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Cost and Risk Control of Conversion of Three-way Decisions’ Boundary Domain

LI Lirhong LI Yan LIU Bao-xiang
(College of Science, North China University of Science and Technology, Tangshan 063000, China)

Abstract The three-way decisions theory is formulated based on the notions of acceptance, rejection and non-commit-
ment, which is an extension of the commonly used binary-decision model and has been widely used in many fields and
disciplines. Considering that the costs of non-commitment are often the same with misjudgment in positive region or
negative region, firstly, the risk of non-commitment decision was analyzed. Secondly, conversion process into two deci-

sion-making commitments was studied,and based on the minimum conversion price, non-commitment decision risk con-

trol model was given. Finally,case study shows the effectiveness of the model.

Keywords Three-way decisions, Non-commitment decision, Transformation cost, Risk control

1 58

ZRRRR—MTER B E A SRR B AR T SR 7
L, HBUANGER RS LR, T IAEE MU EZRIEA R R
H T, A AR E M — P WBEHRK . HILTER
B9 — SRR » = ST ORI AT LA o/ A B R A SRR XU

2001 4R, k0B R R REW B BEENZEEE
CHUBSSEFE IR 5 O™ i el RR R R EIE N AR E
BEEZE . FRENGEACHELRIT T ZORBHHEA
BRPY . P Herbert 454t SOMDRE SR A 2R M RE 42
R T =30R% M RS 1 T REHEREN—1
ZOMABRE THE T JHOH R 58 20 18] R R K b s 2R
i XUE R HE T ISP FORE R LA » F45 = SOR R
FIBF R WHME B — SN T = SRR LR BR1F
TLUE R IR 4R T e SRORLRE R P R (AN BB N B
FBGR K H S,

EXHRRAER JER ARG IR RN B 3 M
o FERLLPRERE P , = SR AR EIIRBOR F
FHEARE . BIANTE ST R A o, SR = 300 BRI S5 R B
SR BB R ARIEEIE WONRE SRR R
ZRTAEAER”, W HFERA LTI BB RN S F

ZIF B #5.2015-04-28 R{E H#H.2015-06-16

PRAMNEE . EH —LARBA D BRI R, IR —
BfE SN B “FARAFARAREFAR”S MR, FRE
FARUNEFERTREAFTAROXE . Bk, =32 0EKH
RABTFT AR XFAS 7R B e 3R AT o R XU RS T 0 XU s 422 ol
+aLE,

AR R PR A ) R R AT B AR 2 LASE B
AR BRI B R AR B RS AAL  R A RS TR
HECE L BIPRIRAGE . 430 B PTE AL AR B8 DLR
FURH B/ I TR K5 A A B e SR A R ARV R R 3R 3 —
PoeE = SORRHEIE,

2 ZHERRETEMIA

WU RER ES LHEESREFRE, CEAMEKMH
B RREFRETAEKMW B ALK €U fEHAR
RIS,

BGE ZEITH R I T SR, RS
U 4y W3S 5 38, B%  IE 8 A0 £ 380, 43 B30 0 POS i
NEG, T3 g R a2 Siagmmfpik .

LRERATEIBAE AR LM 2282 sl 4 5 R
AT, R A= SRR, B SRR U 4 3 AP AR
#38, 128 POS.NEG #1 BND, 4y BI#k R EE 3. i 0 &

AXZERARPEREETHE (61370168) ¥ B,
FEMLI(1979—), 20, BIEER  FE I RS PR B 8%, E-mail: kysl@ncst. edu. cn; 3=

= (1990—), &, B #, T T %

75T S HLRESR L = SRR BEE S 8% ) E-mail: danliyan@163, comGEG/EE ) ; MRIB(1957—), B, ##%, TEBRI7 w1 M4 S0  H0E

8%, E-mail liubx5888@126. com.

o77-



B, RT3, AT G = BN . =k g
B_XRRE T —MARERRIEE, YEEANE U HE
ZWA B LSRR AR, RS = fik s, BIR &,

TR RBFE RS TROE S SR B R
AHEMNFERN, ARG WRE R B R BT RERE.
ZHRH SR N S A AR S SR A R (R A TR T AR B
P/ INASH B PR SR B RUBS

X SRAE N R A SR DR R SR R S A
TEVEM RN E I L AT LI SL M P L R BT e R A E
Lo SR R SRR B VR R B T &84, W T#
ZANFEYE , T] RE SR AN B ST TR B R B TR AR 3R Bk
AL TR AE WA SR XS I R EES 4
TE R BRAE T LI e BOR B E 2 1 3 MK, RIS E BEXT o
Mg

(D XM B f AR TFEETF o &, B2,

)M R fE/NTRET §oT ERZTE;

MM R fHKE « B ZE A, BRI AR
BRI RE

TR~ R T2F R0 BRE = ST SRR,

BL, OB N2FE EP<BE- N 2FLE «.f R
WK F<a RN BSHER L' =€ L2 BRIEE
EZEX,EE L =(cL|<BERBEHEELEKX  AEWE
HrR3 L U—L, Z3RH) 3 AT 8 LR

POS.» (NH={z€U| f(x)=a}

NEGq.p () ={z€U| f(x)<B}

BNDy,.p () ={2EU| < f(x)<a)

3 REEBIRKRE AT

SEPRR AR B R — R R, AR E AT
. MEDHRBETFZHPRARIRRRAMNETETE
FERW o MIEEATRS SN EEAAETERARS —ERE
BER w. FERERREHERERAER TREREIBNE
ROFBEAHERALETERER o MRA BB, A
A RIE IR B A R BB AR RIS A, TR B
WEPRIRR TR,

TER BT PR b, ST YA A B TR S ROk
ERTIHITHRT ., ARERBRNERERTREFRHK, H
BT RGP RO BB AIL, [RIRE TS B AT AL A ALY AR AR 7R
TR R B XU

FATR AR M RIEXS AR RE IR HET KB4

® Q={C,C I RAFMRENES . HPRE CRRE
HEESC R RE C RREEREESWRA. N
EiTie  EHEE CRRESET S RHEMAM RS, SR
AXTRL 3 MUK E, X 3 MAIMEMESICH A= {ar.an,
ap 'ty HH ap,an Flap 535378 W SEAR BT BEAT 9 43 B4k,
BihiE x ZEIFIR x € POS,,.» (O) E x TR x € NEG,
(OMPLE x FEA IR 2 €EBND. (O, HIEAIEHE L F
RN, MR—DLEBTES C I Arr A f Az 5
B RRRIL 3 FPIRE ap an Fap BRM R —-ANELRE
FEE C W Apy Ay T Ay 43 FIFRRFE 3 FPLH ap.an T
ap BIFLHT.

. 78 o

£1 =RERM

ap ay ag
C(P }\Pp )\NP ABP
CC(N) ApN Ann Apy

RERMRPRSEEB R LT &4

App App Anp

ANN KAy ey

“"HPTFHEBRTREFEBNAREE. WTEAEARRE
PR PR IFTE SR UL AT RE ST R R4 B T R, WA R
SR SR A AR R DR R A TE — S UK

AT AT EAAG BAS AR v R 3R B XU R T R B A 518 «

1) XS B FEZEYE : Aee =20 F Aan =0,

(N EEM: YR =" 850, RARFREKH
BRAREEZSFATEZHIELRRHBR, TEREER T
Anp B A e B JRUBSE .

FET LA EE50, FATARALT LK R [6) BB R 4 B = 3 g
W 3 AN, T EL AT USRI 4R = SO il — ST BSR
AR TR ) B 1 B

4 ZFREARKEREE _DRRHFEL

4.1 ETERMEULRNMHTFRERERBE IS A %

ER=REE, GFRAT R 3 AR EhE, X 3 Frah
ERERICN A={apsansas}, T ap.anv Flap BHIRR
A x BT A BB E, Bl E = EIESR x € POSc.p
(O BE « TR 2 € NEGe,p (OFPE x EHRB 2 €
BND.p (C). BAERBERT  EHENE ap LW B
Wi, SRERENTE ar Flan. AHBRITTIAFRAM BE AR
TRV TR AR Pk A4

EX 1 pp HxEBNDp (COEEBENE ar FEH
AR

B pepp 2278 SEAK x A0 T30 ST B B 45t IE S A PR 5K
FERTEATH A 5 e WO B S8 T LA 4324930 BB O B8 7
T » 3T B — A 445 24 BV SR Y 3R L AR 0 0 XU, o B 445 R
At AR LS R AR XK W BOE . LR

pm —=pGER, LHD

EX 2 ppHx€BNDq,p (OREFENE av FEFH
.

B pong TR LA x 40T 10 FHETE B B 45 th SR B R 3R
LERFBAT M, pnp OB E RIRE AT LAY o3 B AL B B
J5 T 3T PR — A 24 B SR SR AR A T A XU, S R AL
et ] AR AL T [ AR AR R U B B . Bt

e =pGER L ED

EXRRAREFR AR WAME R IE 2 Bl

# 2 ZIOREGH TR A TSR BRI
ap ay
ag PB UNB

TE AN AU P B XU 328 11 B M AR T DR o 2
FZ IR AR R Sy, U B R R AR BRI ITR . A
BT 4

X ppp<png B 1 T35 R DR AR B /N, 5
RIREREGH;

2 > g B> L BT B BRI A, Z
RIRGEREFH,




4.2 THEEREE_XRRHELHSR
AARERRE IR KR M IATE M EESR.
(DHfE =R K BE . B
()43 FIHR Y peps F pong ARANE 5 48 A AR DS R 1) —

FRFHRIRIE > 2 perp<png B » R DR R A, 2R

REREEH,

(3) 24 ppp =>punp B L FEAE DESR AR BB/ RIREE R

EEHE,

BN ZXRRHDEBE o .

W PORER, ansR 3 S,

#£3 Ml =NRHER

= Bhh=x .
REDBI ZHREER REER RHE
[o,g8] it ) Ef ETHEZREEN
N EiE ) MPB>HNB
Cpred RE k34 HPB<CHMNB
[a,1] #% i ETHEZHER
5 R FAXH

EHRAREWE—-EFFLR, TPRWEEr=8mh
7000 Jo/m? , ALK 90m’ . MTMIWERE T . BRTW A
TFRIERIF SR 20 T, FKEH WA 8000 Jt. iHHRHEHHET
BN ER/NER AR KM, B2 R IAHATRR, A
REWLRHEH,

(DARPNKEA T AT BRI G SRR L BHE R
VEMT B3 f. FAN AR SN GREBES W
s f K TG BUEHNATETE S, EREAE S HESR;
FEE f e/ KB AR R, N BB 2 AR B R A B — N AR MR
AR, GEFERE HEIEBE «=0.5.=0.3, % f<
0. 36T, IX SR BESE 2 e 3 1938 $FE [, MBS /T UM “ 3K 57
B # />0.5, WA H T RE /O IF, WA v DU
“RILP BRI 35 0. 3<CF<<0. 5, WM B3 3 b F“ K7 F“R 3L
HIBORES 25 R = R, IR (B P A R4 B AR R K

HXERBA. FAABRERXFRN FHERITE
B HHASAI TR ITEERINE 4 7.

He FHRAGDHIFRER

L g
BEEM 630000 7
RAEH 441000 75
F & 669596. 1 7t
AR E & 228596.1 JG
LR CE: 189000 7
.8 Wk i 240 )
A BT 2789, 98 7t

BEETHY f=2789. 98/8000=0. 35, 4t F 0. 3<Cf<<0.5 i
IREBEE N, WA RE N BEAEELE.
RO HN = RRERINE 5 BT,

£5 ROBHHZNRKER

REDHI ZXREEFR
[0,0.3] * 5
[0.3,0.5] TAEE
[0.5,1] AEE

(OXFEBERERV EESEBEBHNIEHEE—NFEHN

BRREK, —HR KRR AESREBRFAILS, ATt
BERLEMRAM . HATTE R BE B BT8R 5 A 387 i o
K BB R BIF AN R AR E TE A W RHR AR “ B B e
KM REERBBEHEMFENEETES. Tk
FHER EAZELE"MERRRRER T RERE
BB, RV B /R SR FE I 1 K B B SE T SR R %

AT pes GEA AR f A TFIHFEHTEE N B HIE
AR R ERFESMS BRIy CER RS £ 20 FHF
HIEEN, A B AURMERERTEMHORMMME. 1t
Bt e ETEME B A E B GBS E S O G2l (B4
ARETE . weBREMEREES GERERENRKH
HWARZEEAT R GEE (BN TTEE L3 . X E s HE
BILEE KBRS 1—10 $T404), S U= Ras WS K, 3
JAS R A AT LA b 4 R B AT RS T4

opp =L B (BRI R HEE F1 KD * 3026 43 I (B4 v i
TR % 70%=7%30%+1%70%=2.8

mp=EH@EHFENER BHARFELART TR *
30%-HEE GEMATEE L BK) * 7095 =3 % 30%6-+8 » 70%=6.5

BIRIATAY ppp<Tunp » BNERIEN EHL £ b T R ETE
FEAEAH ERK RS R TR B R, B
DARBENBRT . ARB“EALF AN LR+
F“3E 537 SR R BB AR B KU T /DN

(DA : =X RFHHRBRE =0.5.8=0. 3,

W PR R I 6 B,

F#6 EHWLN=SORREER
BAAh=X

REGHL ZXRFERF REBE A1

[0,0.3] By 5 ETHEREA
[o.3,0.5] F A& 4 ¢pB<t‘NB

[0.5,1] ey 35 ETELEEA
HEIE SRR HRTHREFE, RETHRERR, R

A48 HH T T 4 R SR XL T (R, B AS 7K 385 B e 3 ) XL B 3P
o AR TR = 3 R IR X — Rt B RS M R 3K
B2 = SORMRL A A LA B R A RIRE . A SCA L
AR 5 XU 2 16 O i R X X — TR R B ) 40

2 % 3 uk

[1] Zbang Wen-xiu, Wu Wei-zhi, Liang Ji-ye, et al. Rough Set Theo-
ry and Methods[ M), Beijing; Science Press,2001(in Chinese)
HIE, RARBE LGOS 5 EIM. dus . Bl
i At 2001

(2] Yao Yi-yu. Granular computing and sequential three-way deci-
sions[ C]// The 8th International Conference on Rough Set and
Knowledge Technology. 2013:16-27

[3] Li Hua-xiong, Zhou Xian-zhong, Huang Bing, et al. Cost-sensi-
tive three-way decision: A sequential strategy{ C]// The 8th In-
ternational Conference on Rough Set and Knowledge Technolo-
gy. 2013:325-337

[4] Liu Dun, Yao Yi-yu, Li Tian-rui. Three-way Decision-theoretic
Rough Sets[J]. Computer Science,2011,38(1):245-250(in Chi-
nese)

XS B —%, XA, R EL] BV, 2011,
38(1):245-250

[5] Jia Xiu-yi, Shang Lin, Zhou Xian-zhong, et al. Three-way Deci-

e 79



sion Theory and Applications{ M. Nanjing: Nanjing University
Press,2012:1-16(in Chinese)
Bie—, kW, . =X REER S MAIM]. BB
R, 2012:1-16

[6]1 Zhong Jin-yi, Ye Dong-yi. Extended Decision-theoretic Rough
Set Models Based on Fuzzy Minimum Cost[J]. Computer Sci-
ence,2014,41(3):50-54,75(in Chinese)
BHROLM RS BTN BAR /MR In RIS S
MJ] T EYR S, 2014,41(3) . 50-54,75

[7] Liu Dun,Li Tian-rui, Li Hua-xiong. Rough set theory: A three-
way decisions perspective [J . Journal of Nanjing University
(Natural Sciences),2013,49(5):574-581(in Chinese)
&, ZRE, LR ARERR. ETF=30F0Aa00] &x
K2R BRBIEMRD , 2013,49(5) :574-581

[8] Zhi Hui-lai. Knowledge Representation on Incomplete Formal
Context[] ]. Computer Science, 2015, 42 (1), 276-278 (in Chi-
nese)
BEXR ATRIEAER EOFIRERIT] HEVR2E, 2015,
42(1):276-278

[9] Xie Cheng, Shang Lin. Detection of abnormal behavior in video

using three-way decision rough sets[]]. Journal of Nanjing Uni-

versity(Natural Sciences),2013,49(4):475-482(in Chinese)
W . BT =R OER RS R BT ARR] B
KW (R IRBIERRD ,2013,49(4) : 475-482

[10] Li Jian-lin, Huang Shun-liang. Multistage Three-Way Decisions
of Span SMS Filtering Model[J]. Journal of Frontiers of Com-
puter Science and Technology,2014(2) :226-233(in Chinese)
ZEA BN, W B =R E R S iR ], iR
Pl 5 #E,2014(2):226-233

[11] Zhang Li-bo, Li Hua-xiong, Zhou Xian-zhong, et al. Multi-granu-
larity cost-sensitive three-way decision for face recognition[]J].
Journal of Shandong University(Natural Science),2014,49(8);
48-57(in Chinese)
kB, 0k, FEG, 5. ARIRBIF SR ERNMER=X
PRI INFR KM GEHER ,2014,49(8) : 48-57

[12] Du Li-na,Xu Jiu-cheng, Liu Yang-yang, et al. Research on the e-
valuation of venture investment based on the risk minimization
of three-way decision[ ] ]. Journal of Shangdong University(Nat-
ural Science),2014(8):66-72(in Chinese)
FEBRSR AR, XUPERE . 26T = SO R MU B/ M XU
PO RIBRSELT ). IR R 22 4R (B2 RRD 2014, 49(8) : 66-
72

(EL#&F 63 1)
Cons® (X5, D)=0. 860, Cons™ (Xy,D)=0. 892, Cons" (X1 »
D)=0.914,
FUERME CXTRERMED 00K —SETHENT .
Cons* (C,D)

=255 5 Cons" (X;,D)
0 Y ax (e

1 857 1. 774

=="=X0. 902+ == X0, 878 +=5— X 0. 868+

2. 657 2. 886 2. 914

X0. 837+ == X0. 812+=-— X0. 815+

2,914
o X0, 831+=—

2. 443
27

MEL BT ERTRIEH, ﬁ])ﬁﬁﬁﬁﬁ%ﬁﬁﬁ%?ﬂﬂ‘]ﬁﬁ
BHPR B R EIE., {H Shannon FENEH YHEE

2. 934 2.900

X 0. 860+—><0 892+

1 829

X0. 902+ =57= X0, 914=0, 859

SCE B .
BEE OB IRHM T Mt E—BUER T, AL

0B T B 0 4 B — B, DT A M — A S BRI B R R
H—REEREETEN. RSP AaSERNEN K
BRI R B, B TRUD KT R RARLERN
SRR R H H A UER, SCRLL3 IF A E & B8, @il
FIABIMI 28 SRR B 0 — Bk e SGHAT 2126 AT B B B
AREUERI Sy G5 R . A SUF IS 28 % A 89 Shannon 4§, 18 2
T —FHH S R — B R E SGF R R BT EAA R TSRS
BER,

2 x X W

[1] Agresti A, Finlay B. Statistical Methods for the Social Sciences
(third edition)[ M]. Prentice Hall, New Jersey, 1997
[2] Chen C B, Wang L. Y. Rough set-based clusing with refinement

using Shannon’ s entropy theory[J]. Computer, Mathematics

0800

with Applications, 2006,52(10/11);1563-1576

(3] Dubois D,Prade H, Yager R R. Fuzzy Information Engineering:
A Guide Tour of Application[ M]. Wiley, New York, 1997

[4] Hollins M, Faldowski R, Rao S, et al. Perceptual dimensions of
tactile surface texture:a multidimensional scaling analysis[]].
Perception and Psychophys,1997,54 (6).:697-705

[5] Jolliffe T T. Principal Component Analysis(2rd edition){ M]. In-
formation Publishier Science, New York, 2002

[6] l.e Dien S. Hierarchical multiple factoranalysis: application to
the comparison of sensory profiles[]]. Food Quality Preference,
2003,14(5/6):397-403

[7] Pawlak Z. Rough sets[J]. International Journal Computer and
Information Sciences,1982,11(5):341-356

[8] Pawlak Z. Rough set theory and its applications in data analysis
[J7. Cybernet System,1998,29(7):661-688

[9] Polkowski L, Skowron A. Rough mereology and analytical mor-
phology: new developments in rough set Theory[C] / De Glass
M, Pawlak Z. eds. Proceedings of WOCFAI-95, Second World
Conference on Fundamntals of Artificial Intelligence. Angkor,
Paris, 1995:343-354

[10] Qian Y H,Liang J Y,Dang C Y. Consistency measure, inclusion
degree and fuzzy measure in decision tables[ J]. Fuzzy Sets and
Systems, 2008,159(18) :2353-2377

[11] Tripathy B C,Ray G C. On mixed fuzzy to pological spaces and
countability[J]. Soft Computing,2012,16(10):1691-1695

[12] Weisgerg S. Applied Linear Regression(third edition)[M]. John
&. Sons,New York, 2005

[13] Xue Z, Zeng X, Koehl L, et al. Measuring consistency of two
datasets using fuzzy techniques and the concept of indiscerni-
bility[J]. Engineering Applications of Artificial Intelligence,
2014,36.54-63

[14] Yao Y Q,Mi J S. Hybrid Monotonic Measure on Intutionistic
Fuzzy Sets[J]. Computer Science, 2010,37(1): 255-257 (in Chi-
nese)
PhE kB A, EREENE LIRS RACLSED] SHENR
2,2010,37(1):255-257



