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Abstract  In this article, the proposed background, the present studying state and its developing
direction of granular computing are summarized. Author’s view are also inserted in the article.
The applied universality of granular computing is discussed, including the applications of image
searching technology in Al, diagnosis and treatemnt systems in medicine, calculus in seriate
mathematics and other approximate reasoning. Granular computing could hopefully be the theo-
retical tool and methodology on information processing and studying other subject. Granulations
and related properties based on the semantics of Rough logic are also discussed. Deductive reason-
ing of the granulations is created. Resolution principles and resolution strategies of granulations
based on the semantics of Rough logic are proposed, it includes A-resolution strategy and lock res-
olution strategy. The soundness of the granular resolution is proved. Application of granulations
based on the semantics of Rough logic in problem resolving, expert systems and machine theorem
proving of Al could hopefully be a new research idea and new theoretical tools. Finally, further
developing perspectives of granulations based on the semantics of Rough logic are also proposed in

this article.
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TEIE AN LA BT DL 25 SO0 Sz 3 Ff i i 46 4R
SR MR I 18 5 0 1 RE SO L. (3D MR b
SRR EERE RIS it DL AR IR G2 AR HE Sy
B 7 ik 25 Ak IR SRR JE R A AR B —
VR b B Y S A B (3. R S TE T RE AL B
HESAERT TN G2 AR 7327 v 1) 3 S ST 1 LA
G307 AL 53 AN 45 SR AT DA A % Ty 2 v 52 ) 3% Ml
P A 5 2% 28 [ AL L7 L A ik 4 [ T 2 i R 2
INVE 2 LR b A

3 & T Rough B1EIE XK ITEHR

MHERLTT S B B R A R R B HR b
TR TLARTARE TR A S50 TR D 328 A TR 5 2 ol L
P FIMGE TR L] 5 7 K 302 DL b 2 AR IR R S Ak
HWFFE R S TS AR B BB R LR R
T 7 4 E kg BRAE SE R AT 5 R 0
W 5% 2 22 08 N 2% AR BE 5 9 B A4k O vk o ko
BT Kripke ot ] 38 13 B 2532 45 10 15 o BT 0F 5
P IB H, Luis 240 B WA 2532 48 0915 A3 B iF 98
R 25 8 (18 R A 45 T R0 4 o B 8K PG B 2 DL A
HURE 2 0 R Dy AR A TR TR S (R IR Y 2
TR IF N F R AL B, B0 T84 N A
EHNA S F S ER B RS L XY Rough #
W|IE GV R R A LR, R I E A
HX P A4 25 B RS L1 Rough A
2R SCAY AT B L oo om0
3.1 EF Rough BEAXNENHA R HHERE

B XAES G B RS K Rough #8401
X

g1

m(F)={x€U: xkresF}

WHEAMEK BT Rough B4 AKX F Ak, b F 2
Yo AR B B RS IS=(U,A) F i Rough #
B B S B F € RLis. SEJ5 1 J2 i R4
m A F G U Y75 T8I m (F) R %51
J Y OREAS ) F AT i A XA A 25 (] B AR5
3.1.1 Rough B XE T H0RAY &

A0 m (F) BB R OE L E S 2E U R
Ffl B R MR XIESAER R RS IS=WU.A)
F# Rough 840 F 1S FIREMEE. JEX
oL 3 1

Tis(m(F))=Card(m(F))/Card(U)=2A,
Hrp Ty Co) R T Xk 7 72 1S BT — 44
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I, B I8 IR A2 3% AR Y Rough 1% #1482 B i 78
fH. 0T m B F B 2E LR BT e
L0, 1] S — AN S50 R0 m (F) I 3K F i B2 (B, R F Y
BB RE A 28 B 2 Pawlak F° 1987 4E 5| AW
Rough HEMEE: “R#—4 Rough /AKX F1E
S fE B R4 L Roughly B4 H ALY &1 & X
SN BTV F T . m (F) Y B
HOE AT
(DR oo(m(F),U) =0, M m(F)#i\ K7
IS B4 F R
()W oco(m(F),U) =1, m (F) #i\ W7
IS B4 F Rl B
(3) W Hco(m(F) ,U) =2, M m(F) Bk N 1E 1S
¥ F RS BERNE, K Ac[0,1].
3.1.2 ARFEREE TR Rough 520 55 = kLI 3
W m(FD)H m(F,) 35 /& Rough 2 A= F,
L F, i85 S AORL ARG T30 1Y 2 k45 iR —, V.
N s Flo 138 543 3 SR
(Dm(—F)=U—m(F);
2)m(F, VF)=m(F)Um(F,);
B)m(F, NFy)=m(F,) Nm(Fy);
W m(F,—>F)=m(—=F)Um(F,);
B)m(F,oF)=(m(—=F)Um(F,)) N
(m(—=F,) Um(F)).
3.1.3 Rough ZH#AXFEFHkLEH
A m (P RyRGE R B 7 W R G ia R,
EH AR E B 2D LL A RS s B o,
Z/PLA RIS oo,
A FERE AL s B AT oo i SLANTE -
o, (m(F),m(F,))=
JCard(m(Fl)ﬂm(Fz))/Card(m(Fl)):/1,
m(F)#J .
11, m(F)=J
A T BE AR B S AF oo B0E LA
| Tis(m(F)) — Tis(m(F2)) | <
1—AAm(F)oc,m(Fy) Am(Fy)oc,m(F)),
Hop FoRFo R 4558 5 B A4 1S 1 Rough 244
A Card (OB « FIIURNE Tis /& 1-ary i8
SEAF ROXERL o0 (F) WK —Fh i B2 B F A L fBAR
JEH.
3.1.4 Rough B AN F 75 H0k p M5
(1) [F]—1%
(VE)E&ERLs, o0, (m(F) ,m(F)).
(2) X FR1E

(VF,,F,)ERLs, co,(m(F,) . m(F,))—>

oo, (m(Fy) ym(F)).

(3) E A

(VE)ERLs, coy(m(FV —F),U).

(4 W i

(VF,,.F;,)ERL,

o, (m(F)D) N (m(EF)D) Um(F,)) sm(Fy))
F

o, (m(FD) U m(F) Nm(Fy)) sm(Fy)).

(5) Btk

(Va, E€RLs,

oo, (m(a) ym(B)) —co,(m(P(a)) ,m(P(3)),
Hra. ST LURAER B RS IS 1@ LR
B E L R A XA Ae (0.1,

(6) FFfE

W F M F e LESERE RS IS=WU,A)
F#) Rough 24,

F,<F, iff co,(m(F)),m(F,)) iff

o, (m(Fy),m(F,)) Noc, (m(Fy) ym(Fy)).

(7 Fh 1

W F I Fooe g XS ERE RS IS=WU.A)
A9 Rough #2453,

oo, (m(Fy) ym(Fy)) —
o, (U—m(F) ,U—m(F;)).

(&) Btk

W FVFFoot i XEGER B RG IS=WU,A)
E#) Rough 245K,

(F\—~>F;) —oc(m(F,),m(F,)).

(9) FEER 1

IR E AE 4 2R B R4 LY Rough &2 %5 5
T URAE BORL A & WO T15 B R W RR IR 5T

(Hmla) Nmla) =T S ac A REMEEA
FWE w0V REEESE W8 . B
uFv, S5k,

(i) Usevm(a)=U.Ha€A RIBIEEA b
MR EE .U 2%,

(i) —m(a,) = U,ev m(a,) s X B Ta €A, u 7.
3.1.5 Rough #2207 F Mk 0"

(D HrisE X

% F 258 2% 1Y Rough B /A, kim (F)
AT B

m(F)=Gn(F;) N Nm(F)) U U
(m(F,) N Nm(F,)).

(2) FHGE

W F 2fFLRS%E LM Rough 2% A L, K
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m(F) )4 B
m(F)=(m(F,) U Um(F;,))) NN
(m(F,))UUm(F,)),

Forp, Fy i i AR i ol G o AN 1 o 3] 119 9 1
A E.

(3) Rough #4584 5 T kL Skolem ¥/ 2

15— W 3% B vh Jin A 1 i 1) F8 A% 2 A T o H |
J Skolem Jy ¥ T ¥4 Bt A5 47 16 1 17 9 25, 55 f 2%
o A A PR ] B AT AR L T L e iR ]
i R 2055 22 4 B Skolem 7] K. 3% F 2 45
JEfR B RS E R Rough #5840, 4G Skolem J5
2B Al SR AR 8 R T Skolem A 1 7Y

F=C A NC,,
Horp A Co 7 80 E BT I i Bk kL iz
B SC WA
m(F)=m(C) - Nm(C,).

BN mCH=m(L DU Um(L,),i=1,2,-
Forp Ly st 22 sCH AR 7 BN A 3a] 1995 1) B
HT 8 MORAESCF 0 m (CO BFRAVERL 4] s m (L)
BEFRAERLSCF s m (F) BFRAE Skolem i+ 2.
3.1.6 3T Rough B ZUiA T AR 45 5zt

W C & Rough 248 i) 747, W m (C) J& kL5
H545 L g Rough 32E 1 305 ) (L) S RE S0
BEm (L) m (Ly) S AR SC7 s B oo Gn (L)
U) =1 Flco(m(L,) ,U) =0 X ZooGn(L) . U) =0
oo Gn(Ly) s U) =1, WFR m (L) Al m (L) & B AR
CFREE Fem (C) em (CH U m(a,) Fl m(Cy) s
m(C) Umb) EWAZ T IHE MR T4 m(a,) 5
m (b, J& HANBL SR o a, M0, R4 EAE B R
48 e L Rough 2 8 501 BUHAR & W m (Cy) F
m(Co) BPRLAZE X GLGn(C) sm (Co) e SLANTF

m(C) :m(C)H Uma,)

m(C,): m(C) Um(b,)
m(C): m(CHUmCH "’

mCa )M m (b)) ZH NGB EETHIHE LT, F
TR F ] m(O) HIFEE A GL(n(C) sm(Cy)) .
m(C)H Um(Cy).
3.1.7 Rough Z# 4 X155 0K A- 0 45 5K i
BEm (L) m (Ly) Jeki S Hem (L) B/
PLARREMM T Usn(L) B L) 1—A BREHMT
U. s A=>0.5, 3 H Tisn (L) >A FIT s (m(L,))
<D= m(LD)EZLABEMMT U,m (L)
2T —ABEMMT U iRk A<<0.5,3fF A
Tis(m (L)) <AF Tis (m (L)) =>1—2, 2 L Fl L,

s 71,

IS FMFE—#inR,. WL =a,,L,=a, . B2m(L)
Flim (L) WEARAE A- EAMRL ST X2

B m(C)F m (Cy) R ToA FeAF 1 R F4) 20
m(COHHFH m(L)F m(Cy) ) m(Ly) & A-H (ML
SCFERT L IBA m (COH R m(Co) 1y A-1H45 X8 2 X
mr.
GL; (m(Cy) ym(Cy)) =
(m(CO\Nm (L)) UGn(CH\m(L,) =m(CHUC) ,
Hm(C)H)=m(CHO\m (L), m(Cy) =m(Cy)\
m(Ly)  “\" 5 2B HAT.

Bl 1. &IS= WU, AR —FERL. WK 1 Fix.
x1 EEX1
A

U

a b c d e
1 5 4 0 1 1
2 3 4 0 2 1
3 3 4 0 2 2
4 0 2 0 1 2
5 3 2 1 2 2
6 5 2 1 1 0

FATATLALE IS B — 5T Rough BH#H A
ABEX R R A BATNIZEE R R —14
Rough ## /A FERL:

Flas by 504 5¢05—e0)="Cas; NV b,) Nbs N\ (¢ V —ey)
(D
A D A5 A BRI
m(F(as sb; 0, 5co s—e€y)) =
(mCas) Um b)) Nmby) N Gnle) Um(—ep))
(2)
X — AR A 2 H R A A S AR — S KL ).
b 2 Sk AR (2) i 3R ) AT A B R (F S
T E WM T
m(F(as yb; 0y sco s—€y)) =
Cal" b= N6 () (b2 U —elt 3170
3
Forp A~ IR 2 B R 1)L 2 A BE X 0.6,
SRoal Al et R A A RN RSO TR
A A-ITEE R GL (i (C) o (C)) B
GL,(m(Cy) ym(Cy)) =

(aél.b"/ Ubil,Z.S} \aél.(ﬂ) U(C({)l.Z.S.4,‘U ﬁe({)1.2,3,4.5¥ C({)l.2,3.4>)

€Y
PR 34> (3D 85 A
GL,\(m(Cl ) ’m<C2 )) :(6{1123 Uﬁegl.2.3.4.5:)ﬂb§4.3.6?
(5

A b, A=0. 67%:1,6} %ﬂﬁeém’s’*“@%*/l\k-ﬁ
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AHERL ORI L XA A- I 452
GL,(m(Cy) sm(C)) = ("% Ues ") N oy
(6)

3.1.8 Rough B 755 AR 45 W%

BEm(COM m(C) WAL T4 JF
TE B AT Hb A A4S SC7 8 I B BO7E JL 72 TR A A
12,0 m(C): m(CHU,m (L) BRI m(C) BBk +
A (L) 2R BIURE ST s Jhy TE BB PR 22 2 R SC
Fom (L) BB An 2R m (L) Flem (L) J2& 43 9] H B
e m (CO R m (Co) A S/ NBi s HLUE AT T AMRESC
FXE AR BN m CCOFm (Co) i 25 ,m (L) Fl
o (L) 75 3 36 4% BlURE 1)

m(C)=(m(CH\,m (L)) U m(CH\ jn(L;)),

HA\" RS 2B AR m (O h &4 7
— A3 2 AN () B BR3P B R )
AR BIURE ST TV 25 FL B BRI m (O gl BIORE U 45
.

B2, FRIBCH T R T IF R IC BT PSR
ERGIE

(D m(CH=m(a;)Um (b)) Um(d,);

(2)m(Cy)=m(cs) Usm(b)).

I 2 153 24 SRR 4] -

(D) m(Cy)=al"#3> 0 b3 Usd 2 ) 5

W m(Cy)= ey UsbiH5",

(O HBRICT a0 R T
B 5 (O R RNBOR S ) TR BRSO
PLowal™ 500 /0 el 43 R (3 R CO) il B T . 45

(5) 0053 Uud i U bl

FECS O b R B 2 A 5 AR B B
AR B BN 0 T 0 A

m(C)=,b""% Usd """,

T S m (COFm (C) WPRLBEA 45 2.

x2 BRER2

A

U

a b ¢ d e
1 5 4 0 1 1
2 5 4 0 2 1
3 5 4 0 2 2
4 5 2 0 1 2
5 5 2 0 2 2
6 5 2 0 1 0

3.1.9 Rough #5875 2055 T 1R IH 45 19 52 &

(Soundness)
A LUIE B Rough i #5005 5 0 R, 05 25 i
HETEN, Wk BN F AL A= {m(C),

m(Cy) yeerom(C) AL A- IFLEHEFR L m (C) , H
Fom(Coai=1,2, n ARG ERERGE IS L2
T Rough #2315 LKL 4. FIr LA ORL I &5 19 56 42
PEIFE B0 B S

(m(C) Nm(Cy) N Nm(C)H)cm(C),
XAKLAL & AR IS o O . Wl 2 36, m (O) &
PN AL 25 35 28 4 B B A58, TRAIEW S 2 L
SCHRL63-64].

3.1.10  Rough iZ #2350 T HRL i 2 4k 2L

AT Y Rough 28520 2755 1 R0 T 45 4 2
SR b i — A AL R B T AR Y 2 A B0
I I 26 5 v AT LATE B DA @8R A 4B G £ 2K

m(LHe) co, m(He),
Ho L. Hp, LLg. HHo, LH¢, HLo S #0545 78
FEARS IS B HE T # Rough B# A0, Hh H
L 3 5 J& Rough 2 48 24 Uy B AT T L5
Flsnes9]

s BCH SCHRES4 ] oo, B Z 1] 9 A-
6 3 A SRR AR BLIS S AF 51000 A Y T3l 8 1 2 4
K 4% 1) v ) A5 B 1) <0 B0 Rough 32 #8 Hh 1) Rough
AHAEAF =R TR R AR % A XA o R R
AT T Z 5 B UE B R 16 v A A AR 28 R g

B.(m(LH@)) oo, B.(m(Hge))
Gl

B "(m(LH@)) oo, B*"(m(Hp)),
Hrp B .COF B ()Rl RAm AT KRR B K
TEE 7T B S — AR T S U L X
EHTANE

OB.(m(L~¢))c, B.(m(~¢)) ,5H+ L &
SCH Rough 4 #E i He

@B.(m(p))oc, B.(m(He)) ,HF HBEX
Ml Rough £ [y i

@ B.(m(Le))oc, B.(m(HL®) . fEQHH Le
e ¢

@B.(m(HLg)) o, B, (m(Le)) 55 ¥ L Fl1H
{5 X Rough SR>

®B.(m(HL®)) oo, B, (m(Lg)),®,d Floo,
E L

®B.(m(HLH@)) oo, B.(m(LH®)) ,ZE®H
Hl Ho {8 ¢ & Rough AP m 77

@B.(m(LH@))oo, B, (m(HH¢)) ,& T L
H )58 L )% Rough FE RIS+,

®B.(m(HH@)) o, B, (m(He)) . HF HW
7E XK Rough F PR+
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@B.(m(LH@)) o, B.(m(He)) , DM@ 1)
ZBegtT,

2, a] DIGE B 28 — ARy L AL, B
PAAR A 2 TE B 30 55 58 B 1. FH 2y 25 mTIE BH 3C
BRL54 ] e iy B 2 ol .

R 48 2 HE S A T KR G 7 A A
I B R e AT ) A 0
3.2 ETF Rough BEARXNENHHEANTE G

R K iR R W KL

T r 0 T A0SR A 2 i 4 8 A 4 fie Ay Ry 4
B2 A B BT AR 0 /N [R) L B S R 45 T TR
RO % 2% G B T R — A gt AT A B X
T o i AN 23 A i e R B T ik EF AT
TR Ak AT o] — A~ 5 B a) 85030 & #B AT B — A~ 2 8
RN AW BB — A>T K ik 1) 52 B ] 880 9 6 78 Al
— B EE B RS K Rough BH AR F. il
Skolem ZE 4 KL , & 5 753 ] — A &4 19 Skolem F5
WERL CNFE763

F=C,ANC, A+ NC, (7)
Hp C=L, VL,V VL, ZEXFHHIK, L, &
— N EF A E. T2 2R A3 T Rough #
LEY/NS W= S &L A

m(F)=m(C, NC, A+ ANC,) (8)
5| ki iz e S, v 15
m(F)=m(C)HNCHNNm(C,) 9

Bl3. W IS=W.A), ERENIT 2003 4H
—REREITF R — D EZT REh R,
URBENES A ZEENIEREME. ZRR
A ARG 0 RR A L YRR TR T R DR R AR — R
H W R B, 8 i P={Wang,Male,65,3.5},H
th Wang 24 . Male 25,65 Z4E I, 3.5 &8
e PR 228 DN S0 A5 1) I Y80S i e B AN 2R — etk
X HEN 7 —3Ebr. F55 B RATTF AN RS
T 18 Wit bR). FATH Rough A

F= Namewy., N\ Sexya. NAgess N TV, 5
FORTER G R 0 8. IS AR R T AKX F 3 Ak
Fih

m(F) =m(Namew.,) N m(Sexy)

m(Ageg) \m(TV; ;).
%N B F OB F A) . G = m (Namew,,) » Gs
m(Sexya) s Gy=m(Ages ), G,=m(TV, ;) , X i¥
B Al SR . BT R A G AT SR A B X
m (Sexyi) VETE AR R, A0 550 2 1 e 55 A 1 V80K
e P DA B[ 4. 42,4, 79 ) RIGBE 2 BRI AT

P B T BT BRI VRORY W VR B X RN 4. 42,
4. 797 1 (P (B RRR 25 JF DA U HE B LR X 4
s 0T ) (L STV 754 25 S31) R i YRS v B 1) . FRATT T
P18 33K A I V0 K i v B A T 2R SR A 4G 18 A48 An il H
{EL O ol IV 80 2% 1) R0 4 o I Y0 RG i I R 2 B oA T B
Ik BRAT R I S T — A~ F8 AR 0 H AE
TV=3.5. fEZ R GEWIT K Z 00 & RINLIT T
PR AMAE 40 A BRI I S I PR I YR
JE R J5 A S A (E R bR o 25 (R TR AT A R T 5 T 1k
S 0. 618 Rifbax il B X [AA 4. 42.4. 79 ], f
A3 A AR A B AV MARifE 22 SD. 148
FEE AV=14. 7, 4522 SD=0. 28. AV fil SD
A R T A R T I ORI PR G
TV=3.5 W8I0 IV 1 {E. R R G H B AR,
TEZFI SR TV=—3. 74. YARPIZ B E W
AR R4 L B0 7 R G F Gy 25 032 B8 3 1
JE 9 5 s B IR R S B AE SR R R X TV UK
— AR JeJE VT O A R A 1Y I YRORY i R R Y
G Level = — 5, 412 W Ay I 0 ATORY ¥ 255 45 A1E 3k
SERAR B — . X RAECTEXRER R ER
7 RF R 24, RN A ] 2 W SCHk[35,39,63 1.

4 ET Rough BHEIENXH
FITERRHENX

BT I 2 48 BB — A O ik SR BRIz
FI T4k A R RIR LR e 1 2R A SR i 1 1) AL
AR SCHR 9 T Rough 32 45 24 U8 SO L m] #H
T2 A EE U 45 R LR A HE B X
2 0 T B AR SR B L O BT Y I B AR s
O A0 AR I 44 28 B X R I R AR A I LR B
(Approximate ProoD) S BLT H T T 9 — 25 2 T
Rough @2 8 ifi Sk i+ 5§ 41 12 48 F 4k & i f
YAz B T L P 202 B A A L A o R] LSS
B ol 306 2 e PR AR R R TR 2
D7 A T B 5 o AU T R AT AR B 2 s SRR Y
ARG I AT B A R TR B i A I D L T Sl i
TR e PR AN AR L BT LUE K O AT R g ] K i
P NI RS

HE— 25 {9 ARSI IF 5 45 FfoRE U 205 4fe 2 SR s
VA5 B8 S HE BGE E 5 B 98 5 Rough 2 48 2%
A A P A7 Y HORE 1) 28 S0 MIAH 5 %8 B s OF A 26 T
Rough #2881 SR T 5 8 52 8% P 1 2 A » 3 Fif i
FIARA i BB L 3 5 foe AT it I T T R —
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