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Abstract: Knowledge space theory, which uses mathematical language for the knowledge evaluation and learning guide of learners,
belongs to the research field of mathematical psychology. Skills and problems are the two basic elements of knowledge space, and an in-depth
study of the relationship between them is the inherent requirement of knowledge state description and knowledge structure analysis. In the
existing knowledge space theory, no explicit bi-directional mapping between skills and problems has been established, which makes it
difficult to put forward a knowledge structure analysis model under intuitive conceptual meanings. Moreover, the partial order relationship
between knowledge states has not been clearly obtained, which is not conducive to depicting the differences between knowledge states and
planning the learning path of learners. In addition, the existing achievements mainly focus on the classical knowledge space, without
considering the uncertainties of data in practical problems. To this end, this study introduces formal concept analysis and fuzzy sets into
knowledge space theory and builds the fuzzy concept lattice models for knowledge structure analysis. Specifically, fuzzy concept lattice
models of knowledge space and closure space are presented. Firstly, the fuzzy concept lattice of knowledge space is constructed, and it is
proved that the extents of all concepts form a knowledge space by the upper bounds of any two concepts. The idea of granule description
is introduced to define the skill-induced atomic granules of problems, whose combinations can help determine whether a combination of
problems is a state in the knowledge space. On this basis, a method to obtain the fuzzy concepts in the knowledge space from the problem
combinations is proposed. Secondly, the fuzzy concept lattice of closure space is established, and it is proved that the extents of all
concepts form the closure space by the lower bounds of any two concepts. Similarly, the problem-induced atomic granules of skills are
defined, and their combinations can help determine whether a skill combination is the skills required by a knowledge state in the closure
space. In this way, a method to obtain the fuzzy concepts in the closure space from the skill combinations is presented. Finally, the effects
of the number of problems, the number of skills, the filling factor, and the analysis scale on the sizes of knowledge space and closure
space are analyzed by some experiments. The results show that the fuzzy concepts in the knowledge space are different from any existing
concept and cannot be derived from other concepts. The fuzzy concepts in the closure space are attribute-oriented one-sided fuzzy concepts
in essence. In the formal context of two-valued skills, there is one-to-one correspondence between the states in knowledge space and
closure space, but this relationship does not hold in the formal context of fuzzy skills.

Key words: formal concept analysis; knowledge space theory; granular computing; granule description; fuzzy concept lattice

1985 4, H2# 0 BE2% 5K Doignon 55 A$EH! T 4R A M 32 (knowledge space theory), 5 7 HEU41E S X%
B AT ENRVE 52 3345 S U7 SR e e B S e 0 4T A T AR 2 AR TR R R 2 2 AT b LA i) S A
BRI E B TR AR, Bl Oy R Ao PR Al 2 R, i s b S S D s ) B g A 2 (1)
FEAME S 2 —, FEH T AL 2 235 AR I 3 HAROR I 2% 3] SN yUIRES 2 5 50 RS540 43 A 2 4 R s [A) B8
P10 T EUE U R, ] I A — 20 A A R R 27 =) B AR PR T S R

F B85 1) R R ) (R AN BE AL 28, YR NI SE I 35 2 (A1 D0 B2 SN VU Z1 8 5 R S5 44 23 B 1R P 7 222
R, SR L, D2 A FH R T % HAARTL. Rusch 25 A P 1 40 B8 5 S 0 i 2
TR R, 4R T BT S AR A5 A1 K 59, Spoto 268 A VSR T AR G5 R 20 BT (R B AR, JF4R T —Fb
MR A 304 QA e 4 e T 305 5410 U575 Doignon! VB T —Ff E B BE WU 5 S AN LIRS I 7 ik, I8 ST B
R s, DL B AR S5 R 2 M A2 7E I 0415 R, Stefanutti 25 A URE 40 TRZS () BT 255 1R W & 1) b, JF
R FH 22 24 Uk B P 220 A S 3o B e A B 52 . Sun 25 N TOWIESR T BRI 4 e TS SR VLIRS, R4 T Al it
T B WS FRE R 45 #4 (05 Heller 25 N VY 12 20 % IO REVE 2 0 — A 78 2441 Stefanutti 22 A L T
PR R EAR ) 2 ST BE VRN 7 i, BT T S I BE IPIR S STCIR A IR B 2R BT, Sun 25 A1
FES M A5 B OO T Sk (O At L, 42 0 T — R0 P BORIBE RE R £ 22 00 SR 4 W 10 5 7. P e N U TRk e
SRR 25 5 H TR e I ERZS 28], BEfALE T 2220 SR & 1.

Zx BRIk, 7R AT R AR R BT, BARE . T Bife 5 U [ R AR, 38 T A TR VAL 1) 7, (R
AAEAE L FAS AL : (1) A WA 7 b e 5 Il Rz T (9 X0 ) WS, AT ¥ A8 BN 2 SO R AR &5 48 4 A A
. (2) WA AN UUIRER TR 3 26 BR, AT T 200 A OIRZS (A TR I 228 e, AR TR 27 5 5 Rk 2 2]
PRAE. (3) 101 RHALE I TR G5 44 73 B i AR A BRAEAL. (4) IUA 1 R B ZE R P TR & S AR s R), %R %
RSBRS84S R 1815 <, BT ) DRSS 1) AR S R4 2 BT LT mT AR 5 e S
J5 AT A AR K B 2 ).

KLt 5T (granular computing) /&I KIBLE S AT A ) TR, B 1979 SR HE H Dok, HUARA R T HE -
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S R RN AR 1A 20 TR 2 T 3 43 AT U ) T R, Ak 2 2 B T 4% 1 i 000,
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3T AN 5 PO 2 AT I 755K, BT B T T e A O T e M O R . XX e
MO BRI T A R IR, Medinal® P VHENT TR L THT 0 SO A T 1) S AR = )
(FPIZEIE F. Ma S5 R T — b SRIRCID 160 ok Mt 5 ) 7 ¥, — 82 SR ) 7 10T [ % A 5 T 1 P
EHEHELL T (¥ P 24 A v e,
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1 ERFEIR

T AR SC AR SE R DL R g s [ 52, A A2 T S R R R AR 2
1.1 FREMSEMREE TR

R (A B ) B AN 2 AT 225 SCHR [1-3]. 1) s AU i) 1 — AN AR 2R, AP UIRZS 5 AU 1) e A
[AHER I O, A IR R TE AR IR X S AN 2 1 H ) T A,

AT LR A — M RAEF RS 0, BEMERE — DT Em S — N UUIRE, 188 K #E—21, & K &2 —A41
POREMES, HES oA o, MR K K 0 L— MR . 457 Q4G Bi4E 9, WITTH K HER R — 50
NG

T VK, K, e K, # K, UK, € K BOL, TFR K 4 511R75 8] (knowledge space); #7 K; N K; € K Jor, WHK K A Al
4,45 6] (closure space).

FEFRAE A E R, H AR R B R N — AR R, W AR A — N HRIETES S .

2 1(q) FORAEBAI I g WFTABRE. MHRETEE T S, T ZENTIURA T E W AITUURAS N K = {g € Qlr(g9)n
T + o}, Hi [ S BIFEE e i A URZS A s ST ¢ Sl s (i),
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EX 4% = (0,8, D) R—MEERIEAE R, ge 0, seS, ACQ. 78X (¢,9)' = g0 <I(¢,s) <I(q,5),q € O},
A(A, ) ={q|@ # (q,5)* CA,q € O}.
EX S B=(0,8,D) — MM REE RS 5, A€2?, Be[0,115. &
max I(q,5),A(A, ) # @,
S € S},a = A4
0,A(A,s) =2,

fa={2

(B =|_Jlge 010 <I(g,9) < B(s)).

seS
5 f(A) =B H g(B) = A, WFK (A, B) A& — A H1THZS ISR Y .
ik LB, f(A) FoRBERE MR A il J, (HANBEMR T A ZAME— i) UK g
Bl 2: X TR BB R R AR, A =1{91,¢2,5.94) - HIT (q1,59)" = {01,05.05) » (92,59 = {g2,45)
(43,830 = @, (Gu»$3)" = {91, 92. 44,5} » (g5.53)" = {¢2.45) CIFs! A(A,53)=02. Fefblith, AI13 AA, 51) ={q2}, A(A,52) ={qu,

G394} > A(A,54) ={q2}- lHﬁ, fA) = {%’ ﬂ’ %} .

S1 Sy 84

- 0.8 0.7 0.6 - ~ - - 3 ~ . -
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S1 S Sq

LAy g(B) ={91,92:93,q4} -
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(1) A, CA,= f(A) C f(Ay), BiC B, = g(B) CgB).

(2) g(f(A)CA, f(g(B)2B.

() f(AINA) = f(A)Nf(Ay), g(B UB,) =g(B)Ug(B,).

@ HT F R g £ (22,9 5 ([0,11°, <) Z B —A™ Galois .

(5) (8(f(A)). f(A) 5 (g(B). f(g(B))) A& PN AN BRI L.
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(A1, B)V (A2, B)) = (A, UA,, f(g(B, U B))),
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(3) g(B)Ug(By) =g(B,UBy), FI13 (A UA,, f(g(B,UB,))) = (g(B, UB,), f(g(B, U B,))). IRYLATEL 1 (5) W41 (g(B, U B,),
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W AR, X S B TRLA, , (A f(A)) 2 TIPS RO &, B 1 A7 (UA f(g(th f(AJ)))
AT DR BERIE. A= U, (A, f(g(rLEJT f(A,)))) S TT 00— AR ) ORI, HE T 7T %0 A 2
1A RIRE.

HEHE A 1 (3) BAJ (A, £CA) AN 6] ORI 7 7 f(g(g f(A,))) _ f(U A,) - HA). ﬁ&g(g f(A,)) _
AU A, R A R DA g(U j(A,)) = A EDAATRRELE U Ay . V.

OB, T H A AR s 0
B L AR AR e
BN BRI SR 5 T = (0.5, ), A€ 22,

s 5 A SR ANRIUIRAS, 25 R USSR 0 — A .

(1) He7 B TH ELLE (2, <) 5
Q) H 0 KRFEHERIES, 4 0=0;
(3) L (S, <) PN T, R R (g(%),é)e‘fﬁ%g(é)gA, I g Y

@HEA% U g(’), WA A TR AN RIBLR A, Fvkss
Le®

N

G #Fa=U g(’), WA TT ) ANEILRAS, LA DX AL 4 @, STk 4 .
Leo®

N

P T = (0.5, 1) LA n AR IO, T 5 TR EE LI (. <) TP S AT, R B | B2
KT (5 <) IO A R TEE, BRI 1 V5 I 2SR 0 A
A 6: M T4 1 OB RS T S B 11, 4 A = lgn.ge.gs) . RUUREEVE 1 AT, © = {%,ﬂ} , Eg(%)u

§2 83 A

. 077 = (g0qs) U] = A - BHLE, g, qunqs) 2 TT B9 NAIURA, FLAFZER MR H ‘1_5 il OS_7 .

3 2 3

Bk 1 4B RIS B R R RS AR A P R 52 % TR D BRI . T 52 XD T
VORBE G, i BOVAT ph S 52 46 0 100 BRI B KD 5 26 1) R 2 T R O

EX 8. ®I1=(0,5,I), A€2? BT H—ANFBUIRE. Wk g(0)=A, AT (A, C) &—ANLh HiR 2 [a) 4 R
S N T BRI RN &, B A R C AT 75, ITIZEAS A 152 % Bife.

BN 9. BT = (0,5.1), (A,C) 1 T MyHIRZ IS, & XA 75 ens(C) = CU { M‘ (@.5)' CA,

S

I(qs, s) ecl.

1K R T MR 5 10 2 SC28 5 IE, Dy T80 T B & (A, ) it Bk 76, 285100 — 7841 (A, ens(C)) &
11— R T R

(A RIS, E R R O T — i S 2 () MBI N S AT AT T Ay Ay LR 3 A .

(1) $& L FF AT LIRS, FE B0 R 3 .

(2) S35 Dy S 2 AL A ABE & AT B A 26 M T A0 TR B .

(3) F T4 A 25 P 6.2 PRI B 5 2 0 BRI L2 DR A7 P, 06 T S A2 [ R
3 BT EEHEE S

I 5 SCPIAL 2 TARO R A B, 5T FELRL R 0 FELARLEE L 0 2 7 S PR 62 [ P TR 25 T
B 77

EX10. % T=(0,S,D) — B REERE R, Ae22, Bel0,1]5. & X:
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u(A) ={% SES},a/= qugx(i(%s))s

v(B)={qlg* <B.qe Q} .
¥ uA) =B HvwB)=A, WF (A, B) 52— M2 A BORIHE &
Bl 7: 3T L PIEREGEE T R, 2 A =1{q1.92.95.95), T3 u(A) ={

o 0.8 0.7 0.8 0.6
A B= {— —_—— —} I)_”J;QV(B) {91,92,93, 45} -

4 I, T4 ({q] o) {058 0708 Of}) S T A P2 .

Rl 2. X T AALA, eZQﬂllB B? Bfe [041] , I THT ) o A

(1) A, CA, = u(A) Cu(A,), B, c B, = v(B) cv(B,).

(2) vu(A) 2 A, u(v(B)CB.

(3) w(A,UA,) = u(A) Uu(A,), v(B,NB,) =v(B)NvB,).

@) HT u My 1E (22,0 5 ([0,115,2) Z[AIER—A™ Galois .

(5) (W(u(A)),u(A) 5 ((B),u(v(B))) & WA~ F B 75 ) BRI .

W 1) 45 A, C Ay, WIXHERER) s € S #H rggfg(i(q, 5) < r:gi((i(q, $)) L. AR PR AL u 18 URTAS w(A)) C u(Ay).

[FBE, #7 B, C B, , IR E v 1952 XTAE v(B,) C v(By) .

D XHTRE ge A, s€S, 1 q%(s) < w(A)(s) . T q* <u(A), LA g € v(u(A)) . KL v(u(A)) 2 A FHIE.

WAL ses 15{%25 cu(v(B)) , ')_'\'J;ﬁtzmax(i(q $)) . A, XM{TEEqgevB), figteB, IUXMTEE
s€ES, max(l(q $)) < B(s) - l_]lﬂi t< B(s), B u(v(B)) cB.

3) *E%Eﬁ? w R v IR 5 X, By i

4) i4E (1)« (2) LK Galois #1778 SCRT A Ay T

5) 57 u Ay 7E.(22,9) 5 ([0,115,9) Z [AJEHe—A Galois ¥4, JT LA u(v(u(A))) = u(A) 5 v(u(v(B))) = v(B) &
7. FRARAE P60 2 B SR E A 1) 5 SCPT Jn b i e T TR BB

0 TT A4 PR AL 2 T BRI &8 ST , FF 5 U ERIRIF R R < F:

(A1,B))<(A,,B)© A CA, & B, CB,.

TR 3. & M=(Q,8,1) & MBI AT 5. CSLAT) 22— A se 2, AR AMS A, B) Al (4,,B,)

W B S T

0.8 0.7 0.8 0.6}

5 5 5
S AV 83 Sa

(A1, B)V (A2, By) = (W(u(A, UA,)), B, UB,),
(A1, B) A (As, By) = (A N As,u(v(B, N B,))).

B B Q5 S A BRIERT 4N, CSLAT) 27 BRIM. Bk, RESEW] CSLAT) 2 M kil LS 2] eSLaT) &4
SEAHE.

—J5 0, S AT AN [ B (A, B) #8 w(A) = B, NI B UB, = u(A)Uu(A) . IRIEHE 2 3) H
u(A, UAy) = u(A)Uu(Ay) , TT1S (v(u(A, UA,)), B, U B,) = (v(u(A, UAY)), u(A; UA,)) . FRIEATEL 2 (5) TT A1 (v(u(A, UA,)),
u(Ay UA,)) &N A BOHIAR S, IXERAE (A, UA,)), B, U By) & —AN AL 7 [ BRI HE 5.

P—J5if, BT B UB, & B, 5B, , T4 (vu(A, UAY)), B, UBy) 32 (A1, B)) F1(A,, B,) WIS, il fe: (A,
B)FI (Ay, By) (—AN E5 A, X1F (A, B) N (A,, By) TR —A EF (A, B), #V B2 B, U B, . I HEWT (A, B) >
(v(u(A; UAL)), By U By) AT, TR, T4 (v(u(A, UA,)), B, UBy) /& (A, B) Fl (A4,, B,) Mt/ 57

2 BRI, 115 (AL, B V (As, By) = (Wu(A, UAY)), By U B,). 55— ANT (A, B) A(As, By) = (A N Ay u(v(B, N B,)))
EIB IR N2

I E MBI R BRI S 1T = (0,8, D), Bk CSLAT) 2y TT 1 P42 [ ARSI
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SEHE 3 R T AL T BRI S (R, [FIIRE (AL B)) (A, By) IR (A 0 As,u(w(B) N B,))) R W]

LS R RE 2 s W (KD A SR B T PR 22 ).

7l 8: 2 1 P I I P AL IO B s 8] 3 B, b 5 B

C: ({Qh%a%,%,%},{—,

03,07 09 06))

P P
S Sy 8§38y

0.8 0.7 0.8 0.6
Czi({CIhLIz,%yqs}»{—,—,—7—})
S1 AV 83 Sa
0.8 0.6 09 0.6
e {12.25,92.05)
S AV 83 Sa
0.7 0.9
C43({Q1sQ3»Q4,6]5}5{—,—})
S 85
0.8 0.7 0.7 0.6
Cs: ({6]2,%»%} {_ —,—,—})
A 83 84
.8 0.6 0.8 0.6
im0 {2,25,08,061)
Sy 83 Sq
7 0.8
C73({‘]1393,‘I5}7{—,—})
A 853
.8 0.5 09 0.6
Cy: ({qz,q4,qs} {— ———})
A 83 S84
0.6 0.9
G0 {25.22)
A 53
0.8 0.7 0.6
o {2,27.89)
S 853 Sq
0.7 0.7
Cy '-({%,QS},{—s—})
S 85
0.6 0.8
Clzi({ql,%]s{— —})
2 83
0.5 0.9
Cis: ({q4,qs},{—, —})
SH 83

L5255 2 WA, AT BAGINJy-Rn ELUL L, A SR H A 0 B ALDR AN E — S ECREAL &t 1 i P s [ 3 —

AN FIPUIR S PT F FIECRE.

EX 1. W =(0,8.D & MR AT iR,

TRIFR ) L5 M, IR u(q) 0 IR g 5 5 B R IR, TRTRR S
1 9: 3 1 P IT ¥ 1) 85 S 5 BB R R L3R 3.
EX 12, % 1=(Q.,8,]) 2B RIERE R, E={(uq).9)|g € Q) WAEKRFREIR R LS 8. R
(E,<) ABEE T RIEM I, b (B, q) < (Br.go) M HALM B, C B, .

© hRBIEB IR

g€ Q. TR (v(u(g)),u(q)) 7 i g 755 1) P B2 T R L 25,
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G %3 LR SR 5 B S T

/ \ I e e
q1 Cpn % %
0 Cu 0.8 07 0.6

Cy qs3 Cis (ﬁ
$2

% . c., (05,00}

S 85

qs Cu {(E}
B3 I P AL [ RO & % CSLAT) 53

BE CE, 47 E LM TR AL W L, WK B 2 HWE (B, <) P I—AME.
Bl 10: 2 1 9 TR BB ED ) (B, <) 4 4 s,

0.8 0.7 0.6 0.6 0.8 0509
({5_1’5_3’5_4}’{%] {{52 ) 53}{ 1} ({? S—z} {44}}

CERT

4 MR R M (E, <)
T4 W1=(0.8.D, Bel0,1]°, B(reT) & E WAL TR H (B, = B, W B f& T (¥ A4 2% 18] (1) — 41K

teT

RSO e, 3 FLI AR S ORI 7 I B ol w(B) AL B 0 A3 B
SEF: AT E AT RO E RS TR B, MR SR 10 52 AT (v(B,), By) 2 T B— NP7 TR 2. o
ﬁfmsm%(v(u(uvaé,))),ug,)m%ﬁm P2 . L G = UB,,)JJ(V(M(UV(B))) )Enﬁ/ A

teT teT teT 1€T

A2 RO, 90T 1701 B T 010 A 25— A KL (97 25
FRAR A8 2 (3) B (u(B,). B,) /P B & T V(u(u v(ia,))) _ v(

teT

B,) — v(B), FFLI u(u v(R)) =

teT

m

B. XNy B, ARG TR, AT 4 UW(B) = B, BN VVRAS W H S | w(B,). UEER.
WA TR IA, S17 2 2t I A AR A T e s T .
B3 2. A AL S 7 S L 2 e AR A T T

N *%ﬁﬂ&ﬁ'é L %H_(QSI) Bel0,11°;
H. A~
/J:

Bt e B A A R AR S I e B e, A, WIRE 25 R e T (A RS 5 10—
i) EZH 75

(1) @RS TR EE (E,<);
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Q) HQERRMEES, 4 Q=0;
(3) M )i (E,<) T —A8E E, SR T (u(g), q) € E 1815 u(q) € B, 34 g A Q;
@ B+ Julg), W BAE T IMFEAMYPLRESM TR Ge, BE4 0

qeQ
(5) # B= U u(g)» W BT —ANRPUREII T HRE, H B A SIAIRE & Q, Fiksi ).
qeQ

51T = (Q.5. 1) 25 n AR, WS A TR P (B, <) P IS 60 8 n A e, BN HIE 2 % kvl
1 (E, <) T4 07022, 97 B 53 P2 ] e/ AR S 7 T T B 1 0L 7 A SR A

B 11 3T % PR R R 1T, 4B = {OS_“SJOSJOSE} AR 2 T, Q= (o), L

1 2 3 4

u(ga) V) = {OS_SOSJOSE}U{OSJ} — B I, B TTH0— R RA (T A, L S 00 Uk A .55
Wafg.

7K 2 490 T P51 o S — RIUIRAS 10 75 He e, B R 6 5 1 1 UIR 25 6 4 1 80, {18585 365K
e P2 T, T 2 — L 2 B A .

EX 13. W 1T=(0,5,I), A€2?, Be[0,17° 2 IT M A2 (Al — SR &S T 75 1 RE. 0 w(d) = B, B4
B (4, B) M S A .

T AR PR I BRS04 WL A AT 75, AT 95 46 B L.

EMX 14, % =(0,8,1), (A,B) /& T I—A4 O A A, & B 78 eng(A) =AU {q l¢“cB.g¢A } )

Hh AL 2 R AOE 1 52 S 5950, P2 BRI & (A, By M B, 1950007041 (enq(A), By J2
0 P2 T .

G LTI, BRI AS 077 0 5 7 B A 2 B A

SBE 1.y RSO AS T FT AR e, I TSRV S0 AU A B 0 B B

SR . AR DY P 7 L RS GE 0 7 B L 7 A T 78 D1 25 D S

SR 3. RS P2 T ASEAOR & 0T S S P 82 I 25 5 AT HE P, 07 A2 o M

4 Lo

AT AR BRSO B T DA R o AT ROBE R AR 2R ) g P 2R (RS IR S O T AT
SN WA B RETE A R E S by AR T 5 b RUE.

W7 (fill ratio) ¥R A TE N S AEZ o0 5= 5t by L, Jp:
{1(g. $)lI(g,s) #0,1(q,s) € f}l‘

1]

S3HT RS (analysis scale) 5 78 20408 11 3E 0 BEBUE AN S 900, 7 E0A AT RUBEDN 5, RIS G 5 AN ar iz, il
(g, s) FIHUEE FIY {0,0.2,0.4,0.6,0.8, 1} . XLt 5 U # RBEE R 10, B I 10 S04 /2K, W T(g, s) BEUE
FEl 24 {0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1} .

S SR B AL A 3 A BRA () JR (AR 1 3 5. b, T SN W, AN MR IR 1 S st E B R
J8 20 R, DASREUBORIAE & 45 i BUAME.

(1) a0 5 6 e 2 1) 5 P06 2 [ SR ) 5

X T IR A L R A ) R P 2 R I 00 R B, CRFER AR . R R A i R
ANE, AAN B o R A, AL A FAS R T 20T 5, T SRS ) HSEASTR T 50T 55 o ) A A S AR [ G R

FESEEG [ H R da ) 10, FRR 20 0.5, HUA AT RUBESN 10, ZRHTHE K il BUECR:. () S 5 iR s i)
P 2 TR AR DG R A 61 5 . SR 8 SR WA, B A Il RS )86 0, R 22 ) 5 D 2 T ) RS 38 K, I
H i) SR K, RS ) g P 25 i PRSI K 1)k 5 A
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(2) BEREHC X JIH 2 18] 55 A 25 [A) A 1) 52 i

HAFFIR 2024 55 35 5% S

X E IR R R R AR ) R P A (R O AR R, 1€ T U 15, U 12 0.5, H

WIS RUBE DA 10, B Hi K H e S, R BEHLI 77 U o e 2

RSP GNP

T35, I SRAN A B T U b B ek

T AR5 S VA ) % P 2 TR R S R T 6 Pz, S BG4 SRR WA, Bl A 3 RE KA X M, SR 1) 5 1
A2 ) (R A T 484 K, O HLBE RO, 2 1) 5 PAT 00 2 ] ) ARS8 3 P PR

100 000 A

e i
s ]
80000 |
60000
=z
40000 |
20000 | /:
e
e
0 La N — X X s
5 10 15 20 25 30
10l

RS il RS A R ) B P 2 [ RS PR G R
(3) TR LA X 1 2 1) 5 AT 2 [ BRSSP 5 )

25000

20000

15000 |

=

10 000

5000

0

» 1025 ]
a5 ]

J

e

10 15 20 25
ISI

30

K6 Himeioi iR in) S oL s ) IsE iR 5 &

XIS R 5 e A s ) B AT 2 TR RS (9 5C 2R S v ) R 15, F e BRI 15, HLMT R

JEEHC 10, 8 KIS 17, SR BEAL Ty 2CAE el 2 2K

EI-N=R
H L.

TS R 75 R 23 ) S PR 22 ) RS 0 5% R A1 7 s
S A5 RN, HIGR /N T 0.5 I, BEAE BTSN, R A) Ly DA B 2 ) (R KRS DR K RS
PIF KT 0.5 I, FRTREE ] by P22 6] (RO IR PR S0 K, HATBBhAN T R 4.

(4) M FUBERT I 2 18] 5 P00 2 [ S £ 5 )

X HR IR T RORE L S ) R PR S AR K 5 AR S b SR . e AR S 7S R 0 i Y
10, 10 55 0.5, DR R R, LABIFFT 20 B JUREXRT RS 5.
G BT R A5 R 2 1) B AR 235 TR RS ) G AR AT 8 Pz, S 4 SRR W, AERN AR B, RIVMHT RUEE /T 10 1,
SRRV 2 ] 5 DA 22 ) PR RS TR K. = 0T RUBER T 10 /T 25 I, S o2 i) 5 P60 [ AR RUBE DR KPR, (EL8
FOEFAPRZE. 23T BT 25 I, SR s i) 5 P4 22 ) AR R BEAN R K.

9000
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A
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7000
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r

&7 SHFR 1 5 R ) B P S TR 56 2R
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Analysis scale
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Wi FIR BT AT DAFRI LT 3 AN,

(1) 1) A A B B T TR (] g P A 2 [ A 2 ) 52 0 1) DG IE, il RBUE R L 4 e A s ok, s i)
5 DA A 2 1) ) A A K

(2) H{IHAF T 0.5 2247 W, K02 7] 55 PAAL 2 () KRS oK.

(3) B8R 43 B JROBE R LA R S i (] 5 P 2 () R RS, (L oA ROBEIA B — e B 2 5, ANl ) 5 e s
) RS A TR

5 HERAREH SRR SRR E S 2 SIS SRR E 2 BRI FR

THT 1) R G54 43T FRDASTA RE 2 6 A 06 0 1 12 [ SER R 5 P 6 ) ISR A A g, X P AR A A 35
ST AT N . T U LI RRY A b 2 F AL BN IR A E S5 P, Sy — TGO, 59— e e B,
W=TH Z = (G, M,R) & MEBIEAT 5, X &G LB, 72 M BB, & X [0,11° # [0, 1M
1) 4 NS5 #,P.N,D U R:
X*(m) = XQG(X(g) — R(m.g))
Xrom) = v (%(g) * Rigom)
X¥m) = A (R(g.m) = X(g)
XP(m) = AN X(g)* ~ R(g,m))

S b, 5 SCA[0, 11 E1 [0, 116 (1 4 NSS4, PN, D W T

V(@)= A (Y(m)— R(g,m))
Y'(g)= v (Y(m)«R(g,m))
YM(g)= A (R(g,m) = Y(m)
P2(9)= v (~ ¥(m)«~ Rig.m))

WH, B #, PN, D RN EH T TRt T DARME TR 7 T

FIF XL T AT A BUBOIRE S . T )0 SOBORINE & . T v AR 2, DA BN P BRI 2. DG Fix e
T RIBLRINE S 1118, 7T 2225 SCHR [50]. AR, 3X 4 Tt it & 50w DU 7 6 B IR 25 4, RIS R A, X B
.

I, FEAR G BB LR, ERX 4 RO D BORIAE S, R TN (T2 1 18 55 AR SO G (1 PR RSO A
o, AR T 1r) 0 GO 5 T 1) o R AR A

EX15. % Z=(G,MR)—MFEMEREF. EXV =7 H 7" =X, WK Jed (X, 7) J& Z 19— 1 1) 5 Sps
Bt

MAh, X =7 H V=X, WK Jedl (X, 7) f2— N ) @ PEBO A &, OIS (X, 7) M3 —Jo X S ot
¥ 43 SR A BRI A A 1) A1 ST PR

BB S AT BORIRE S R ). S A S 2 AR G, PR R AR S 1A T 1) R M SR R S

EMX16. % Z=(G,MR) & MEMIEAT R, Xe20 BG EINAILE, ¥el0,11” 2 M LB & s
=R/

X (m) = rgg(xl?(g,m),

YV ={g e GIVm € M,R(g,m) < Y(m)).
FXP =Y H YV =X, W Il (X, V) & Z 19— ) @ M o s A 2.
ST 2 W, PR (RO A i — A THT 1) Je8 Pk P ORI & I A, A2 T8 A A 5 0 TR I SO & S TS A 1)
T ) 5 G BRSO N e 2 28 b TR SR A0 AT, 2 SR A S I A B A S 48 A, DA VR SR 4 14D T[] ) B BRI A
BINE, B CEE% I MNAME R N AR TES T N
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AT SCHTIR, A [0, 116 B [0, 11M (AR N 152 X
XV(m) = gé\c(l?(g,m) - X(g)).

FAFEIN 29 B [0, 117 W DMRES T N, 9250 F BRI X(g) M0, 1) BUE. 24 X(g) B 1 B, R(g,m) — X(g) THEE
T 1. X(g) HL O I, R ¢ ANE T EAHT R G4, BRIk, nl A Jeidkae U R SN 29 2 [0, 1M (3R 5T
N, W TE 52 SCAMIE R 2 A, Py BORIAE T4 TH] ) X 5 B i BRI g .

gi BRTIR, n1FLL N &5,

(1) ZTR AR (A SO AN R T I IO, A BE AL AR 2 IR 25 1T R, & — i A AleRe 45 P R 2.

(2) AL 7S VSR A 2 A T T — e I 1) 8 A BRI A A 2

6 WIS RS ZERNEEAESSHNMREE BB R
FECRI 4 R 5 s m LATE 56 1) A5 45 R 2 T (R RSER — 0 o0 R 0 T R (L TR A, K BRI 4 RE T o 540 N
B R R,
] 12: 37T 1 FIBORIERE eI 50T, B A = 0.5 B30 EHE A BT = O Wi 4 .
K4 Z{EFREEAE R

i 5t S $2 S3 Sq
q, 0 1 1 0
PR 1 0 1 1
qs3 0 1 0 0
G 0 ! 1 0
gs 0 0 1 0

XF—ANTHEBRIERAE RO =(0,5.R), X5 THHT f5 g BMA:
f(A)={seS|s CA},
gB)={qeQlgNnB+a}.
A HE IR U1 R T R AR TR, £ B R A TR ] 9 R
[, AT = RE AT R O =(Q,S,R), € X 10 "MHE ¥ u 5 viBHA:
u(A) ={seS|s"NA % o},
v(B)=1{q € Qlg" C B}
I IR S v B BT P 2 TR, 45 30 1 P 2 e A 1] 10 B,

(\ql 92 93 94> (13} {815 82, 83, 54})
({q| 2 43> 945 ‘Is} {815 82, 83, 54})

({,3“{“}) <{z}{,”})
(1915 92 94 ‘15} 1815 835 543) (\‘11 G2 G35 Gafs 115 525 S4}) ol qNS SS
({a:). M/quq\> ) (g3, m)\/({q ’
[(74%)) @ 0)
B9 TR A BRI AR KSL(T) B0 TR P (L2 T BERIE & B CSLTT)
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Scbr b, R Q 5 S PR AR SR R, T T AR 1 s T L 9 55 [ T T AR IT 1) 0 SR R A, 1T T )
P /B 22 T MO 2 55 [ 3 T 1 e e A A

H ) FE A S LI i SR L 1 1 S RS AR (R SC FRT A, AF A R T TR e, W (- A) e E
TIN5 2, 6T A AR AT 55, 35 LA AR (R gk, AT DL EL A 21 P A 25 [A) 1)
ity

{EUZ, M TR SR 2 (R SO L A 5 P B 2 TR BRI, T R AR 2 ) mp RIS 5 T AR P 25 ] PR IR
A XN SR, BRI RN LIRS AR B B R T SR AN BT

7 4

ARSCFI BN 5 6 XM 43 AT B, 403 TR Iv) 260 R 5 4 20 A (R RSB AR s ALY, T80 17 T8 1l 6 R 54 20 H
(ISR N A2 A A 5 5 LA ASOR A b AR TR PRI R, A B AR B T 30T St 5 B B 30T S kiR s iy 2
T T IER 2R VR 25 TR AR AE & S ) T BT PR T A, AN e M I AR A IR 2 1T ok, 2 — ol LA iy 45 ) PO R
P, 235 [V BRI MR A A 5 2 — ol i J Pk B I BRI 2. Ak, AT B, s ) A M A ] AR A —Fofr )
SR THT [0 0T SASTRYI N 25 b, 7 P 6,2 D ASERSINBE A2 A% A — P I 1) o e AP A RS R AR . o~ 10 1l AR S5 44 4 7, —
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