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Abstract—We propose Interactive Differential Evolution (IDE) based on paired comparisons for reducing user fatigue
and evaluate its convergence speed in comparison with Interactive Genetic Algorithms (IGA) and two tournament IGA's.
User interface and convergence performance are major key points for reducing Interactive Evolutionary Computation
(IEC) user fatigue. Unlike IGA and conventional IDE, users of the proposed IDE and tournament IGA do not need to
compare whole individuals with each other but rather only to compare pairs of individuals, which largely decreases user
fatigue. In this paper, we design a pseudo-IEC user for IEC simulation and evaluate the second key point, IEC
convergence performance, using IEC simulators and show that our proposed IDE converges significantly faster than IGA
and tournament IGA, i.e. our proposed method is superior to others from both user interface and convergence

performance points of view.

1. [FC&HIC

7 4y bR AREBORGLREE, HDHVIIAARET
EH50, ABNRZY, By, fito720 3 ik
BLELEZM TS LI RV AT OG- ik
21X, *FRERE LR R (IEC) Wb LD, IEC
1%, CG - HTHDOAERD XS 77 — M, T2 - Hikg
WMEL, F—a~A =27, uRy Ml#l, 7v7 7 A
a— NAER, REOLEEH, &EF, 7¥—24, TOM
ORBHOIGH, EMEASEHINTHD

IECOI KDL, %< OARMEE % NEREM9
HZ Lz ENLEE, TR BIEC—Y O
HATH 5. Z DI DT DITIECH EEITE 2 5 4
Bl AL, BV 10 - 20fE 1K A 10 - 201 SRR EE 1T
HREns.

Z DR & LT 2 TR R R STV AL
IECZ—FA v X 72— ADKBITFD S HD1DT,
—PRERLRERE LT WY ICHRRT A A o F T
T —ADLE, FHliL L&D < LT (21310048
RO 0 ITBEEBER A 72 &) (LB T ¢ v b R AMH
DPEA NV AEBRT D HE, 74> bRrAE@BE
PR R 2R IZHE L TR L2 — I K D3R
EXET DL, REThHD.

IEC— ¥ DRk T T V& %38 L, IECIZHLAGA
o2 & CIEC—V A+ BfE LB A b
H5. ZOFHEMET T VITEUIEC—Y L 220, #
HOMBLGRIHAEOLAED 7 4 v b AR LRI U X
INfFS>TIECY I 2l —a N TE S, IEC—H
DEERLEZDIECY I a b —a v b bE5 2
& BRI A KD, Z OFHEEET T L 058 Ik
(0, BN — 2 OF T VL], Bni 7 0 7 Z L 72,

=a—I Ny 1], 77 ¥ 4 AT A[L6], YA — K
R B =< VB4R ERDD.

B R E 2 O CRHMIEA oA MEko
BINOFMEZEZ S LWL H D [5,6]. EHIKEER
WREOREIEHR LIS TX 50T, R EOFHR L
FIACE2mREELH 5.

RFELHZ 2N WTREZR h—F A > FIEC [TV, &Rk % f
HEAEERE U221 AT 72 B 22 0l s DIECIZ N CRIE
PRSI CE D, RAIE, AR E L7
WOT, BoNFET7 4y hRRIZEF /A ZXAREENT
WABZ LT, Z0 ) A R FR G LTI
WICHERE L B 2 vy, It bbb, IECa—
P ORI D72 D . FEEE IR AR 7B A R
AW BRI B2 T, s E AN L. §F
i~ LEEE LR THLEY., ZORTh—F A
NEC & R DRI B HIFF T & 5. R,
TV BPREFICHND 7 ¢ v RRXAED ) A X TH
L. HEEETHDL T 4 v PR ABKERARY, AM
PINB G LN TE 720D T, 7 4 v PR AEIZET
b A AR D Z &S B, BEE T2
EEREREMICH S T D DT, b ETL/ A XBRKEN
IECE {5250 TIURITHEET 58]

D W T 11T, B LW EiRpE R R 2
ANLTIECOEHEILE# KA T 7 a—FThHD. Particle
Swarm Optimization (PSO) #IECOECH & LCflEH = &
DTE D, ZEMIERAFIHT 5PSOITHEMEE DRV &
ATIZBWTERT OBBHT VT Y XN (GA) £V
AL < 2 ERMRES N A[8,17]. LAL, PSOIZIEC
T4y FPRACEENDEAL ) A XWETH Y,
DO F FTHERIPSOZAERK L CHIEREN /G TE A
V. THETL A4 0o OFiEE AT = & T
GEDD TN 27 12x U CHEERGA (IGA) kv
X BWIGRMERER R T 2 LN TE B[]



EHEAL[ONE Z D10 CTim B2 L T D
(LIRPIEIE FIETH 5. IECIZ & » TESE(LTIEICIT
2O RN B 5. HBLIMERD LLEZ A3 5t b T D 5
THY, FATRETHHLETHD. ZOESELHMN
ZIANCIECIZ IS LTz b L aFF— A O xfaEilzE 4y
1£[10,11,12] IFFR &2 D B LOREAFTIH L TWhied
7.

KimX O HWIX, FLOFFEE 7 /VITHEET 5%tk
B — 2 DR EEI AL IR L, F22OREOIUKR
PERERIECY I 2 L—3 3  CHERDIEC & bl L T,
i OBLR D D ) EET 7255 AL BT 23 71 72 IECHAIT
ThHDZLaRTZEITHD. IECL—IR IR D A
T, xS — AR EER S HEA L D 7 A3 A 4R R RE b
BEDOMERDIGAL O H S MNEALIRD T, h—F A b
IGAL » HURMEREA BV Ay, S@HIGA L RIS LL E iy
HRFME C 3 USR] Hel S — A et BRI 25 A A L DAL &S
BRI ILINTED.

M CIIARR SO EBR TH WD GAL E o itEkic o
Wk, B3I CIIRIMEiZ A7 LIECY R 2 L— 3
VIEIZOWTIRARD . E D%, FHAG CIMGER 1T
D).

2. AMXTLEYT HELRPETHE

21 b—F A2 FGA

SCHR[A3]TIE 7 1w b ABAEU X Dt 7 1
v PR ATIERL, ERM ORI X D57 ¢

v hRA GEEZ7 4y FRA) BRESNTZ. oW
TRARENTWD 1 DOERBREEN, h—F A

XTHsH. IEC TITHAREITEEROFER i E LT 7
4 "R ABEZ DN D, TOBET 4 bX
ADHFTH LR T DO =D h—F A M HERXAE
WAL IECA, h—TF A hIECTHD[7]. SCHR[7]
T, BICBBUIE®REH S h—F A hEF TR,
PR OFEEZ L BB L T7 4 v bR AZHHET D h—
F AR IEC HIEELTWD. KR TH 2D 2 fi¥E
DF—F AL B IGAZ kISR ET 5.

Tournamentl GA [FHED b—F A e/ v
T U RNR—=FRAPNEMINDHAF I N —F R
FHFRUZESNTT 4 v PRAEZREL GA TS
w5 A TH H[13,14]. AUERILT v & AW BHh

CHRHBEA TV, 85 10 ORI 23 A 175

DB RIRRICREBEE DG ONAET N —T A &
DT, BHEATRERIICESNTT 4 v bR AER
ET B R TH S, Tournamentl GA % IECIZ WA &
W 1EC ([T AT RIE R FHM R O G788 W 7 T =
5.

Tournament2 GA (I B F—F A v MZES<
LD, BADOREFEREZEE LT T v N AZR
ETH. BIZIE, EEBEEEOZ v b3 A% 10 &
EL, ZORKBERKEEST-EEDOT v FRA
1, EHEBEE IR L ORIl AEZ 10 KD 22 LIV fE
LT 5. I, HrEk CREE BRI T (B A L R o

7RO 7 ¢ bR AZRERIC, I ORMEE TR
RIZIIABIR D 7 4 > b 3 A0 6 R 25 %2 25 L
FlNWTfEIZ &%, DLTFRBRIC2EERDO 7 4 v h 3 A
ERTETDH. ZOFROEZFOEFIE, *EHAE
DEREDEBELZ VR THZLICHD. Bz, &
TR &5 2 R E AR 2GEES 8 1 RA Tl L7z
4, Tournamentl GA TILE 2 HilfE A 2fE KD
TOREERIZZR S I 258202 ORINERE ICEY
Brhz27%, LEZ25N%. Tournament2 GA TiXZ D
B EIND.

F—F A2k GA TIEEMED K Z1TH 72D T,
F D5y, BE GAIZEERTT 4 v PR ADEFEMENRE .
EROFIO X HITH 2 RIEERICRET ¢+~ bR AR
BEIRONDIZ L HD. LR T /A RXeEGT7
4 v FRRZESWTRIRZITS b—TF Ak GAIT,
JFERRIZITZImE GA LN TINENRLE DL EEZLND.
h—TF x>k IEC TIZ, *tbsg =z X 29 55 sk
R ZOWHRBLICE D HIEME DFRE L DT v
ANRMETH Y, FBEEMER COFMBLEIIRD.

22 ESHELE
AR St f AL D 72 b DAL R R R T

BT, 7TV XARESTHDHITHEDL LT PREN

BETHLTHD ENVIRFENHSH. SCOPUS FisLT

— A= |28 BH L, 1995-1999, 2000-2004, 2005-1999

@ 3 AR D FRSCEIL 58, 265, 1,569 i & AR SR A

LT3,
T XLOME% Fig. 1 2> TUTDORT v

Ik~ 5[9,16].

(1) 118 {A % B 4= vector & L THLY 7,

(2 7% OfEIED S 2 ARk % /XT A — X vectors & LT
VA DR Uit D5y vector 2155,

() &Y OEKMNG T U HX AT, HDHVIE, A MEK
ZIRON, JLJE vector & 95,

(4) FLJE vector (ZEASTIT L7=#5%) vector 2Nz, 285
vector 3k 5,

(5) B 1= vector & 28 2 vector % 42 7% S 1 C Lbi & I vector
AT 5,

(6) HAE vector & HLEES R vector Z L, B\F &2 kit
RoOMEETH.

7)) LLFOIZRE » T ERIZ DV T b RRRIZ R AR
IR % AT 5.

Fig. 1 Differential Evolution algorithm
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Fig. 2 GUI of Interactive Differential Evolution and displayed a pair
of a target vector and a trial vector in a searching space.
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Fig. 3. 3D view of a 4D Gaussian Mixture Model used in our
experiments.
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Fig. 4. Sign test for DE and interactive DE (IDE); blue dots mean
that DE (or IDE) is significantly better than any other three
algorithms (p < 0.01), and the red dots mean that DE (or IDE) is
significantly poorer than at least one of others (p < 0.01). Left axis
shows experimental conditions with different population sizes and
task dimensions, and marked four conditions are of IDE with 16
population size that is a practical condition.
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Fig. 5. EC Task is 3-D Gaussian Mixture Model (16 individuals).
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Fig. 6. EC Task is 5-D Gaussian Mixture Model (16 individuals).
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Fig. 7. EC Task is 7-D Gaussian Mixture Model (16 individuals).
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Fig. 8. EC Task is 10-D Gaussian Mixture Model (16 individuals).
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Fig. 9. EC Task is 3-D Gaussian Mixture Model (128 individuals).
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Fig. 10. EC Task is 5-D Gaussian Mixture Model (128 individuals).
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Fig. 11. EC Task is 7-D Gaussian Mixture Model (128 individuals).
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Fig. 12. EC Task is 10-D Gaussian Mixture Model (128 individuals).
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Fig. 13. IEC Task is 3-D Gaussian Mixture Model (16 individuals). Fig. 17. IEC Task is 3-D Gaussian Mixture Model (128 individuals).
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Fig. 14. IEC Task is 5-D Gaussian Mixture Model (16 individuals). Fig. 18. IEC Task is 5-D Gaussian Mixture Model (128 individuals).
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Fig. 15. IEC Task is 7-D Gaussian Mixture Model (16 individuals). Fig. 19. IEC Task is 7-D Gaussian Mixture Model (128 individuals).
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Fig. 16. IEC Task is 10-D Gaussian Mixture Model (16 individuals). Fig. 20. IEC Task is 10-D Gaussian Mixture Model (128 individuals).
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