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Abstract—In this paper, we survey the research on interac-
tive evolutionary computation (IEC). The IEC is an EC that
optimizes systems based on subjective human evaluation.
The definition and features of the IEC are first described
and then followed by an overview of the IEC research. The
overview primarily consists of application research and in-
terface research. In this survey, the IEC application fields
include graphic arts and animation, 3-D CG lighting, mu-
sic, editorial design, industrial design, facial image gener-
ation, speech processing and synthesis, hearing aid fitting,
virtual reality, media database retrieval, data mining, image
processing, control and robotics, food industry, geophysics,
education, entertainment, social system, and so on. Also
in this survey, the interface research to reduce human fa-
tigue includes improving fitness input interfaces and displays
based on fitness prediction, accelerating EC convergence es-
pecially in early EC generations, examining combinations
of interactive and normal EC, and investigating active user
intervention. Finally, we discuss the IEC from the point of
the future research direction of computational intelligence.
The biggest feature of this paper is to wholly survey them
with about 250 IEC papers rather than to carefully select
representative papers to show the status quo of the IEC
researches.
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Fig. 1. General IEC system: system optimization based on subjective
evaluation.
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Fig. 2. Psychological distance between target in our psychological
spaces and actual system outputs becomes the fitness axis of a
feature parameter space where EC searches the global optimum
in an IEC system.
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III. IEC APPLICATIONS
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A. Graphic Art and CG Animation
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TABLE I
STATICS OF 1EC PAPERS BY FIELD AND YEAR. PAPERS THAT DISCUSS MORE THAN ONE TOPIC ARE COUNTED IN EACH CORRESPONDING

CATEGORY.

(= 1080s | 1990 | 1991 | 1992 | 1993 | 1994 [1995 [1996 [1997 [1998 [1999 [2000 [[total
graphic art & CG animation 2 3 2 4 5 ] 2 2 4 9 4 42
3-D CG lighting design 1 3 1 5
music 1 3 3 1 1 3 5 17
editorial design 1 1 2 4
industrial design 2 2 1 [ 4 2 4 9 29
face image generation 1 1 1 2 1 4 5 1 16
speech processing & prosodic control 2 1 2 1 1 7
hearing aids fitting 2 7 5 14
virtual reality 1 1 2
database retrieval 2 1 8 8 1 20
knowledge acquisition & data mining 5 3 3 1 4 16
image processing 1 2 3
control & robotics 1 2 3 4 4 14
internet 1 2 1 4
food industry 1. 1 2
geophysics 1 2 3
art education 2 2
writing education 1 3 4
games and therapy 1 1 1 3

[ soxial system | | I | | [ 1] | I 1)
discrete fitness value input method 5 2 7
prediction of fitness values 1 2 1 8 3 1 16
interface for dynamic tasks 1 1 3 5
acceleration of EC convergence 1 1 3 1 T
combination of IEC and non-1IEC 2 3
active intervention 1 3 2 6
total 2] 0] 5 5] 8] 11| 23] 28] 22 | 48 | 57 | 43 || 252 |
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Fig. 3.

SBART: simulated breeding-based 2-D CG system. GP
evolves math equation that is applied to each pixel, and graphics
created by the equations are evolutionary obtained.
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Fig. 4. 3-D CG lighting arts whose design motif is "debut of a villain

actress” made by an amateur with manual (left) and with IGA
(right).
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B. 8-D CG Lighting Design
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Fig. 5. GenJam system that interactively generates jazz melody.

C. Music
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E. Industrial Design:
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F. Face Image Generation
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G. Speech Processing and Prosodic Control
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H. Hearing Aids Fitting
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Fig. 6. Conventional hearingaid fitting (left) and IEC Fitting (right).
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Fig. 7. VR of arm wrestling. Fuzzy logic controller evolved based on
human perception of VR.
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I. Virtual Reality
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Fig. 8. Media database can be retrieved by reverse-mapping from the
psychological space of a user to the physical space of the media
in the database after obtaining the opposite mapping relation.

J. Database Retrieval
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image-attribute relation trees
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image words vs. good attributes

Fig. 9. Reliable rules with fewer number of attributes that charac-
terize each oral care product are determined from questionnaire
data using the IEC and a marketing expert.

AT AL, 2= OFADE D EMERIFES L Ty E# L
FRiE4 A/E%ICIEC 2o TWwWh, Messy GA DF: %1
DANTa—FIITES 2R LI2L D, HEEMLE
WoFmerRERTH2LELHEL TS [125)].

Fre, ATFAT A N—FDR/FSD STV A, LHZERH
%dtimic L-E{EMFEE MIDL 7 7 4 VRF & #4164, W
EhoEed, FLBFOHOBRELRICTLIATALT
» 5 [214], [142].

iBE BC ORFTE, Bk &0 22 a1 A
I LTHRET LD, EEOFEWRLALO IEC WEILH
Tha, WziE, BETEEIATAYE [HLIWERO ALY
FLTHRFETAIEREBTSHL. LrL, FRL~<LA,
SHeMARALE Vo e ERTK THILTIEMR L L TEE
TEXZhbLNiWw, ZOLI LT r PNGEEICIBELT
Bk L~V OTRV % RA 7z IEC TERFE S & 5 [74], [75).

K. Knowledge Acquisition and Data Mining

FRSOMEFLE SN L AR, BROTHI &
T AR FFHRD, RIIBROBHNATA—S2@ERar&7
Mz IO TS, MEREDL ) ICESEELNT
H5. MEOMBETHRETHONLOTHL I, T
b MIE 2 A4 ZADSEHT BB,

L0 5,13 IEC 2 OGO T ¥4 — b6 OB E
A L7z [63], [222], (223], [224], [225], [226], [227], [64], [228),
[229]. T, (1) 7'— 7 SR BERMIZRNFEB Tk
AFAL, (2) BUEOBROEBEENREEL HVCS i
RN E, 2612, (3) BMEEOREEIREEO R
IEC ##lagbd, ZOMICBIZTOBRIRHERIZ AL 72
AT DZLicsoT, (4) BN WEY T4 74 381
OB BHEERD D VIFREN -V ERETL L2 HEEE
T4 (H9).

o DERT, [ - F L] [RIKRAALTHER S
0 16 HOEM» S A 2,300 DT ¥ 7 — b7 =512
28 b IEC %A L THMEA N — VOB efT o7
g EERTRD ML — VRS b — VAR A X b K
VR, Y=y F Y RO N L ST
Wb,

AR = VBRI B 7 2 — b b O HERAELR (65],
wm@Eﬁ¥H9#6®ﬂ%ﬁﬁbmemmowrg@m
xHTVD, RNEBIESOTRONLV-VET=T Y




T A Y IREFRTEFOYEMEIGHM L, FEFEEICE OV
TZIEC TU—LVEHELTWVWHDTHA.

Venturini 5 H IEC ¥ F =%~/ = IZIcHLTWA
(246]. HBRAOHE L% 57— ¥ DEMEEI GP DF
ETHARAERZIIE I L, 20D (v),vy) 2T 5.
INE 2ARTCEMOBIEE T LT — ¥ OB E{ERL,
oMz FfIRE IR T S, fIEEIE, Codbdhs [
k] RFTOIE LARE»#BIRT 5. CHIGRENRER
WHL, KOBAKEERT A, ZOHEICL > TEDZH
B L@EShTWAS,

HiS X, A7 VADOSHEBOHBT— % 208 T 545
MR IEC ZIEBLTWA [196]. %@ IEC R 4D,
EE koo, EAMIITEBEEREL, 100 B AR
T L CEMT2HEFHRALTWS, £EBTIE, 176
DINT A= P hBGT—F 2R, ZO1T/F7A—%
* AL, GP#Hlix AW THOER*H T L — L %15
4. GP TGNV —IE, ABIOSE % 0 & 72 100 At
H% 200 #HfCHICKE(EL, /A XF—% 23450
INA MHEEDTRE R EWVT,

L. Image Processing
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M. Control and Robotics
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Q. Art Education
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Fig. 10. IEC-based 3-D CG forming system for art education.

R. Writing Education

IEC BHHOBELIRRT A0, BIEELVLHER
5z T NaEEDHL. ZDZ ki, IEC HRIEMRIRIC
Baohb LhhnwI L2 FHREES, IEC DEAIET
BohbDbHEIE, ECHERTAEERE DR NF
DLDENOIBEFELEETDH 5.

FEl 61, IEC D Z Ot FHROECRICEMA L TW
% [96], [97), (98], [99]. fT& EDE I WL PR TS Z
Eid, XEFHCIEINHEETHY, »oRLV. 4RI,
BEEOTHIZE TR, MERLOPIFLELLEoT
LEHZLRLIELIETHS. HODVATATIF 4 HD
BEE@EICIRRL, FRICEEZEIET, A0k rii~x
Xg5, ThE2MEEESEDL. ZOROIEFEIELD A
F=1lh 5k, BEN2EBEOA ) EHMEGL LT,
GAH Z i L CTHEOFEE @HOBRDOETY) %4
w5, T, KiZ 2 o0F kb L RY, kotltito 2
F=URERTD, U ASTMEXDR b= HikF 2,
BV O L T T EER#YIRT.

S. Games and Therapy

FlickoT, BB RE LY 7Oy sars@ Ly
i, HICRWSDEBEZ L OHNMEL 0, #E L FH,
IFaF—AYbRY—ARIECHOIVIERETHE. =
OBPUTTRILFA OHRBIAHY L, MILFEFEFL (, IEC
BB — Vs = 9 P VAT LADAN XL %05
ZEWNTES.

Pagliarini 5 W 29D — A% LTWAE. II-M
fi? Lego robot (3 Z DFBEDIEHD 1 DEE2 5. Dy —
LiZiE, ANTHEGOHISANVS — A, NN iz iod B
#= &, Artificial Painter [247), (163, MR &2
% [162].

Pagliarini & OBBEZER Y 7 M3 LF 25— 2 v F 54
Th COEFECOAVLORTWS, Zov s r2ffiaT,

WtHEE O 5 FH ISR O RN & B S €5 XEFE |

¥, AFZNVTOEITEX M LIEDIE) THDH [162].

T. Social Systems
#HEV AT ANOHF LWIEC BRAVREEATWS, T

RTOECHB* AMPETTAIATATHA. ECldsk §

WELDETHET NV 2DT, ECHIREICE>2TECIZaY
Fa—4HATHLDDE VI DN INTTOERTH 7.

AELTINFTRENALAIECIZLTYD, ECBENHI L |

FEDOWTDABABMTETSNL T ThHo7. ZOHL
WIEC 220 HEVATADIGASNhTWA,

Free Knowledge Exchange 3H L W7 4 F7 285 7:%
Dweb LD 7 +—5 AT, TONEBEIZIGA IZETNVT
W5 [90]. BASENZ L GRET) THRSh 2 ML
EEOTE (Gfbd) LOHERAR—X ([AEH) 2B Eh
TWwWh, 74— AN FEBEN-EE 2L L THS

€ (ZE) FILVAEEHFIAALD, hoEE»SBWO |

W BELA) LT (RARER) HFLVWEELHE

At FREEZOEEIHEEZRT 74— T LSMEBEHRT |

FfiEnsd (742 bAR{EDOANEEF) . FHLEERE
B (FHE#E) oo@iErbtins,

Teamwork for the Quality Education & THEHF D H )
a7 AWEO—RE L TRESNAIZERY T, REM,

Ht L %Et, EMEYO3IFHBIEOWTOF—LBEOHS |
IOV TED, 1997 EOFFEMERERIZA ) /A KFE ¢

@ General Engineering S THEB I Az, 4 T F I CH
[43] TN TO Y27 P b=k GA & ORISR
RSN TWARWAT, ICHK [90] TIREDOMFBEEIER/L T
w5, FH GEETF) 2ohbF— 4 (RBE) HEF—A
~DFHI (7 12 F 3 AED AMEFHE) %5 L5, &%
() ML THET L. BROOF—L XA N— 1 FF7

FTHROOND (L) 2%, F—L08F GBIR) 1, Kk |
RO, F—h A N—D%t, (&) LfthF— 4 0fF

Bo—&ilH (RAER) 2ELTITbID, LEnb,

U. IEC of Broad Definition

ABRLTIEAR—AMIZHHFED IEC DA S YT
TWwhd, 2, 3DEFEDIEC bBAT 5.
—#H S VLD IEC 112 HAREIEIC GA 28 A3 25

% TdH» . Interactive DHFEN Y 1 FVIZ Ao HiE |
BEDS T NITHYE TS, LaLHiciz, ZBHOFE |

VR b MG DE DS [220]) RFFIOE 2 fHT A
FEMICROONDGE (195] % LD, RFO IEC HFFK b
bHb.

Adr U a—1) v IO EERE S RERER Y A7 |

AR B6N5 [62]. GA IZ5X 6 NSFFMRI R ST W TR

AR EAIBELERT 57, LCRBLETVAL B,

oS bHard. Thid, FEEMEA - R~
Tz LT WwieHThb, DX LA, HBohrs
m A E T AP HICRA SV cEE LohlHEtEm
T, ELICGAEERTOILICRS, 2Fh, AR L HH
r OMEERIC & o TEBMEFEIC 20 < Bk 24795 DT
HAHH, FEFEMELYELIC 74y FAAEIITLIOTIEL
(, BohlArva—"r 7R ERMEFHL, £O/KR
OV T 71y b AAMBOBIEEZTT.
HEADFEINEEROHFRLVWFET, fla W
biomolecules L % A S ¥ THL VWA FLERT 5
S3alb—YavIilGAMEDLDATWAS, GAURL Y 1
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S EEH A

B AZLN AT AENY

AN

——

MRAFHEETHIHEY BFVATLOHHIALF—
PRI HHER) % (z,y,2) ZHOGTFORER ED 6
DDINT A— ¥ B TS THEET L. CA THMAES

Licobt, ANILHRERZER, CAVE, ATABAE~=2T IV
T22o00Femadst, HEAKELTMALEV)I LD
TH5 [105]. 22— WOz S TH#EILT %D IEC
TRZWVWA, HEVWGAIGHDA ¥ 95233y AT A
Thh.

ME £ — VA< [#E (TSP) OZ RO LGS, BN
KEL % BIZ2oNT GA THRIFICKEMG 29 5. £2T
- HE A e TSP 2 % x5 is/h & & TSP (255
THEFL, M40 TSPBEREMIIOLEGDELI L
CEHEMMEZESL LD LT AIREND S [111)].

British Aerospace £ & ®3£[F TH% L T\ % Parmee 5
0 interactive evolutionary design environment b #XatF —
LEGARHBLIVATALEDA Y457 a1
TR 17D VAT A ThD [166], (167, [168], [169], [170],
[171], [172], [173].

IV. NON-APPLICATIONAL RESEARCHES

IEC D 2 N7-HADREIL, RIEBEOEIT % LD B

Ta0hTHhHAH. ABD, EhEHeLvwarya—% EiGH
LT, tftEicE { oEbkE LBGRHE L, FFEEx AN+ 2
CIBRY S L. TN ERLOKREZZHEAIZLZ>TWES,
UTo#E2, E30REO» % ) OHGHTOE | OFEHEIC
MhoTVia.,

EoBEEIL, EAELERIERE T MZE S S
PThD. HEEHEORO REE B X VLI SRR 7
B, BLU, HELIZFRTE2EEEL NI EHETES
BRFIIRTEEEICR ) 2 H 5720, BE O ECERICILEK
LTHEGHEERETARE, FEILD S 28%0,
i, WEEIC2%AE, ZOL ) RRIRTHINET 2
FEFLETH 5.

%3 OFEIL, IEC OO ERHEED & 5 IZHERZL
T 28548, WHICEF L ERBATHFESEL1TH S,
B L4 B SRR A RFIIERE S5 2150\, FHET A
Az T, LEICH HBEOFERE DHEEHVWH R
A A0T, LHEEEFKEWL, EHitEgTE,
WO R B AT B EE IS ZE M T & B R0
STLEBEOZ LR E D, MFBETHE 1 E 213
KOO ZFIRREEEL 2B 42w, LiiE2omME s
A CREAEE L, BHICERTE S EEROHYH
b, BRFRTREEEH2HEL V.

Kifi, IEC D% A7 OHE, Yt TdE£H F+
REBEHEE VI NE DS H D, ABHEHEE B+ 2 p5E
it, BiERGE(L RS ROB L RTE E MREPEL Y, KBW
BBE1EEV)DDOPFIEL RV, Lz T, IRCO ¥
AT, BoBA TR (OB E CBSET T L v,
HRREL &Y, —f%IZ EC O SRR IS B
(, BEERICRCBEELR TV, Tk, HuiEsEi(t
BCOEREEVS DIz 2wl y b2,

LpL, ZOL)REMEDLVEENSH>TY, EypEHs
EREDUIITIC R o T B Z LZED D IR v, IEC D w
FREoizoE, BHMBELZAL LTTHRRL 2R
B biw, IRHPAD IECHEDIZEALE, hon
Bkt BIEL7:, IBCA ¥ % 72— AT 205 Ch 5.

A. Discrete Fitness Value Input Method

ECHA#FML, FEBWFMEEZANLTECIZT7 41—
Koy 24 58T, o L3 SALLEMEIIZKE
(EREENG, Mz, FFliT AR 27100 Silmh o 62
M 63 EAEEBL L9 ETHHETIE, BT S AH0E
HhEWLCDEDLHRS ZEIZR), ZThALENEEIZRS.

FIT, SEFSFEME D, 7ERFEFFHEO X HVEEiisiz
T, ELoEVIZELEINSEZ EL L, Bunl)- /5
HTE, EHFVBERTLIOTRLVWNEEZILNL., Tk
Y T EF e A FRAY e BERKETPMI AT & LT, 100 S04 200 &
WEERL, ANTHIEFRESN TS (197), [198],
(199], [200], [201], [147], [205] . @ &9 ZeH V- FEffiZ AT
HiE, L/ A X224+ &ichl, JURAEL &5
ZEMEZLNE., CORMEMOKRSFEME LT, RETE
RQEYIE /A ST (WA

FEIGEMEROE R, WHOMBLU EIZEWRT W &
A, FEMICABEICR SN, £, Y32l -3 VER
DR, BT/ A X LAWNEDELPSEEINL DI,
EC {ERO A 10 £ 2 100 L LI > THHT
Hb, IEC DERMRIFEFHATDH S, 10 #HLED,
W 0 LR TIRIZE A LMEN W D590, £
FISEMEER % BT D & % o 72 [198), [201), [147).

B. Prediction of Fitness Values

IEC O 2 OMERRO 0, L wEERT LR UL
AL, 749 FRARAEDOTFREEEE ANDS FESRE
2hTwA, FillAcEE, B0 ECHEoEEREHE
L TEERMEE LV, FlTLI—FOEMEATE W E TSR
LEED A& EBFICT—WFIIRRT 2 2 & Ta— D
OEFRBEEELI LN TED, OB 258 L
TEMIifE 2 FHlT 51218, ECIEHRZMOMRE S HikL
NN 23 HiEEAHREEN TV S,

AL EHEN—-ADTFRFEOME, BEMO2—2
)y FHEBEIC X 2 AMOFME T4 2 BB EERL,
GA HE T 200 A IZH LT GA B RZITV, #0556
7 10 EEDAEBREFIIRRT 250 TH S [126], [127).
coL—2Y)y FHEBERDOL THRE LT, 2—FIFEEL
FEEERLET A IARAY ) Y TR, FHELA1E
thind @27 T AN ORIFHEEFE~DHBEIZEDS VT T 49 b
AAEETFHTHIETHEEZLTEIETERAGDH S
104].
[ﬁ@%%x—z$wuw—WN—z%ﬁ5%@5&&.EC
OFLFECE, BRENLZTXTOMKEIEFEES5 22
FikEk Bnb 0T e BAEREME L 'H 5. Al
FIED VWAL —FEFTVRECLDNET, hEudz
OM O EHoTWA., TOFEEL LT, 21T
3p8 BIEIN Lol EOBEETRTORETZDTIR
el, —EONATAEERG A, REAMERET S 7
A% o7z Y [57), SN & OBUBLAE & AR R
o TTIAMBIILoTHS T4y PAREET SR )ik
[madwﬂﬁﬁ%éﬂ1m5.é%u,ﬁﬂﬁ%ﬁﬂﬁx—
3 220 T OBPLEE D & % RITR BRI TRO LB ZEH T
OFPE~E B L, IEC OFFli DR K & FRFEPEREM L &
DL & KD T WA (192], (193], [194]. )

LM Ecii_7-a Ky AT, 74 PAATHEF
AT B IEC L 2DEF L EE 72 IEC O 2 BFFO
7 r— X% @ LTS ERGIG A ST 5. IEC £175
J2— AT, FFELLAVIIZE T 50Ky MTBHIZIEE

~ ga—



PUTTEFMETS. kiz, coBECELN-OFE Y MT
T2 OiFAEL— Ve LTHIEL, 2—F1f
HAETNETH, COETNVEF-T, BENDECTYIa
L= ar%Hill 5 (33]. S OSE, AHBOFHREEAE <
7o B D THEFEEIERTE S,

BiZ749 bRARFRITH23THL, R4V 9 72—
ADYERLAZ ) == FIZFDOF 7147 b FAdEDbI
Twh, 121, 2—25Y v FHlEL NN ORFTL—H
DFHMFEEE 28 L, RIERORREED 7 19 b 5 A
FMLTFM7 47 b 3 ABERISTT 2K TH 5 (202,
(146], [148], [149], [150], [205] . Z—H D BEHET 5 kLS
LOETARMIRLFMATE S L 0% 570 L EEH
VESIC D EWMEESNS. T/, Bk O L EHmEEEE
FV—FLTIRRLTH, REELFMAIBEHICTES
EHIETES, A2 )y IO, FEFEAR AT
74 —% NN IZH¥H &8, LWL 220571 —
WA LW E T —FOEFRBEICHT 5 %
DThH A [16).

DT 4y FAATFHNC T E LRSS 4L, 10
O BEHIIABOFMREICE L REMKTH L, 12—
21) v FEEgE~— AD T TIX, /37 A — ¥y MOFEHoEE
PnEIFEEEINS, WzE, BEPLCOFENEHNIZS5 L2
WENE, BEIRROTFIRI D KEVWDT, ZhboFoi
VIEPEBER BEIC R T E W EFHIFSEIREL 2D, NNO
LD REEBRERLEATEL—-2 ) v FEMOL S L RE
PUETHDL, B2 0HHIE, IEC 21— FOEMREILIE
MRETIREL, FHREOHMRETH LI LBEVET
Hb. 2F h BB FED AL OEME & VAot o
filifititx, PESESHE S NN OFEFICELEE 74 & LTk
S I 4 XxELI LICh A, ERROIRRIE~O T HIE R
Tid, YIalb—YaryTEEELTISEISESH, 3
HIRENTWA, L2 LI O%hRiE, £ 75000557 268
THITIWEE>TES T, UEDORMA D5 (150). F7:
IR TH LI L DFEF UL VL DERSTTEY
(16], FHMHROERILETHS).

C. Interface for Dynamic Tasks

IECO$IDFEBME LTRLIZEIIC, TPrHEL L%
WHT DL ATLERELT 29 A2 O%E, My A
BRTEL WD, 12— OIS KX %
L. BEMEE Y AZICLT, FOL) RRFEA T T IEC
21— FOREFTEEATTEME SN TS,

%1 ORFRTFEFERCTH S, IRT 20MED4 ) v
FNEE 12 TIUIHBEHELS B 5% 2%, BiHich -
TN TV YV — A E R IEHBRII 2 { % 2 hs e 8hs
LW ORATES b, TEFTFHEERDL, (1) $-C
[LY—ADRR, (2)BEFEIIRLLY—A4BR, #LT
(3) F—HAPIOMEKILE— Y — 2 AT R 23875,
O 3 FHIT A LIRAEME & DORME I DO W T E B M 41T -
TofER, (3) BAHEICHV Z L ATRE NI [234), [235).

% 2 OBENE, BROEBROFLOLBE BV LN LY
FEEMT D700, BEOT ) — MEKEIEEL, B El
BTELILINTLILOWRTHD. WML S
ARRRN S D Z EARENT: (234, [235).

9 3HETE GUI O # T, 1 R0 20 fifhn o L ED
WEABAETELESICTAGUIE a1z 1 S>FoH
K95 GUI48] Th 5. Hi#E L HLEEHliAT 1T & 5 Bk
TR EL TV DA, BEFORING L 2 < Al

EASIZ B, fedid, @4 5 L HEII RO UHEEHTHBE
ENB70 GUL DY v 7V TRIRIRE & WBHEEDS B v,
FEOFLRBTHIENTELV. ZOLL—FF 708
B2 FHFMERTHFML R, BREOHPHEICHEN
HnHZEARENT:[235)].

F7:, II-CHi® GenJam T, BERFIANOHEOEHE
%4 T 5700, BTRBP THEAZ 45 L T (%
LTWA [13]. it - 2B E O RFIRR & 0BG
T OIRAE S DA%, SOFETIE, botEvEi |
(7L—X) TORBTEDLZD, FHlrEHICRE. AL F
BEMOICHF TR L 7 BAREESH L — L O FEmI b Fi
WL ENTED, 3

TLiE-T, HEOBE, 2200 bIXFREALTH EN §

HHLBRETELOT, AN CC OEITEIEMM RSO E

WAL, —%OME GA THfEbIRLTWAE F—+ E
AV MBIREAABDETIECEF MK LT ERANHS |

[110). k=72 > FERIE 2 BOBEEEKICHLTIE |

X7 n—1 BB THEAR, b—F A MELY»S F
TAy P ARRAETRETDH. P—F A MEIROEMMIEEE B
D 2, VAR TFEE S 2 X ) dhikos B
WEFPDPLEVWZ ETHY, HRIRAED—F 2 ER §
s 1 (LA O FEMEOEHEEMEL 252 L TH A,

D. Acceleration of EC Convergence 3

ECHEH DML, EHERIKE 2HRIRATNE, |
EC #HE#D—RI 2 HEFET X THFFATETH LY, E
IECH & LTI, HiS, M ToIGR MR FESN §

HEELFESLETHD. NMIFHEIC> X S22 IEC |
OAEIE, TVEVn10EH 20 b viott—F—Ths E

0T, BEED 2KINED L S, KBBTERICEST |
M TR ARIET X 5 £ 5 2 #84Lid IEC 1B L Tw |
A, 9
(072012, BHHEIEL T bz X 25y — b |

FHAAIRE SN [60], IEC I L APlrEEshTtws §

[149], [61], [205]. 72D~ Fw— s B Lo f
W TOFBNCRR RV RSN, ZOFEET74 b33

SRR R AT M Y T OEERM L Y Buni~Tto |

BEECICHEHATRETH A, F2iE, pidoibskipEzn §
Yialb—YarTREHICL-oTIEEERIZ05~1 §
B2 55E 00, MELOOORMA»»-THE
W ZEDH D Z LRSS NE, LaLRedS, Y32
L— 3y CRINEDEEITREINT VDA, THFEE B
BT, TOMELTHRICETERIRSNL ETICN
BEoTwigl, 4

IEC T3, AMAEHBHETT 280320 Ca—shoa

EEKICEY. CoRLEBMERIMLT, EClccas |
TEETAHEVIEZR, BELIZOLNA, JbARL DY
754 B GARIDERIES b DTH S [86], [87), |
88]. 1

E. Combination of IEC and Non-IEC

IEC 2B 2 FIAEOAM BT 570012, i 7ot §
AOMIZ BRI ETNLNT A= ¥ 2L R0 §
FHEILEoTFa—or VTHHEVGRESATVS (64, F
[228]. THUCL T, IEC Ll D GA & #XEICEMT f
XBLIRVATFLALLEoTWVA, ;

LK SOHEKS b, @HE7 1y b A AMBUIEOCGP |
7o T AT, 100 #4410 | BREEOH & TAMLFFHEL §
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% 5 IGP %475 Ml&¢ R 247 TV 5 [196].

F. Active Intervention

IEC2—H3a y Ea— s fllh bR SN LIt
LT 557217 Th Y, HEHEEHEKIZECHTTH. EC
ERICAMAREPICED VR ZEmE S LI EnH T
70— FHEEONETH S, REHMICME$HZ & EIUR
OFEE, EFHEOBRICL LD, 2 oDIREND
5 F 054 YH#EEAAAA E Visualized IEC TH 5.

F T4 HEM AR, T—FHAHICTFMEE S LS
PHTHLT, BEBF TRV ECHEZLOER* b -
EHBMICEERICRM S A EThd., BEry—J okl
Tk, BiEZhTlw, LBEZIE, ZOREFEICIIESR
BRERAPBIESZVWIITRATHHMAANRAESAT
w5 [25), [85], [211]. WA LIc#{EF% ECHEHEL LT
EV) ZEIFEFEZEMORTE R SHELILEHNTEL
OT, ECEFENVRL L AR, £FBHRIZITTLL, 5
B g e @) LELH DL LD, B EHEETALD
DBENHEZDEVITAFAERbH A, FHFMERT
CDOML—FF7%FM LSRR, 47T 4 2 HH AR
bHfEd o ORERHIZ3FNIZIEES 22500, |URIE
FRLLEIZB B E, BOoNAEY 7 — Vo HESED
By —4y FEEGICEBEISEPVE VI RSB N
[85], [211]. o LEIEMIC, ST A—F FEEZT 1 b
TAHBEE R/ II-A KD SBART D L) %2l & 5,

Visualized EC Z 7-13 Visualized IEC %, n-D 3 Z=0]
¥20DICERTAHZ LT, ECHEFET ¥ FATr—7%#HEAL
THEEZEMO T ¥ FAyr—7% AHMPHERNTEZL L 121,
02 KRTCLEM ECTRIEMFFET LI THAIMEE AN
PHEEMIBIRT A ETH ) —bETHHETH
% [52], [215], [53] . Visualized EC X 714 Visualized IEC i
EC L AMORL oI EFRNDEZHMAGHLELLDOTHS ;
ECH n RICZMABEETNVT) XLIZHITWTHEET L L
W BEETERENDH S ; A 2 RTZH ThIuTEsg
rRAVOUML KB ZHWMAES TH S, Visualized [EC
DL, 9 F L WITHEAMDRA BB EEICKEACSE
EL, 2FL v otBATHE L OED 1 25750
2 B2 THD, low risk, high return PFTE 5 - &
thh.

Ry F2—2BAKERCT, ABOFFHHOA%RE X %
Bt A7l D GA & Visualized GA THEGFHH L7, 2
KEEZICII ECHBIEESE A/, B1LIERT &9z,
P WEE (20 BIfE) THEE GA @ 100 H4E~1000 E&EEE
FICUCHCY A YU MEREASRERE T & 72 [52), [215], [53].

G. Theoretical Research

GA #<Na7BBELTETIVLTAMENEALNS
P, IECBREEZHEREFNVTERBELL) ETAMR 1D S
177, F2ZAS - FEBETRILBRIBEORTVAENE
ATHAHH, IEC DIFERDIZEAENIEHI, v ¥ 72 —2
WETHLHPT, 2=—2 LHETH 5,

V. CONCLUSION

AW TIX, IEC LWAIH THEDONIAD T X 2= kiR %
BBL, MDD SNIGRALE 200t 7=
DY M A% B L7

NI TOHERSE, V7 bavCa—sr 0700
B0tk ES L, 60 EREIH T 10T

o)) )
¢ @ ca

subjective evaluation

et )

n-D—=2-D
Mapping [ «

subjective evaluation

Fig. 11. Normal IEC (upper) and Visualized IEC (lower). Visualized
IEC maps individuals in n-D EC searching space to 2-D space
and visualizes the distribution of fitness values.

NN, 7794 AT A, EC & EDOE4 DA 80 £
42 A E P E TR &) [219). 2L T80 FEMRFKICE
NENDOHBORAILD D W IZBH A S EE T ILHR
Fxh, WERICELHEVIBTHEEIN>Tnot:,
KELFAE, 80 FERIFME4 DEF VOB, 90 F(CILRA
SO EVIDFEREL My 2 A TH o7z,

TiX 2000 ERDOHEERFEOMEFMIZED TH A S 2o,
WHEWNAHEZBENDTHA N, 90 FEXH 0 OBMRFIRD
EE DA ZALHBERFEOIG LRSS, Hilio Al
ELT12OHMEAMEZEBL TV EBDRS, 2084
DABLO—FERFE, AMOFEMgghearYa—sn
BiEtieh L 2RMESHEIA V55254 TECHD S,

B A DEF A BB ITHED WA RRE - e - Al iE, AM
OENRRDNZEETLIECHOT 70— FhL hfEsh
3. IECA* [Bfid Akl [ARiZR S LBty ] o —Bh
e BT ENHIRFE RS,
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