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Sequential Three-Way Decision Model Based on the Game Between
Uncertainty and Error Classification Rate
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Chongqing 400065, China)

Abstract: In actual classification decision, sequential three-way decision model provides decision-makers with a
progressive decision-making method. However, the existing researches of the sequential three-way decision obtain the
decision thresholds of each granularity layer motivated from improving classification accuracy or reducing uncertainty,
which lacks a comprehensive consideration of the two factors. In order to solve this problem, this paper concerning the idea
of game theory to construct a game-theoretic sequential three-way decision model between the error classification rate of
decision regions and the uncertainty of the boundary region. Firstly, the relationship between the uncertainty of the
boundary region and the error classification rate of the decision regions is analyzed, and then the game of the two players is
constructed. Secondly, starting from the game stopping condition, an optimization model for calculating the adaptive
decision thresholds of each granularity layer is designed based on the principle of pure strategy Nash equilibrium.
Furthermore, to compare the performance of different models, from the perspective of multi-objective decision-making,
another thresholds selection approach based on the TOPSIS(Technique for Order Preference by Similarity to an Ideal
Solution) is designed. Finally, a comparative experiment of the two models was conducted through the UCI data sets. The
experimental results show that the decision thresholds obtained by the game-theoretic sequential three-way decision model
have a smaller error classification rate and a more reasonable threshold structure than multi-objective decision-making.
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tomers(WC) #EAT 1 X LU 5246 . JF X Bds 4L i 47 1 kb
. TR A9 SE B R 8E R - Windows 10, Intel (R) Core
(TM) i7-7700 CPU @ 3.60 GHz, 4 4%, 8 GB RAM, % ¢
ifi 7 A Matlab 2016b.

TEMZER RIS G b, A SCE T — MK E
6={0.01,0.05,0.1}. B, 73 HI7E2 K 4 0.01.0.05.0.1 1%
OLRHEAT T A X LS ; [t T gEie 5 2 H s
PRI R R EAR A, 0 T A RO, A
SCAE [ S S0 A5 F R B0 T RIS S 2 A bRk R

HAr min(E,, ), min(H,,, ), max(E
BB E g H o BB/ N (RO H.
MR (14) N (15) 455 2 R SR A AR, AL
N 15 53 20 565 N s P 3 1) 38 A e 5 £ AR ik 1Y
DRI B (diSt pygpigean ) BT T ZR G VAN BRECUNT
e; (v)=|distyigen (Normy, Norm}, ), Idea| -
|disthycigean (NOrmj, Normy, ), Wors|, i=1,2, --,m  (16)
TESEBRYE SR, P33 A B2 SR A fife B4 30 A
fiff 0 [ o Y 9 B 2 il . ot MR AT B AR O 2555 PR R
e, gy TR 2 BRI B S U oR N «

Solu

fea fea )’ max (cha ) 6:'\5[] %%7—]:\‘

arg min{e,(v)} (17)

et o

FRPE LA L B 5288 07 8, i h T SRR AL A4 6 HE Sk
¥ . TSR AR IR A R 10N B0 AR A — k2 B (E
B &5 SRR A E L —— R, BT 204518 % —3
B . L, X BAR R T A AR B SR S A R
e 3~5 FE2 k.

optimal =

K3 VILE—HNEHNRARBEMNEZELLER (a.f)

0.01 0.05 0.1
J2H - - - - - =
jLEis Z Hbr e Z Hb5 jLEiSi Z Hbr
1 (0.88,0.12) (0.62,0.38) (0.9,0.1) (0.6,0.4) (0.7,0.3) (0.6,0.4)
2 (0.85,0.15) (0.75,0.25) (0.8,0.2)
3 (0.67,0.33) (0.7,0.3) (0.7,0.3)
4 (0.51,0.49) (0.55,0.45) (0.6,0.4)
5 (0.51,0.49) (0.55,0.45) (0.6,0.4)

MR AT LI, Stepl ,Step2 B J6 15 21 H—HhE
R DR AR B, Rl A A S 2R SRR B, X
BRI R 52 2% B R O(nmk). I, n ARERXT G958, m
R IE PR, e ACEREF M 28 Step3 IR 1L
HRMGER RIS 28 O O(1); Stepd A I — 10 S J B Rk X

SR BRI R . O T8 R B A A 5 R s 1k
T, T AR IR B T T 2 i I 58 i A5 SR, 1Hg ek i [ 52
ZRIE R O(k). Forh kR Hems B X H . £ 1m0, AR SRR
BRI ] 52 2 B e 2205 D0 O O(mmke). 1222 F AR
J7 i, Step1~Step3 5 R IR 1 19 20 BOE—FER T
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R4 REMIEETHERS %S
0.01 0.05 0.1
Bt g - - - - - -
i % Hbr i % Hibx i % Hbr
BCW 5.86% 5.86% 6.15% 6% 6% 6.15%
MM 6.39% 22.05% 8.80% 7.11% 8.80% 22.05%
PRH 4.88% 4.88% 6% 5.07% 5.5% 5.14%
M 3.39% 2.03% 3.39% 0.87% 3.29% 1.18%
WIL 1.80% 24.90% 4.85% 24.90% 18.40% 24.90%
ORH 7.30% 10.18% 10.18% 10.18% 10.18% 10.18%
WP 17.52% 15.45% 36.95% 36.95% 36.95% 36.95%
CE 9.72% 9.72% 12.50% 12.50% 29.98% 29.98%
S 0.12% 0% 0.12% 0% 0% 0%
wC 8.41% 8.41% 28.18% 28.18% 28.18% 28.18%
%5 REHIEE TIETE B b (B E/s)
0.01 0.05 0.1
Holge — - \ - ‘ -
HgEie EASYN THgrie EASEN N EASY7N
BCW 0.0803 0.0857 0.0266 0.0344 0.0249 0.0227
MM 0.1916 0.2321 0.0872 0.1247 0.0826 0.0039
PRH 1.1732 1.2532 0.5431 0.8229 0.6348 0.7525
M 0.6091 0.7227 0.4477 0.6806 0.4363 0.5898
WIL 0.6540 0.0310 0.3899 0.0155 0.0841 0.0135
ORH 0.0267 0.0391 0.0179 0.0212 0.0152 0.0164
WP 0.2390 0.3677 0.0079 0.0086 0.0098 0.0141
CE 0.5055 0.5124 0.2995 0.3063 0.0027 0.0032
S 0.1826 0.1894 0.1249 0.1341 0.1231 0.1274
wC 0.1365 0.1449 0.0034 0.0557 0.0020 0.0039
ECRA#EL Yoo s DL AN SIS ECR , i BOW B8 4E 0.01 2K .MM
wc AR 0.1 B TR zE— s, AL T2 Hhr ok
ch | Ik
N ——— WP 2 T L B, 7 BOW Sl rh . IR E
WL S KB, R P O = PR B Rl A5 KW AR N PR
— T AR BT A B4 R B HE . 3
MM B PR/ IN Y AU R 2 TS A TR S TR A, X A
BCW

0.00% 500% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00%
=0.12 HAx = 0.5 = 0.052 Hir= 0051258 =0.01 £ Hixm0.01{#25i8

K2 10 BHREAEAF K TR ECR X EE

7E Stepd 1 , 22 F AR PR T5 128 18 3l 13 B A 20 9ok oK
AL X 2 (I 1] 52 2% B2 [ %E 0 Ok). 25 L, TgRiE
AR I B A SR A IS ] S R

WEAR, T S A U R AR I RO B 22 5, R S
251 T TR AR Y 5 22 H AR PSR IR AL [R] 9 SR 5k
PR IIB AT DR E 3BT . NFe 5 el LA L BRAi
a4, WIL, TR e A8 1 i) ) T 4% = T 2 H b

BNRBGAFHLAEL . AR TR i e 4 R P A B (B
BT A AR T R SR B R 1. 93— 7
T, RIS R 55 22 F AR PRSI MG X LR
AL A EE BRI Y BT = SO SRR, & H ARk
W7 LA A [ K b B [ A5 20 KT I A 1R 0 28 R AT IS
&, AR AR 10RO AR I BRI AL T, 2 HARER
RAYRTA LU SR IE RO A B R 28R Ui
SN AERE 3 T MR A T LA B (0 544
B phe SR (L T 2 T8 7 ) o D RE BT, AT 75 4 — 2 Y
P EZHI D . KN N 2 ARSI TE LA E A
Tl g R S DA SR B B PR B A
Xof HAT ANARSE M 5 TP 2R 18 2 R 320 SN W R P S Tk
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SRAE | B DR R 2 SR B, A X 22 bR e S
T TR RN S5 H AT G BT = S R SRR R Y Y
R, BAT A A5

Zi Bt Al A 255 5 R BN T E S
PRAIE TR TR0 26, BRIB SRR B R B/ 1Y [) i
W ARIE PR E R SRR AR . AR ST P 56 TR IR Y 7 B
=R R AR IR A A A RCR  FE S PR R S o
HAT—5E BN HIHHE .

6 ZFRiF

A 7 Bt = Sl e SRR R A 19F 5 DA v 40 2o
Yok /D 3 2 AN if 5 P TR A DR SR [ SR R B = Xt
TAEMLGER IR N TR ), AR SO RIS Y
AR T O OE A X A R A 28 3 5 1 U R
B PRI ZR (AL, DR 3 TR BCRE— )2 A 3 I
SRRME AL N T B B8R i T 8T
TOPSIS (12 B AU 7%, FIH 104~ UCT b v 5000 4
PEAT T SE G . SERR 25 UG T HIZRIE I r Bt =3
PR AL T SR PR BB 4 ) A B . i — 20 Ml ot
52 BRR UL R 7 i (A 1R o JE R T X L, B E T
FEVE YT 5 = S P SRR A R
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