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Hierarchical relationships of optimal scale combinations in inconsistent
generalized multi-scale decision systems

ZENG Hua-xin'2, WU Wei-zhit:2t

(1. School of Information Engineering, Zhejiang Ocean University, Zhoushan 316022, China; 2. Key Laboratory of
Oceanographic Big Data Mining and Application of Zhejiang Province, Zhejiang Ocean University, Zhoushan 316022,
China)

Abstract: A multi-scale information system is an attribute-value system in which each object under each attribute is
represented by different scales at different levels of granulations having a granular information transformation from a
finer to a coarser labelled value. For a given multi-scale decision system, a key step is the selection of an optimal scale
for each attribute to determine a proper decision table with some requirement for final decision or classification, and
such a process is called the optimal scale combination selection. Aiming at the problem of optimal scale combination
selection in inconsistent generalized multi-scale decision systems, by introducing tri-level thinking, concepts of optimal
scale combinations for generalized decision classes and object scale combinations in inconsistent generalized
multi-scale decision systems are first introduced, and the hierarchical relationship between them is discussed. Notions
of optimal scale combinations and key scale combinations induced by an attribute reduct are then defined, and the
hierarchical relationship between object key scale combinations and generalized decision class key scale combinations
is examined. Finally, methods of mutual calculation between key scale combinations of objects and key scale
combinations of generalized decision classes are presented.

Keywords: granular computing; rough sets; information system; muti-scale information system; optimal scale

combination
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computing, GrC) 7 KX 1240 A1 3 A1 77 1 2 I H J
AL A4 L DUKE (granule) N BEATHH AL, DUE
SRS T U0 5 4k ) K 591,

Pawlak! £ H [P RE RS S 50088 7 A 2 HESh AR J
FEvH BT T ) — AN EE AR A2 (1) H s DL 5
SRR E MW, Wl e AEHIERE AL L
TCR FRAE R i R M2 1 5 T Bz R e
AR R A I R SR RN AR R 46 () Pawlak RH R 2
HHE o3 b S F AR A B 2 ILRE B R G AN X
FAERA BN BRI E, S R RG2S R — R
@ Ve R . SR, 78 SE R AR VE B, I AT R
A AT DL 22 ROBE (), AATT AT BREEARAE AN [E] 1) H A5
oK, USRI TH EARA e 458 60 1) RUBE 0K B2 i3k AT
R 21 A3 A AR SR T AL ) R, Wu SR Y T
Z RPEEAE B RS MR 0 B8, J5 FR Wu-Leung 15
A2 Wu-Leung 152 R BB AN ] 1) J& 12 H A HH ]
180 RUBEA 0, T S5 o ) R P 5040 5 o vl e AS [ 14 g 1k
BA AT RBEEA S BT 0, Lige U2 dad 5] AREE
HEMSIRM T X2 RIERE B RFEREE P
BN N2 REMGERE (B ER) IEFE—
X H bR R IR EH G, S B — N B R S
BRGNP RM T RAUE. Bt REERFEZ Wu-
Leung 2 RFEAS B R G0 SO & Pl ) B4 455 40 b
PUIRIUAIT 72 1 Bk 1) 8, Lo 22 R 258 23 I ik 9
) —AN B EL T ] [13-341,

GRSy SRy S5 V€ 7Ty T i o 17 A | N b L
ST G (R R 43 D IR 8 B s R sk ) JE AR
Yaol3536 $ H 7 = 3 ¥R 5K (three-way decision) 15 7,
AN TR A% G 2 5245 46 10 A5 b B4R o 3R AR, =3k
SRR v [F] A4S (RE IR R ) FR IR TR N T o, e —
BERFA NFENEN S e s A, Bl = 3R
MO gl NS 2 ROBEECIE W kK A
Hpll7. 313337381 i Aok, A = SC U SRR Al B R
= JZ B4k (tri-level thinking)P%421 J& — AN 37 1) &b # AN
43T 1) R ) R T X, R REARL A 3 AN K i B,
AR BT 1 1 22 T AU 8 R A 38— 52 2% 1) A

Zhang M = RN H T 81— REME L
RGuh, K RS S 07 R AR G-I SR 2R- R 4 73 2R3
MEMWE T RE RSB IELA TR Z XK R N
IR FRIR TR (R ER) £ RSS20 T A R
SR 5y R L)1 8 J S B AR, 3R R G AR
KR S A B AL TR B ARFT RN, 2 RBE VU &
G e RBE L 02 2 RE B Ak sR U — ANk
HOPIR EHNIE T N EZRERERGN (R) &

REEH AR R (JmE) R EHERIEERZ
BOBARYE 2 BT, b2 e m g a1 # 4k
KR EHR 2 RBEHUE 7 (0 et ROBE 2HL & ik 3 A0
SR SR HR I 83, A ST 5 SOk [41] 1) AR, K =2
RN T AT X2 REERE RS R R
IR R IRINMMAXS 2 REE KRR R
RBEEH G @ 2 i i 7, Dhe A i) X2
REERE RS AR EHE I Z RO R, 7E LA
b B A A R A R ook R FE A W&, B
A5 R8s 1 2 a7 1) S e R A A T T s e R
HEMZIRK R, Fe5 HE R AT E T,
1 AHSCERNETR

AT EENAE B RENZ REE B RSN
TR A o
L1 ER&%

—MEE RGN/ —AZ I (U, A). Hr
U = {x1,29,..., 2, } N —NAETH R R, R
N, A = {ay,a,...,a0} N—NESHREME
T T Va € A,a NUBIV, I U — Vo, V, =
{a(z)|z € U} M@V a P {E I

i BRARAET T8, M R ={(z1, 22)|a;(x1) =
a;(z2), v1,22 € U,Va; € B} ¥ AH BEFHAR 5
PR R, R U R &R Rp X5 P A A 158 i
KU/Rp={[z]plz € UL} [2]p ={y e U|(z,y) €
Rp}. ¥ U/Rp i Arp.

MTFRBUKMESETTEX, X KT BT
£ BIY FIE AN N plE S PR

Ro(X) =z cUlllsNX %2}, ()
Ry(X) = {o € Ullzls € X} ®

P (Rp(X), Rp(X)) A X X% TF @1 T4 Bt Pawlak
FH RS A0,

SRS = (U, C L)) B — At 5 00,
Hep: (U, C) I—ME B &2, CRRONKAT R, d ¢
C YRR, IR BB ST RN

Rd = {(ZBl,ZL‘Q)‘Zlil,ZL‘Q S U, d([Bl) = d(xg)} (3)
AN — ek, BV ={1,2,..., s}, Ul Ry KRR U %I
NP A IR, A

U/Rqy={D1,Ds,...,D,} = {[z]alr € U}, (4

HoDj={zrecUldz)=j}(i=1,2,...,5). B U/Ry
fEid N g

X B RFON § 24 BHAXH [2]q = D;, D; FRJ9%S
FaMIRFER. & Re C Ry, WIARZRE R G S 2 W
A 0 75 U, Bk S R AN MR
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PRk RS S = (U,CJ{d}),B C C, %
Bifif2: 1) [x]p C [7]q,Vz € U;2)Vr € B,3z € U,
[2]p_{r}y € [x]a. WIFR BRRFRGES I — L.
1.2 ZREFERES

— N2 REGERRZRFMN H—A 04 (U, A).
HoU = {21, 29, ..., 2, } NAEEH IR GE, RN
W A = {a,a9,...,a,} NEEHIREME, Hi
NMEMES R Z RERE. A ERES RS T/
FMRESR N -NM2ZREFEERFET KRN
(U {akk =1,2,...,1,j = 1,2,...,m}). Hrh:ak -
U — VEVFEREYE o £5 kA REEARL T KIE
B.oxTi=12,....omk=12... 1 A1
g;;,kﬂ : ij N Vf“,ﬁ%af“zgﬁ’kﬂ oa?, R kS
gy M NS SRR .

wAF ={aklj=1,2,... .m}(k=1,2,...,1), ]l
—NEREFRRES=U{d"k=1,2,... .1, j=
L2,...,m}) WA RN MEE RS S = (U, A%) (k=
1,2,....1).

FR(U,CULd}) H—" 2 RE K R 4. H:
(U,0)=(UAaklk=1,2,....1,j=1,2,....m}) N
— N2 RERE RS, REREIEd N — DR E AR
JEM, Hd ¢ {aflk=1,2,...,1,j=1,2,...,m},d :
U — Vg, Va RUSE @ d E

WS = (U, A)N—NZREGELERS, & H A5
AEMES R 2 RE R, HARME®EBEAAFER
FEANEL FR S N — N2 REGBRG!. W
Yea; BA L AN RBEEG AR, W —NT L2 REE
BRGERNU i k=1,2,...,1;,j=1,2,...,
m}). ok - U — VF VI REME o £ DR
AR ER FEE T =1,2,... omk = 1,2,
o L ARG g VE s VI R o =
gf’kH o a¥, /T\gf’kﬂ RS B A

MNTTXEREFERGS = (U {d|k = 1,
2,0, j=12,....om}), &EMa; € AWMEELA
REMIL(1 < <1),j=1,2,...,micL = (Iy,
loy.. L), MIFKLNRGS = (U, A M—DMRIEA
G RF S WA REHEGHN LRSS K&
MREAEL= (11,1, ..., L) SR —AN5E&K1E R
ARG SL = (U, AL, i AL ={db a2, ... dlm}.

EX1M %S = UA{dhlk=1,2,....1; j =
L2,...mhA—N" N EZREGERSA L =
(I3, 1Ly e L, Ly = (12,13,...,12) € L&55%TF
Vie{l,2,....m} AL < ARREHAS L 9T
Lo, 5iFR Loy 1T Ly, i8E Ly < Lo. 45 Ly < Lo, HAFAE
jef{l,2,... o m} AR <2 WFRREELALA L 4%

YHT Lo, BUFK Lo A KL T Ly, 104E Ly < Lo.

¥ Ly €L, Ly € L4505 /& L1 < Lo B Ly 3= Lo, M
ﬁ\’[a5L2ﬂtti§§§ﬂ”,%L1ELQZ:EIIZ[QQ‘?.

BB %S = U {d|k=1,2,....1;, j =
L2,....mH)AN—NT" XEZREFELRRS L = (I,
B, IL)EL, Lo=(12,13,...,12) €L, 5E XL

LiVL=0iVELVIE....0, Vi), ()
LiNLy = (UNGBNG .. L NG (6)
Hrp
ljl.\/l? :max{l},l?},
1 A2 = min{l}, 12},
7=12....m,
WLy xLye i NLy=Li & Ly \/ Ly= Lo, H(L, X,
N V) A& K KN (L, L, ... 1y,
INTEHN(,1,.. 1),

BS=(U,A)=U{arlk=1,2,...,1;, j=1,2,
cemP) NN EREGE RS, B C AL =
(3,0,...,018) e LA L ARIEHE LIEEEYE T4
B LIRS # A={a1,a2,a3,a4}, B={a1, a4}, L=
(3,2,2,1),M Lp=(3,1).

WS =(U,CUd})=(U,{aklk=1,2,....,1;, j=
L2,...,myU{d) =N X RIERE RS L
(U, CY =D X RIEF R RS d ¢ {af|k =
L2, 0,7 = 1,2,....om} A — N R RE AR
P, d - U—Vy, Vy AR IEIE d IR

WBE NN EZRERRRAGHEREHAHGL N
JEVEEE C T4, 1d S B4l I R A2 Lo, W48
fHLo < LXTVYL € LHAL AERAIRE Ly = (1,
1,...,1) FRJE TR A Bl HIREK RS

Sko —

(U,C* U{d}) = (U {ajlj = 1,2,...,m} U{d})
(7)
FE I, B Roro © Ry, MIFRS W0 ;75 W, FK S
AL AL Ocr (x) ={d(y)|y € [x]cr } W R 2 1E
REEHE LRI SCRFEAE, BIX R o 50 S R
JEHE LA v REM R E RS, AR BILLR
HEL.
Hit1
¢, |
Rere € Rq < Vo €U, |0gr(z)| = 1.

2 ZRBETHRRERERS
Zhang %W N = AL HUR, LR R Pesfidmn
532 3ANPLAI O Ve SHE 2R G 00 4 6 0 AL e

B St = (U, Gl U{d}) h— M RFER
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AT HRFE R G = )2 AR R L.
2.1 EARENX

EX2U e NIRERG S = (U, CU{d})
b JE 1A O 3 RN O B TR U iR 23, )
SRR D; R TRIIy me BRI AL Sy
il LU

POS (Dj|mc) = {z € Ullz]c € Dj}; ®)
NEG (D;|nc) = {x € Ullzle € D}, DS =U — D;
©))
BND (Dj|mc) =
{z e Ullzle N D; # @, [z]lc N Dj # @} (10)
id
POS (mg|mp) = U POS(D;|r5), BCC.  (11)

i1
22 BHAEHNERERXA

SCHR [41] R 7 3 4 24 15 221 1) B R e 5
ARG S=(U,CJ{d}), BT,

1) X} % & M 29 147 (object-specific attribute reduct),
MR € U%Fﬁﬁﬂ%%mﬁﬁﬁmm y={BC
Clle] C [2la, BYr € B, o]y £ [

2) ik KB M 4 (class- spec1ﬁc attribute
reduct), R K D; € m, A k36 K8 1t 2 1
RED (D,) = {BCCW:J;EDJ,[ 5 C [z]q, HVr € B,
[#]5— () £ [7]

3) kK E ‘Ti 2 1] (classification-specific attribute
reduct), . RFEE R K R G S 1 70 KB 4
RED (7)) ={BCC|VzeU,[z|g C[z]q, HVre B,3ye
U, 8513 [y) 5y & [yla}

RN BB PEL ] R R B ML TR A 7 SRR
211 73 R RS H R ML TR BN R Z VRS R R A
Kz M RJZE RFRIZ RO F e B2 FE FE 3
.

EE2M §S = (U CU{d) N— KR
4, D; € mq, BERED (D;), WX} TV € POS (D;|7¢),

3B’'€RED (z),f#if3 B’ C B.

EE3W ®S = (U CUd) N —DRER
4t,D; € mq, X TAER B K L) B € RED (D;),
1715 — X R 4 18 {B,,|B,, € RED (yi), yi €
POS (Dy|m¢),i=1,2,...,r}, 13 B= U B,

E@Z%DE@B%%XT%F'?H@E JRHIR A
ARG W R PSSR R M 2 T i T RS T &
X RIEIEL T “ )7 B RAR 3. R E 5k
J2 9% 222 AR, RIS 5 P2 1) L o 32K e 1 4
] 73 2 Ja 1t 2 11 3 28 e B AT AR T 5L [ 2, A
e B ) — FRAS AT, 3K 2 R N AR AE AT A e s 36
o 2 16T P B B R I 20 1, RO R “the
3rd blind spot™ ), W5 1 Fr7.

i1 wS = (U CU{dH) A—MRKERS. H
H:U = {x1, 29,73, 74, 75,276, 27},C = {a1,az,as,
as}, Va={1,2}. D1 ={x1, 22, x5, 26} M1 Dy = {23, 24,
o7} NP RFEEE. XS RIBPEL T TR FER B ML T
CA Loy 2R JE I 2 B 73l iR 1 .

x1 Gl1PREMEAE

subject RED
1 {a1,as2},{ai,as}
T2 {as}
3 {a1}, {az, a4}
T4 {as}
Ts5 {as}, {aa}
Te {as}
x7 {a1, a4}
D, {a1, a3}, {as, aq}
Do {a1,a4}
Ta {a1, a3, a4}

RIPXRIEIELI T RRRwIEA R KR
PEZIRI IR 2I_E 3 B R T S g L a7 (6 5=
REREN R, B LR, N, Rk
JEVE Lt T o G A T B S B, 7 2K
JE P2 fay Al R SR PR T )7 18 SR 2.

‘LXL\- o] w
X, X,

El1 fl1pEMAEHNERRXR
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HEER], {az,a4} € RED (23),23 € Dy, MVB €
RED (Ds), H {az,as} ¢ B, Rl {az, a4} % H
RED (D,) iy Fild “N” 1 “Y” iz H A2, # i
AR TR, 0 R I 2 1 — R A S e TR SR SR R
24 g e ok e 8 AR 3.

3 AR XZREBRRENERKR

AN =R AN T AT L2 RE R
RGP TRA AT X RERE RGP HIRIR
EHEG I E R R,

WS =(UAdflk=1,2,...,I;,j =1,2,...,m}
U{dh N — Al L2 RERE RS
oo () = {d(y)|y € [2]cre } NI Rz € UERAMR
JE Lo NI LR, AEA 2T 51 IR E KGO ¥
Do TN Oc. K™ LR Oc A R IR F R d
R —AFH) X RERKERSG,IEN Sy = (U,
CWU{0c}) = (U A{adrlk=1,2,...,1;,j=1,2,...,m}
U{0c}), 1 5 W, So 7 B 1.

WS = (U,CU{d}) W—DAHT X2 RE
KRG, € LHT™ RE O 5 FHRIAT 733K R
Ry, ={(z1,22)|x1, 22 €U, 0c(x1) =0c(x2)}.

18 Voo = {0cre(x)|r € UY AT X3 O W1E
Bl # 0cro () =p, 1 GD, ={y|0cro (y) =p} WX R x
) SR SRS, MR U 395 R Ro, KAk Mg 15 ASAH
LT X% U /Ry, = {GD,,,GD,,,...,GD,,},
i1 iC N mo,. U X Ba KT KR Ry, KIEEM LN
[#]oc ={y€U|(z,y) € Ro. }-

AR JE 0, B R R A B R e B R AN TR
X % RJZ K R G AT FR IR — AN Kb
BRBLUR MR R TSRS R 3A R A
R X2 REER R R G b i R B2 G v 5 1)
.

EX3 ®S=(U{d|k=1,2,....I;, j=1,2,

comPUdN) AT X R ERE RS,
L e LFRNSH—r BRI EH A, WL
1)POS (mp. |mcr ) =POS (7o, [T ); 2) KT VL, € L,
Ly = L, A3 POS (7o, |Tcry ) # POS (ma. |meo ). FoH
POS (mo.|mcro) = U POS(GD,|mer,). it S Fif

PEVa,
S FRmMMREHEEE R OOS (1o, ).

EX4 ®S=(U{dk|k=1,2,....I;, j=1,2,
comyU{d) N AT LB RERE R,
p € Voo, L € LEA) XRHFFLGD, K — MR
B A, # W 2 1)POS (GD,|mer) =
POS (GD,|mcwe );2) % T VL, € L,L, = LA
POS (GD, |71, ) # POS (GD,|mero ). WAL Lk 5
KGD, MR EHAEREEEH0O0S (GD,).

EX5 ®S=(U{dk=12,....1; j=1.2,
comy AN AR LB R E R RS,
v eU,Le LN Rl — MR REAE, £
D [zler C (2o )X TVL € £L,Ly = LA
(2o € [@og. WICH B o B R EHE MES
NOOS (z).

{00S (z)|z € U}~ {00S (GD,)|GD, € ma,.} f
00S (7. ) BRI L T AT X2 RERE RS
IR EAE R RIZE T XRERER S HKE.
T X RREEWN R EM KRBT I 44 H.

BE4 WS=(U{dk=12,....1; j=12,
coomPU{d) N AR X RE R R4,
GD, € 7., GD,/Rc = {[z]c|z € GD,},it GD,
FEEMEMA SN p = |GD,/Rc|, & XL GD,, ¥4y
55 Sep, = {wili = 1,2,...,p, Lle[yi]C = GD,,
wile Nlyile = 2(i # j)}EIGD, /R BRI,
VL € 00S (GD,),3L; € 00S (y;), 3 y; € Sop, . 1£13
AL N\...\NL,=L.

UEM B L € 00S (GD,), 4+ Vy; € Sop, (i =
1,2,...,p), A [yiler C [yiloe, BN L] € OOS (y;), 45
LIL;AL = ;\ LML KL, HPOS (GD,|mow ) =
POS (GD,,|7TCLS,151U LI MifiL=L',J L, =L!. 0

Hit2 WS=(U{dk=12,....1;, j=12,
coomPU{d) A=A X2 RERE R4,
z; € U,GD, € mo,, M TVL; € O0S (z;) F L €
0O0S (GD,),# L 5 L; 52 I LU, W L; o= L.

SEF AN 2 R, RIRREAEGHINR)ZE
INES e A G ¥ N G WV NSRS e 3 4
MRS AT Eon R R 2L A 1R N\ 78 A3 3
Z, T I AR R R R G A e AR )
N FR MR E A A5 2 T LR A, — A e
7RI R B A AR B AR R R
B

TGN R LR R s R A A, DR OR
Fri AR E T B AR R s EH G E

RS HAIRT L2 REVSE RGP SR
PELY RN LR B ML X

EX6 BWS=(U{dlk=12,...1;,j=12,
coomPUd) N AART X RE R R4,
z € U,GD, € ma.,x W FTH X G &ML fid R
RED (z) = {B C C|[z]p C [z]o..Vr € B, [z]p_{} €
[2]oe }, TEA 2T 51 IR IE 5 5L T, RED (x) H 7t
FHRA AN B ML .

] RHHKGD, € o, WIFTA T LR FRIEE
#) 1L N RED (GD,) = {B C C|Vx € GD,, [z]s C
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[2]o., BVr € B, [z]p_(m € [2]o. }. EART SRR EHSGHESIEHN
W HI1E LR, RED (GD,) [ 70 & th #X AN GD,, (1) — KViz)= U KV(|B). (12)
A 2. BERED(x)

JCRED (z|L) AX R a fEREHE LT EHEL EX1 ®S=(U{a|k=1,2,....1; j=1,2,

PRI A, W G R R BE R Lo ()8 M ) 167 1)
A HILARED ().

EXT ®S=(U{d|k=1,2,....I;, j=1,2,

omyU{AD N AR L RE R R,

r€U,BEeRED (z), L€ L, 4 Lifi&: 1) [z]pr C [z]o;
D) XFVL € LR Ly = Lp, i [2]p € [2]os. MFK
LA %o HEHAT BHESN— MR ELAS,
e MEMEL T BRI A RIEREAESHES
NOOS(z|B).

EX8 %wS=(U{dilk=1,2,...,I;,j=12,
comyU{dY) AR X2 RE R R G,
GD, € ms,,B € RED(GD,),L € L,# Lifi2:1)
POS (GD,|m¢e) = POS (GD,|m¢ro ); 2) X F VL € L,
W 2 Ly = Lp, A POS(GD,|mew)  #
POS (GD,| ¢, ). WIFK LN GD,, M1 J& 1 24 1 B 5 3
(1 — A AL RS 4G, id GD, H IR 14 29 i B 5 511
P SR & 4 & 9 O0S(GD,| B).

HiIL3 wS=(U{dk=1,2....I;,j=12,
coomPULdY) N AT LB RERE R G,
x; €U, BERED (x;), L€OOS (z;| B), H:

DXTFVL € £,77 Ly < Lp, W 2] o €[] 005

2) Y Ly =L, [zi]cr =[xiloe-

Heib 3 H W, A EAEE L € 00S (x| B), {1 & M2
L g 21 B AN M R, AN 500 o () Sk
R T B A T i s R EEL A, o) 288 &
PR 7 A1 0 Ja P R AR A T SRR 52

EX9 ®S=(U{a|k=1,2,....I;, j=1,2,

coomPU{d) N AT B RERE R,
SEXF; L — {IFk=1,2,...,;}(j=1,2,...,m)
NRIEHAWBUEREL W L= (11,1, ..., Ln) €L,
ME;(L)=1;(j=1,2,...,m).

b1 & M2 1 1 1) J& PEAS 52 e g PR 2 T i S 1
RS, 3 7T I8, 4 R E X

EX10 %S =UA{dlk=12,...1j=1,
2,...,m}U{d}) H—AAWiET L2 REZERE RS,
z € U,B € RED (2), % TVL = (I1,la,...,1ln) €
00S (z|B), & 3L = (I}, 1, ..., Il) € LIHL: D)} =T,
#ra;€C — B;2)l,=F;(L),4#7a; € B. W L Nz KT
JRPELITR B — DR REA S, o KT RIEL T B
4k G R E A A MKV (2| B), x AR B R

comPU{dY) A A IET X RS R R 4L
GD, € 7., B € RED(GD,), % FVL = (I1,ls, . ..,
lm) € 00S (z|B),# 3L = (I}, 1,,...,1.) € L E:
VI = I,#a; € C — B;2)l, = Fy(L),#a; € B.
WFR LA GD, % F J& £ 18 B (1 — A S R 40
#,GD, KT @2 f6 B Ak S R EH AL N
KV(GD,|B),GD,, 4k S8 R EEAH A RGN

U (13)
BERED(GD,)

{KV(GD,)|GD,, € my. } #{KV(z)|z € U} 73
R T AT X2 REERR R G R REA S
I SCR R Z RN B ).

BT SRR O R A ) ok
HIE ML T I, T R IR, 25 H o e S

EX12 ®S = (UAfdhlk =1,2,....1;,j =
1,2,...,m}U{d}) H— DA X2 RERER
4i,GD, € ., GD, T KA Hp = |GD,/Rc|,
Sap, NGD,, 53 fifd4. X T VB ERED (GD,), & X
BWI#RSE S Ty = {(By, By, . .., B,)|B; € RED(y;),
i € Son,, U) By = BY, Ty T HHH BII— A5
it xﬁ?—\/él: (B1,Ba,...,B,) € T, B LG =
{1, m25 - smp)Imi € KV(y4|Bi),yi € Sep,,1 = 1,2,
..,D}.

NI REEL S A T AT S R R R
i R R AT REEE SN RER KA.

BES WS=(U{dk=12,....1;,j=12,
comPU{dY) A AT 2 RE R R 4L
GD, € 7., B € RED(GD,),GD, H 454y J iy A%
p = |GD,/Rc|, Sap, N GD,, ({15 iR He &, 0 T-ve €
KV(GD,|B),3B = (Bi,Bs,...,B,) € Tg, HAF7E
(1 m25 - mp) € Goin = Ao N Ay, 1513
e 5 nen] LB, M e =n.

UEB Yy € Sop,, B € RED (y;)(B; € B), ¥
e € KV(GD,|B), f [yi]p; [yilog, B In; €
KV(y;|B)), 1% 0, = e, #fi% TVB = (By, Bo, ... .,
B,) € Tp, IR EI (01, 5, - ..o mp) € G, HoHing = &
Ln = mABN- A A = e XHTe €
KV(GD,|B),Mn < e,Me=n.O

SEHLS R, A EANRT L RERERGS,
B €RED(GD,),e €KV (GD,|B),3B € T, {fifden]
I G tHEAS B BIZEEAYMET X2 RERE RS

KV(GD,) = KV(GD,|B).
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T, R R AL ) SCRSEER R X RIE TR
BN BREARR e, B SRR ZE — A RETT
HAFB TR G, KA ILJE L1 2.

R T E S, FR L MR 2 40 H TR RS A &
) SCR SRR R 50 B R [0 AR AL I T 50 5%

BiE1 HKV(z;) IHHKV(GD,|By).

i N: GD,,{KV(z;)|lz;, € GD,},B; €
RED (GD,), {RED (z;)|x; €GD, };

it KV(GD,|By).

step 1: ¥4 KV(GD,|B,) =92, p=|GD,/Rc|.

step 2: 8 JJjGD, HILHE z; ¢ S, = 2.

step 3: 3 JJJ RED (z;) #J0& B: 7 H B C By,
WS, =S, UKV(x|B).

step4: 3 [ Sy X Sy X .. x Sy, TICE A
KV(GD,) HA7-1E Hn 401 76 3% o, WU 5 36 o 75 00,
#ATKV(GD,|B;)=KV(GD,|B1) Un.

step 5: fiitH KV(GD,| By ).

R E EAHEE A 4 1) 38 7 RED (z;)
F ik S,,, B step2 Fl step 3, 1X & 70 B 0] 2 42 & R
o( 3" IRED (wi)|>;2)iﬁ)ﬁ Sur X Sy X ... X S,

z;€GD,

@J KV(GD,|By), B step4, B ] & 2% £ A
H]MD%)ﬂﬁ&lﬁﬁﬁmﬁ%E%
=1

O( T IRED (:)]).

HE2  WIKV(GD,|B)) WKV (z;]By).

&

s |

#iN\: B € RED(GD,), By € RED (z;)(By C
By),KV(GD,|By);

i KV (x| By).

step 1: WIUEWKV (2| By) =2

step2: fEKV(GD,|By) HEEHLH — T & B, ¥
tha=(1,1,,...,1,).

step 3: TUH F;(8) = F; (), ﬁ*i?ﬁiﬁai&‘Bz-

stepd: A BIAHIBIIE LB < n < a0
REEH A n: 4 ik 2 n € 00S (a;J|BQ),)ﬂJH%n A
KV (z;|B).

step 5: # KV(GD,,| By) H' 7t 2 T [, WA AT
step 6; 75 U, P44 step 2.

step 6: %l tH KV (x| Bz).

TEEIE2 W, step 3 W [P I 8] B2 4% FE 9 O (m), H
o N JE AL EERFE B Nstep 4P AE AN
o R N B IS 25 1 i 4 2R O B R 2H G, IX H6
oyt szae ey O T 1), o i 17152 41

O( H L,) a;€EB2

ai€B3

NGB 2 R ROCBE R ST kR
K REETR o B 7.

B2 R2N—ANAHET XEZRERERS
S = (U,CU{d}). HA:U = {z1,20,...,210};C =
{alaa27a3,a4},ﬁﬁa1 Foays B3INRE, JE M ay F
as B2 RE. I — 518 RGAERMRE Ly
(1,1,1,1) TR SCRFRAA.

®2 AT XERERKRR

az

as

Q
~

U d dc
ay a3 ay ay a3 a a3 ay aj aj
x 2 A g 3 R 1 N 4 M B 1 {1,2}
T2 2 A g 3 s 1 N 4 M B 2 {1,2}
x3 1 A g 4 s 2 P 4 M B 1 {1}
N 0 C b 3 e 3 P 2 M B 1 {1}
x5 0 C b 4 e 3 P 3 M B 3 {3}
T6 3 B g 2 =8 1 N 0 L w 2 {2}
x7 2 A g 0 =4 1 N 5 H w 2 {2}
T 2 A g 2 R 1 N 5 H w 3 {3}
Tg 4 B g 1 R 1 N 4 M B 1 {1}
T10 3 B g 3 e 2 P 4 M B 3 {3}
T11 1 A g 0 = 0 N 4 M B 2 {2}
T12 0 C b 0 =4 0 N 1 L w 2 {2}

PAJ” LRSI GDyzy = {ws, x5, w10} B X R
X5~ Ty~ w10 1F Lo JRPE T I R f7 a0 F X Frs:

RED (z5) = {{a1, a2}, {as}, {az,as}},

RED (z5) = {{a1, a2}, {a2, as}},

RED (z19) = {{a1,a2},{a1,as},{a1,as}, {az,a3}}.
Dy 75 Lo O FE 414 F 1 Stk 56 3 2 i
RED (GD{3}) = {{al, ag}, {CLQ, as, 0,4}}.
Xt % T5~Tg~T10 Ko R EH G R
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KV(zs|{a1,a2}) = {(3,1, I3, 14)},
KV(z5/{az,as}) = {(11,1,1,14)},
KV(ws5{as}) = {(I1, Iz, 13, 1)},

V(zsl{ai,a2}) = {(2,1,15, 14)},

(
(
(
(
V(wsl{as, as}) = {(11,1, I3, 2)},
(
(
(
(

~

~

~

V(ziol{ar,a2}) = {(2,2,13,14)},

(
(
{
{
{
{

~

V(ziol{a1,as} 2,15,2,1,)},

)
KV J)lo‘{al, a4})

(
(1,15, 13, 3)},
( )

KV xlo‘{ag,ag}) = Il, 1, 1,]4 }

HI KV (25) KV (25) KV (210) 5 KV(GDy33) ]
AR,

Xﬁ%F‘KV(GD{g}HCLQ, as, (Z4})I

1)% F& RED(x5) # B:{as},{az, a3} €
RED (5); {as}, {as, a3} C{az,as,a4}.

2) RED (1?8) I:Pﬁ {ag, a4} S RED (1?8), {a2, a4} g
{ag,ag,a4}.

3)RED (z10) F A {az, a4} C {az,as3,a4},{as,
as} C{ag,as,as}.

it

Ses = KV (z5/{ar, as}) UKV (25[{as}) =

{(3,1,15,14), (I, I, I3, 1)},
SiEs = {KV(:BSHCL% a4})} - {(Ily 17 I37 2)}7

Sao = {KV(210[{az, as})} = {(11,1,1, )},
WKV(GDy3y[{as, as, as}) Wl BERTHUAE A
(3,1, I3, L)) (11, 1,13, 2) A(L1, 1,1, h) = (3,1, 1,2),
(I, Io, I3, 1) A(I1,1,15,2) AN(11,1,1,14) =
(I1,1,1,2).
H(3,1,1,2)=(L,1,1,2), A (I1,1,1,2) eKV(GDy3; |
{az,a3,a4}).

HKV(GDysy) THRKV (25) I FEUTF .

HURED (GDysy) 21 {az, as, as}, 7E RED (x5)
A {az, a3, a4} D {as,as}, {as,as, as} D{as}. W/
W (I,1,1, 1) << (I, Io, Is, L) (R E AL &,
FAIOA = (1, 1,1, 1) i€ [25] {0,035} C [25]ac, T
KV(zs|{az,as})=(I1,1,1,1y).

EERL KV (25| {as}) A —N0E (I, I, I3,
1),RED (GDg3y) H X A {as,a3,as} B & {as},
KV(GDysy/{az, as, as}) H —AJCHK (11, 1,1,2), H

Fy(11,1,1,2) = 2,Fy(I, I, Is,1) = 1, #0838 5
(I, I2,13,2) < n < (I, s, I3, Iy) W77 NTCVEAS 5
(I, Iz, I3, 1), BN AN G818 1 KV (GDyay [{az, as, as}) it
HAFFIKV (z5]{as}), X2 H T RED (GDysy) H It &R
{as, a3, a4} FHIJE M ay &K H RED (x5) F 1 {as},
M2k H RED (zg) 1 {as, as}.

4 4
RSO SR [41] ) =2 AR R T AR AT X

Z RIE R KRG st REH G R B b, @ 45
HE S RN LA T SRR RN EA S
MR MREHEHRN3EE, 158 TR E
B el S N R NS &S =W
FEH G T B RN EHEE “ N\ BHAR. 3
— 3D, AR SCE I OB R A A NS, 1T T
AT L2 R ERE ARG RHELTE SRR
FREEH A, 33T AR JZ IR A OC R BRI
SRR R A AT X R RE A A
E“N” BEARR). XFEALREM TAEERD
PSS INEE R iR W S RN NI EINE S
ARG HRRE SR EAE AT iR A TR A

TE J& SRR 8, — 07 T AT LA F0 75 HoAth ) 30 5t
WREHEFE SRR R, 75— A AEA R 2
AR 4R 45 G =2 K R 0T 7T IF-THEN #5300
FEH A ] R

S 3K (References)

(1] B, 2T, %, & KA IZ I8 KR 5
g5 k] ER . FERE, 2015, 45(11):
1355-1369.

(Liang J Y, Qian Y H, Li D Y, et al. Theory and method
of granular computing for big data mining[J]. Scientia
Sinica: Informationis, 2015, 45(11): 1355-1369.)

[2] Chen C L P, Zhang C Y. Data-intensive applications,

challenges, techniques and technologies: A survey on big

data[J]. Information Sciences, 2014, 275: 314-347.

U, RIEHE, B, 5 MABE R BINLEELI

B — R ELER 5 U7 0], B R R SR, 2016,

11(6): 743-757.

(Miao D Q, Zhang Q H, Qian Y H, et al. From human

intelligence to machine implementation model: Theories

(3]

and applications based on granular computing[J]. CAAI
Transactions on Intelligent Systems, 2016, 11(6):
743-757.)

ft, EEAL Tt B TR0 E R BE A FE (D). T
FHLEAR, 2015, 38(8): 1497-1517.

(Xu J, Wang G Y, Yu H. Review of big data processing

[4]



% 6 4

WHE F: AR XS REZRARAAHREREIAEGERK R

2049

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

based on granular computing[J]. Chinese Journal of
Computers, 2015, 38(8): 1497-1517.)

Pedrycz W. Granular computing: An introduction[C].
Proceedings Joint 9th IFSA World Congress and 20th
NAFIPS International Conference (Cat. No. 01TH8569).
Vancouver, 2002: 1349-1354.

Yao Y Y. Granular computing: Basic issues and possible
solutions[C]. Proceedings of the 5th Joint Conference on
Computing and Information. Durham: Duke University
Press, 2000: 186-189.

PREER, tRfhAe, 45400, 46 RiTH AR [M]. db
5 B, 2019: 1-126.

(Chen D G, Xu W H, LiJ H, et al. Basic course of granular
computing[M]. Beijing: Science Press, 2019: 1-126.)
wF e, T AL, s, & R d k. BES R
B [M]. b5t BE2EHAREE, 2007: 1-373.

(Miao D Q, Wang G Y, Liu Q, et al. Granular computing:
Past, present and future[M]. Beijing: Science Press,
2007: 1-373.)

PEAkTT, RN, T35 M. THT 1] D HE 73 M (4 22 B2 T SRASE
B 5T kgrid (3], GRS N TR R, 2021, 34(12):
1120-1130.

(Pang J F, Song P, Liang J Y. Review on
multi-granulation computing models and methods
for decision analysis[J]. Pattern Recognition and
Artificial Intelligence, 2021, 34(12): 1120-1130.)
Pawlak Z. Rough sets: Theoretical aspects of reasoning
about data[M]. Dordrecht: Kluwer Academic Publishers,
1991: 1-224.

Wu W Z, Leung Y. Theory and applications of granular
labelled partitions in multi-scale decision tables[J].
Information Sciences, 2011, 181(18): 3878-3897.

Li F, Hu B Q. A new approach of optimal scale selection
to multi-scale decision tables[J]. Information Sciences,
2017, 381: 193-208.

Wu W Z, Leung Y. Optimal scale selection for
multi-scale decision tables[J]. International Journal of
Approximate Reasoning, 2013, 54(8): 1107-1129.
REE, EE, ZR%E, & SR 2R
AR GURAURLBE Xt LE (], AR5 TR g, 2016,
29(12): 1095-1103.

(Wu W Z, Chen C J, Li T J, et al. Comparative study
on optimal granularities in inconsistent multi-granular
labeled decision systems[J]. Pattern Recognition and
Artificial Intelligence, 2016, 29(12): 1095-1103.)

Hao C, Li J H, Fan M, et al. Optimal scale selection in
dynamic multi-scale decision tables based on sequential
three-way decisions[J]. Information Sciences, 2017,
415/416: 213-232.

Xie J P, Yang M H, Li J H, et al. Rule acquisition and

[17]

(18]

[19]

(20]

(21]

[22]

(23]

(24]

(23]

[26]

[27]

optimal scale selection in multi-scale formal decision
contexts and their applications to smart city[J]. Future
Generation Computer Systems, 2018, 83: 564-581.
Cheng Y L, Zhang Q H, Wang G Y, et al. Optimal scale
selection and attribute reduction in multi-scale decision
tables based on three-way decision[J]. Information
Sciences, 2020, 541: 36-59.

Zhang X Q, Zhang Q H, Cheng Y L, et al. Optimal scale
selection by integrating uncertainty and cost-sensitive
learning in multi-scale decision tables[J]. International
Journal of Machine Learning and Cybernetics, 2020,
11(5): 1095-1114.

Zheng J W, Wu W Z, Bao H, et al. Evidence theory based
optimal scale selection for multi-scale ordered decision
systems[J]. International Journal of Machine Learning
and Cybernetics, 2022, 13(4): 1115-1129.

SELL R, W, Al S IR TR R TR A Y AR
TR TR R B 1 B X BT SR [0, 21 5 O, 2022,
37(6): 1621-1631.

(Yuan H X, Zhuo X X, Zhu D, et al. Incremental updating
algorithms of neighborhood decision-theoretic rough set
model for hybrid data based on matrix[J]. Control and
Decision, 2022, 37(6): 1621-1631.)

Huang B, Li H X, Feng G F, et al. Double-quantitative
rough sets, optimal scale selection and reduction in
multi-scale dominance IF decision tables[J]. International
Journal of Approximate Reasoning, 2021, 130: 170-191.
Li F, Hu B Q, Wang J. Stepwise optimal scale
selection for multi-scale decision tables via attribute
significance[J]. Knowledge-Based Systems, 2017, 129:
4-16.

R, B, EZHE, 5 AR 2 RE R
SKAGH REZH & [7]. 8RS N TR fE, 2018,
31(6): 485-494.

(Wu W Z, Zhuang Y B, Tan A H, et al. Scale
combinations in inconsistent generalized multi-scale
decision systems[J]. Pattern Recognition and Artificial
Intelligence, 2018, 31(6): 485-494.)

Wu W Z, Leung Y. A comparison study of optimal scale
combination selection in generalized multi-scale decision
tables[J]. International Journal of Machine Learning and
Cybernetics, 2020, 11(5): 961-972.

Bao H, Wu W Z, Zheng J W, et al. Entropy based optimal
scale combination selection for generalized multi-scale
information tables[J]. International Journal of Machine
Learning and Cybernetics, 2021, 12(5): 1427-1437.

She Y H, Zhao Z J, HuM T, et al. On selection of optimal
cuts in complete multi-scale decision tables[J]. Artificial
Intelligence Review, 2021, 54(8): 6125-6148.

R, IME, £, F AT XS RERERS



2050

F %£39%

(28]

[29]

[30]

(31]

[32]

[33]

[34]

0 Je ¥ fme LR AL A e 0], AR 5 N TR e,
2021, 34(8): 689-700.

(Wu W Z, Sun Y, Wang X, et al. Local optimal
scale combination selections in inconsistent generalized
multi-scale decision systems[J]. Pattern Recognition and
Artificial Intelligence, 2021, 34(8): 689-700.)

FKiE e, KT K, BB GA. 2 R R R G B
R AR RS A A (0], S k3R, 2021, 36(10):
2369-2378.

(Zhang Q H, Zhang X Q, Pang G H. Cost-sensitive
optimal scale combination in multi-scale decision
systems[J]. Control and Decision, 2021, 36(10):
2369-2378.)

Zhu Y J, Yang B. Optimal scale combination selection
for inconsistent multi-scale decision tables[J]. Soft
Computing, 2022, 26(13): 6119-6129.

WRiAE, 2ok, MRoRAE, 45 2 RUZRME IR B &
i [J]. ¥ 5 Ui, 2022, 37(2): 455-463.

(Chen Y S, LiJ J, Lin R D, et al. Multi-scale set value
decision information system[J]. Control and Decision,
2022, 37(2): 455-463.)

Luo C, Li T R, Huang Y Y, et al. Updating three-way
decisions in multi-scale  information
systems[J]. Information Sciences, 2019, 476: 274-289.
Zhang Q H, Cheng Y L, Zhao F, et al. Optimal

scale combination

incomplete

selection integrating three-way
decision with hasse diagram[J]. IEEE Transactions on
Neural Networks and Learning Systems, 2022, 33(8):
3675-3689.

Chen Y S, Li J H, Li J J, et al. A further study on
optimal scale selection in dynamic multi-scale decision
information systems based on sequential three-way
decisions[J]. International Journal of Machine Learning
and Cybernetics, 2022, 13(5): 1505-1515.

T, WEA. 2R U SR E
75 R R U] A5 IR, 2022, 37(5):
1299-1308.

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

(Li J H, He J J. Uncertainty measurement and
optimal
formal context[J]. Control and Decision, 2022, 37(5):
1299-1308.)

Yao Y Y. Three-way decisions with probabilistic rough
sets[J]. Information Sciences, 2010, 180(3): 341-353.

Yao Y Y. The superiority of three-way decisions in

granularity selection for multi-granularity

probabilistic rough set models[J]. Information Sciences,
2011, 181(6): 1080-1096.

Deng J, Zhan J M, Xu Z S, et al. Regret-theoretic
multiattribute decision-making model using three-way
framework in multiscale information systems[J]. IEEE
Transactions on Cybernetics, 2023, 53(6): 3988-4001.
Huang X F, Zhan ] M. TWD-R: A three-way decision
approach based on regret theory in multi-scale decision
information systems[J]. Information Sciences, 2021, 581:
711-739.

Yao Y Y. Tri-level thinking: Models of three-way
decision[J]. International Journal of Machine Learning
and Cybernetics, 2020, 11(5): 947-959.

Zhang X Y, Gou HY, Lv Z Y, et al. Double-quantitative
distance measurement and classification learning based
on the tri-level granular structure of neighborhood
system[J]. 2021, 217:
106799.

Zhang X Y, Yao Y Y. Tri-level attribute reduction in
rough set theory[J]. Expert Systems with Applications,
2022, 190: 116187.

Yao Y Y, Zhang X Y. Class-specific attribute reducts
in rough set theory[J].
418/419: 601-618.

Knowledge-Based Systems,

Information Sciences, 2017,

fEEE T

W E3E (1995-), 5, Wi, WSRIRE SR P SR

S 9T, E-mail: 940203748@qq.com;

R (1964—), 55, Hdz, LA 0, NS ke g2l

Vo RTHE S HARUR LA 9T, E-mail: wuwz@zjou.edu.cn.



