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I AE ok, B 48 & 8 F1 %1 1- & B (Data Mining
and Knowledge Discovery, DMKD) 5 X i B L&
10, 10 BF 5T 8 R, 25 1) M 2 8 A0 R R 3R (Spattial
Data Mining and Knowledge Discovery, SDMKD)
WIFHREIEER . ERERBEMARARAHR
SIRUNBE -3 Ui DOE & p & 273 0L A TPl
RRE EBEERE A EEMEE S — LAt
RERENFTBR D, BA EREHATEREL
BB BR .

7E N T RE ST, X 500 5 0 9 28 B 1 8 8 1
B AR MBI PR R IT BT . 1N A AR
BRI F R TR, SR B0 AR R ERZE
B E YRR R, — B A — MR R
JR BB B R AR BRI S R BOR T A S
WEFMER, NI, EREHE X . & HE K
BRRIEVIEREBER T, RAHALZHEY
HT. XERERENEERHAWESE.

Stxtix — A 8, ZFEBRHRELFEMEEL
MRS TR LRE T EREBATHEERER
BR—— mAE R AN EME T RERR
MERERT o HE, AFE B EE . 588 .5

e AW M HERE % N A, £ DMKD #i SDMKD
FEETERMAR,

1 =3 (Cloud model)
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THESARRE LN —KREA BN ZHATREILE
BE EARKNZ =LK = WA T REARAMEE,
EzmBEBRRBT EHBEHESFLE. =F
WAREBR LN EEEHAROER, EERE
BEMAR ZIRERIMNA " RGZENIEE B
=, & W B4 8 8 gl &8 (Mathematical Expected
Curve, MEC) MBI EHEISHMEA KT RHERR
HE. B, ZHWBEERAYSN, ERZIE,
‘BEBX, MEHMEBCRERES, “BE"D. =
MORRETIR BT R E R BB R KN, IS
FOBE B S LA REEWREILER /DN, WA
BSHOREAREHUNERBENEIER, X5
AB E IR 2 A — 3,
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M2 ZMPFHIEENREE

MBME Ex. RESE R P OE, REGE
R A P LS I ME B AT I, 2 10020 SRR
FRAEHHE.

W En REWBMESEBENER, KRBT ER
BRA B MRS EZ N BEEE BT %
BOTR TR A8 BE R RK , S BT R BUE
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K,z B REE K.

A, Z R 3 N EUT RHEE ST GE
BB IR B AR 8 1) FIBE DL (R BE R BEDLHE) 52
LRBB R, WEEENE BRI R KBS R
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1.3 EXSZHER

ESZHMARIESEHNREH, KHEH
Bk MEC 2.

MEC,(z) = exp[— (x — Ex)?/(2En?)]

EXTHERBEEWT .

(1) z;=G(Ex,En), £ L) Ex HBE . En
HARHEE N ESFEVLE 2

(2) En'.=G(En,He), H LA En HHEE.
He RtrdEEM ESEVE En';;

3 T|’ﬁ #e=eXP[_gi2?§rf?Ly]94?\(xf9#i)yﬂ

=M.
BREESTW 3N HFERIEM(Ex, En,He),
APALTENREEEBER MM ZRAEMES
2 HZERAERN s BRURE RS EENRHE,
ZHER. TR EREHFATERRLE XL, 31
BEFEERUBRGHBERENSZHIES.

1.4 =ZHEH

ZHE R RS LB, T L
B ik BB LB KA B KA B (Cloud
Generator) . i & MBI FRFE=E B, BIZHMNE
HAEBNESR KA ERZZER QA 3D, LE
Mt RBEEMNER R RERESE.

Ex ———
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(1) En';=G(En,He), R UL En JHEME.
He JARMEZ M IERFEVLE En';;

\ —Ex)?
() H& #;=exp[—(I2En,f)
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(1) En';.=G(En,He), UL En HEIEHE.
He NirHEZEMN EAFEVLE En';;
(2 ﬁ‘ﬁ ri=Ex+ «/‘“—Zln—(/}jEn/ué'\(xi’/‘)
HEWo
BERAE—EDEZAHAEN—HARHEN
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f———— [x

drop (x;, Ji) ———m cG™ +——— En

————» He

B4 HEERER

B REREENT
(1) Ex=mean(x;)
(2) En=stdev(x;)

(o — 2
(3) En';=,] —%{(/‘Efx) yHe=stdev(En';)

H b, mean ) | stdev ()43 Hl| Ky 3R 295 F 45 o 25 19 58
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ER BB K BEE S HBA M, REKBD. M
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ARER BEEBEER.

1.5 “HMBSBESZER

EERBEED,REBSE BB EATS
BB R B, Blan, s ER AT B 2 RS ERAME
B HEHA .G E 3R, ENIXNAE
BA—HM=FRE., HELEA-EZEBANE

B RIME- KA RE_BEMEE FZERTH
ROHMBEEFTHERSHEERS.
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RAYSH, 76 B4 8 L DU EIL R,
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Bs5 ESMHEPONRHN_gRKRER
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LA 6 MFIFIER KR (Ex, Enx, Hx, By,
Eny,Hy)., $H Ex fi Ey H ¥ 81H, Enx l Eny
1, Hx 1 Hy J778H

(Ex, Ey)BRZHEZRRWEEMEERBFH
FOE, REEREX N M SHE . Enx Ml Eny
RHE SR BRI BE, BT B T RIES EX 4R
EMAEHRE . Hx M Hy 5332 Enx fl Eny &
1, R T B EEE.

THIEAS S B F 8 i m (Mathematical
Expected Surface, MES) 58 % :

el

MES [a) z-y T B8 % S — A 1 B i G
Enz 5 Eny fASMERE) . HHERHAHSE 2
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RoGR AR S . R, T UEESTRER#
— ST EZEETZRE,

1.6 “HTEEZHER

%E—HBFRIER (Ex, Enx, Hz,Ey, Eny,
Hy), “#EMESZ REH/RLE )™ LU> AL
BENEW (@ yiom) K (2 y) IR 4 ES 5
i IR —ZERERR 537

MESA(x,y)=exp[—
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(1) (ziyy:) =G(Ex,Enz,Ey,Eny), % &L
(Ex,Ey) ¥ B1E . (Enz,Eny) HATHELE B R IF
SHIE (ziy) AR LI FTEREFEWAN—4
bR IE S FEOLE 2, FO t1,31t 8 zi=Enx * tot+Ex,y;
=Eny » t, +Ey, M (xi, y) AR EERW _HES
FEHLEL 5

(2) (Enz'; Eny' ;))=G(Enx,Hx,Eny,Hy) , &
B (Enx,Eny) REHEE . (Hx, Hy) HirHEZE K
KFESFEVE(Ensd;y Eny');

(wﬁ%hﬂmP7F2z%y(§Z%q}

/i"\(luyn#i)jﬂﬁﬁa
FEBR 4% X FHRESMY ZHESR
ERNEE, A _SRX M REBREA %
BRBT _HEMNSEENGEEEE KRR .
THFM T REBNEENE HRIES AT

Ey Eny H

Ex ———

Enx ——— CG ——drop(x;. i, 4i)

Hx et

Be6e —_HERNESERESR

RIOANE —FESHBEY BE_SNEH
R, MALRESZY BREZEMOMN S, K
TH.ZAX BENRBERY RET = (Gamma
ZAE S B, FRENRE L0 DO SR £
BHMEMARBEET RARES.

) RBE.EEE.ZTHREAREEHEE

B = (Virtual Cloud) , XFR B #l =, BRI B E
MR FRIEFTEMZE . BRF AR FERE
FaEMzE REAEN ARITERSN K
IEZ MBI RENEFTERNBAESHE R
TIERBHE Ao s s EILE.

B3 EHBAEEER B ES W MEEER
AR, BFHEZFETUERBTRENES
ERAEENEEAREIEREIET

g KmTﬁﬁAjg/\n%’éﬁ(XT ] —1
EETRINEBEFHEHEZEN 1B XNESFHE.&
AZHBATEZNME,. EEHE T EREENRER
S, MRBMMNEHEEBRI B RSB KE

MR —HEZ L (i y0m)  FEBHHRR
HEEMEH 6 NMFRFIEME (Ex, Enz,Hx,Ey,
Eny,Hy) , 0@ 7 fizn. “#Hd M= RESEEN
—F:

(1) Ex=mean(z;)  Ey=mean(y,);

(2) Enx=stdev(x;) ,Eny=stdev(y,);

3) WHEFER y=Ey BB (z5,1)

[ —(x;—Ex)?
» 12 J e A
ﬁ‘ﬁ Enx i= ——-—-21 ( ,') yTHx=stdev(Enx ,) H

(4) M#ZF ':F'ﬁgl x=Ezx Bgi?%(xlnykyﬂb)’

N , | — (i —Ey)?
HE Eny = —éflnk—(,ujy— yHy=stdev(Eny's),

HIEPE Q) (OFSE 5 H A B AR
E¥THEENKEATR  BNRENTH He . Hy
SR, Rk gmBESC N, W IR AR S5 B
MERPHFRE AEBATUEL, —Edims g4
REERZO WS

Ey Eny Hy

L[]

drop(x;, yi, #i) ———| cG™

ot Ex

F————— [nx

fr——— Hx

B7 —_#BmzgER

RN AGEEHWETE . RATUBIESEEN
BMEBKEH.

WESHWESZEHR KB, RiTwTLIE
—NEZHITSBIERETAEBUZ, KR
o ABREHENMNETESNE, A ER b EE
MEERE—BW, 2N BB N TES R,
MEAEMBMNER. 2B HTEENEKEK
BMAERLRE A — 1 HBERBEE, TULSBAE
FTMEBREE., A= S5HEeHESTTULH
MEBEREHW EMBHTRSEA.

EAE R LRI RE, BlnET =5, BRITW
DA% E T EER N BWE =, RA LA
PAY

ZEROEREEE . BBEH EKEHES,
BEABPRERFMEESAHEN.

Z A #: (Cloud Transform) ¥ FER (I E N
EDAEANEZHENRIMNEET —MHEEXEE
BES BEARENRENBEARBEERES
SRAEAN B,

EFELHAIREEER SRl RGRMN
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3 ZERETRHELZEMNAIRLZN
9 A7 A

ZEREFRBEREMAREBTEE Z
MR A MAFEEMAMRRE EBEHEER.H
SHEEEIB MABEPERBENMEBERSE
B OAHEEHEENEL . S RERERBREENS
A% RTEB.XENRANEBzEHRAT
SDMKD HF B SMAR KRS MEMESBKRE
M 4 B, = B8 7 DMKD #1 SDMKD # ) i
LR ScER[5—8].

3.1 BATEEMMIAREA

SDMKD M 7 8] $ 4 o & B & AR K, 25 (6]
MEIMRBER—MEMENXREEE. RIALH
SHMERXEMEEBE, REFHES FHE
LABER.AHETE A REERSFH DA,
R EXERSHTEARBEN 1 W TERESTIER
B .

AHERA_RESZEAERR, AXREKE
mAREHLD SHREAR. LTRSS [EE,
AHEENBEAN TR, AATERA_ERZERE
RN ENBER-FEK(ELXIME) HEN B R
BESH  ANEET AN —RESE FRELRS
AR RSEN " ERSHRBRHRAR”. K
WR"ESEBEES, FHEEHA_—RBEEERR,
EHER—ITE(ZHE) EREZARHNBRE
BEXYR1LERZOEMNIBKSDIZHNEHER
BRESE AHEHEH SR ARRXEN AR P
O H X7 AU AR X7 R MR B X 74 S R
AHEFT AR EERRR KB A —FKEL.
ABWEFFARRER T B L” K
7 R MR FESEH AREHER A -4
SHRBRR, —BAFREIES iﬁifj“i&” “IRIE"%
EEE AEAESERBI B BE"FEFH,
ARBESZRE0NBLEL” “BEEED"EE
BE.-MABEZREAERAE"FEEZEBEREN
EEHE.

T o A R0k A5 A R A 2 (R A e I,

RAIMATUAHAZRERREMR., —FBAENLE
HEH N “If A,then B,”BIAH A M X &5 k4
BEBHY XM REBEBREEEL . —KF4
MM I A ,A,,, A, then BT A M
LHXEZUHZEBHY X REBREERRE
k.

3.2 AFABBEFERBSNEIREREN

MR B P A& R SDMKD B IS A
BMEEANXENE, RIMNBE 3HETHEMN
BMEERFTE . BTERMBEENE ETHS
SERHEBRABURBETEZ T,

SRR R EBEIINER Y
BodE B 7 4y KB, B0HE B 7 B B TR 4 R R BB
NHEHE.ZHEATHESZL T ENEEPER
BEWEER. ENRIANGE—RIIREZEZRE
Hm R WAl AR RSB EEZNBERE— R
K= BE, W% RS B R G .

MR ERB A, JIEE T EARER SRS
BENSARA BRI ENERORARE
B, EXFHERT BNBE—F“EWR"FEHFH
EFELS O RHEBRNE HEATHER 48
KEEMEREEREEZER. BMEEEEAL

MEFE,BEEHEASEARRE  BELBERYT
L ZREMEHRD BEZRERAOTC, 5 0H
MBHBEK, HESHEMEHENERNERBRE
#0.618 1%, —BHFAR I = . W3 s 4, EF
BRENBRHNAETUERBEBREW, KK
MMAER1 N3N BHEBERREEEHES,
X ERZBERRER T - MEESRBREN .

FRPHBABTILNXEH R, WA
HAEZFEEBRBERREW DRAEN = ES
EHNBESBERLEEENSARERZEE, BE4
REBAEBRRGRRES AR T EERKER
ME, —HEHEAERBEERKREN.

ETZHEANBESBEREWEX BEH—FK
M HEZZEATAES, SRR EN—&
ZHEEBESBRKREILEHER EBEESEKR LN
— KRG RBERBEERELNEEZBE HTFEH
ik, A EBXEE AN BEERF LS8
BTARMZ, FEIEEEX T E N BEEARR KL
LSBTRI—-AZHNRBELARRE, BRFEVME. HibE
FaRMNBESBRREHNEEANBRERKRENE
BEHXH, FREAMLEREERNABEEFE
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Cloud Theory and Its Applications in Spatial Data
Mining and Knowledge Discovery

Di Kaichang?'?, Li Deyi® and Li Deren®
U (Center for Remote Sensing in Geology, Beijing 100083)
D (School of Information Engineering, Wuhan Technical University of Surveying and Mapping, Wuhan 430079)
9 (Institute of China Electronic System Engineering, Beijing 100036)

Abstract Cloud theory is a new theory handling uncertainty based on the uncertain transition between qualitatives and quan-
titatives. The theory includes cloud model, virtual cloud, cloud operation, cloud transform and uncertainty reasoning. It pro-
vides new solutions for many basic problems in data mining and knowledge discovery, such as concept and knowledge repre-
sentation, transition between qualitatives and quantitatives, concept synthesization and resolution, concept and concept hier-
archy generation from data, etc. Cloud model is a model of the uncertain transition between a linguistic term of a qualitative
concept and its numerical representation. Cloud model represents a qualitative concept with three digital characteristics, ex-
pected value Ex, entropy En and hyper entropy He, which integrate the fuzziness and randomness of a linguistic term in a u-
nified way. This paper presents the fundamentals of cloud theory and its applications in spatial data mining and knowledge
discovery ,» focusing on the cloud models and their algorithms.

Keywords Cloud, Cloud model, Virtual clouds, Cloud transform, Spatial data mining and knowledge discovery, Concept hi-

erarchy



