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Neighborhood multi-granulation rough set model based on double
granulate criterion
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Abstract: In order to deal with the heterogeneous data including categorical attributes and numerical attributes from the
multi-granularity and multi-level perspective effectively, double granulate criterion is built on different attribute sets sequence
and different neighborhood radii. The neighborhood multi-granulation rough set model based on the double granulate
criterion is proposed. Several relevant properties of the model are given, and an attribute reduction algorithm of the proposed
model is presented. The reduction result can choose the appropriate attribute set and neighborhood radius flexibly according

to the need of practical problems. The effectiveness of the proposed model and algorithm is verified by some examples.
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B = {B1,Bs} & CHI2AN @ 1+ %, H By M By #f
AL Fr 44 UL AU B B MR A R A, 6 =
{61,02, 0} Rn MABIAAL. o =00 = -+ =
bn )F'UX#%E%E@X CU,

o

ZB(S (X)

—RAT I

= (N + No)?(X);

= Vi + ) (X);

= (N1 + No)P'(X);

N1 + NQ) (X)

ZB(S (X)

Hr Ny %ﬂ Ny 2253 73 i By F1 By 3 H I 4BIK 2.
W M6, =0y = - = 6, I, 2408
B —ANERIREAE, e 134 8 X 14, 58 X 15 A1
SE 1T BH)S 2)s 3) 1 4) loar. O
P B 9 TR, SCHR [17] 45 1 = 284038 22 Hi 5
FERE SR AR 2 AR SO R PR 451
3 TSR AN 7R T 1) 4R 45 2 b B R A AR
BERY [ J& 2
EX19 #NDIS = (U,A = CUD,V,f, )
B C CRCHRIANBIETE, 62 1 MR, Y
{(Y1,Y2,--- Y, } R HHIR SR B 4 D 7E v ijZULﬁtH
MR 4y, & SRR Y FEARIR 4% 0 T @ F4E B
1) e PR

vps(Y) = ‘iBé(Yk)‘/W\. (30)
k=1

EIE10 % NDIS = (U, A = CUD,V,f,N),

By C By /& C M2 M EMETFAE, 0 2 1 AR, )
VB16 K VYBas-

TEBH e 19 flE B S W] A, %B%“ C By, U

Yk, 1 <k <r,Bid(Yi) C Bad(Ya), I > Bid(Vs)

k=1

C Y Bad(Yi), M V8,5 < YBas. U
k=1
FIE11 WNDIS = (U, A = CUD,V,f,N),

BiEC 1A @Y T4, 6 Fl 6y £ 24012, H
81 < 62, A
VYBs, Z YBS,-

ﬁEH)j 51 < 52 = Vua; € U : 51($1) - (52(357;),

MVE1 < k < r,Boi(Yy) 2 Boa(Ya), 8K yps, >
VYBéo- U
EX20 WNDIS = (U, A =CUD,V,f N),

BCCRCHINEMTE, 62 1 MR Va e
B, 5 vB—{aps(Y) < vBs(Y), WFK a 1E6 TAHXS T B
AT B v(B—{ay)s(Y) = vBs(Y), MRRIELL IR
126 PN B EEEN o, REHIVRIEB A K
A5, FRafE 6 FHINT B REZ R,
EX21 WNDIS = (U,A = CUD,V, f,N),
RC BCC,6 MRk,
1)Va € R, yp—{a})s(Y) < vrs(Y), (31
2) vrs(Y) = vBs(Y), (32)
WFR RZTES T B I—A2fE.

& X 21 BR A AEAS AR R G X 40 B J1 (T
RFAGFEZREME, 54 BHRESERA th1)e UAE
JEH |3

EX22 WNDIS = (U,A = CUD,V, f,N),
B C CRECHINANEMETE, 0 2 1R, Y =
1,Ye, Y.} RHREBEE DAERIKU LR H
Wx5r, Va € C — B, & XJ@&VE a #HX T JE M4 B 1)

SIG(a, B,Y) = Y(BU{a})s — VBs- (33)

T4 HH T OUEE Rk 7 U 1 408 45k 22 A R RS
BRI Hh I R 2 T SV VBN 6 = {04,
b, -+, On by BEXE 0 AN EBIR AR B AN B A4 65,
G3 AT DA B R R R R R T I A R, L
BN 0; L RIZITE4E red[i]. ByE AR IR,

BA1 BT OOUE R HE U ) AT 45 2 b R
BB FNL T B0

Input: NDIS = (U, A=CUD,V,f,
527 .. 7(5”};

N), § = {61,
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Output: ZJfired[i], 1 < i < n. BRT 62 RBIRAR, 40 0 BERAR, WA THER L

Step I: TF5HY = {V1,Ys,--- , V.. }, X} § = {01, 62,
O R BB A = {67,800,
1—7;

Step 2: @ — red]i];

Step 3: XM{F& a; € C —red|i], I &

SIG(a;,red[i],Y) = Y(red[i] Ufa;})s: — Vredlils:

Step 4: EFEH 2 T AT ag:

SIG(ag,red[i],Y) = max(SIG(a;,red[i],Y));

Step 5: If SIG(ag, red[i],Y) > 0

red[i] U{axr} — red]f]

go to Step 3
elseifi =n
break
else
i++
go to Step 2

S, TSRS SRR T A A A
HE PP TR R BRI MRS 2B N
R Gt B — B R, THEON R AR I ] 2
2R FEN O(nlogn), F W7 4RI P9 R X 52 15 — B I
BRI O(n). FtbA, SAFAE N MR, n DA, k
ANEBICEAR I, LI (B E 42 B8 O(N2knlog n).
IR T AR AR 6 A 1 MRFIERE T, W SIE
1 SEBRTHELIRECH
k

ZN xnlogn+ (N —1l)nlogn +---+

i=1

(N =l)nlogn =

k
> (N =1;/2)(li + 1) x nlogn.

1=1

P B B 1A 6 R T R, 20 R R AT ek A
Gy, WGy WL RJE T X 5 o B4R, 78S,
ALK o BEERRICON y BIARIR, o/ R

EHE B 11 RN, B ARIRAR A 3G N, 432K B
FEAR. 4B A2 R B — e AR FE I, RIS 2L T @ P 4
BETHEL I FERERE, T BEAK SR IA AN B ] R SR A (10 4% P2 75
T2, BT DAL H 3 O A A o U 14 408 58 22 B A RS £
BRI SOdE 2 T B0k BRI R

B, Xt 6 = {01,020, -+, 6.} HEF, 1 EBTITH
AR AR R 6 = {07,0,---, 00} ARG, £ =
{61,850} BRI RAE R B IE2EC LI
SYRERE. BB 10 MIEFE 11 4N, ST @Ik O
/N SR IRNAR 07 T ) 7 SR P g R 1 ).
AR BRI 00, M 705, < Y0y x (1
B) (B TR S 77 EVE), W 2% 5. B s T

B, B S = {07, 8, 0} RS AR
120y, BEAT LB PR B B N 5 R 1 AT 4 R,
AN 0; LT red[j]. HERA IR,

B2 T O RL A v U A A 38 22 kL RH s
SRR U I A TR B

Input: NDIS = (U, A=CUD,V,f,N),§ = {1,
b2, 0n}, Bs

Output: & red[j], 1 <j < A— 1.

Step1: 1T Y = {Y1,Ys,--- Y.}, X} 6 = {61, 0o,
S R, IR SIS — (5,0 0L},
1— 1

Step2: 115 Yoo

Step 3: If yos; >= v0s; % (1 - B)

i++
go to Step 2
else
break// BB S HI 65 BISN 645

Step4: 1 — 73

Step5: @ — red[j];

Step 6: XML& ay, € C — red[j], 115

SIG(ak, red[j],Y) = Yiredls) Ufarh)s, — Vred(j)s}}

Step 7: iEFFIH 2 T AT ay:

SIG(a¢,red[j],Y) = max(SIG(ax, red[j],Y));

Step 8: If SIG(a¢,red[i],Y) > 0

red[j] U{a¢} — red[j]

go to Step 6
elseif j =14
break
else
J++
go to Step 5

BAFAE N AMRHE, n MREAR, B NABIECEAR, /76
AN LB s A, S 2 (R SRR TR REC
Z (N =1;/2)(l; + 1) x nlogn + (s + 1)nlogn,

=1

FITRASE 2 PSR 1 15 R TH SR BN
k

Z (N —1;/2)(l; +1) x nlogn — (s + 1)nlogn.
i=s+1

4 LB

T B AR SCHR RS A BVE AR T 2
Wk (171 FRODL AT S, T T A A5 1 B A4 i .

i1 AR RS R EAG, B RN 2 R I
BIF 048 P R 6 AL 0 D52 00, BF 00 RO —RE .
BB A 3 AN AS A A 5 /N A1 4 Sk S N R T BE



8 1 Bols & R T RELAEN AR S f B Rk E AR A 1477

T HLIX 3 AN /N 5 A0 B 5 AN ). 28 1 N/
FE A NSRRI FERB 5T, 25448 P th o
W MR R A A MR A A L R AR RS
B 2 T e, 1 ) AN A A R e A 44 S i
B 2 AN /INEH 32 A R R S N SIS A R SR A
SR AT B M E R 75 PR PR e | A R A P L F BT i) e
g B 8 PG B e 1 B B A5 S MR A i, TP R R A R
o s T 0 2 AR P 5 i e 1 B B i Y R e,
R O A 2 42 SCRY R . 38 3 /N = g A
HL i PR PR 53 A FE R 7T, SR AR B M B B 38 R, &
WOGER SR FE | 2 45 S B0 55 JB 1 A R, e 7R 28 R
SR E N OGE R R B AR 1, R AR R AR A L
g

X 3R FT /N A R BIE 5 B s T LU AR 2 3 A
[F) SRR R 2500, 20 B 3 e B 5 4 SO g 1 A UE
BB MR A s, AR t, 1X 3 4 s b e A
Ja& P R SRR AN ), SR SR AR HEAN [R], X 4077 1) 5 i 7
WA, By AR A SCHR (171 00 75 7%, B [R] 1 410 38k 2
AT AL B ARG IE. R TR EEH AR S 7, &
XA [R] B Ja8 1 B, SR A [ ) A1 41 AR 2R A7 Ab 2.

B2 12— DRTIHATRIZHIISEE R
R, U = {x1,29, 73,24, 25, T, T7, Tg, L9, T10} 27~ 10
MRN; FFEESEC = {c1,c,c3,c4,05) T8 5T
KB AR, c1 Fl co 7244 XTLBYE, 3+ can 5 BB
JEYE, R EME D = {d} Roanwi NEMEE, EE
MW d =18y, BE2MPHd = 28R, WER
Hd=0%R.

®1 WARBSEEIRKEDR

U c1 ca cs ca cs d
T 1 0 0.01 0.02 0.03 1
T 1 0 0.12 0.14 0.12 1
T3 1 0 0.23 0.25 0.14 1
T4 1 0 0.28 0.36 0.45 2
s 1 0 0.41 0.47 0.48 2
e 0 1 0.53 0.58 0.52 2
T7 0 1 0.64 0.61 0.82 0
s 0 1 0.75 0.72 0.86 0
T9 0 1 0.86 0.84 0.88 0
T10 0 1 0.97 0.96 0.91 2

HE 1914, Y = U/IND(D) = {V1,Ys, Y3}, 3
Yy = {@1, 29, 23}, Yo = {@4, 25, w6, 210}, Y3 = {27,
xg, 2o}, W& = {01,082, 03, 04,05, 06, 07, 08, 09, 010} =
{0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,1}, 8 = 0.1, §
SRR E L4 1T

B 1 H s )6 A CEHEGE Y, v DL E R
E2 AR T 2B 7 R, 455 h

Yes; =1, vesy, =1,

Yoy = 0.9, ves, = 0.9, yosy = 0.8.

BT vesrs = 0.8, W2 ves,,. < Yoo, x(1—06), BT
PARBELE § = {07, 05, 04,04} b, RISk 2 gk R 4T
A2, H: 6 = 0.1, 65, = 0.2, 85 = 0.3, 8, = 0.4.

1E 0 = 0.1 b, MR A TR o, 1 s —1
JEE, X T o JE M R K, K AL R R,
TR R

SIG(e1,9,Y) = V(e p)s; — Vos;, =0,
SIG(c2, D,Y) = Y({ca})s;, — Voo, = 0,
SIG(c3,2,Y) = Y({es})s, — Vos; = 0.8,
SIG(c4, D,Y) = Y({ea})

SIG(cs,2,Y) = Y({es )6, — Voo, = 0.6.

i LA b 45 SR AT LUE L, 6 R0 2 R 4 o 18
B K B s FUBVE cy, B2 7 Ik BT IL
—A, BB c3, IMANIGIS 29 fai 4. EE UL LD, &
P ANHEXS T I T LRI 4E {ca}, B M B 2L B K IR
P, THE AR

SIG(c1,{c3},Y) = Y({ea} Ufer )5, — Vea}s, = 0s
SIG(e2, {e3},Y) = Y({esy Ufea)d, — Vesysy, = 0,
SIG(ea; {es},Y) = V({eay Uteahrsr — Weatsy = 02,
SIG(es, {3}, Y) = V({ea} Ules ), — Ves}s, = 0.2

XF TG 2 18145 {ca ), Ja T B2 R i K I R Mk
Py EHEU LD, B PTG R R E MR TR
AR SEH R M EE AN 0, B

SIG(cq, {c3,4},Y) =

{ea)d, — Yooy = 0.8,

Vessea} Ulerhd; — Vdeaean)sy =05
SIG(co,{c3,ca},Y) =
V{es,ea} Ulea sy — Vdes,eahdy = 0,
SIG(es, {c3,¢4},Y) =
Vles,eat ULes D8y — V{es,easy = 0-
2k, £ 6] = 0.1 ERTHELR, 51 60 = 0.1 |k
IOESRAES
red[1] = {e3,c4}, Vreap)s; = 1-
o an CIEE
red[2] = {c3,c4,¢5}, Vredfzs; = 1
red[3] = {e3,c4,¢5}, Yredpz)sy, = 0.9,
red[4] = {c3,c4,¢5}, Vredjajs, =
[ QREST]
Rs—0.1 = {e3,ca},
Rs—0.2 = {e3,ca,¢5},
Rs=0.3 = {c3,ca,05},
Rs—0.4 = {c3,ca,05}.
MU 1285 BT DU HA 35 00 RL A o T 1) 218 33
20 60 PR R RS S A 2R SO ) B 1t 40 7 B2 3 e X 4
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PRI, AR TR R TR
R BT JE Ve fal Sk ] LLgG th 2 AN 4RI 42
T AN [E] Je 1 2 T 45 R, 72 Se bR S T A P AR
P S o I 0L 1) R 2, RGE IR A 1 ) 1 S AN A Y
1z,

EEx 8 2, Gn S SR 1171 17 R AR EE, HReds
E /N 8 B AR AR, SRAF— A EE 1 8 P2 T 45
AR, SRS 7R LT, 26 = 0.1 1,
RENNLITEETEERN Ro—o1 = {cs,ca}s 216 = 0.4,
BRI LT R IETEN Rs—o.4 = {c3,ca,05}. R c5 )&
PEAE S B B2 AR A 00 I 9 A6 58 1 AR, SRER ¢ B
] BSCAS RN 22 55 AR R B ey, N T B S SR 1 o5, B
I T 3SR A AR AT, AT DLERR I8 42 6 = 0.1, 24
RA Rs—o1 = {c3,cq}, BT r] 80K i 10067 B 2 I
N BRI {cz,ca}, BIAEARS = 0.1, Jead =k, 4
HUARIE AR 6 = 0.1 I, 245 8508 AL &8 M BU(E B0 4, itk
I AR AR /N, R AR IOk 22, #0b 2 38 N vt
SRR, AU SRR NN AR R R P o AR
B, A IERMEEEE 0 = 0.4, HATRZ R Rs—os =
{es,ca,e5t B Rs—o.1 = {es,ca}. P, ASCHIJ7VET]
DR AR SIZ o 0] R KD SR A 75 2, R V% e 45 Ja8 1 B R 48 43
A, AT E B8 G PR B2 J2 IR b SRfife [l .

5 &4 @

A SCERRT 42 R e PR A T JE M R IR A
RO, T AN 5] (1) J@ VR SR 17 Z1 R0 AS [7) |1 4R 48 47,
e S O AP U, S S T O R 7 U ) 4T 3k 2
LR RE SRR A, JF 25 B A B AH S PE o, $8 11 T
BT LR R A A DU (1% 418 455 22 ok 5 R s AR AR Y 1) 1t
2187 5k, SE 0 B B UE T BT SR AR R RN SR A
V. TR SRR R, FESCHR [17] Hh, <BRASERIREAR 1)
1 B S e O 1, FEASC I T, < — AR AR
SRR AR E 1), AT AR S B i) ) 75 2, %
55 VU o B AT AR e . R RUE I AR, ik
gk — P S AT R HLES 5 ) S 0735, PR H Bhif
JE —H A TE AR AR S HUN T .
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