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Three-way Decisions Model Based on Evidence Theory
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(Air and Missile Defense College, Air-force Engineering University, Xi’an 710051, China)
Abstract There are similarities in concept and method of information processing between three-way decisions model

and evidence theory. First, the evidence theory was introduced into the three-way decisions model and its trust delay in-
terval including variable semantics was analyzed. Second, the certainty three-way decisions model based on evidence theo-
ry and the deformable one were established. By adjusting the coefficient of trust values, the strategies based on opti-
mism and pessimism semantics were described and the decision rules were derived by combining with the Bayes risk de-

cision, which are able to meet the application requirements of specific cases in reality. Finally,an example of situation e-

valuation was given to illuminate applications of the proposed model.
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Fig. 1 Uncertainty of information trust degree
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Table 2 Cost function in different actions
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Table 3 Risk assessment of strategic targets under
current battlefield

— A A A A A
B % App App A np Apx AN A NN
x1 0.0 8.4 13.1 12.2 6.8 4.6
x2 1.8 7.0 14.8 16.2 5.2 0.0
x3 2.1 6.2 16.9 16.3 11.1 0.0
E¥ 0.7 6.9 9.5 16.6 9.3 6.7
x5 1.4 4.9 19.7 38.3 6.9 0.5
x6 2.2 10.1 19 19.8 10. 8 1.6
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Table 4 Two dimensional information table
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x 3 3 3 1 1
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Table 5 Basic trust distribution function
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Table 6 a, value in different conditions when &, =0
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xy 0.391 0.391 0.391 0.679 0.679 0.679
Ty 0.224 0.169 0.234 0.541 0.541 0.541
T 0.900 0. 900 0. 900 0.213 0. 150 0.231
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Table 7 a, value in different conditions when ¢, =0.5

Ay ={Bl(YBEO A
A1={BI(VBeO A ([z]pEX)
. 1={Bl [2]r } (CelsNX£O)

o rleEe RAEH®E ENEE FHEE AUGE BUEHE

4B 4 4 ol 4 o
X 0.391 0.391 0.391 0.679 0.679 0.679
Xy 0.559 0.559 0.559 0.541 0.541 0.541
Xy 0. 900 0.900 0. 900 0.533 0.533 0.533
Xy 0.391 0.391 0.391 0.679 0.679 0.679
Xy 0.559 0.559 0.559 0.541 0.541 0.541
Tg 0. 900 0. 900 0. 900 0.533 0.533 0.533

8 0y =1 WAL T a, E
Table 8  a, value in different conditions when 8,, =1

Ay ={(Bl(VYBEO A
A1={BI(VBeEO A ([z]pEX)
g Mt ! L=1: ) [alpNX#0))

orHee FAtE EAEE THEE FAGE EAGE
7B 2B 7B 7B 2B g
T 0.573 0.621 0.556 0.995 1.000 0.995
xy  0.559 0.559 0.559 0.866 0.918 0.855
x3  1.000 1.000 1.000 0.533 0.533 0.533
xry  0.391 0.391 0.391 0.679 0.679 0.679
x5 0.894 0.949 0. 884 0.541 0.541 0.541
x5 0.900 0.900 0.900 0.853 0.916 0. 835

RO OFHEAL BT B2 SO AR S AT A

Table 9  Air defense strategic operational situation assessment under average trust allocation
A =(BI(YBEO A (21, X)) R A,=(BI(YBEO A ([1,NXZD))
% EE %% " % EE %%
{xy} {ay} [ESE A 0.0 (o) sy vay) (0] {agsaq)
{zy} {ay ) {0y sy 5524} 0.1 (o) sy g} (0] {ag 24}
{ay} (£ [ 0.2 (o) ay a2y} 0] [EPRE
{xy) [0] (g sag sy sas 2 ) 0.3 {2y sxy sy 525 ) 0] {agsaq)
{xy} (e (o) sy g ag) 0.4 (&) sxy sy sxs ) (0] [EPRE
{xy} [0] (g sy vy sassag) 0.5 {2y sz sy sx5 ) 0] [EPRE
{xy) {x5) {xsay a x4} 0.6 {x)szy sy a5} O {xgag)
0] {2y sxy 25} {xgaxy a6} 0.7 (o) sy g} (0] {ag 24}
0] (ESREIRERE Y {ag a4} 0.8 (ESREIRETRESY (] (g a4 )
0] {2y sxy 25} {agaxy g} 0.9 (o) sy g} (0] {ag 24}
0 {x) a5} (g xy a6} 1.0 () oz oxg) 0 (xg7)
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Table 10  Air defense strategic operational situation assessment under optimistic trust allocation

A, ={B(VBEO A([2],=X))

Oy

A, = (BI(VBEO A1, NXZD))

i B % % % kS % %
{ay sz} [0} [ N P 0.0 U (0] [0}
{ay sz} [0] (o) sy xg,2q) 0.1 {2y 52y sy 520 525} {ag ) (0]
[ESREN [0) [E ST 0.2 {x)szy g xy x5} {zg) [0)
[ETRETS [0] (o) sy g g ) 0.3 (2] 32y 2502 25 ) {xg} (0]
{ayzy) (g} {2y a5,26) 0.4 {0y sz sy vxs ) (g .24} 0]
[ESREN {ay a5} <13s16> 0.5 (o) vay a2y} (&g 24} (0]

{xy} {2y a5) {xy, 24 0.6 () sz sy sx5 ) [N (0]

{y ) {a) sz a5} (rgﬂl(;} 0.7 {0y sxg sy sxs ) {ag .24} (0]
{x)say} {xy a5} <Is’16> 0.8 (o) say a2y} {xy) {xg)

()} {2y x5} {2y .24 0.9 (o) sy g} {ag} {ag )

{x)} {ayoxysas) (rgﬂl(;} 1.0 {2y 52y sy 525} {ag ) {xg}
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Table 11  Air defense strategic operational situation assessment under pessimistic trust allocation
A, —(BI(YBEO A [«1,=%)) R A, —(BI(VBEO A ([xl,NXZD))

% KES % % " % KEES % %

{xy} [0] (g sag sz sas 2 ) 0.0 {2y 52y 2, sx5 524 ) (0] {ag)

{xy) [0) () sag a2} 0.1 {x)sxy sy 5} {ag) {xy)

{y) [0] () sag g2} 0.2 {0y sz sy sxs ) {ag ) {x3}

{xy} [0] (g sag oy sas 2 ) 0.3 (&) 52y 2, 525 ) {xg {ag)

{xy} [0) (o) sy vy g axg ) 0.4 {a)xy 2y s 25} {ag) {ag}

{xy} {xs} () sy ayag) 0.5 {0y sz sy sxs} {ag ) {x3}

{xy) {x5) {x) sy ay s ag) 0.6 {x)szy sy a5} {zg) {xg)

[0} {xy x5} (R P 0.7 {x)sxy sy 5} {ag) {ag}
0] {x) o2y 25} (g2 a5} 0.8 {0y sz sy sxs} {ag ) {x3}
(0] {x)sxy a5} {ag 2y a4} 0.9 {x)szy sy a5} {zg) {xg)
(0] {a)ay 25} [EORE 1.0 {x)sxy sy 5} {xg ) {ag}
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