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Heterogeneous Evidence Chains Based Fusion Reasoning for

Multi-attribute Group Decision Making

SHEN Jiang® YU Hai-Yan! XU Man?

Abstract In multi-attribute group decision making, the heterogeneity of entities causes a lot difficulties for the inter-
pretable evidence fusion reasoning process, thus a novel heterogeneous evidential chains based fusion reasoning (Hefur)
method is proposed for multi-attribute group decision making. Based on the theory of evidential reasoning, the concept
of evidential chain association is introduced to obtain the nearest neighbor set of distinct evidences from the data matrix
of multiple decision tables. Similarity matrices are derived from data tables, and positive semi-definite matrix quadratic
optimization model is built to share, sharing the experience knowledge of the group decision-making experts. Using the
Dempster’s quadrature rule, the rationality of the belief integrating is verified in the interpretable reasoning process with
heterogeneous entities, and the combined belief is obtained from nearest neighbor evidences for each data table using
the evidence fusion rules. Moreover, the validity is verified for dealing with the harmonic information inconsistence of
the multi-heterogeneous data sources. Numerical experiments on the heart disease diagnosis with entity heterogeneity
illustrate the feasibility and rationality of the proposed method.
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EE 3. 4 HARKE J' =tr(w™ (S}, (e) —
Sii(0))w) BN W™ = [wr,- -, w], ZAFH
whw =1, 1, Sl.(e) € E™*™ 1 Sk (0) € B
I3 R TT T SREC) ok T AW Rz, 1
[Fi) e AR AR 2 R % R0 S g AL JE R B 5 5 ) ]
HilE (SLy(e) — SL(0)) € Emxm, ML o) >
ol > o> ol MW = [wr, - wE] xR
I L IEAZ AR e R A 1) B, H max tr(w™ (S, (e) —
Sh(o)w) = 32y ot (k < m), i, of I
B PR RF AL

IERR. 5 A 1 ST AR R BE wp e
Ereime FUR R AEHEFE wp € Em 1) (4,7) JUHR
735K

o - 1, z{adjzj, z} €, (4)
wy (Za]) = { !

(B (C) - B2(Cy)) (13)

0, z{ nadj z}, z; & (i)

iy~ b atadia, alel ()
w /L7 - . .
LA 0, 2! nadj z!, = &' (i)

b, g RS L ST AR SR K. R
AN INRE A e b oy v W

W Gy = diag{>_; wi(1,7), -+, >, wl(n,j)}
& x n b R AR B R, JLAER M2k EIEs @ A
JCEET wp B ATHUSFL. M B 1 YRSETT )
R PR S LY = G — WP, Ly € B>,
Pl & R MRS R A LY = GY — WE,
Ly € Ervm R H AR (11) A5 g

tr(w® (93(e) — S (0))w) =
tr(wT X (LY — L) XM w) =
k
S wI XLy — Ly X, w,; =

=1

k
Z w;leLleTwi

i=1

b, Ly RZES PG RIARE, X, 5 1 RETTH
SREES. I,

max tr(w” (S} (e) — Sk (0))w) = Zk: o O

i=1

SEBL 3 R T AR PR AR E P A T, i
PACAERI S (11) mSRARAT Hh Rl o5 91 2 00 2 B B
w. w S ARG R W AR
BRI IE R IE O(m?®). FEHERL R Tk £F (K3 41k
P B LB L, AE R — 45 PF T RIRH ff 4k (3 AEL Al
SRR, DLRRARH S SRR i v S A0 R )
ERAEAE of N ARG AL ) &, JF IERUACRHL 17
wy, BN w; AFR IR FAUE. BUE I
TEH m — k ADIrEFO N 8 P A AR
B LR PN L, JLARK & AN JE PR A
R HE B I LA AL SR, X SE R AR LA S B ) 53
R IR .

DAL, ARG SE R o 8 45 A L A A5 A Y AT
ResE P, R AT R AL 2 A B AR K 4
WK, HE G H R R A A S A2 K L K dfe A P
AT A LR X R 2 b A2 B RE S (il f 4R
IR FE T TT A SE6E S U fE ) B 6k, R FE A
JT RS (AR T, A5l 5 R R R R o
ISR (1 75 0 S 1) L AT PSR B

3.2 ETF MapReduce BYHEIRTIE

B A W Z 0 e 4, A8 S EoE R s ke R
R Y HT I B AT LR E s 85 4E. MapReduce 1
AHE ZEAE S 1h1 1) R ES i 53 A7 FH AR 3 ) HEAT T H SR AR
SR FH TG B TP B L B B oy BT i A B
AT71EHT MapReduce [HEZR AT Fl & 4EHE. F
FTHE H A Y 3 o Ay v = ) A1) ME S B A
PR U B OCHK, T R & 4B D IR,

LB 1. Map MrBOuE4R SR, N BEXT (IE
P dmht, UEHEBEE B &), B A = i R —
Mtk z, € X, W BRE map (1) AFAN—AEE
x* X B2 —NEHER D, Pk R € D,
Mt — AN TR AR I AR R A LA
Bn e, WIIXAHE D X A AS 4, W
D* = Uyqi<r. Dy X 5 BAEURRIE JE M XA
[R) T e, A0 B e s #75 JE M EUEA L 13—
WSS VA .

i BE T (B R YR, (UEYR dm b, IR AE(S
S ).

LR 2. HE BRI RE T, B X g sE
& g, AEHAEATRAE BTN, X 3N 5 H
RILBIGAFE AT, LIS Dy A5 - T AL HE
.

ERE o 44 (Shuffling) ', &4 D, Wi
R —ANEA ST, R Dy R sE K B IR



838 H | 1k

F {4

41 %

R R Z ARG A .

IR 3. Reduce (Fh#) BB, AR (2
PR g, S ).

EEXT A A, RS LR A 3 R PR UE A5 B
AT ENN KL X « D* = X o< Uy<i<1. D).

S AR R SR RBUE wy, A TR AR
3 (3) XA ) S 5 Uk P 4 g PR 3R AT DGR I T FF 3k
B st

TEREAN R T, KRR 85 &, FRAl A A
X (4) IHEH 8.

WML (=1, ,L): EHIUFHEE R AT
KEHEH, i =1,--- ,ny, 153

temp") = kNN (z;, D)
Z Sf;i : 55;1‘ : ﬁzlr
28y

By(r) =

Hth B (TGS, (ENN (2, Dy), B(r)).

HW A MG ESE D TRT 1
INLGE)| + NG| AR AB 52 P Al 5 ) — A
2, SFRENIRT @, R,

Bt ENN(x, D), HFE R 2 19 (12),
oA S LA BU(CY), 3F S B 4 8 £ B
(Gt B(C)).

T 5 A L 00 R 9 R B
HORTEARALA IS4 (D] + L - | X|.

i AT A BT AR 10 7 K6 (5 A T,
PLA 3K — UE BT A0 77 %€, 3 AR 4 i
(AR BT 4 1 ;SR8 R 5 1 4
AR 4 5% 28 50 o R T R4t — A4 7
%, ICRIT R MR R, KIGERAZ. A
BEUIEIE S AT DN P R A
40 S SRR MG, I 5 SRR (5 )
R FRO B LU, RO e A 2
U, L STELE AT KB S, LA VR
U BRI oA

4 NMRAEGISHR

P BB R O KRB 1 B TR T
(EHRs) A5 I8 BN B LA A S0 RE A 2R )
B PR £ 50 0 P A5 AF R AR 2 Sl . Xt
Z VR R PR ST R B A o RAIMER A
SR (BT ) AR e B RS A AT
S ANAIT MR, BT L A A R RS R SR K
WA T E EW AN L KT R, XL K
AR 2 NI AT B SR I RN . A AR SO
HEAT e R PR S 4, i Ik FL A S A S ) P PR ARLABL
FAn B, PHATRIG B YR, IR BT A R 8

(18 [ ) I A R S ) S AR T R SR B0H 32 b, 6P A 9K T
TR S AHERLGE R AT P R LU A
4.1 KEFARFURKBHEE

525 (145 /E R 48 & Ubuntul0.04, %4 FE %
PR 45 /& PostgreSQLS.4.8, Ab P 2% fic & 4 Intel
Core2 P8400 (2.93 GHz, 2G). % F& £ K MU K 45
(1) 73 A1 2E s P A R A 0] RS2 s A UC
Irvine $3E¥EEB Ff) Heart (Cleveland) 3
#£ D, Fl Heart (Hungarian) #(#i4E Dy 15N Btk
F 2R B 4, Heart (Long Beach VA) 1 Jyillik
. A EAR ARG B3R, Wk 1 Pox.

RO UCT Bl (s Bk

Table 1  Experimental information of the UCI data sets

E2Ub 6/ Kot IER S O S Ay

Fo3 A

D, Heart (Cleveland) 13 Present; Absent164/139

D, Heart (Hungarian) 13 Present; Absent188/106

X  Heart (Long Beach VA) 13 ? 51/149

XL PR AR AR BT AR A B (SSIREL
), e R Ve 7 2 R R SCI T 58 J
)R AE. R B iR B (WE44 . B9 7 03 D)
5) W R SO AEEREAR E S (BLZEH] ID N
R51) HAHN RS B il L.

7t Heart (Cleveland) ##n4EH, 303 NMELEM)
T N ZE A5 T ic sk i) SEAAR B S 54 %) 68 %o Bi i, O
JIE 95 ) 5 e D 54.13 %. {E Heart (Hungarian)
Bl tirh, 294 ANEELENIH Tk K SER T, JOE
I 1 R LU N 63.95 %. B AR(S BEFE T i
Jig DI AN AEERAS A . B RO I RS 1D R 2
R B . X R 4 A1 ) SRIBUIT A T 1) 22 U5 A Sk 2 4
TR IGIOR AT A o MLV o 0SS B I L o0
R ASCAN L L AP AR, L IR B il s 2
AR B PE, BLRE A O A L R s R
W A BE AR IRAE Al sk . iRhE . a2y
FIRAE 76 FPRFAE. AN [F) J& MEARR R A0 O I S ok
SR R PN IR, e rh— 2 Ja A a0 0 PR 4
HHATH AR, A H T2 W e 13 A
FRAE. FEAS ] P REMEARA — At T KR 5
BRI TT U R Z AR I, R U Al At
3 185 by DU b S 7Y ) o JIRE 0 RS AT O IE S, 4% - J6 5%
2% CHD X434 Present F1 Absent, 437lid A Cy
Hl Cs.

KSR HHR A G A AT 2 M B 1) Kk
F RIS (L8 ) A8 1) B0 A 5% v 1R k44 R 9T
Wk T (AR HERFIC S 1) 5 RGP BIRIR
B 1 S R0 N A3 AHUL T 2) A0 55 I H Al 45,
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E 2 000 P ARG D0 0 v 1 A B A R R S IR
BRGNS AR d AR B AR VTR,
THEAT AR E R SR, gk Bl PR A R, 2Bl
TR 2 U5 S R O A P B AR A O 1
DRl

4.2 AR 52 R

s oAb PR R, R TN ZREE T ) 6 A Gk
KA T T, 27 AU w5 2. o & A
IR Y JE PR AN A A R VAT R S A AR B, KT
Jeg e (1) 25 o AR LI A 155, R TR B JE ) AR
P A DX 18] 20 ol e, ks JE 4 Cp BIHUE typi-
cal angina . atypical angina. non-anginal pain F!
asymptomatic 3l B 1. 20 3 il 4. fF X —
A 190 ANF 100 MFEA S AR R I ZRAE N
ML

i FH A SC 2 8 o)A T vk e B
3, @ ok v A R BE S RF AR & IR R
A, K 3L o & AR B O RN T R M ORCE. X
Heart (Cleveland) #4545, 2k W) A0 4k R 4k 2
HJ{Age, Sex,Cp, BP,rest ECG, Thalach, Exang,
Slope, Thal}, 1X 9 AR AERT N (1) wy B0 4 &
43 4 [0.0743, 0.0105, 0.2342, 0.0111, 0.0352
0.1030, 0.1577, 0.1437, 0.2303]. % Heart (Hun-
garian) Fi4E, SREILARESRE HIX 9 ANMRFIEXS
M wy HR 4 B4 908 [0.1735, 0.0588, 0.0588,
0.1471,0.0588, 0.2353, 0.0912, 0.1176, 0.0589].

RS Dy b, DI — AN R BEAR A ). 58
G R WT: Age Fi (Year) A 57, MR85,
W2 (Cp) S 2 (atypical angina), Ifil [k (Sys-
tolic Blood Pressure, BP) 4 124 mmHg; % i
[P0 HL ] 25 3 (Restecg) b 0 (normal); H /D%
(Thalach) A 141; 788 FELLUH (Exang)
0 (no); WE(E ST R FE (Slope) 1 (In) EA5
&) OGN (Thal) b 7 (ATIEELEG). X —2
Vs e AL A5 IS ISR DCEHR % A A e B, A

Ri: If Ageis 57 ASexis1 A Cpis 2 A
BPis 124 A restECGis 0 A
Thalach is 141 A Ezang is 0 A
Slope is 1A\ Thal is 7

Then (CHD is Present, i = 100 %),
(CHD is Absent, 3 = 0%)

5 B PIT 271 10 A SR s SR 11 45 MR 8 P 1 1
FRIPRAEAR B, W 2 O JIE D 12 T I R B AR R
FALhth, xF TR Do, K H 2 U5 7 45 EE

BRI AN UEHE B 545 4

R2:1f Ageis41 A Sexris2 A Cpis1l A
BPis 128 ArestECG is 2 A
Thalach is 137 A Ezang is 1 A
Slope is 2 ANThal is 4

Then (CHD is Present, i = 0%),
(CHD is Absent, 35 = 100 %)

i H Key #1 Value 37 2 Y530 3 1) LB Map
Out KA D-S F =T (1) IR 2490 () 15 25 SR
Reduce Output 4t i BAIHUE, Wik 2 fk
3 k.

x 2, EMEREEIEER D, T NG|+
INL(i)| =3 BT ARER N EC 31 EC,+ EC,
M ECsq, BTSN 6L, #HUE R 1, P00 744
P S AAORH DG BB6 (1) B nT &6 B UE 4 4R . gk i A A 2
(4) TF 5 H 28 A8 P B o) 2 v 52490 19 AH ALLEE 4 )
81.47 %- 85.07 % 1 68.37 %. cHu % 2= I 4%k
PIZEnbrid, UFEARRUEA Present I, ¥4 81 Fl 54
3 mIRAEL R 100 % F1 0; UFEAEUE A Absent I,
¥ 51 A 3L mRAE R 0 A1 100 %.

FAelHh, n A IX — AW EHIE IR R Dy 1
AR UEPEAE  AHCURE AN AN T {5 B

* 2 ZPHHRKIKIK Map Out &

Table 2 Map Out table associated with multi-datasets
Key Value
LinelD Dataset EC 8L s(%) B (%) Bi(%)
1 D, EC, & ,=1 8147 100 0
2 D, ECy 61,4=1 85.07 0 100
3 D, ECs; 615=1 68.37 0 100
4 Do EC, 627 =1 90.83 100 0
5 Do EC41 624=1 8256 100 0
6 Do ECg¢7 0206 =1 T78.57 0 100

*£ 3 MWRZEHIM Reduce Output &5 %K

Table 3 Reduce Output result table of the testing cases
Key Value
D Nearest ECs B (%) B3 (%)
D, 0,=1060a=10d01,52=1 71.20 28.80
D, 0l o =1,0200 =1; G267 =1; 68.81 31.19

R 3, RAE IR I K SRR I3 AT S
IR EEAR &, IS (4) 5 A& A HE R AR R
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AERE, AR ZEMNEIEE D, PRGSO E
FEA 00 71.2 % M1 28.8 %, FERFIX L n {5 B 43 A1
TR DI H 2 BRI A15 BE. ET X 2 )
1t Dy R Dy th4y 545 H B nl 45 B2, A A e 3 2 1Rk
SO 45 Dy vV Dy RS EE R 81 = 84.51 %;
B = 15.49 %.

4.3 KIWHER

i Hefur HEBSR AR, v & IR E G 4 1)
R 1 (X, € X) LEA[R] 1) [7) 46 SE A4 S 44 S 44
TREEERE, WK 1 PR, S SRR S X,
i AT VB AR AN 45 T I HESRHERR B2 Dy (He-
fur) 5 D, (Hefur), LL AT i Hefur 5 Comdi 75
A ZEZATRREAEE (D = DyvDy) R RHEH v
e, g5 RECEnE 2 .

8
NI

B 1 s e b A ) X L R RS R A A
Fig.1 Combing belief of the case X; from the testing

data with the reasoning method

B 1 o By Sl 50 s R AR 1) R4 48
UEHE RN S AL AR RS B |NL(2)] F1INL(GD)|; = 4l
R Bl Rk w5 B By AEVIZREE Dy M Dy 1)
AR (NG| = |NLG)| B, A i) R e
G BEHCRORAE. HBEAE |NL(3)| s, A&
(KR BEAE—sE Ju BN, ik | NE(2)| fHEm,
W) ZE A (0 AT A BEAE — e Y B A B AL AR X Al
G, MR FLAE RIS 5 300 oo #E PR, T £ R B O I
JEL M o A R B AH DR IR FE RE AR B, IR B R4S
R e WSk .

P 2 v Al 2 7o 5 D 00 X 9 4 xR
J7i%, B Dy (Hefur). D, (Hefur). D (Hefur) F1
D (Comdi), YR Ik MwEmE. w2
Acc = (TP +TA)/(TP+TA+ FP + FA), i,
TP. FN R &G s In Cy 70 ml i
BN Cy R Cy MFEARG FP. TN 73308t 5
B SEBRIERN S Co T3 MR Cy M Co BIFEA
£

B 2 it gt R W T A S NI ZRsE b 43
SR 3 A B A AR UEH BE I, 78 AN [R) Kl a4 5N [R] )y
VN R HE A . S R LB, D
(Hefur) [MHERIFEIIE N 89.05 %, tb D, (Hefur) 1
YR FE 441 84.27 % Al D, (Hefur) ) 82.69 %
w, HHIL 2 /N, W) D (Hefur) FSARYERE
. 3K R R BT ) A B 4 S T R
PR P e B3 =, Dy (Hefur) BOHERHEZBIHE LE
D, (Hefur) [PERE LR, & KA J5 5 10 85080 - 1o
PE (188/106) ELHi# AR # P (164/139) B
. [, D (Hefur) fEHERGEEEIE L Comdi 771k
FE R BUBE I B 45 bkl 3418 87.84 % B,
I HI7 22 TN, I PR A 8t 10 D v i 2 4
B O EE ST WIET R W i3 B I 7T Y SN
FEI3 A, THER T 2 B 2 52 it A e 4 45 0 i 5
A 18 AT BE A7 AR 1A — B S A T S e A 1 Uy
ES

%

96 .
%4} + —
! T
9OF T ’
| n
881 | - E} ‘
|
36 : JR -
I
84t |
P
82 ‘
gof | |
|
I :
P
76 +
74 7 ) ) )
D, (Hefur) D, (Hefur) D (Comdi) D (Hefur)

2 TR I T IAE 2 R T I B AEA LA
Fig.2 Accuracy comparison of the reasoning methods on

multiple decision datasets

MARHFAT LA R, SCHk [14] Prie it Comdi
JIEAE I 2 A PS5 R Al s, Tl I AR DL
PR SRATER G BB AT, DU 25 S 40 1) ey 1 o
A D HE BRSO A S B REAT A 02K, L AT X
GRS, AR SCETE K Hefur J5 228000 2 £t I
B AT PR R R, A AR ABL B e 7> e
Bl 1R RS BORAT I 2 30, BB S Bl 2
Holf 2 K IEAT UL RCAHIE S R, I BLRT AR B 5%
FAE N2 TR B B A0 2 SRR, IR T T
AR B R A PEAT R

5 it

SRR SR PPN € T W e
B R R SR AL BRSO TR S R
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1T SR Bt o, BRI, BRAT 19 24N 06 ZR 0 TR 11
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XA DT 22 B0 2 R AR S R P S AR Sl PR A AR
HEHBE AR, DICASCRE I T Se AR S A PR R
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A5 RS R A BT VAT L, AR D7 30 0t 71 ) 461
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Z RPN T AR UL HE, 2 i 2% Ko R PP ] £
JEAR SR, T AN 7 R A O R AR 1) AR A B (o
Comdi J7 i PR Er3 BE RN T 4505 AR AL L
BRI 5 3k o R B B A R D) 34, %05
IR KR % E R T 2 HHR Rt 1)
B A B A 10 S AR S A P o SR A R T A B
BRI RO SR A RF AL AR, BRAT T S e 1) PR,
Ak 7555 1) S0 10 ) g 3 05 A S ) B AR AR T R AT
2) 1S 2 Bl 2 2 R) AT REAE A8 AOUE S 7] {5 A — X
P, A8 P AIE 0 5 R DU 5> Mo 2 1) 45 18 1A T il
Fr, OV AR RE VL ¥ il B RE AR T T S S A
i TR R RE D). 0 T A B (0 2 645 R
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