEETFR TERTRY  BERT
Yokohama Nat. Yokohama Nat. Oshima Coll. Maritime Tech. ~ Chiba Inst. Sci. Hosei Univ.
Univ. Univ.

Abstract: A plane-polarized laser wave with a wavelength of 441.6 nm illuminates with a nano-cylinder
coated by silver at normal incidence. The measured angular distribution of the scattered light intensity
corresponds well with the one calculated by a rigorous solution of scattering theory for the problem. Diameter
and refractive index of the cylinder are determined by the calculation at a minimum point of the uncertainty

index.
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Light scattering, Silver-clad nano-cylinder, Diameter, Refractive index, Plasmon
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Fig.1 Schematic of a silver-clad cylinder

and coordinate axes.
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Dipole Localization of EEG for Human Brain Activities

7 B
Takahiro Yamanoi
ElmiiErpNES
Hokkai-Gakuen University

(LilRg i
Toshimasa Yamazaki

UM TR T

Kyusyu Institute of Technology

Abstract: The present authors and his collaborators have been investigated into recorded electro-
encephalograms (EEGs), especially the event related potentials (ERPs), from subjects viewing many type
of visual stimulus. In this series of research, the equivalent current dipole source localization (ECDL)

method has been applied to these ERPs.

The method enables to localize the origins of

electroencephalograms (EEGs) measured from subjects as ECDs. The paper introduces a confidential
region, which is implemented with the ECDL software; SynaCenterPro (NEC Corporation). The
confidence limit is defined on a direction of the radius. The method improves spatial resolution of EEG
measurement, which has an advantage of temporal high resolution against other studying apparatus for

functions of the human brain.
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Spatiotemporal localization of brain activity during hiragana words recognition

S E i 3 e
Hisashi Toyoshima Takahiro Yamanoi
CXNRUT I AN T N2 T el E NS
Japan Technical Software Hokkai-Gakuen University
LI I K
Toshimasa Yamazaki Shin-ichi Ohnishi
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Kyushu Institute of Technology Hokkai-Gakuen University
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Michio Sugeno Elie Sanchez
V7 harta—Ty4rra—ay Nty — RN TN S
European Centre for Soft Computing University of the Mediterranean

Abstract: The authors recorded nineteen-channel event-related potentials (ERPs) during recognition of
one type of Japanese character; Hiragana (one type of phonetic characters). By field-sequential
stereoscopic 3D display with liquid crystal shutter, a word and a non-word were simultaneously and
independently presented to the left (right) and the right (left) eyes, respectively. Each word consists of
three Hiragana characters. Three subjects were instructed to press a button after they understood the
meaning of the visual stimuli after 3000 ms poststimulus. Equivalent current dipole source localization
(ECDL) with three unconstrained ECD was applied to the ERPs. In the case of right-handed subjects,
the ECDs were localized to the Wernicke's area at around 600ms. The latter ECD for one left-handed
subject was localized at the Wernicke's homologue. After that ECDs were localized to the prefrontal area,
the superior frontal gyrus and the middle frontal gyrus. Then at around 800ms, the ECDs were localized
to the Broca's area and after that ECDs were localized again to the Wernicke's area and then to the
Broca's area.

1. [FC®HIC RWFFETIE, JATHRZEI2] TIT - 72 OB 23 A2 38 50
b RN EEA T HEITIE, £ < WX AEMEEE O BIZB T AMEE D 2 Vo L AHEEIZR L, 3

BEHMESEEY (Wernicke B) 12X 0 SFBF~oA P TICLSEHEERTTV, U IMIES) & 2
PAERA A S, RAE L ORFEET O B ssE SRR L.
PEEFEE (Broca ) 2k 0 SEEE O O L SALE .
nrshs, LEbhTnall HEoo—mit, 2. ODoMWRRTEER
FATHRIE L L CAEARBICIOR SNSRI (5 2.1 IR LERERES K VBT R
FTLEOLNRROHEE) (TR D IEENC DOV T & AT 2] ClIrE O E A ORBFIZH LT, B
EIRABF-HEE (equivalent current dipole source BRAFFOIRT & O LR OHEER L ZDNEF 2 A
localization: ECDL) EIZ X 2HEE ATV, EHD MR Z T2 BWRE Rz 72 W & OND 3 72 00 HiGE - 1)
REREIC ENTFETH L, T LTHETFLEOLNR DML R L2, ZORERBIC XY,
DB TIXEN 2 LER N R0 D = L 2R LT BET & ONS DN R ORI IZ 1T 5 RIMHEHE DAL
[2]. M & 2R THETE L ORI ZET 5 EHEGR LT-. ZOBRIZ, HEEO R M O SR
FEORIEEYOHETE 21TV, HEETH L OVRHIOZ8H HRBFICEHN L CREIT 24T > TV D . — NDOHERE
R I 1T B B RN TE B O FEM 72 REZ2 [ O HERS & B LESEENEAMICHEET DI ERHL N E o7,
M L728]. S BICHERRE O & Z2BRFE T 5 AWFIETIE, AT CITo 2 EBRIC K ViS5
I DS EhOHEE 217V, SRR OFEFEIC 7243 (electroencephalogram: EEG) 75, #5k
A7 LW @R TS Eh 2 B 5 M LTz, FTxE U AL AR B I CHR ST O 6 23 72 i Jita
T, FEELO LT UFA LRy AT LAY i EEG ZfEMTRISRT —4 & L, INEFEH L TR
T LT XA SARHERR AR I I 1T D TG E) O 2 AR Do FSEEEN (event related potential:
FTEIO3I MBI LA HEEEITY, 3 PRI & ERP) Zxt L C, ECDL ¥:% AR ZE MR HERS & 1
LHEOERE R % b &R AITGERENRFRIZ BT 2 &k L.
Ji 5 B O FEMN 7R RE 22 M O HERS 2 15 7= [4].
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Recognition Concerning Independence Level in Life-Span Development in Middle-age,
Young Person and Elderly Groups

Hiroki Okuda
Kinjo University

Abstract: In this investigation, subjects of young person, middle-aged and elderly group were asked
to evaluate the degree of relation between the independence level of 1-80 year old and 5 estimation
item groups. In the 3 groups, the degree of relation between the independence level of 1-80 year old
and 5 estimation item groups were changed by various patterns. Some different types, such as
increase-decease, increase-constancy, decrease-increase and unspecified type were shown in
evaluation patterns of the 3 groups. In the 3 groups, the appearance ratio of increase-decrease type
was the highest among 4 types. The appearance ratio of increase-decrease and increase-constancy
type in the middle-aged group was the lowest of the 3 groups. The appearance ratio of
decrease-increase type and unspecified type in the middle-aged group was the highest of 3 groups.
The difference of the appearance ratio of each type between 3 groups was statistically significant
(p<0.01). Difference of recognition of the developmental change and independence level between 3
groups and difference of research method are discussed.
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