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Data-driven evidential reasoning-based decision-making method
considering concept drift

XUE Min"?, WANG Xiao-jing"?, FU Chao"?', LIU Wei-yong®
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Abstract: In the information era, data-driven decision-making methods have become mainstream. At the same time, the
long-term accumulation of data has led to the growing presence of concept drift. To address the problem of concept
drift in dynamic decision environments, a data-driven evidential reasoning decision-making method is proposed. First,
aiming to handle the subtle nature of drift in historical decision data, the method integrates the idea of early drift
detection and applies the cumulative sum control chart method (CUSUM) to identify potential drift within the data.
Based on this, a dual-layer integration strategy is then designed to adapt concept drift by using evidential reasoning
aggregation algorithm. The attribute weights are learned to be applied to aggregate local information to obtain local
optimal decision results. Further, the contribution scores of local data are defined to aggregate global information to
generate a final decision, which balances accuracy, adaptability, and interpretability of the decision results. Finally, the
proposed method has been applied to solve a real problem of breast nodule auxiliary diagnosis from a tertiary hospital
in Hefei, Anhui Province, which verifies the effectiveness and applicability of the proposed method.

Keywords: data-driven decision making; evidential reasoning; concept drift; medical auxiliary diagnosis
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AR, B 0530 REAE DL R SR BRAE n] R S B A
N TE) 20T A A2 AR Ak, Bt ) TR HE RS, ST A2 &5
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48 N %5 B Btk AT 80X 43, FFAE R HIE 4 4 B
RlE T At 0 A TN &% TR S R TR AR
FSC. AH b T SRR FE B2 BRI, 2L 7E R B IE 4
HEBE 55 T AR AL S () [, R 6% 1 o S AL 7E B0
AIEL T 13E M R

R IE Fr 4 T B RO AN S A, R T R
H VR T s A IR T R = E B AR R AR
(1) FL IR Rl S B i) . % bl SR 2 SR B, P
P& 5 VR AR AR R PSR AR BLRE B, I 1Y AR A
FEBNAS PRI T IR 3 B 1
1 TEEHEEE SRR

R HEBE 715 A2 i R 22 J& M DL SR ) I AT
B AR TT VR AS & o3 A RS 4 1 221 ) e 3 2 1Y) i
U 2, BT S RESE & H RS . AR
B A5 20 A (A0 48 i B 7 V04 22 @ M ok 55 i)t
(RIS AR

AT T Ra(l=1,2,...,T), %
BAELNE e, (i =1,2,..., L) BT & VF.
FRAE I 52 v S, v e S B MR Ew, (i = 1,
2,..., L) VMNEHES AL = {H,,H,,...,Hy},
Fon B 22 B S RAR IRHE B 1) N S VPG 558 4. 2 T
9 E VA HE L, YRR E TE R e, FENRT T R, AT
PEAL, VPG 45 R KR N Ble(a))) = {(H,, B..:(a))),
n=12,...,N; (£2,Bq0.:(a)}. HH: (Ba.i(a))(0
< Bnaila)) < V) RTEERH, FEEE, Bq.(a) Bl

g T A AR, WD Bai(a) < 1, FIN,

Ba(a) =1— Zﬁn,i(az). %Z Brila) =1, Tk

n=1



%247

O E EEMAIZAGIIBEIRA IR R R T ik 483

NAB &A1 R 5E A W, DN HOANTE 245 &5
A2,

PAFRT 7 R a LA 8 I _EIAS [EAE & A
J&i , AT SR FHIE4 2 A 4 50k X L 4% A 2 4 A i
ITEREE, 193077 R a LT B IE LR B ARVl

B(a,) =

{(Hn, Bau(a),n=1,2,...,N; (2, Bo(a))}.
51%77 N N AR AT RoR A

P(a,) =

{(H,,B.(a)),n =1,2,...,N; (2, Bala))}.

9 SR TT A BB R, 91 NS R A
w(H,,)®7 FE4R e AR AN 7 A . R,
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o3 L J2 St W AR S LA o 1 RS RET R B
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8 G5 P TR AT R N, A A M DA S B N AR
0 R R ST 7. g 8 A T St ) 0 Y T 1 ) SR
BE 77, 45 00 BEAE LA AG DN AT AT I TRAL B

Y F I, RS AL B E 5N T Kol BRI ML,
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WU A AT B A7 AE R VAL 1Y X 5. 75 S B e S 4
A H ST T v A A, AT 4 R I A A
i, RBRE S R 5 B AT B SRR 4, ATtk
FENZR4E  B0AIE 2 AR (K %140, AT Ak
SRR A 24 {0 P B I G AR, 36 IR AR A ik
SR, AR TN SRR B I 2 AT A SR AR L (R,
B 07 vk CLBS E SR 24 0 S B L ME, adack PEAL I
S AR AR IR IE 4 B P BUEE R I TN B, 0T H 5 2
AR SR AR LT I 325 FE B 25 I 2R 45 v 1 B e 5008
BAEZAE L BT AR I = B, ) 3 B R
P T i LB 5 224 T (1 R SR R, AT I % 4
FEAETE e AL HO T RE. Fh ok, SEBLXT IR 4R 10 &
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i 7735 T DE 80547 B IR E AL, DE
kAWK RTREE T, FRPNSHRE. R
T P B 1 DL RO 52 2 A0 A ) 8 1) 3 87, L aE I
VAR G AN, SRR XN SR, il i
PR AR AR, AL L& 4 R S ™. R
DE 5334004 Y 0 8 1A o, EAT TN, 7581 (6 Tt
g5 BTE N B(ay), SCBREAREN P(a,), AL B bR

* R E41%
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BT IGAF RS, 25430 (1) ~ 4) ATt B 25
i B2 X6 B 1) B A ME A EE oy B i, A N ks
BARAE 0 I TIIN R IN, 45 AT B Bl o A
L, ATEEH 7RSI ON T R B RL A W U5 v (EDDM)
) B AE. EDDM 1 N —Fp 48t 1 2000 5 1 R 4G
M A, F B E LT RFEAr Hr ., 210
(1 18] B d, B A8 Ak, IR AR B i 7E AR B AR
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de =7Teyy —Te—1. (5)
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BT BRI AR, B2 (5) ~ (10) AT I
Yt o AT B0 53 T B 10 M8 D = (1, w),
Loy ), - ooy (byyuy) b Fem: (1, uy) 5 54N 5 1]
B ad;; 1 Ml 73990 i 5 i TR]RE N RL TR F A b 5t
FERREB WAL <uy, Hi, <ly <...<ly. N3
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<GS V)M BLMBEAZ I BEENS, = {1, + 1,
Lo +2,..,0) &E—B Sy MFEARRTIVEE
Sy ={lv+ 1,1y +2,...., T} 5T, Al FRE)G
SRR Rl TAE.

23 EBRN

FZIREE 2.2 iR, 5E BOCEBHE Bl o) i, #R oK
LR 3 J5 45 3 1 B0 B AR B R FR BR R 81,
DA ST MR A ARG DN 23 BT . A 28 M MR s S R A
WEgEH, & R L RE TR PR B RS IR ZE (error rate).
MR (accuracy)s ZE P PU EL K (linear four rates). “F
B xR 72 (MAR) 2817 g 4 2 fe 4 o 10 38 I 1k
AN SR, P th 72 0 MAE 1R 9 o il i1
FELEIRZ —. MAE B A7 RA4F 8 &, BE8 A AL
3T R AS R B A A, B — e R R X
Hes BAT R AR B0 VR FH, AT RE 8% 52 IS e M i
DA BN 22 PR REIR (G 35 A Tl o2 AE T
AMESER IR, MAE Gef% LU 195 3 J s
AR Z2 K B AR Ak, T8E A TR Je) 0 A i o A 5 B R
H. SR, B — R MAE 1E A I8 b5 o] REA7E—
TE )R AN R 0] R, G I A TR 5% R A B3Rl 2
BB RS . Y, B th 77k — B 5 NS TT R
W% (RMSE) 1 Jy i Bl 6 Il 5 b5 . RMSE 38 i % %
22F-J7 KA J5 BCF 7 AR v 507 2, Be8 OR Tl
RN T ERARFR RIS, PR, AR AP R IR ALY
LI B, DRAUE XS S U 3 2 I Hh S v 4 e R A
JE AN T A . k&Rl MAE AT RMSE 1F 93
FoRr 8 A5, FT 1A o (A E 1 S R U
TR, —J7 1, MAE RERS-T-15 | Fe g Hb S b 2 4 HE 4
WRFEIKT, PTG I I R K R 55— 7 1T, RMSE
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% 18 B FARMUE 1) S5 R e, DR iR E R
X SEBR A A AL G R, PR 1755 MAE 2
AT T ok, 5INT @) B e 22 53 BE R L. 1%
PR RN ORIIE 1 R 22 R IR AR Sk, 3 RE B HE A 3t
24 i K B R AR AR AR AL, B5GE JR  MAE 2Rk
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1t
MAE = TED(B(CM),P(%))- (12)

[ R, &1 % RMSE, AT H 7 7R 5] N 2 57 B pR £k
ITE . RMSE JRIE RN

RMSE = | =37 (Ba) ~ P(a)y, (13

AP 22 5 pR R et JE T ARIE N
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% S D(B(a), P(a))?.  (14)

FIH L (12) A1 (14), 77530005 H w0y 72 B — E s B
o6 B ) MAE F1 RMSE 6 AR, 2 1 #4) 2t n R
SERE AR I 48 A 7 51

M = {MAE,,MAE,, ..., MAE, .},

R = {RMSE,,RMSE,, ...,RMSE,,, }.
FIRBAS T bR T SR AR AL A I 3 5, H R
SN GREEHHREA R T B o] BRAAE R LA

NSRBI TR bR P A A Rk, i — 25 5
N B A I (CUSUM) 1 Jy 4% 4 i AL 1) .
CUSUM 1By —Fi 28 $t (1) M A V2 R A I 75923, T A7
R AR s AR AE (138 0 I F% a5, AT 0 R 1
ZIN ) 785 AR B LR R A v () BBURR B2 . CUSUML 2 4R
52 SLUWTR B

C, = max[0,C,_, + (x, — o — k)].  (15)

IR = {(1): cithjrzgse. (16)
Horb o, NERRIN T 51 X A (R 5 B o R KGN
P HIERRAS 6 T A EEAE,; k9 P e A AR
S8, TR A A I BB, RERSTE — B FE ST
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FIE BME, 4 C, b ZRER, R RAE TS
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C, = max [O, Co_ + _nmr k:} (17)
Lax — Lin
1, C, > h;
i \T‘T\[I — ? t = ?
Lt {O, otherwise. (18)

Horr: 28750 X (348, [RINE N B 75w B
HEEUR I ERE; thAb, & XHIIRIEC, = 0. BT, &
FI50F CUSUM J7vE@EAT 40 b etk DASER: 22 A A
75 55— VA — Z2 4[] 1) 5 4 Rl P, DTG BE 47 i@
PC I S U 4 A (4 B2 FH 75 3K R A 2 (17) F (18) 43
SRS I 51 MOFD RIEAT R, 45 2 AN A 8
R G| G NI, = {t|CUSUM(M,) > hy, } 1 I = {t|
CUSUM(R,) = hg}. NN RGIEEGETEIHE
B =L, U, S FAEEL € 1, 58 LH B &ERY
N

CUSUM(M,), t € I;\Ix;

CUSUM(R,), t € Ix\I;

ar max ],
v€ {CUSUM(My),CUSUM(Ry)}

telxN1y-

Wk Bk G IR g, AUCA AR T CUSUM
T3 A B (R 6 7, 30k B e K 246 %60 i 18 2L 1
SEAL TN R BE IR AL A S 0 B, AT E AR E 42
TE T IR el i) R AR A g R AR e
24 EBEMN

MRYEEE 2.3 FTHIAHIC N2, W SRAFER X & 2o Bt
HHEFE AT 5 RS T, fEiNERE KA 5, BPdE N
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R SEIE R EL AT 43 3 2K B E B (reset)™ . B4
T30 (update)”™® FIEE % % =] (ensemble)™”. Horfr: &
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IR At b, 7R g A M A ! 3E 4T 1 UK ER
R, 159 B8N HE B G T B AN YL SR 5 % a, I TR0
PEAY B, (a,); 3HET, 932 TH4 R TR ) — Sk An R fid
P, SINERS 2 A RHLE, B & B otk o, oA
B8 B (0 TR 45 5 B, (a,) BEAT 56 T 5T 0% BE 1O 4R 1K
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1 A ~ 2024 45 6 H AL 2944 43 FLARE 5 G A 4
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BRI 5 He Ja , M step 1 A2 U6 UIE 4R f
PEBLE ™, 5 ALTBOH A A A 56 IE 4R e AU ke
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R, 021 0.23 0.13 0.23 0.20
R, 021 023 0.14 0.24 0.19
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