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The algebraic structure of rough linear approximation space

LIU Yamei, MA Yingcang, LU Wenxia, CHEN Yanyan
(School of Science, Xi’ an Polytechnic University, Xi’ an 710048, China)

Abstract ; Focusing on the description of the algebraic structure on the upper (lower) approximation, and according

to the properties of the upper (lower) approximation in rough linear space, two new sets are presented, and the in-

clusion relation of the upper approximation’s union and the lower approximation’s intersection are improved, deri-

ving the equation expressions of the upper approximation’ s union and the lower approximation’s intersection. More-

over, the rough linear approximation space is proposed and the intersection, union and complementary operations

are introduced in the rough linear approximation space. Finally, it has been proven that the rough linear approxima-

tion space is Boolean algebra on the intersection, union and complementary operations. This paper enriches the

combination of linear space and rough set research.

Keywords : rough linear approximation space; linear subspace; congruence; upper and lower approximation; Bool-

ean algebra; algebraic structure
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1 EAMA

X1 VRS P gL XY
SV ERYAEES Ak BEU P FREE TR, 2 X
ISR .

X+Y={a=a ta,|a, € X,a, € Y}

kX = {ka|la € X}

X2 SRV E—AEM R,
“HA VaBeV, fi(a,B) ep,(aty,aty) ep,
(ka,kB) e p, Yy e V,k e P, WFp NV FH—

MAARKER

EX 3w Rk
], L —DZITCK R py

py={(a,B)laBeV,a-BeW

EE W RS VT

nleJ*ZAL

1) py 2 V EB—DRRER

2) Ya e V, [Al432 [a],, =a+ W A

S| bV — T

S [a],

] oW i A pw(a) o Vipy = {py(a) ‘ Va eV} J2
IRFEREMES
4 R 17 py(a) +pu(B) =p,(a+pB)

py(ka) =kpy(a)

XA VIEEOR P LAY ], W
VI Tas L X 2V BT E AN RS T E
MXTEW EXTFp, 09 L R ERI 51K
py(X) ={a e V|p,(a) C X}
pu(X) ={a e Vipy(a) N X # I}
MR 2T W VEBUR P RS, W
VINZNEF23 8], XY 2 V EREAES F4E G .

1)/_)W<X) CXCpu(X);

2) pp(X U Y) =py(X) Upy(Y);

3)RW(X ny) :RW(X> mlzw(Y);

4) 7 X C v, WA QW<X) - /_’W(Y) ,

p_W(X)QﬁW( Y);
5) RW(X uy) 2 RW(X> U lzw( Y);

6) py(X NY) C5u(X) Npy(Y),

2 RemxR(O)WLE(T)?
X Z| &
HPER 2 iy 5) .6) AT LLE ), e ME2s [a)
ZEM LSRN I SR AS & A i AR R

PR F

TR, A o R B Pk — ), 5 |
ALV E X

WV P g
S, X, Y 02 VI 2 4R il
Py(Y) =
{alpy(a) CXUVYHpy(a) & X,py(a) €V}
Qu(Y)={alpy(a) N (X NY)=T
Hpy(a) N X # D p(a) NY # T},

EEEZ:

D) py(X UY) =py(X) Upu(Y) UP(Y)

2) pp(X N Y) =py(X) Npy(Y) = Q(Y)

EB: )X Va e p(X UY) ,Hpyla) C
X UY,

#opy(a) SXHp,(a) SV, WA aep,(X),
Ha epy(Y), Ma epy(X) Upy(Y) UP(Y),
#py(a) X Hpy(a) ¢V, WMae P(Y), FTld
a epy(X) Upy(Y) UP(Y),

FILA py(X U Y) C pu(X) U py(Y) U
Py(Y)o

X Vaep(X) Upy(Y) UP(Y),f

a e py(X) M ae pw(Y) Hae P(Y),
oo e ;_)W(X), WA o e ;_)W(X UY), & ace
py(Y), WA a e p (X UY), HaeP(Y), Nl
pp(a@) SXUY, NHae pu(X U Y),

Bk py(X) Upy(Y) UP(Y) Sp(XUY),
Bl py(X U Y) =pyu(X) Upy(Y),

2) MARRREEM K

pu(X NY) U Q(Y)=pu(X) Npy(Y)

XM Vaep, (XNY)UQ(Y), Aaecp,(XNY)
Hae QuY),

Haep,(XNY), WHaep,(X) Np(Y),
Hae V), WEHp,(a) NX# T Hpy(a) N
Y#D, il a e p(X) Ha e p,(Y), Ml a €
pu(X) Np (V). X Va epy,(X) Np(Y), WFH
aep,(X) Haep,(V), Hlp,(a) N X # I H
pu(a) NY # &,

o () N(XNY) # T, MHaep, (XN
V)s#p(a) N(XNY)=, Mae Q(Y),

EXS
B —AFas

[, W&V
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Filla € py (X NY) N Q(Y), Mifii p,(X N
Y) ::[)W(X> mﬁW’(Y) - Q)((Y>o
B 1. Bk Zs 0] VRS RSE, BNk
ZBENeDb=ab, RIEBEHa@b=d", VH—
MNEMETE I W={- 1,1} , VR 2P THEX =
{1,2,3,4,5) FM1Y=1{1,2,3,6} , RP(Y),0,(Y)
FFIAELA_ 4518
fiff + B AT A
pw(X) =1{2,3,4}
py(Y) = {2}
py(X U Y)=1{23 45}
pu(X)=1{0,1,2,3,4,5,6}
pu(Y)=10,1,2,3,4,5,7}
pr(X NY)=1{0,1,2,3,4}
P (Y) ={5}
Qy(Y) ={5}
FrlL pp(X U Y) = pp(X) U py(Y) U Py(Y),

Bu(X 01 Y) =5,(X) 0 5y(V) = 04(Y).
3 HMELAHANTEEAREEN

WFE T R TR R MLk 2s o) bR
T, IfiE Lt 2 NMEG R TR S BRI, T
WhE R IE IR

EX 6 W VEEI P ELtsnL X 2V
TR TR, E X

py(X) = (ew’(X> Pp(X))

EXT VR P LA ESN XY 2V
AT T4 AR L 2SR 1 OF 58 kb 22 1s e
X

1) py(X) U py(Y) = (Qw()o U P_W(Y) U
PX( Y) ,ﬁW<X) U ﬁw( Y) ) 5

2) pp(X) N py(Y) = (eW<X) N QW(Y) s
pw(X) Npy(Y) = Q(Y));

3)pp(XT) = py (X) "= (V = py(X),V -
pu()) 3

4) py(X) =py(Y) = (py(X) = py(Y) ,pyp(X) -
pu(¥) = 0,(Y)).

Hit 1 1) pp(X) Upy(Y) =p (X UY)

2) pyp(X) Npy(Y) =py(X NY)

ERR . E L p (X UY) = (;_)W(X Uy,
py(X U Y)), Ll EH 2 A1 p (X U Y) =
/fw'(X) Uf_’W(Y) U PX<Y) 1ﬁW<X ny) :ﬁW(X) N

p_W( Y) - QY( Y),
BFEL oy (X) U py(¥) =py(X U 7).
IEJIiﬂ‘%‘%pw()() Npy(Y)=p (X NY),

T3 FVERE P EWLYESsE L, XY Z
VTS T, E
1) 3SRt

pw(X) Upy(Y)=py(Y) Upy(X);
py(X) N py(Y) =pu(Y) Npy(X),
2) B A
(PW(X) UPW(Y>) UPW(Z):
pw(X) U (py(Y) Upy(Z));
(pw(X) Npy(Y)) Npy(Z) =
py(X) N (py(Y) Npy(Z))o
3) s BefE.
py(X) U (pyp(Y) Npy(Z)) =
(pyp(X) Upyp(Y)) N (py(X) Upy(Z));
pW(X) N (pW(Y) UPW(Z)) =
(pyp(X) Npyp(Y)) U (pp(X) Npy(Z))s
4) R
py(X) Upy(X)=p,(X);
pw(X) N py(X) =py(X),
5)0-1 .
py(X) UPW(®>ZPW(X);
pW(X) Npy(V)=pu(X),
6) HAM .
py(X) UPW(XL> =py(V);
pu(X) Np(XH) =p, (D),
7) XA
(pp(X) Upy(Y)) " =py(XH) Npy(Y);
(pw(X) Npy(Y)) " =py(XT) Upy(Y),
HERA .
DH P(Y) F1Q(Y) XA LIEH P(Y) =
Py(X),0,(Y) =Qy(X),
Fr LA
py(X) U py(Y) = (l_)W(X) UF_’W( Y) U P(Y),

pw(X) Upyp(Y)) = (py(Y) Upy(X) U P(X);
[)W(Y) UﬁW(X)):pW(Y> UPW(X)7
py(X) Npy(Y)= (IZW(X> mlﬁz/( Y);

py(X) Npu(Y) = Q(Y)) = (QW(Y) ﬂ[_)W(X) ’

pyp(Y) Npp(X) = QX)) =py(Y) Npu(X),
2) (pp(X) Upy(Y)) Upy(Z) =
p(XUY) Upy(Z)=
py((XUY)UZ)= (P_W((XU Y) U Z)

py((XUY) UZ))=<QW/(XU (YU Zz))
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pu(X U (YU 2)))=
(py(X) U py(Y U Z) U P(Y U 2)

pu(X) Upy(Y U 2)) =
py(X) U (py(Y) Upy(2))
(px(X) N py(¥)) N py(Z) =
py(X NY) Npy(Z) =
pe((X N V) N Z)=(p((XNY) N 7Z),

A((XNY)N2))=(p (XN (YNZ)),
A(X N (YN 2)))=(p(X) Np(¥YN2Z),

ﬁw(x) ﬂf)w(Yﬂ Z) -Q(YNz))s=
py(X) N (py(Y) Npy(Z))
3) py(X) U (py(Y) Npy(Z)) =
pi(X) Upyp(YNZ)=p,((X) U(YNZ))=
(py(XU (YN Z)),

p(XU (YN 2Z)))=
(p((XUY) N (XU 2)),

pp((XUY) N(XUZ)))=
(RW(XU Y) leW(XUZ)a

pp(XUY) Np(XUZ) -Q(XUZ))=
p(XUY) Np(XUZ)=
(pw(X) Upy(Y)) N (py(X) Upy(Z)),
pw(X) N (pyp(Y) Upy(Z)) =
pu(X) Npy(Y U Z) =
py(X) N (YU Z)=(p(XN(YUZ)),
pp(X N (YU Z)))=
(pp((XNY)U(XNZ)),
pp((XNY)U(XNZ))s=
(py(XNY) Upy(XNZ) UP(XNZ),
pu(XNY) Up(XNZ))=
pe(XNY) Upy(XNZ)=
(pw(X) N py(Y)) U (pp(X) Npy(Z)),
4) py(X) U py(X) =p, (X U X)=p,(X);
pu(X) Npy(X) =pp(X N X)=py(X),
5)pw(X) Upy(D)=pp(X U D) =p,(X);
pw(X) Npy(V) =pp(X N V) =py(X),
6) py(X) Upy(X")=p (X UX")=p,(V);
py(X) Npy(XH)=p (XN X" )=p, (D),
7) AL (py(X) Upy(Y)) "= py(X) N
pu(Y7) , AFFUE(py (X) U py(Y)) N (py(X7) N
py(Y ) =p (D),
(py(X) Upyp(Y)) U (pp(X") Npy(Y7)) = pu(V),
(pp(X) Upy(Y)) N (py(X) Npy(YH)) =

[(pw(X) Upp(Y)) Np (X )] Npy(Y)=
[(pw(X) Npy(X)) U (py(Y) Npy(XT))1 N
py(Y') = [D U (p(Y) Np(X7))I N
(Y7 ) =py(Y) Np(X°) Np(Y)=
py(D) NR(X")=R(D),

(pw(X) Upy(Y)) U (py(X7) Npy(YH)) =
(py(X) Upy(Y) Upy(X7)) N
(py(X) Upy(Y) Upy(Y))=
(pyp(V) Upy(Y)) N (py(V) Upy(X)) =
py(V) Npy (V) =pyu(V),

FREL (py(X) U py(Y)) " =py(X7) Npy(YH),

[ H# AT (py(X) Npyp(Y)) "= py(X°) U
pu( Y5 ),

ENX 8, % VR P ErykrtasmE, &% (v,
py) MHUEEL M, X X C V., & X py(X) =
(pu(X) .py(X)) H (V,py) L #I— Rough %,
EXF = {(V,p (X)) | X TV} FRE MR 1
b1 ) Couq 1 JN = W o 1 B = B = T

(Xpp(X)) U (Yo (Y))= (XU Y,p(XUY))

(Xpp(X)) N (Ypp(Y))= (XNYp(XNY))

(X,pp (X)) "= (X" ,p (X))

0=(py(D),py(D)), 1=(pyu(V),pp(V))o

t DL BB nl A R B

EE4 RBRZ(F, U, N, 1,0,1) AR
AL
4  HFE

HUBESE 5 AR S S WO RS R BB AT
Rz — ORISR S Ltk W Z SR A A &
RIS X, A SOR MRt 2 A rp AR 5 50
TRAKRZR ETEMBPER, #2187 2 MEF L
figp DR 22 i) PP SR 2 R B TR S e 3 3 B Y
SSRR AT AL I A 45 2 B0 220 1 ] B AF 5 T R RE £k
6 1 sy [ L S S RS I (PN S A €2 v B S T IR 30
TATRARER, 4 T AR AR A A T i — 20 Y
BT, AHARSCR = SEBRIV T, A SRoRE X BRI Bl iy
ARALE ¥ AN PR A — 28 B
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