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Comparing Two-Dimensional Trust Representations — FCR- and
Subjective-Logic-Based Approaches

YosHINOBU KawaBE! YUkl Koizumi?2 TETSUSHI OHKI? MASAKATSU NISHIGAKI? TORU HASEGAWAZ
TETSUHISA ODA%

Abstract: This paper compares two approaches for trust computations — Oda’s fuzzy-set concurrent rating
(FCR) method and Jgsang’s subjective logic. In both approaches, a trust value is represented as a pair of the
degrees of “trust” and “distrust,” and we can deal with the ignorant trust (e.g. “Since I have never met him,
I have no impression of him.”). However, we cannot deal with the confusional trust (e.g. “Although he can
basically be trusted, in some cases he is not trustworthy”) in the subjective-logic-based approach, while we
can do in the FCR-based approach. In this paper, we discuss the difference of the approaches. Especially, the
FCR- and subjective-logic-based approaches have different assumptions about trust computations. Showing
typical scenarios about trust computations, we also discuss the assumptions.
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Te(y,) >0 A Tp(y, o) < CTy(y, a)
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Compa(y, a) + Ta(y)
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72, BUAIEL (t,d) € Trust x DisTrust \ZB14 % 2

G )6 )
sinfj  cos % d 0 0 s
t—d
t+d—1

[~

B 22T, BYFCREPHKT 2 ->nfRE (TE, & TA,, T
X, 0L T 20) 2HNTICEI 0 ERIELTE SRV, TV
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%5, Lol X EICEWTEFEEDMEMNIE, kb
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o YHEIZEWTIE, FIAMEDRT4 AT A MAZ L
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FCRE L HRIDZE 2 75 & L T Jpsang D Subjective Logic
[6] BXHI S NTWw 3, AffiTl, Subjective Logic 125D
CEXRILZ b 7 2 MEDORBIEICOWTER, S5,
FCR EIc D RBLE & D@ R PHE R 2w T 5.

3.1 Subjective Logic O#E

PEFEMEZ T Bl L LT, &< 2 o MERGREE [12) 28
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uncertainty = 1

belief
=1

3 Subjective Logic 12 & % X7 RO RE

Tbb, T3 EHELDRITVTESL L EITRERE~D
WEEEIZEL LD, TELVEZITIIELL kS, —/AT
Subjective Logic [5] T, SEEEICMA T G 12
o CGEmETY . MEICNT 2HEEEI, ZomEOR
THNEICBT 2 T2 LR BHL2ICR>TwEHIC
T2, 2%, T2 Lo PHS R E S, aE
BT AMEERIERERD, Z2)ThvuE 3R &3,
KM & Subjective Logic THb i 2 AN diE & L
Tlx, Zhzn,

o Taf TR LB ENHAERIZ2HD 1,

— Mmoo 2 RN B TH B, 2D
ENOMEFE, Ta%RED a4 v &ITH
TELLEILE( D,

o J—enN—Txf  FAZXINLFENRSav -F-7r
FT 4B UIERIZ 27D 1)

— Subjective Logic TH# 9 Z & 23MHE S 1L 5 v
DBITH B, ZDHEMFIZ, BEICEL OB DH
33N, MEOHEEEIRE Xk,

%

DEFOEND,

Subjective Logic Tl&, F#lMEZENT 2 P X4
VEMENSEEZNCS, FXA v OREZHERE, O
WICELRFERZRT. DToHATER, B & RER
TDOMICED, REI2DFAAL Vv {x,z} ZEZB T LIC
T2, Ztud, THNVHOBEREZEZ L LILHTD,

(IR D) B,

o b2 BHIFE A D 2 IZDOWTDMEREE (belief)

o d} 1 AD x ~DHEEE (disbelief, 7 DEA)

o ul I AD 2 ITOVTOARMEDE (uncertainty)

e a iz DR—AL— (EDEAVPEFEDR A

ZMLLL TEZ 2 & EDOFATHER)
IS X% 4 M wd = (b2,d2uldad) ELTEINS, fH
b, d2 ud 12DV TE,
e 0L bf,d;‘,u?,a;‘ <1

o b4t 4ud =1
BIRD 0 T B, b, dd,ud OBIRIE, LIZLIE, [

uncertainty = 1 1
o C
\l%—
disbgli1ef bizlief
i ® 0 —
0 =8 1
7—A1
uncertainty = 1 1
lll_ﬂ
I%
disbelief, belief
=1 =1 0
0 (5% 1
T—A2
uncertainty = 1 l
i c
|,€
disbg|i1ef bf“.IEf
. . 00——
0 f® 1
7—A3

4 BME (FCRE) &AL (Subjective Logic) DX

BIWRT I BES 1 OIE=AETRIND®S, E=AF
DETOEMDP b =1, FTOER? I =1, FRED
TS ud =1 DREEZRT

%8, ARTIRER ) FEkba v, ZhEHER I
Bi9 213 (projected probability) P(x) %

P(z) = b2 + a2 - u?

x

DEILEHEZIBIZHVweND, L ZE wd =
(0.4,0.2,0.4,09) D& E P(x)=0.76 TH 5.

3.2 FCR A& Subjective Logic Dib@S - HER
AfiTlE, Subjective Logic & & % ZRJTI b 7 A 3£
e FCRIEICEZ P I A NRBDONIGEEZ S,
3.2.1 MEDHER
Subjective Logic T, WG b 2 HENEE Y (K
Rl Rz ICxf LTEMF A2 7 A LTWBE
HV) &, BEREE 2 2 GENEAY (TAAFTALD
E&w) LEZ 5. 2% D, Subjective Logic ICE 1 51
DL (bA,dA) 1, FCRETOM (1,d) IET 5. HR
wA B Zeonsk, R3OEZMAED 1 HPRES. D
TR, ZEBEORBIN LRI OWT, B,

*» ZolTlE, ZEMEOBRERT R EEEABOEL» 6D
PHEEDS, f b2, dA, ud ICHIGT 2 &) icfirhiTns, Ll
FEERITIE, 9 L-HEEOMDS DRIz 112k % LIRS %w, 2
DERCTIEAIEMELRT S H 505, ez RIEARK L B> T2
ST,
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VDEODE, EEABOATOEM, Thbb bl =1
DEBETHS (M4ad Tr—21; OFEM)., ZhiF, HR
T IOV THHE 2> TV 2RETH S, FEBE =10
LE, RiEHE ud DfEIZ0THB. b2 =1 DEAITHIE
T % FCREDBBISOELE, t=1 L5 5HDES, T
LK1 OFHOLMMD—ATH 2 (K4D Tr—2A 1,
DA, 7277 LFEBITIZ, b2 =1 DIRREIX, FCREDOE
AL (1,0) IO ARIGT 5. Z4Ud, Subjective Logic %3,
FCR EOMERI LA (K1 o, (1,0) & (0,1) Z &5 35%
MOLET O OAZERD 720 THD, §ELLIE, 3.2.2
fiiciliR 5, B (t,d) IK2WT, t & dEZRENEE
DEHVEZEZLE, B (1,0) 13 TB2CHERD
R, L A7%H %, Subjective Logic IZBWTH, b2 =1
DEEFIL=0ThHD, BRICHDRELHRINSG,

RIS, M4 Vr—22) 252595, KoM, 1E
“ABORAEOROEAEZR LTS, ZiUE, ul =0
27T, PMEPZI DR OEROESITHIET S, 20k
E, A +diHud =1 kD b 4add =1 LkD, WEEEE
BEEEOMIL 1 1% 5. FCR L L ORIGTE 2 1US, &
FIRE (t+d=1) Kdb/d, 2Fh, v =0DLEF
JEEEIZ 0 THB, /b7 A MEBHORMA»SIE, v =0
DEEIF, 22 TOHEMCED, w13 HERMDO—RKIT
7 k7 A MEICHIET 2 E 52 5.

B%IC, M3 oIE=AFohRk EoJERZEZ L9 (X
40 Vr—23; okfll). Tk, uld =1 DEHETH D,
E5I, b 4diut =122 0<bAd4ud <1 kD

(b2, d2) = (0,0) 23241 %, Subjective Logic T, <
DIRFEIX, BEHEPRE S TREHE (undefined) 1 DIR
FELMEN S, FCRIEICEWVTIE, M1 OFHEDEFD 1
M, TabDL (0,0) P ud =1 ICRIET A (DO E
D) TH5,
3.2.2 HESR 32DV FUABC K BHE
HiffiTlX, FCRIEDBIHIAL (0,0) 25, ul =1 Z§ikcd
BHICHIET % L7, L2 L FCRETIX, REHRD
A% 22 9 R 2R B & LT, (0,0) DIEHIC (1,1) %
FEADHIENTES,
Subjective Logic TI&, b2 +d4 +ul =1 YL b,
IO IDEAZLLT S L

—uf = b2 +dt -1

BRSNS, DM (b2, d2) 13 FCRIZEDBMIAICRISL,
o1, ZOFROLEUEIFIEELEDOERLE ~HL T3,
DFD, Al —ul BFEETHD. oI 0<ud <1
kD —1<bA+dd -1 <0DHD D,

WE, —ul =b}+d2—-1<0TH2D5, Subjective
Logic Tl&, FEEDMES 0L TOHAEDAREZRKS Z LI
%%, FCRIETIE, #£E {(t,d)|t,d€[0,1]] At+d>1}
EXREEEE, £45 {(t,d)]|t,d € [0,1]] At+d < 1}

ZRERLEEIE b L < I3 MBI LS. F, S
{(t,d)|t,d € [0,1] A t+d=1} I&, BAEEPRiEZEM & 2
Wi PGSR E T EN DG, COEREYTUIDTEZS
&, Subjective Logic T3, #EFEHH & MY LK D &
2o, FEERZEEL TRV ERLE S, 58, [
RO FETHEIRZ £ 72 2 Wiglle 7L & L T, Atanassov
D A-IFS model [1] 2 &b H 5, FEBRITIE, FIEHEEZ K
DETNVDHBVEIRD K ) TH 5.

774 DL DR TR, FIEEE L SIS
W% DIRPUS,  FERHLFEIE E O S EERA L DRI G
THrEARING, ZOHRZS LIZT S L, Subjective
Logic & FCREDZNFiUcHEHDC P 7 A FRBUITOW
TOENELS Z L3 TE S, DT T, Subjective Logic
EFCREDZNZFNICEIT S, T A MEROME L
HUABEEZ LS.
3.2.2.1 Y+ UAHI 1 Subjective Logic DHE

SHEOWIHERE Ic BT, #HE I, SR 2T AT
TELZ02HMT 22 M bR > Ty, ZoE R
(b4,d2) = (0,0) THH, REXEDORE (ud=1) TH53,
AT, FHRZED TEHL CRMEFETE 5 LD
H2EHLD L, MEZRIE LD H27259) B
EE2120NT, FPTAPDEBVL L RT 4 AT A
DIEG G A2 PHZ T ERET 5. ZHUEY, ud D
flllx 0 1ED VT L, BREIIC ut =0 Ik ok L &,
Ziud, ERRE (b2 +d2 =1) i TEPGRIRET
Hb, EIEIREICH 2 L) 2 i, RT3 b
FALET A AL ANOEIGE, BUE DGR FEm
TEZLEVHIETHD, HEBE, T4 AT A ME D 1,
k7 A ME b OEIHTES (@2 =1-b2). ol
76, Subjective Logic Cl&, T+ %&iHl»EE 51250
T, DI AMEZET 2RI I T2 >TOE, mik
PN IZBIE ADS 2 D b 5 2 Mz GHEICEHETE 5 &
Il by LI ERNATRZ BV TV S L AGE S,
3.2.2.2 YFUAHI 2 FCRIEDGZS

—J7C, FCRIEIC XS 7 A MEDETY V7D T
X, NI A MEROMBPNZSF YA, ROLI DD
2k %, b7 A MERRD B 720 OHEHLE T b R o)
WHEERETIZ, Subjective Logic DEf & KR, (t,d) = (0,0)
Thb, ZDLEE, FIEEC(0,0) DfEil: —1 T, BLIE
MR IR U CHEBIDDOIREEICH 5. £, FIEEDHN
i |C(0,0)] =11&, DI 2hPTROECHTHS. F
JEEEDRAEHiE 1, BRSO OP ETHIRD & DHlEAE R L <
B, ZaUE Subjective Logic DA u? IHIEL T3,
SHREDT A, P IAMERIRET 2 7- O DIHUEE 5
IZOoNT, PTALDEAVERT 4 AT A FDES
d WA TOE, FHEOMHIME |C(t,d)| 1 0 12T
T, ZLTC, FHEEOMHEP0ICKS L, WPHRIRE
b, BHEE, HRICHTEZFIRAPETA AT A

— 769 —



FO#HlGEEGHINICGHiTE L) Icks, T2EFTDOYF
) 4 1& Subjective Logic D& L AR TH %23, FCR i
DEATRFEEEDPEET 270, ISITHEDVDH 5.
BoNBIHLSE S ITHAKT 2 &, FIEE Ct,d) D
EHEIE B, LIS W T L. 2T e by,
LB T 022> 2 PJEEDMAE L, S EIEMIciEg
5. AEINICIE TR 2 2B TE % LIS L TEIL Y,
BETERVEHAMINZIHLDL, E55b%TE%, L
Wo s, FHLOSTEZRILL/DRIMISGET S LEZ 6N
%, 2%bh, FCRETIE 4T & 25l Mo, Hilo
72D, BHEZHE AZ DI RAMEZEL CFHETE 2\
BERHLIERREL TS ENVZ S,

3.3 ER
il & 91z, Subjective Logic & FCR % TIZ,
e Subjective Logic : Tl E £ > 72 & &, BIHH
RO+ F R MEEZGHNICEHRETES LI Ick?
o FCR%E:: 4T E5FMOT TIE, HELEFh, #HHH
HIEINRD 7 A MiZzIEL CRHETE 20
V) REZERICEITVTwE EEZ NS, KA,
FCREICHED < b 7 A D ERBUCEE T 2 Hife 0 /7 3B
TH Y, Subjective Logic 232 b 7 A M RIDH{HEIX
MY ESLEEZD. FEEE, 2.3l oOWT, FHEVIE
Dl s X HE ZEDEGH (cx =03 8L W ez =0.3
TH %) %, Subjective Logic 232 b7 A MR TIX
) ELS PR,
LoL, BUFICNT 2 7 A FDEE Ot ET4 AT A
FOREE d DERELEL, 1= 200N g xy

(hzgﬁigfﬁiwiﬁm?hﬁ;ommn+@—1§0
M3 7z X Z’LSZ) £ 9127 Y, Subjective Logic 232 + 7
A MAIZBWTY, XEE ZEHOGG2RZ 5 LI 1k
%, ZOBIEICB VT, Z8af ICBILT, BEHA 0.5 DMl
b T3, ZOEADEAZ, BIZEEHH

[uqruijﬁ%rmwzjwﬁéﬁé ]

ZEIMEFBAOBIFICNT 2 7 A MEET 4 AT
Z MEZ 05 $OIXTBI L EMBNTES, Snfizin
X, HEH (@) Z2BALEEEIL, TEv, & Tvwnz ) i
ZNEFN05 EFOHREL WD, L) ETHB,

te & d, DREL Y TEHA 05 ZHVZETY V7ICE
WL, HE (4) Z2EIREHE L, BUFICNT 2EEHZ
ERMREZMWZTEIICHHMIL TWwa 2 ez s, EIE,
NIV, ANDO05HEE Tz "D OS5 EEZAGTEE, 1
Th5, LorLiads, 23 fHitlk, FLl3ZD k) %K
ERBFHL T RL, 2, ATl TR AL EF4
AR T AMIERHITH S L) TR [7] 1KoK
72OTHDL, FPITALDERV () ETA4AFTALD

AV (d) PR 5L, ZOMENE HICKERET
HIGEbEIZONDG, koT, t.+d. <1 ZWlzTHA
WKIREET, to+d. > 1 OEEBWIBERH L. Lk
o, FIEEK {(t,d) [t +d > 1} DPBFETH S, FEE,
23 HiTOETFIMLIZBLTIE, HE (1) 2EIAEZD
BFIZNd 2 P72 AMEET 4 AT AMEIZEDIZTLT
Hh, ZNSDOANIED I ZERAME (2) LH>Tw3, K
FCIET ) LABARICX D, FEEEE K-S 7%,
FRoEIEROHCIX, HE (4) ZBALMEEIZ T
Wik Tonz 22N FN05 ETFOBETLZ LW,
PRRMEE T T NLE LT3, ZHEROELD
72OTHY, XOMEELHGO R THL EHEZLL, I
ZUZ,
50y = Y WIEH i Db A M
1€Sath

Wpeg = Y WIEHi DT+ A LT A M

1€Sath

&LVC (7”:7’511, ‘S4th Ci, IEE (4) %%Afi@%%@%

c c
Qg + a4pos

&), to= B gy, = BT e g5
BT B HEBEL N,
4. &IV

g, /MHICE 27 7Y 4« LIHBEWFIFEEE (FCR
%) & Jgsang @ Subjective Logic %, —XJul% b7 A +
EORBEE L TOBR» I L7, WMFEL D, F
FEE, L TREE, o 28hicioE, 7R MEZEBT
&%, AfETiE, Th I A MEDPERROYEG) NENREZ
72§ %6 T b7 A MEICBIT 2Bk S 3 K086 (T
bbb, KERDEA)) ODZo088% MRIZ, WMFE
2k 2 RIGHI B 7 A Ml (B E B R) OISz et
L7, ERAmTIE, MFEOEBIZOVTHERwL %,
P E S LERZ R D720, THS WL AR L
T, BELAELRV) Lo NRITHT 2 HB L%
Wz %, Ly L, Subjective Logic TIIF)JEHEIE%E > T
57, INEFRODIIFCREDARTHZ., 2D,
FCRIEIZHEDC 7 A PERBUCEWTDA, TH B AYIC
NLUT, HEAWIZIZEEL T35, Uo2D0odcikE
RHCAEBEDL R > Twd ) Lo FELAE M7 A 2R
2 5. TOIEPARTIE, FCR%ELE Subjective Logic D %
NZIUZDWT b 7 A MEROMEINZ > ) A %25 2
TG, WRIZB-7 b7 A MEDFHHEICEI T 2 Hifdss
FEDENITOWT HEE L 72,

KWL TlE, b7 X MEBICBIT K257 7 A b
EDBBICEHT 28R %2757y, TMII% [14], [15] 1
BWTYH, M 7R MET LN EE2EMIC, KR
7 b 7 A MEDZAICEE T 2 A UGEEE 2 B5F L T v
5. 7 A MEDKRII R ZAICBI T 2 HE 2 W 5 201
L, BEEZMEL T2 2 LIFEETH S, FEFE, swift trust

— 770 —



[10], [13] D & 9 7, WD 9 B ICHEET 24EMD b 7 A
McBT s b SN TE D, KEESERICEIT S b
7 A Nl IBIROREE [2], 6], [11] Z1THBICH, RER
G777 A MEDEROSITIEREREL EFZ6NS, &
BOFELE LT, WHEEMiZHEIL, IHICHS AT LN
DA RN 2 MER T 5 2 L3 BIT oD, AWIZEIZ Y —
X VAT 4 Tk —ERICE L RERRRE > A T L DRI
Mz 7uy =7 ro—#e LTifTbhTEh,
FD—plL LT, 29 LEKERBEGFS AT 2L (3)4]) %
EiTw3,

ZDIEFD, MoFEE LT, FIEEORMMGEE BT
L2 EDEFOND, EEOMEY AT LTI, oWEIZ
S EIFREBIED O FIET 2 EZ TN 560D 5
tEzonb, oF D, ORI, FhEo iz
T 200 Ly, &L, 29 LR EI 4K
IDIT, FEEPHHTEL LEZTVS, kLA, M
Ho I EBIED S B D 256, FEOEGOIEL %5,
CHLLEEIL, ZNECOIMLEZBIEL THEHREZEDOHE
TRHENH 2008 2N T 201, FEEVPAHTE
2EEZL, IOV TORE L, SBROFETH S,

HEE AWIIE, NICT ZtfE TA~— a2 =7«
X Z 5 EEE Ry b7 — 7 S omrZebE s (Rl
V=¥ v AT 4 7 IR O EHE K E IR G O W,
EHHS 19303) 5 Ik hiTbiu,

SEXH

[1]  Krassimir T. Atanassov. Intuitionistic Fuzzy Sets: The-
ory and Applications. Physica-Verlag GmbH, Heidel-
berg, Germany, Germany, 1st edition, 2010.

[2] Maria Grazia Busa, Maria Teresa Musacchio, Shane Fi-
nan, and Cilian Fennell. Trust-building through social
media communications in disaster management. In Pro-
ceedings of the 24th International Conference on World
Wide Web, WWW ’15 Companion, pp. 1179-1184, New
York, NY, USA, 2015. ACM.

[3] Jiachen Chen, Mayutan Arumaithurai, Xiaoming Fu,
and K. K. Ramakrishnan. CNS: Content-oriented notifi-
cation service for managing disasters. In Proceedings of
ACM Conference on Information-Centric Networking,
pp. 122-131. ACM, 2016.

[4]  Mohammad Jahanian, Yuxuan Xing, Jiachen Chen,
K. K. Ramakrishnan, Hulya Seferoglu, and Murat Yuk-
sel. The evolving nature of disaster management in the
internet and social media era. In 2018 IEEE Interna-
tional Symposium on Local and Metropolitan Area Net-
works, LANMAN 2018, Washington, DC, USA, June
25-27, 2018, pp. 79-84, 2018.

[5]  Audun Jgsang. Subjective Logic: A Formalism for Rea-
soning Under Uncertainty. Springer Publishing Com-
pany, Incorporated, 1st edition, 2016.

[6] F. Lemieux. The impact of a natural disaster on altru-
istic behaviour and crime. Disasters, Vol. 38, No. 3, pp.
483-499, July 2014.

[71  R.J. Lewicki, D. J. B. McAllister, and R. J. Bies. Trust
and distrust: New relationships and realities. Academy

8]

[9]

[10]

[11]

[12]

[13]

— 7711 —

of Management Review, Vol. 23, pp. 438-458, 1998.
Stephen Paul Marsh. Formalising trust as a computa-
tional concept. Technical report, University of Stirling,
1994.

Stephen Marsh and Mark R. Dibben. Trust, untrust, dis-
trust and mistrust — an exploration of the dark(er) side.
In Proceedings of the Third International Conference on
Trust Management, iTrust’05, pp. 17-33, Berlin, Heidel-
berg, 2005. Springer-Verlag.

Debra Meyerson, Karl E. Weick, and Roderick M.
Kramer. Swift Trust and Temporary Groups in Trust
in Organizations: Frontiers of Theory and Research.
SAGE, 1995.

Yuko Murayama. Issues in disaster communications.
Journal of Information Processing, Vol. 22, No. 4, pp.
558-565, 2014.

Nils J. Nilsson. Probabilistic logic. Artif. Intell., Vol. 28,
No. 1, pp. 71-88, February 1986.

Jessica Wildman, Marissa Shuffler, Elizabeth Lazzara,
Stephen Fiore, and Shawn Burke. Trust development
in swift starting action teams: A multilevel framework.
Group & organization management, Vol. 37, No. 2, pp.
137-170, 2012.

M 45, AR R, JOK Bk, EIE ER, R %,
/AINE FTA FIE-IBLEZZR L7~ 7 2 MEDERICD
WT.CSS 2018 avEa—FtXaYT 4> rvRP AL
TR, % 2 %, pp. 1194-1201, 2018.

A 45, /NH B FCR 2 w7+ 7 2 MEDO X
TEEBUCOWT 28V 7 b ATV R T =0 ay
7" S SCHE, pp. 35-38, 2018

N B 7 7Y 4 SHBWMIEEEEOR I OWT. H
AFRE S 2T L2E4EE, Vol. 12, No. 1, pp. 23-32, 1995.
N B FEEREE~ND7 7 4 @7 70 —F —
FCR ¥, IR EIZDWT — LB, Vol. 56, No. 1,
pp. 67-83, 2013.

ANE A AT ED7- & OFHIITFE 88 3358 1 DBEEH
& fEMT (3). ARIT2E, Vol. 51, No. 5, pp. 293-303, 2015
MR, s, 7 794 - £ v — OLEREORE.
HA 7 7 & 1 224288, Vol. 2, No. 2, pp. 209-222, 1990.
HE7 742 77948y 7 avEa—T4v7
NV BTy 7 ST, September 2000.



