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Abstract
the classification accuracy of case-based reasoning (CBR). An improved CBR classification approach is proposed, which

The distribution of feature attribute weights and the strategy of case retrieval have significant impacts on

is combined with genetic algorithms, introspective learning, and group decision-making theory. First, multiple attribute
weights are given by a genetic algorithm. Then each group of weights is iteratively adjusted in accordance with the
introspective learning principle. After that the group decision-making retrieval result which satisfies the plurality rule
can be obtained according to the case group-retrieval strategy. At last, the classification comparison experiments prove
that the proposed method could improve the classification accuracy of CBR. The results indicate that the introspective
learning could guarantee the rationality of weight allocation, and that the case group-retrieval strategy could make full
use of the potential knowledge of case base, having remarkable effects on promoting the learning ability of CBR.

Key words Case-based reasoning (CBR), case retrieval, genetic algorithms, introspective learning, group decision-

making

Citation Zhang Chun-Xiao, Yan Ai-Jun, Wang Pu. An improved classification approach by case-based reasoning. Acta
Automatica Sinica, 2014, 40(9): 2015—2021

TUUZREE, o, RN KSR
MO~ LR £ S LIS A T B R

ZHIHERE (Case-based reasoning, CBR) & A
T i A0 — b ORI I T 2K AR AL 2 2 X T K,

Wi T+ ket 80 AEARHIIM. e PR T AR
O 2E A, A AR R A o 25 A e AR )
(2850 249 (BPRIE A9 ) AT 4 B SR 8 i) T (B8
FREARZEBNE. 1994 4, Aamodt 254 CBR J5ik
g0k 4 BB KR, L BIERMAAEE B
ARG B — AN EU LA RT ZE 0 K5, BN
(AR oh 7 52 B DA ol REREAS T S 451 KAt v i) L
e Ja, AT I SR A AR ) ) R AR AT . AR A
TR REBOR M B 85>, CBR 1) H 5115 2]

Wk H A 2013-05-29 sk H A 2014-05-15

Manuscript received May 29, 2013; accepted May 15, 2014

[ K ARFL A4 (61374143)

Supported by National Natural Science Foundation of China
(61374143)

AT XA

Recommended by Associate Editor LIU De-Rong

T b PR B B 5 Pk TR B Ik 100124

1. College of Electronic Information & Control Engineering,
Beijing University of Technology, Beijing 100124

XM, CBRAER BT 1wk SR 2] E 134T 1R
KK [al.

7r. CBR B SRl ah T 0, A Sems
() 5 B 55 15 75 ) A R 98 11 S R
LERS 2R SRS 7 T A RS 5 LR 0L BEAR R R
Sl U LU e & sk 2180 A Hoeh ) DUAH AU
DN FEME 1 5 3 40 SRS A5 2 1) R, ELIX R SR
L5 A 2R SRS 24 R 48 K ey 78 73 R AR AL S P )
TEAERIR, AR IE BREA L, A A2
SRS PRI SR AR R R I AN iy, DRI, et oy e % S i
FORFE T se PSR A

R Ah, S AT R 28 S T o v R A ] FR) A
R R AT S R ALURE B, LR TRT B0 24T, (BT
Wit P B AN 5% PR B B UK, 3K — T ) A
T WA B ORI S M B R 2 SR
W TR BC 5 ik, Rl A SLAAE IS B T



2016 H ]| 24

¥ {1

40 %

J 2 KRR BRT, T IR AL S R R R L A
REATAE 5y B T JR Bl Ak /I 1) = BR A, 3K — e o ] g
FEBCIBCEAG B, 281520 CBR. i UK A1
g4 & SSY: A R R VPG RPRIES R /NI WAR EE & e iz
WA

FENFIRL AR B R, AR F I A B A
FOWE LB A FAR m. WA IS TIPS
)b IR AR BE R ST B B SR A BRI 2
J7 AR BGEAFAE (18, SEBUE IE B 5 (1027 2] H AR,
AL R AN RGOS R, gtk
A ), ASSCAE AR AL 2 BE AR A R PERCE
Bl b, a4 2 o D5 BRI SE A T AT IE AR
B RJE, AR SR R IR R B2 BN, R 22 4
WA 2 2] Ja BB AR D RO 25 S LR BB
), T ) RS I A S IR A R E AT S

ARICAR FHET g e R 5 1 A A
CBR L IE R ATAER R 55 2 T if e il A
A8 2 200 A S0 00 e (R B REAT IE AR 2 5
3 YIS LRI ] 2 BRSO IR SRR 2R SR 28 4
Ak UCI (University of Californialrvine) £k
GEREAT P IR L, IF4E A R T fe, WA
SCTTERARME I AT T B4

1 CBR K&

CBR & N T8 REU— i BT I 1) LK fift A
W2 )71k, Zu) CBR fEH K 1 sl
S G P PR Ak 1R 2 Il LR A R AR L P e 2 AL
VRG], HARZES B, 85 SIS R VPR 5 B
L5 F AR S (R ARBLEE LASRICHAL S 51 74530 3 S 491
A 2 H bs S B0 0@ s =042 IE B BOW i
BURBEATVRAY, 25 PO D0 RGN 5 18 1E, HLZR kAT
IEAAE doe AL S ORAFRE H AR5 1 B 3L IE A At

#

& 1F (Revise)

K1 CBR fiH%
Fig.1 The CBR cycle

(TR A 2% 2 S ) flAr =01 b, Rk i )
UK AR, AiscBl CBR g & (2 > idfe. CBR
T 2RI E, FCEE BRI AR i Rk piridk:

Dy S G4 126 v s S TR R ) el R
iy, 7™

Ck:(Xk;Yk)a k:172> » D (1)

Horr ) p RIFEGSEG X, 5k AUR S0 ) 8
;Y 0t Xy PUERIZON. X, "R

(2)

Hrp iy (i=1, 2, -+, m) RARHE k KFEEFIHT
90 MR JEYER A E; m SRR R4
DAAR I 73 2 Il 5 491, ¢ H s 22461 1) i) 80 4 ik
N X= (21, Tg, -y Tiy -y ), Ta FEELR HAH N
A Y.
P AR R A 8 W X 5 X, AL

S(X, X)) =1- (Z w;(@; — fEi,k)2> (3)

i=1

X, = ($1,k, Lo ks ,Cﬂm,k)

s Liky* "

o, w; S5 0 AMRHIE R PE IR, 2

Zwi:l
i=1

MG (3) MY THEEL, WA AP R AT d5 K AR BLE
Smax:

(4)

Smax = max(S(X, X)), E=1,2,---,p (5)

B HATDAE S WERE T30 g AN HEE, N
SHEEEH X BB RGLLE N O, = (X,

Yy)-
XFForRin) e, TR HEER] C, M Y, 1E
A HFRZG X s, B

Y =Y, (6)

U, JE i TR LA S AR B (A AL
B IEREESNSE T SR EAT T8 EN
W5 SRS A BT A, T BT BB IE,
H AT — &l o AL B & 5k T, ¥ His
FHIHEER X RILAHN RS Y Ae6h T S0 P,
T T —REr JRkiR. Bk, R aHh p 42
Hp+14

R B AT A A R SR I SR T OINAUE T, R 2
SCHER IS TR (1 3 i 7, st AR S B
1330 T2 AL IR AL SR AT AR S BT R
Be/ Ny B S b, 23 s L IO AR 1 . T HLAE



93] TRAREAE: — Rl SO I SO HERL > FOT T

FEARRARIREOL T, W R AARYE — A 0 B it
AT IR AL 2, R R IR R T REAN . X 2R
RINAFAEIRSG T CBR 70 KIHERGTE, I, dfe
e AT 23 BC R 5 B, DL A e R 22 4B A
WAL T —LHEIT.

2 WEIREAZE

BeF BB, AT AIRRFA I A B R
H AR AT VA, 1 R AR AR B AL
AR, SRJE A I T A48 o 2] S PR, X IX 2806
BUE 2 R DK dems At b i, LLRIE CBR R
AR E I RES).

2.1 BEEZSBENE

XTTAUA )8, 5% S VI AT T B . B4 1 o,
R e SO 38 B 5 bR 00T A3 2 b 384T 4 SR BE AL 4
RN R 3 A S0t S A AT 1A 2R
ALFE LR BT

1) GtsFfgad. XM AE JE AR - n A7
s 3 E N A N E T ey N I DN N TR
S AHACLRE R, e P — 0 TR A b 1 R, AR
JE B AR X ] [0, 1], LA ¢ ANRRAE J& 1 A 1T 5
KR

(7)

Horb wi SR 0 MR R PEROBCE; ¢ 2 ZREHI
fiffh.

2) JENE PR AL EAE IS R R L
TV JEE PR ESA T R REAC I, X6 23 SR, m] o S
I PRI R R

Mo

a;
1

Q

Horpr, Q FoRMREE 1 H AR G085, ¢ KR j
AN bR S5 K2 EMRbRE, H 0 A1 #oR, 4
FKIEHN g; = 1; WK 0, F RIR5 HAIUER %
P2 BRI BT LLERIE [7) PREAf 2% 150 1R 7 ) R A AT IR AR
=R

3) MEHE. FUE N E LLEE (XRREeBETE) &
BTG MBCE 20 A, R AR 1 B 4 5 LI B
JERCELA). BRI IR IR N (IX B AL
Foh Tk, ), A (8) 15 B A
REMENEN F, (1=1,2, -+, N), W1 4

F="1

(8)

2017
AT P R
F;
P = (9)
Y
=1

R AR e 8 A5 IR U o B 7 e B A
BF RIS R

4) A KA A STr 3, AEAH AR IR P 2 A
A R R BRI B, SRS LI R S
e Feop Ny e AR o3, MRS B0 € A SORER R/
AT RE P AU (Y 2 A By BT AL, S X R B
J3 9 LB (R

5) A5t N T femist e Sk e /R e, ik
iy ST A A AR I RFARCE T, BEbLE
A, R A8 1 1R AR S B3 K/ R E i 17 147
WU, A S 2, 07 AT FR B R 23 A

i IR AR R, AR E AR B A B
LA SE 1) 70 RUERS R O 2040 1F, W] LIS B i 241K
—ABEZEK (3) WA TS

2.2 HNEFIPENE

TEAL BEVH S AR v, B B A [F] 43 L 2 45 2
ANTR] R AHARLE, 3 1717 5% Wi 2 2R 1 45 L. dst A AR
Tk AR 0 VR I RO S P A R AT 40 L, 1 I SE 1A
R 2 BN &5 & BIE— e A
25 T IEA ) A N AR M S S HEE R . N 5
TEHTAE S PAT B BRI 26t T e ) B A,
AU R A Stk set T ). R AARRD)
(1) 2 40 H 28 o2 A0 R A BRANHE B 7 vE R 7y, E A
FAGVERE . PR, AR A 2 S & S TN
FIACTE KR B JE T ) DK B SR I X gt A S
KRG BIIAE AT 4.

1) VCHC et ATAS DTG &

FR AR PR AN S0 AH () J P i R E, nl ks 60 s
PR3 4 VT HC J& R AN VC RS B 1, DL g e e

EX 1. B[R A S0 i AN YR A8k
Cr=(XpYr) MCry=(Xrr; Yir), i, Xi= (211,
y Lily "7y iUm,I), Xi= (JEl,H, Loar, )
Tigry s Tonar)s AR O < |@i7 — 2 11| < Ematen
(A Epaven A FIIT P2 A5 DT AL B, Rm A
ZA R — B P T R ), WIFRIR %M Cr 5 O
A @ AN UTECE M, 15000, PR A VTHC S .

2) AUE A 2]

BT WA 2E ) B, SRECIT T B IR 3 AL
7 ) SR

AETE— 55 L9 20 5 i Dy i, DT 1E Ja 4 19 AL
0O I, R AN DTG R B A 9 > (Good
matching up & Good un-matching down, f&ic. A
GMU+GUD). % HFrZ6 X kUi, an a2 21

xQ,Ia



2018 H ]|

¥ {1

40 %

HLZBI A A, 24 A R X (SE5IHIR) (B2 2582h)
i, 8K A5 X PRV AR, RS A
5 X AL ELE AR, ik, A 5 X AR
JERE IR, PRUFLE SRR H AR B X B, ) A GER

3) AR 75

T I P 4G 2 2GR AT R 0 S AR T vk
PR — AN (1), R IR AR 2 S R
BT IR AR AN AL AN F B, T 2 )2 A A B 2 >
R R AE AR SR 2 AT AU (1 1 2

B8

B /D

For) w(¢) /&5 ¢ MFIEE S ¢ UGB ALE;
wi(t+1) &5 ¢ MR ¢ + 1 WIERMBE;
A 2 ABCERREER T, m 2R R AN
X FAN RN 40 S0, G BRI S PR AN AN ], B
i A AHTR], AU AR A S 2 A7 22 5. R0 ) —
ANEOVPETTE, m BEAR, PrABCGER AR 2
A, 3R 9 SEBUAUE 1A RO 8, HARIE L R
A P AEZ N, A, ZEXE (0, m) AEUE, I
At (10) F1sk (11) EH G FIAREANTE.

T A R JE M A TR AR A S, N ARAE
B2 RN 1, Tk 73—

D wilt+1)

i=1
Ho, wi(t+ 1) 25 0 NEPEss ¢ + 1 S
Jo B AL

3 EOIBHG R

U, A 40 1 e 3 AT Ao 28 ST R 58 S o]
T80 M S BERF AL PETEAE RN, 25800 73 2K 1K)
HERA A, AT 5] AR R SR T eSO A 2 g LAk b
KA.

3.1 HEIBH R

AR R SR A R R R 0 1R R L DA B 1R R
JLIOT R PR S TR DL SR8 ) PT 5R A 22 56
WRKAL, BEE SRR, SO R v &
P PHoR SR L, A REAC A, B R AR R
45 RAT I 2 ANHER, DR m M A ke SR EAT 22 4K
K, KA AR RN AR LSRG R R 4. ek

wi(t+1) = (12)

SRR AR S LR HF PS4 R R S A vk 0 11 i
UFAT R BB AR B R S WEARE, e rp RBP4 il
P B D Y e DU AT CRAE R R SR K S S AR
ETE. ASCR AT B BEAT R L ISR 45, DAL
SRR M 1) LA, SR R o 2 B ) SR
R 2 SR R T

BAT s MLL 5K, WFEAFE] s AUBUE A BURF U
GW. BB R HI2 2 W/ AR Aa 8] |6
AL SR B 22 B, FEXT AL S B R A
By 3R A 48 25 S HEAT AR, TR (1 25 41 A
IR SRERCE GW, DAL Rk

Wi Wiz o Wiy ot Wim
Wao1  Wa2 Wom
GW = (13)
le wji u)jm
Wg1 Ws2 - Wgi = Wsm

Horp, GW IR AT R BRI R, AR
LR FKDEMBE. w;; 5B § AL F N § Ay
i 1 2> BE A .

AL T K BERCE i, BLER 5 A% K70 eI A
FONB, K (3) o5, R HARES X Bk 4
P X, BIARUE:

Sj(X, _Xk) =1- (Z (Uji(.'lfi - :ck,i)2> (14)
=1
Forr, S5(X, Xp) RE5 § AL X BCEMR RN b 5
BB Xy, 5 HARES] X AL
SRAH R FBEA7 L FACE () e KA S max:

k:1727"' » D
(15)

Sjmax = max(Sj (X, Xk)),

Bt RAARLRE XS B IR S B2 2 g A, AR
LFEBCER RIS HARSG X s A AL 5 S 41
Wl Cp = (X Yy).

XEF o RE, WER 5 A7 ZOBCE KA R gk 5k
GiRN Y, =Y, THILL R0 ], Mk
] SR FH ] 50 22 BOAE W45 21 H bR 22 1) X O RE Tk S 4
R

FIBPIFII a 1 b, WY, R a 80b, Rk
87 AL KNI Y o, TR a R D
WHIREL, 23 eh N, M1 Ny, 45 N, AN, A



93] TRAREAE: — Rl SO I SO HERL > FOT T

2019

S, U H BRI X, BRI B 8 1 RE RN

Yy — CL,Na>Nb
b, N, < N,

A7 N, RNy AHAE, TR S AR AT 2 ok

(16)

o

Y = argmax(S; max);

J-q

j:1727"'75 (17)

3.2 BRSNS

FEHIHEART 2SS % ORI T2 (14), &S
A AR B O B ARABLRE (v A 2K (3) 2R AR,
AT B DA AR SR S SR A 1 0 BT R U B A R
T RIS, Cover 25031 45 T B dlm AR V408
PERIZAT: W Xp— X BIMER N 1, ST I8t
(). HE Ik, EEE B S0 A 2 SR IS Sk, 7R
HHRI ) S A9 FE AL 2R AT I A 2% 380 ) e Al R 2 491 X, LA
MER 1 WSk T HFREH X.

I8 1. WX Xy, Xo, -+, X EAEA 0
()2 (0] C b HUE I b 7 A8 55y A 1 AL AR 12
X T HbRZH X o 4h, B AES {X, Xo,

s X b WX — X SR 1.

WERR. & Sx(r) UL X A, r BFir
PERAR, BoEX T4 e R X € C, f— Bk
Sx(r) (r > 0) BHHIETMMRE L.

W2, AR X, %AELL X o (i Bk
T Sx(8) (6 > 0) HMERNN—DIEL, Wl
P(Sx(0)); H—iE48 X % EBKE Sx(6) (6 >
0) #4FIREHE K 1 — P(Sx(9)), W K ANMIEAL X,
Xo, oo, Xy AEIKAK Sx () (6 > 0) AR
(1 - P(Sx(6).

Y K—oo I, (1 — P(Sx(d)))*— 0.

T o aTLMER/DN, BTk, 4 n— oo B, Xy ¥
ELL X O G BRI I T 1L
U X, DIMEE 1 8T X O
33 BIEYR

AR FH g AL 543 2 2 AR ACE, R 518
ik N A8 22 SRR AR AT A 3, B AR A
TR B v ) 1] PR 22 U 0T 22 AR (R A R 4 R
HATER G HIM S Yok, 33 R AR R R, ik
= RGN

T 1. ZHWIGN, e TXMECN s;

LB 2. MIGEEAE: &k, 53 s dsifes
LA TR BT, SR, 6 B — AR 73 il 4% 1
GMU+GUD R EE 2 2] siig A= (10) ~ (11) Frow
(AL I 2 AT AR AR £, FEX 15 2 i A 3t
ATH— A B, AR RE S 1 s AR [A) 4 X
(13) PrsiIHERE GW;

B 3. 0% GW P s ABUES B (14)
R (15), 1BV GBS IRV o

S 4. s EROAMERE Y, &oR
(16) I (17), FREUBED AL Y.

4 RIHHER
41 WAHE

O RAIE Ty AT Rk, e UCT Bl
10 P R E LA T 0 RSy, & Bt B 1) 44 R
T REAREL REN G SRR FE RS IR 1.

®1 HnEE R
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Table 2 Average accuracy (%) of different classifiers
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