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Abstract: To enable description, Rough Set theory uses an information system constructed by attributes, and various de-
tailed entropy indexes are employed to achieve the scale of information; this provides a mathematical basis for know-
ledge mining of relational databases. Current research is focused on the role that Rough Set plays in attribute reduction;
however, definition of the discernibility function used for attribute reduction is unclear. For example, when there is no
attribute to distinguish between two objects, it is unclear why 1 is used instead of 0 for the corresponding attribute vari-
able. As such, this problem causes a bottleneck when applied in Rough Set. The aim of this paper is to find a more reas-
onable explanation and application for discernibility functions. The method firstly defines the operation between attrib-
ute names, which is different from the operation between attribute values, and the attribute name is different from the at-
tribute value. If operation of the attribute value is confused with that of the attribute name, the meaning will sub-
sequently be unclear. To avoid such confusion, Factor Space theory is employed, as it treats attribute names as factors.
The theory uses the operation between factors to define the operation of the attribute name, enabling clear definition of
the discernibility function, and explains why the attribute variable takes the value of 1 under special circumstances. Res-
ults indicate that Factor Space theory can deepen the theoretical basis of Rough Set and improve its ability to solve prob-
lems.

Keywords: factor space; rough set; factor reduction; discernibility function; factorial causality analysis

S 8 2016-09—12 HUREAE" | T 3O A8 43 0 DR 3% 2 (] A

HLWE: FEK A RFPEESIH (71371030); INTTE T AFRHE 1982 4E[FIHEA: 1Y 3 DA IR, 3 FhBISEREH
BT H 25 1L P 28 K2 S FHIFRE 50 H (QN- \ ‘
%017007;; P2 5 S oA R oA AL BB M E MR R A R E B AR A X &2, TR
2017326).
SEIEEE: i [H4E. E-mail: x2_qgh@163.com. R RRECF AR . Herh, TR P rh B A i



+ 890 - HOE R

&
Y

S ¢

LERVE S

BRA MRS . HAH % AW Polkowski FI Skowron'”
FE 1989 KM CHBSSESHIREM ) —3C5180 T
S Jm E PR AN TR RE K 2 L re H () KDD (B
AR B BT . RS 52 R M A i 15 R
REKAE Y, FAF AT Rk S5 B
bR EE, R S IR R AL T B SR, AHLLZ
T, Wille BT 2UHE &0 HT el 850G AR B 1 ) S B 15
o MRS RERHE T 12 25, AWANTA
Y, Abry OEXBESHT ) — 15 IS S HEE
X — T I, BeF . A m AR T
AR I AMERRSE — N E A o (AR RGE R 4T
il A — M E AN END 2 AL IA T
Wille B b [FT255: No! Al 55— Uk B b A £ 2 42
T RS AN Z (R A AR, R T RS
PERIEEA FUR XA BEIE ME & . R A F 2 51
ko FEIX— s _OHDRESE ) AL BAS OHARE T &
I P AT — B S5 T T B A ) 43 R AR, A4 AT
—AEAHRNT DL AR BT B— 4. F e
WA AT — A WS A SME, Xk 5 Wille /Y
HE = T PG . AN T4 BE s S TN 5
R, WIHREIRATEN Y AR, SMEZFRATT 5L
P S S5, IR N 5 S EA A —3 B AN
TARERUAN HA BRI AL . DORNRE AR BSR4
ER L — 1 Z .

FEXT IE PRI AP e PTG . fln, B
Be, # W 20, Rfuganff—A @, 1
AL AR AR 7 R RS SR At-
tribute, Wille & LB T (AW 57K ) ABRIX
A3t A K BRI AR 7K A I T RN KL R T
i A E . MK TP A TS 5 < AE i o b AR
T X PN PSS [E] Y attribute! . AT DL, At-
tribute 48 JE MEACIRAS, WALt x —
JEMEZ TR, EJE, RS MR B0 K 4
&S0 BRREE MR 2L, FEREL, Attribute $5
P TR N o8 SN/ - W o (I 95 L DR I N s
JRVEAE" . 33 PARIAS ) 4 FH 32— T B i |
A o A0 2254 Wille 1 Attribute PE8E MHEE
LR £ H Y Attribute IR M4, X & 143
.

L P JG - VAT 52 i Rk 5 55 78 X & A
B, RIS, B E AN, AR T Rk
J, Wille FIE X SR LS AR 4351, ik
RELE A B R G R LUBE 4 A58, 14 1R FH KL
RIEHAR BJR#EE . BT, MRS SEAE B FH 40— T
JehTo FEE A YRR, KRS S5 78 8 I 20 1 5 i
— FELEMLAR 27 2 B AR IE 21, i, FRAF 4R

TER e N T BE R, AR B4 L Y 2 Bk 7
W, A AR S TR 23 ) RO AR RS, 7 e 4 B 5l
TET T, Aoy AR 2 R B R O . T, LRSS
{O)ERU S D RN ON NEWSE DR E N
IO FH Ja M 24 TR SR BURRIE I 5 I S
LS R A AR LS A, SR ATEH L SR
2, XA RKA, JE L H AT E 206055
T o RO JEEL ey 2 2] — S T, A IX 73
FERE (B2 R ) o IEJE i T XA i A e b
M TR O T U, T AR —
LGES S

1 HEEEEARSL

TEHLBESE D, —ME B RS (BFRAIRRIL R
G0 ) B iR B — N PUITH S=(U, 4, V. f), Horp U &5t
ZWAES RS, A RIBVEAES, V EBIEENE
B RN G x B R A WV I ERBES .
TET R, FAT LT B | B € SRS #R g A7
GG
EX 1" HFED = (o) vy e DM S L
Y —AN X 5304 % ( discernibility matrix ), HH
a(x,y) = {a € A|f(x,a) # f(y,a)} (1)
XAE LW AR Z T THEBEPR TR
(e, y) ANJESEEL, AR XA, AN 6, T JE P44
S D IEIRA 53 A, M ASIX 3 R
o X NEME4 o 88— R, JhicdE
a, HEAREAEN S x 5 y 459, WX a(x,y) 8 5E
— M R, Hlva(x,y) = Vi{a € Alf(x.a) # f(v.a)}
KFER, I axy), HEAFIERXNR x 5 y 73797
AYJEPER, XS e, y) 48 E AR /RS FE“ 17O A STTRY
BGRTRZAN)
TS 2" X A3 BRAARY E LN
A= n(x,yeuw) (Z a/(x,y)) (2)
X B A={a,, a), - a,}, XBIEEET m >
i IRAZ B o TR alny) = (a € Alf(x,a) # f(y,a:))
(B A A5 T4 25 AR A 7R 28 AT I, BB
)L/I\/Ei%a(lﬁa@)a iy, ETT'E?/:HEE"JJ‘LX/I\Z‘E%’}’E%
FEEAAI/RFAR a0, v a -V aw = Viaa,ae, - aw),
iEﬁEZa(x,y) = V{a(l)»a(z),“' ’a(k)}o EE :J:JX/I\%E;J_\'%%
R SOz 5, it i, e (2)
HY T AR R A R 7228 S 2 T B T S A T A
B, xRk e A g A Beu . R REhA T
BEAEANE BEE RS AT L, BT IR
EQB&E@J@%W?@@J*—FO A=} H(x,yeUXU) (a(x,y))
AU AT IE 20 o P AT BCAY 3k 26 7 o — — B



5 6 1]

fh Pl S5 DR 2R s [ v e R 24 T ) X 0 R - 891 -

B, AR ZR AT, R A 2Rk 2R R/
W SCHRI2TH9 RO IE W X3 BRI/
P b i B — A O S i —A 2y
i, [ ZIRER o DL A A R A O T 1 240 g 114 5
Rigik,

XFF RN, N TAEE 28 A, e T
VEF WA, A — i R R X T B o NiF4
BHRE — MR AL, 558 i i S SORMAR 3 2
AN KWIH . ARSI HTHBCCV 50X A
(A STDX TRk TR AR AT
Bxt% x 5y Ir e, WAt alx, y) 165
AR A R 1 AN 07 AF A o s/ MITHL
WA BT A S RO S A0 42 1 24 R
B2 A SEHRRBEAT TR BRI

RO HRI (R ABUE:, MLRE SR MR E S TRtk 4 2
6] A8 5, T DX 70 R X — TR B 2R A
PEAIET . IXHUE R A . AR A i
SRR B AT, (HUE, LRSS A S PSR 1Y
et MA R, BATEA BRI EZ Mz
AL, B R G w S B R P Rk
{EREAT H iz 5, FATTRE L i ffis 545 Rl 2
JE PRk K G i H B A o nloR, S
M5k @ XA RIS R ML e, B AEr iz
B, BAMET AL T

FEsg, X R 22— 40, WU I 2 0 i 1 44 PR
SCIBTE, 453 B B LA PRAG R, 33X~ B AR B3 5 el
RE e . o PR 2] A D7 2 RE AR 25 1) T &, ki
P18 7 P BTt 3 BT ERGES O o 13k 5 T ) T A
RS AT o PR R 4R b BT UG Y J 1R
o WERZRRHUE LT INRZE SR A0
JE R ZR A 8] 1 B SR AR R DM AR R o T4k
2y PR BERT Y A LG

2 ARZESSHARNERAHH

PR 2 2 )2 VR 1 R e 1982 4R 42 A LU fig
R A B ECE S, WA RN IR RN TR e
G RN EEAE N, AR, AR R
A, SRR A PR PR S R SR

HZR PRI, 20, 8, ¥, |, B
E—HE A, mEG TR, B £y
R, B B s A R A s O ) RS
220, G0AE X(H=141, B, i, |, B, - BIES
e, — B0 SO AR bR, PER RS AR AR 1 4E BT
BRI IEMT, EXT G BB R b 5 PR, 20 b
VUG LA, B — T SCR AR AR, S5kt
IR R A R, RS R B S A Sl

AL AR AR — AT A AR AR AL, S A R R
eyt stk o R TRTA 0] 1 i AN |-~ g 51 L RN R 1A 0]
P, BUE RS Th B R PR

EX 3" RIS TRY = (X(Dyer N U EHI—A
R 25 [a], Qnsig e A B

D) FBAREEF = (V, A5 1,00 58— A58 AR /RACEL

2) X(0)=1{};

) XMEET CF, 45

Vs, teT)s#t=>sAt=0)
MX(VAfIf €T =TT, X3
4 VfeF, #A— B
f:D(f) = X(f)(D(f) S U)

F R 24, Hamok | di/hvot 110 4351 £
ERFEMEFRE, X() Mg AHESEE T,

FITIE—~ R 2 2 [ st LA oA HE bR A i — I
JEMRASZS ], WX SN R 2 [A B8, s —4
TRAE F=(F, V., N\, BNV A5ERR
R R0 i S5 254, v DA () 2 0 il . XL
T8 o R LTI R e e 2RI . IR
ZEMERZHZ 0. FIRNYEE D, X
MESY, B IEMYERE 2, XL A REMR L/ B o Bk
oA, BN, R EER FETER R R R g 1Y
X5 S s, FRATEAR £ 1 g K, 121k f2g. fLE
g K HACURHE R u, ve U, & flu)=Av) N g(u)=
gW(EE, 27 gw)#g(v) W Au)#(v))s

AXMEEH, (F, =) 2— My, 1mHAR R
B iz Bl R KX AP R R SRR
fV g=sup(f, g); f\ g=inf(f, g). EALITF R R LR
B ETFRRR, Vg e f5 g Wi/ adt ],
AR S g Wi RAILT R, Frid, AR
RZWCV, N)isFEAEHTIR-A BG2 5, 1 Rk
MWLz E . NERSTSLZEN T H,
O3 N R R ZE e KA /N CHRORL AR 40 ) (R 3 72, 17T 2%
AV RMEEH /DR CHMAAH) B RS,
F=(F, V', N\, ) B — kA8, IR i
IRAR R . ok B/t 1 AT 0 el e R R 5%
HWZE, —PMHEANRSHSE A O SFREZIMY
TR FE (RFRE T ) 0% R R el m TR X
F XAk, HRAMBR, X 1EE i
5, X — AR AR Y I

PR 2 255 [i) H 1 R 28 gl R RS £ v Jr U 1) i
%o RZE A T JE M, wt e MURE 45 i JE Pk
Ho PR AS X X 00 MR R, 2 X911
PR 1

EX 4 SHEREENE, REEKf(e FREsr P
A(C U, WRAE Bu,v e ABE Fu) # FOv) o

FEURE B 118 DX P X X 2 R R 43 1% PR 3 4



<892« ;OB R & ¥ WM B2k
RHICEBMEME ., HFREEAR S RM /R &, 5t JEEE,

THHMEM 2382 . WEZREE LT 44850
(a5, It HA e, —HMX R R A, b oS
RIS ZE AT — R f = iV AV V fio
JIT LA, DX 43 P B AT LA B B D 7 79 43 R R
TCRINER . HEEh TR E—-NERER (H—
MEZRHELBRHERNER),

W A fHERPE A, He> £, W g RESYHE A,

WERR  fREsr ¥ A R, MM Eu,v e AFRA
) # fOv)o TMig > fFREMRELR fw) # F0)Mgw) # g(v)o
WO TR, v € ABV g(u) # g(v)o T g BEATHE A, TEEE,

W2 A SRESYPE A, H BA, W fRESME B,

TEIA R BT

EM 5 FRPIEZS [N, a2 Ge Ak .
fNg ¥t 4, RE 15 g HRRE P 4.

B NBEIE B T A IR 2 23 () 2 1 U g, EL e )
PEENE S M L AR

RL 3 FELE RS, 45 £ Be0 A, 4,
Jo BEPHE A, W f = fi A oA FBESIFEAINAN--NA,0

WEBH H At 2 11, WHERE j=1, 2, -+, n, f; RESTHE
ANAy---NA, . T IE NP A A R, RS,

EX 6 45%E AU, B fw,v)=AfIf €Ffu)#
FOV TR LA AR R, IR IX A5 R . e A
KBRS u 5 v B, 4 fu, =1 (EHRE),

flu, v) FEREIX 5 u 5 v BRI R IR R a3
., XFER R, AR R Rk, 24
WA XA R, A N RE R BUR R, &
RN YREX T XS, WAL LT R e
1o XUfFRE T 20 ARG B .

EXT XMEEAUIE

d(A) = V{f W, v)|u,v € A} = VIAfIf W) # f()}u,v € A}
A A YRR X 3 R AR

R, X XA pREE R E 2 TR TSR X
Sy RREL, BSOS A A5 BAHEE 3L T

RE 4 FEIENA R R ZS A, 25 XA
AN /NTT 0, 4 B X 53 oA F08 2 BE 7 BF
A W NAE

WERR FEIEM AR R s Erh, A 2.3 H Au,
V) BB u 5 ve d(A) = VIf (u,v)lu,v € A} > f(u,v),
T LIAR I A A 2.1, YT u, ve A, d(A) ARRE /7
u 5 v, INAd(A) (W) # d(A) (). EXFLBEHT d(A) REST
A,

B g Be P A, WXL u, ve A, utv, #4
guw)Eg(Mo TH, gelflf ) # fM)o FTLL flu, v)<
go A TREXNAREXSHERE u, ve d(upv) HRLT, fE
A d(d)sg, 1 d(A) ZRETHE A HER/INEE

TR, AHURESE FH DX 23 B A U 2 0/ N s 1 24
], AR SCHE R B/ NN . XA R R & — K
W, (B, Al 4 HHESR XA L 0 70, 1X
SE— DRI, SRS R

EX 8 BNE [ g #RREMNFE 4, H. f<g, WIFK
TEGMHE A L fIEXT g 2T IR, M f 2 g, MU
—KNELE, e A=U, g=2FE 1, 1 HLFEH
ENLEES 1) S E NS E S AT G b PR S s A |
R, NS R A D R A T 5 — R ISR
R AR AL, — R BEERI 23 o DL B R R S B
N R LY T30, — AR R LB B SBR[
RAMEL, HERER O(m’n), XH m. n 53513
AR RMA R B

3 HZEiE

PR 23 (8] P BT U ) DR 3 e A i R A iR
AeR— 2R B SHURE S AY S A AT, (HAA
TRZIHH S, ERF YRR, &) LRYEEN, EA
SR A S, MRS OEE AT,
5, RN, BAR RN R, IGERFE, Wil
WER. sHNRZEIEH, & TR & 22
DXorHE R LA, ib RETE & L 2 faf i) SEBR iRk B AR TT
ko DX 73 PRECR 24 ] Ja ot — b AT 9 07 5,
SEVRARAESE B, RELRE S FH DX 23 SR AR N R M AR
% N-hard [R5, A #9SCHRE IRV, J5# 1Y
SR CWOIE W AR B, A Z IR
PRI =S ) A LS it g B A 305

S Lk

[11 PAWLAK Z. Rough sets[J]. International journal of com-
puter and information sciences, 1982, 11(5): 341-356.

[2] WILLE R. Restructuring lattice theory: an approach based
on hierarchies of concepts[M]. Ordered sets. Springer. 1982:
445-470.

[3] VEHEHE, SUGENO M. [R5 S5O (5 SR 45 14 [J].
RIEE, 1992(2): 45-54.

WANG Peizhuang, SUGENO M. The factors field and
background structure for fuzzy subsets[J]. Fuzzy mathemat-
ics, 1992(2): 45-54.

[4] POLKOWSKI S L, SKOWRON S A. Rough sets in know-
ledge discovery 2 [M]. Physica-Verlag HD, 1989.

(5] MR, BRI, — AN 28 AR I S R DT L 0], |
FeAA, 2002, 30(7): 1086-1088.

YE Dongyi, CHEN Zhaojiong. A new discernibiligy maat-
rix and the computation of a core[J]. Acta electornica sinica,
2002, 30(7): 1086—1088.



5 6 1]

fh Pl S5 DR 2R s [ v e R 24 T ) X 0 R

* 893 -

[6] £5, AL, A=, JETIEAM & AR R TE R K

KR IERTFT[I]. 1E 254, 2015(6): 616-627.
WANG Hao, ZHU Hui, DENG Sanhong. Study on con-
struction of hierarchy relationship of subject terms based on
formal concept analysis[J]. Journal of the China society for
scientific andtechnical information, 2015(6): 616-627.

(71 70K, Jr g, — ik THURESE BEIB 19 SVM A7 19 f
BT k] RE T RS THOR, 2004, 26(2): 187-190.
LI Yuanchen, FANG Tingjian. Approach to forecast short-
term load of SVM based on rough sets[J]. Systems engineer-
ing and electronics, 2004, 26(2): 187-190.

[8] 7kt &, M fHtl, £ B, HURE SIS b s PEAR X 249 (&7 55
L[], B T340, 2005, 33(11): 20802083,

ZHANG Tengfei, XIAO Jianmei, WANG Xihuai, et al. Al-
gorithms of attribute relative reduction in rough set theory
[J]. Acta electornica sinica, 2005, 33(11): 2080-2083.

[9] Bl i, XM, Thoer. BT Rough ERYPLR R IR Mk

/N TRT A R BOR RN B ], THEL TR 5 R, 2004,
40(11): 24-25.
RONG Xiaoxia, LIU Jiazhuang, MA Yinghong. Integer pro-
gramming algorithm for finding minimal reduction in de-
cision table based on rough set[J]. Computer engineering
and application, 2004, 40(11): 24-25.

[10] XU Y, WANG L. Fault diagnosis system based on rough
set theory and support vector machine[C]//Proceedings of
the Fuzzy Systems and Knowledge Discovery, Second In-
ternational Conference. Changsha, China.2005.

(L] 5k sCfE . MRS SR BIIR 507 1 (M. dbat: Bh2A i,
2001.

ZHANG Wenxiu. Theory and method of rough set[M].
Beijing: Science Press, 2001.

[12] TESS HE, 224, FRFoR A 38 [M]. KRR
FHOAR ML, 1994,

WANG Peizhuang, LI Hongxing. A mathematical theory
on knowledge representation[M]. Tianjin: Tianjin Scientif-
ic and Technical Press, 1994.

[13] FES . IR A [ SRR PET]. LT TRARBOR R =244k
A SRR, 2013, 32(10): 1-8.

WANG Peizhuang. Factor spaces and factor data-bases[J].

Journal of Liaoning technical university: natural science,
2013, 32(10): 1-8.

[14] FERGE, S8 55, GATRY, 45, 3R 23 ) g IR R O M ik
(0], il 7 TR R F ozl ASRRI AR, 2014, 33(7):
865-870.

WANG Peizhuang, GUO Sicong, BAO Yanke, et al.
Factorial analysis in factor space[J]. Journal of Liaoning
technical university: natural science, 2014, 33(7): 865-870.

(151 XU, SR 37, PER Ak BOHE BEASE IR0, 307 TR 4
ARIEF2AHR, 2015, 34(1): 124-128.

LIU Haitao, GUO Sicong. The reasoning model for factori-
al analysis[J]. Journal of Liaoning engineering technical
university, 2015, 34(1): 124-128.

EE® I
i EAE, 55, 1982 4R, PJRIW, 1

&2, BT B R T

At JE)E FRFILPE A sk Ry

13, L PG 0 28 DR 2 A A e 4 100

LI, WP K T s B

SE K RRREIEA 3 5T, HE R

Pl 4 iy S AR 2 B R R I

FHIFEE 4 57 B PR 1 30, Jbat i I 2p ak b2 R i H

VI, PRABRRETUE 150, TR AR 400 H

13, JAREW AR R ARBE 1T, AR HET

FHERPEIE 13, )N AT AR R 1 5,

RFERWICNS R

A 1, 1988 4R, B LAY
Az, FTGE 7 AR ELOR A
PR, i 3 AES 5EE AR
A 1T, BRA ARSI,
INPEEFT 2= Rl 1 3, RREAR
WIS R

%.,
-

SRR, 1955 4EA4E, # %, WM+ A S
Ui, F BT AN BRI X OR
W (ML) BRI & HE 5 0 ARl
T BE S i R A B RE R
e YT A WA AT . SE)E
BS5SmEIEE 10 5, K EZ A
RBLFILETE 6 Ui, kFRFARIE L
400 4355, i 80 55k SCI K, 40 Sk E1 K& .




