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Knowledge Extraction and Application Based on
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Abstract; Preconcepts, as a form of knowledge expression that weakened formal concepts in formal con-
cept analysis, were used to study practical problems to extract two types of knowledge: common attributes
of objects and objects shared by attributes, which were two important types of knowledge that formal con-
cepts cannot extract. The interval-set concept lattice combined the interval-set theory with the formal con-
cept, so the formal concept could be extended to the interval-set concept by using the characteristics of
the uncertain information that the interval set can reflect. By introducing the interval-set concept with pre-
concept theory and three-way decisions, the object-induced three-way interval-set preconcept ( namely,
OE-interval-set preconcept) was proposed. On this basis, the lattice structure of OFE-interval-set precon-
cept was discussed and then compared with preconcepts, three-way preconcepts and OE-interval-set pre-
concepts. The algorithm for finding all OF-interval-set preconcepts was constructed using the relationship
among preconcepts, three-way preconcepts and OFE-interval-set preconcepts. These theoretical results
were validated by doctors in summarizing the practical content of cases, demonstrating the effectiveness
and practicality of the defined knowledge representation form. This would help expand the research depth
and application scope of interval-set concept and preconcept theory and provide a feasible method for

knowledge extraction and information mining.
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Figure 1 Ideological line
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mBARRI, XH (g,m) € Is(g,m) ¢ I,

EX 4" HEEAEEK= (6,M,1)F X VX e
P(G) 1 YA e P(M) & XL—XEFHF".P(G) —
P(M) #M™:P(M) — P(G) H

X" ={alae M,Yx € X,xla};
A" = %x‘x e G,Va e A xla},

T T P(G) — P(M) Rl ™ :P(M) —P(G) A

X = {a‘a e M,Vx € X,xI'al;
A" ={x|x e G,Ya € Axla}l .

EX S5 wRAEFRK=(6,M1) P, X%
VX eP(G) Fl YA e P(M), (X,A) J&— HiHE
BLVMHMNY X CA (A C X)), it K FHTATR
BEHN P (K),(P(K), <) ARTBEEH

EX 6" fERXERK=(6,M,1) H, %
VX e P(G) f1 YA,B e P(M),(X,(A,B)) &—
MRFERH = ZWMS, YHMNE XY CA™ N
B (2ACX HBCX"), fWiff OE-FitE &, ic K
T OE-Hi#E&S R T, (K),(T,,(K), <) HOE-
AL A%

F1 R ERR AE RS ARES UMY,
FEMZBIFENS 0. U— V, WX A ES 2
WM, H U= VRER,

EX T FERAESEK=(6,M,1) ', EX
— XX LFEFH EXBERT 7.IP(6) —
IP(M) xIP(M) 1 °.IP(M) xIP(M) —IP(G) N
X VX=[X,X ] elIP(G),A=[A,,A,] € IP(M)
MB=[B, B elIP(M),

X7 = (X", X)) = (X, X, 10X, 7% 7],

(A,B)" =A" NB™ =[A4," N B, A" NB "],

2 OE-XE&ER#HE

2.1 BEEREX
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Bl1 FEEAXN—-KYFHEZH 4 6B E T
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Table 1 Patient symptom information statistics

4 Kk PRRKE KB P % Wik
INTF X — — X —
V= X — X X —
/INBH — X — X —
/N x — x — x

W2 1 4 pr R N BB RO ECT 1.2,
3 AR BRI X ZEE G = 11,2,3,4} 55 FAERM
ARG F B a b c.d e RAE, BIA JE M5
M, = {a,b,e,d,el; ZIJCRFR I, WFE2 P, WL,
B2 1 AL N BRIV SR 2 R IE T &,

&2 _jl\ﬁéit%%Kl:(GnMnIl)
Table 2 A formal context K, =(G, ,M,,I,)

75 a b c d e
1 X — X —
2 X X X —
3 — X — X —
4 X X — X

iz BE A R T A B A AR R, W
[2,23], RoRixBEAE — & Lo Hr/h 2 e R, 7l fig
223 B /N B I SE AR

e X 8 a4, [2,23]% = ([2,23]°, [2,
23]7) = ([d,acd],[e,be]), FH/N2EH/NHEA
Sk AEAR /D 22 AT Sk R R R Sk = i eI T
JIN 2R IN LR B R B 8 i AR /N 22 00 A T I R
T % K 1 IR

tE X 8, JEEIX a4 AC [d,acd] ,BC [e,be],
AT T A5 % 42 X (8] 46 (2,23 ] R TA OE-IX 8] % /i
B, A ([2,23], ([d,acd], [e,be])), ([2,23],
([D,acd],[e,be])),([2,23],([d,cd],[e,be])),
([2,23], ([d,ad], [e,be])), ([2,23], ([d,d],
[e,be])),([2,23],([d,d],[D,b])) %,

2.2 OE-R B &ERIERE
EE1 #EALET R K= (6,M,1) X

Y (X,,(A,B)),(X,,(A,,B,)) e W, (K), E&X
TILRARCSTH
(X,,(A,,B)) < (X,,(A,,B,))=X,CX, H
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B2 fEd2 IR RTRK = (6, M,
1) R (123,231, ([d,d], [e,e])) I ([234,
¢,1.([D.D1.[D.D)) #BR OB K [ HHEE .

T [23,23] € [234,6,] H ([d,d], [e,e]) 2
([D,071,[0,0]), \ifi ([23,23],([d,d],[e,
e])) < ([234,6,],([D,D],[D0,D])) WAL,

EE2 FERELAERK=(6,M,1) P, ¥k
(W, (K), <) B , BR A OF - IX 8] 4 B A& 4% .
Horp, B VRN 5w UH

(X,,(A,,B)) V (X,,(A,,B,)) =
(X,UX,,(A,NA,,B,NB,));
(X,,(A,,B))) N (X,,(4,,B,)) =
(X,NX,,(A, UA,,B,UB,)),

TERR phow 2 WA, T EEM TS X R
T SR A e BUAE DL Ll 8 B A e

1) (X,UX,,(A,NA,,B,NB,)) € W, (K),

A4 (A,NA,,B,NB,) " =(A,NA,)" N (BN
B,)" 2 (A, UA,") N (B, NB,” ), XHH X, C
A" NB,",X,CA," NB,", i X,UX,C (4," U
X 8, (X,UX,,(A,NA,,B,NB,)) € W,(K),

2) (X,UX,,(A, NA,,B,NB,)) & (X,,(4,,
B,)) Al (X,,(A,,B,)) M—4 L&,

W X,,X,CX,UX, H (4,,B,),(A,,B,) 2(A,N
A,,B,NB,), M (X, ,(A,,B)),(X,,(A,, B,)) <
(X,UX,,(A,NA,,B,NB,)),

3) (X,UX,,(A, NA,,B,NB,)) & (X,,(4,,
B,)) Fl(X,,(A,,B,)) M L,

B8 (X,, (A3, By)) & (X,,(A,,B,)) Fl (X,,
(A,,B,)) MI—A~EF W X, ,X,CX, H (4,, B,),
(A,,B,) 2 (A,,B,), \Iifi X, UX,CX, H (A, N
A,,B,NB,) 2 (4,,B,), Wt, (X,UX,, (4,N4,,
B,NB,)) < (X,,(A,,B))),

R, (W,,.(K), <) ks,

3 B A . OE-8ii& 5 OE-X g £&
IR A

3.1 BitEE5 OE-mifE=
T3 HFEXERHK= (6,M,]) F % VX e

P(G),YA,B e P(M), T

1) (X,A) e P(K)=(X,(A,X")) e T,,(K);

2) (X,B) € P(K')=(X,(X",B)) € T,(K),

IERE ARIEE X S F1 6, B 3 B,

EE 4 HRALETR K= (6,M,1) T, %
VX e P(G),YA,B e P(M), NI4T .

1) (X,(A,B)) € T,,(K)=(X,A) € P(K);

2) (X,(4,B)) e T,;,(K)=(X,B) € P(K'),

IR ARIEE X 5 F 6, EFE 4 B,

HEABT R K=(6,M,I) F 45— THNES
V(K) = [ (X, (A,)) e Ty(K) | VX e P(G),
VA e P(M)}|, RIGHREH S,

EFES WTEATRK=(6,M,1), LK
V(K) = P.(K) Mr,

IERR E X o V(K) — P (K) He(X,(A,
D)) =(X,A),

W, UEH o HEG X YV (X, (4,,9)),
(X,, (A4,,0)) e V(K), i & (X,, (4,,0)) #
(X,,(A,,0)), MAT (X, ,(A,,D))= (X, A,) #
(X,,4,) = o(X,,(4,,9)).

HWKUEW @ Rl X T ¥V (X,4), (X,A) =
e (X, (A, D)), WA @ 5t .

ZE LR, o B, B, 7RG TR HE Y 35 L
T, V(K) 5 P(K) " & B [A] — %% 45 #h, H
V(K) = P.(K),

FHE6 HEKXATRK=(6,M,I) H,bH—
MW 8: (P(K), <) — (T, (K), <), fifF
8(P(K), <) J& (T,u(K), <) BI—1TH,

IERR 5 WS 8. (P(K), <) — (T, (K), <)
HE(X,A) = (X, (A,D)),

B, D CV(K) C T, (K),

XA VX, (A4,0)), (X,, (4,,0)) e
V(K),(X,,(A,)) N (X,,(4,,D))=(X, NX,,
(A, UA,, QUD)) e V(K);

(X,,(A,,D)) V (X,,(4,,0)) = (X, UX,,
(A, NA,,DND)) e V(K),

M, VIK) XFT A F1 V. #fEH ,

H I, 2 B 6 2518 iioT
3.2 OE-HItEE5 OE-X B EM#H&

EE7 A FERK=(6,M,1) P X VX,
X,,X, e P(G),YA,A ,A,,B,B, ,B, € P(M), %5t
1) ~5) WAz,

1) (X, (4,B)) e T,(K)=([X,X], ([4,
A],[B,B])) € W,.(K);

2) %7 X, € X, H (A,,B,) 2 (A,,B,), W (X,,
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(A,B))), (X,, (A,,B,)) € Ty, (K)=([X,,X,],
([4,,A,1,[B,,B,])) € W,(K);

3) %X, C€X,H (A,,B,) € (A,,B,), N (X,,
(A,,B))),(X,,(4,,B,))) e T, (K)=([X,,X,],
([A,A],[B,,B,])) € W, (K);

4) #% X, € X,,A, € A, H B, 2 B,, W (X,,
(A,B))), (X,, (A,,B,)) € Ty, (K)=([X,,X,],
([A,,A,],[B,,B,])) € W,(K);

5) % X, € X,,A, 2 A, H B, € B,, W (X,,
(A,,B))),(X,,(4,,B,))) € T, (K)=([X,,X,],
([A,,A,1,[B,,B,])) € W,.(K),

R MRyEE L 6 f1 8, EH 7 ik,

B3 TER2HRMWIEXNERK = (6, M,,
1) ¥,

1) (123, (d,e)) e T,(K,), HAH ([123,
123],([d,d],[e,e])) € W, (K,),

2) (2, (ad,be)),(23,(d,e)) e T, (K,), i
£ 2C23 Ml (ad,be) 2 (d,e), HAE ([2,23],
([d,ad],[e,be])) € Wy, (K)o

3) (12,(a,e)),(12,(ad,be)) € T, (K,), i
B 12C 12 Al (a,e) C (ad,be), HA ([12,12],
([a,ad],[e,be])) € Wy, (K,),

4) (4,(a,b)), (24, (ac,D)) e T,,(K,), W
B4 C 240 Cac b2, HA ([4,24],
(La,ac] ,[D,b])) € W, (K,),

5) (3,(d,e)),(23,(D,e)) e T, (K,), Wi
3C23,d2 D MeCe, HA ([3,23],([T,d],
Le,e])) € Wy(K,)o

EHES FEEAETRK=(6,M,D) P % VX,
X, e P(G),YA, A, B, ,B, € P(M), &4 ([X,,
X, 1, (LA AL [B, LB, ) ) € W, (K)=(X,, (4,,
B,)).(X,,(4,,B,)) e T,.(K) WL,

IERR AR¥EE X 6 F1 8, EFE 8 Byl

Bla FEL2mmIEXTRK, = (6, M,
1) W, ([2,23],([d,acd],[e,e])) e W, (K,),
MEFA (2,(acd,e)), (23,(d,e)) € T,.(K,).

EE9 HIEAHTRK=(6MI) T, fH—
MW E: (T, (K), <) — (W (K), <), 15
E(Ty(K), <) & (W, (K), <) B—DTH,

IERR E B £:(T,,(K), <) — (W,(K), <)
HNEX, (A,B)) = ([X,X], ([4,A4], [B,B])).
w H(K) = {([X,X], ([4,4], [B,B])) e
W, (K) | VX e P(G),YA,B e P(M)}, %,
@ C H(K) C W, (K)o XX F V([X,X],
([AL,A L, IB,, B 1)), ([X,,X,],([4,,4,],[B,,
B,])) € H(K),([X,,X,],([4,,A4,],[B,,B,])) A
([X,,X, ], ([4,,A,], [B,,B,])) = ([X, N X,,
X, NX,],([A, UA,,A UA,],[B UB,B, U
B,])) e H(K);([X,,X,], ([A,,4,],[B,,B,])) V
([X,,X,], ([4,,4,], [B,,B,])) = ([X, U X,,
X, UX,],([A, NnA, A NAJ,[B NB,B N
B,1)) e H(K), MIii, H(K) X T AFV #E A,
R, 8 B9 4598 T,

Bl OE-RI#i =5 OE-X B K=
EE10 FEEATRK=(6,M,I) ", P(K),
T,,(K) MW, (K) EEAFMWEXTH P(K) C
T, (K) © W,,(K) BZ,

3.3

IERR ARG E B S FIEH 10 SE,
Bls fER2FRWIELNERK = (6, M,

1) W, S R 3 A = JC X P X, ([4,4],
(Lac,ac],[D,D])),([12,12],([ad,ad], [be,
bel)) A ([3,123],([d,bd],[e,ae])). TIfi,il
1 3 Rk = AT I
x3 bk
Table 3 A comparison table

= IEIX a4 7 %) P (K) T, (K)) Wy (K))

([4,4],(lac,ac],[D,D])) = = =
([12,12],([ad,ad] [ be,be])) i I &
([3,123],([d,bd],[e,ae])) A AR fs

g ek 4 b DR RTHE S OE - R BE S F1 OF -
DX [ B i A 23 EE BI04

x4 IEHR

Table 4 A comparison analysis table

#px BRI RIBIZ A X4 AR HCR Py R0 RN A
il B & (X,A) 2 XCA (®ACX") o
OE-Hi & (X,(A,B)) 3 XCA NB(eACX HBCX) "
OE WFIANEE (X.(4.5) 3 XS (B (e(ib) CF) #

M 4T LIEWL, OE-X [ £ /i & FE 42 B OF
— I ARE A% T ABE A AR AN BE 2 ARG R, JF B OF —Hij

ARE & R ARE & RE £ A S PR L AR BE G A OF — X [i]
A WIAE SR BRI, AT O E — X [1] 4 iy A8 2 AE 4% 42 Hie
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FR IR LG 5 AN AR 2

X TR AR IR S 38 i A AN [ R
SR 5 B ST AERE N S L HEATI . WO R U, OE - IX
T¥1] £ i ME o B ME & TN O — Wi ME /& 10 0 iR 55 R
AT HR 78 AR Oy H B A I A
3.4 MEEZE

AHMNEXREF K = (6,M,1) HE, TF&kae
RATAE &, B R 2k OE -mi i &, e T 4k 3 4
& OE-IX [A1 4 A HE 2

A UL, AT LA 45 A 0L B4 A 3 % A%

K= (G,M,I) ﬂ P.(K) ﬂ T,.(K)
B3

W (K)o
T R e AR RIS R 1
BiE1 FHRAEAENE L
WMAEXTRK=(6,M,I),
fith: P(K) .
1) Let P(K) = and i = 1
2) for each X € G do
3) C=X"and P, = (X,C)
4)  for eachA € C do

5) P.=P, U (X,A)

6) end for

7)  P(K)=P.(K) UP.,i=i+1
8) end for

9) Generate P,(K)

FE X5 FISCHR[ 8,10 | RIE 7595 1 1E# .

Bk LT

1) ¥ K=(G,M,I) FHESP(K) BREHE,
XA BB E RS 0(1) .

2) SNG4 ¢ R & X R —A
X #&BHEAT N AR B L BT T P(G) > P(M)
BRI X WK C, W EN TP (X,
A) BRSSP, XA o R AR SR

o2 "Iy Hp, ) RS MR e
AR

3) A € P TS A A X LA
TR (X,A) RS P.K) P AR

w02 1y s o) s
YEAE G X 2B A5,

4) WG X AR R R IR BT A LAY
P.K) 415 T K FHISME Y X ELPI Y A (T4
AT

LR | R 2B AT 1) ~4) T B
F 1 5 2

0(1 +2“‘"‘ +2‘G‘+‘M‘):0(2‘6‘%‘”‘)O

T4 SR e OE-FiE &S AL 2,

Hik2 FEL2K OE-AiMESEIE

WA BT R K=(6,M,I) M P(K),

i, T, (K),

1) Let T,,(K) =0 andj = 1

2) for each (X,A) € P,(K) do

3) D=X"andT = (X,(4,D))

4)  for each B € D do

5) T =T U (X,(4,B))

6) end for

7)) Ty(K)=T,(K) UT, j=j+1

8) end for

9) Generate T,,,(K)

FESC 6 FER 3 PRIE T 80% 2 IE# .

B2 R RS .

D)W K=(6,MI) FHESET, (K KNI
B XA BRI R 0(1)

2) F P(K) MR A RIS (X,4), 2
BT T.P(G) > P(M) BHMAAMX &ND, H
AR B = 0P X (X, (A,D)) BBES T . X

At e o2 | Ty

3) {8 D A T4 B 5XA (X,A4) 4=
TP (X, (A,B)) FFMENES T,.(K) T, it
mti g e h o2 1y

4) ME—A (X,A) # 5 X ERAERR, BT
WA T,,(K) BT K T RISME S X H A H
(A,B) A OE-Titt& .,

WA 2 MR ARE AT 1) ~4) WAL L 2
[ B [B) 52 A% B R

o |

O(]+2‘C‘+ +2‘”‘+2‘M‘):0(2‘("‘”"“"‘)0

S e OF - X [ E AT S Bk 2z
WL BB e 11,

BB E R T P S AN RSB TA
OE-IX[AISEHIME S i B &0 A, SRJE X T T 1Y
EF 1 BIFHE .,

EE11 AREATERK=(6,M,1) T, 2k
OE-IX [a] SEHAE & W, (K) S84 A M.,

B B, A C W, (K) &R,

HRK, T2k OE-X £ ES W,,(K) F
T ERERWM (X, (A,B)) B2 XC (A,B)"
(9 = T IX 4R 3 XoF SR J5 AT 4328 1 1T 8 A BRI B

@ X = [X,,X,],A= [4,,A4,] MB= [B,B,];
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T]I’T*%//"séﬁiﬂ';j'\*ﬁ;ﬂx&ﬂ}ﬂ o

@ X=[X,X,],A= [A, A M B= [B,,B,];
@ X=[X,X,], A= [A,,A]fB=[B,,B];
@ X = [X,,X,],A= [A, ,A,] F1B= [B,,B,];
® X =[X,,X,],A= [A A, ] FB= [B,,B,];
® X = [X,,X,],A= [A,,A/]] fM1B= [B,,B];
@ X = [X,,X,],A= [A4, A ] B = [B,B];
@ X = [X,,X,],A=[4, z]m’: [B,,B,],

XF T B GX 8 Al HAARE SR U, 5 B 8 AL
B i 2L, AR i S 6 1 8 T AT, @ RIS ] LA
fEH (X, ,(4,,B)),(X,,(A,, B,)) € Ty (K), W
HQE5@%M; MM, O5@% M ; @5DFM ;5
OF-Zi1

P, 3x 8 A ARG A i D @ @@ AL
FONMA A2 W, (K),

gLk, A=W, (K),
OE-IX [H] BRI Ak 3,

B3 FH2K OE-X LRI SEE

WA BT RK=(6,M,1) M T, (K).

i W, (K)o

1) Let W,.(K) =,

2) while ((X,, (A,,B,)),
T,,(K)) do

3) if X, € X, and (4,,B,) 2 (A4,,B,) then

4) Wop(K) = Wo,(K) U ([X,,X,],([4,,4,],
[B,,B,]))

5) elif X, € X, and (A4,,B,) € (A4,,B,) then

6) Wop(K) = W,y (K) U ([X,.X,],([4,.4,],
(B.B,1))

7) elif X, € X,,A, € A, and B, 2 B, then

8) Wop(K) = W (K) U ([X,.X,].([4,.4,],
[B,,B,]))

9) elif X, € X,,A, 2 A, and B, C B, then

10) W,y (K) =W, (K) U ([X,.X,],([4,.4,],
[B,,B,]))

11) end if

12) end while

13) Generate W,,(K)

FEFR 7 FE 11 fRIIE TR 3 M IERRE

Bk 3 MR B 2 BE o b o

1) K K=(6,M,1) THES W, (K) BRI
e XA BRI ILEZ R 0(1) .

2) WEE T,,(K) THAEEWA OFE-Hi &
((X,,(A,,B,)) Hl (X,,(A,,B,)) 2l BEAT AR B 1)

R e

(Xz, (Az’Bz)) €

WA 4 R AT —
FARE Y OF - X 8] 45 1ij i &
w02y

3) HEWA OE-RITA S HR5E BUH W7 A4 5
P A B W, (K) EALE T K T BT OE-IX 4
AL

Ik 3 A Ak
f1 st [ 52 2% 1 Ay

o1+ 22111y S0
R, ¥ 3E W,, (K) S i 50k 1~ 3 4k, B i A
6] 42 2% 5 ol

0(2

#FHT AT LAAE
ok e 1 I (8] 52 2

A HT 1) ~3) Al Bk 3

2‘(}‘+4‘M‘
)

o+

1y 4o lele iy

0(22\c\+4w yoo@ el

T g S PR R AR R 3 gE AT oA
MK,

Ble FEXR2PARMELERK = (6, M,
1) o, N R A 3 OF - IX ] 48 i M & 0 B ik b AT
S B N O R A 4 R

FRIRBEE 1 2P R 1), AT 2R 4G ME P(K) =
Do

FIRAE 1 PR 2) ~3) FIAL 3R 8) MR IR 15
ALY X =12 € P(G,) B, AR ¢ = X" =
ad f1 P, = (12,ad) ,

FEIRBEIE 1V LR 4) ~6) G5 A LA KA
7)), tkinAa=dCC, )W P, =P, U (12,d),
AR H, B E TR P, REISE S P(K)

R 1 B PR 9) JHath P(K) MIME,

MBEE 2 LB AVKRAET, (K) =D,

PRI R 2 WAL TR 2) ~3) FIAL IR 8) (16 R G
A1,% (12,d) € P(K) B, i IASE] D =X = be il
T = (12,(d,be)) .

P IREL 2 2P BR 4) ~6) MG 15 4] L R AP
7)),k B=eC D, MWK T =T U (12,
(d,e)) . AHNLH, BEIE (6 X0 A9 T, 78 2 4 &
T, (K) W,

HREIL 2 9% 9) it T,,(K)

MEE3ZHE D) WHRE W, (K) =D,

MRS 3 B 2) A 12) X F T, (K)
AT ZEMA TR LA (12,(d,e)) F1 (2, (acd,
e) ), MEATHH N ] T FTHRAE

FRIRE L3 WAL TR 3) ~ 1) AW iE A, T
WHE2C12,d Cacd Ml e C e, NiA] LIAGE] ([2,
12],([a,acd],[e,e])) € W, (K),
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57 %

P AL 3 AR 13) JHi i W,,.(K) .

4 #Hig

R SCHE X ) M B R 3 5 O
SIS S HL L OF - X I 4 0TI 5 L
i JF 1S5 B 101 O — X 10 45 48 5 7 5 60
YL AR Y B

Rk TR AL T BRI 5 SR 5 8 57
SET TR IEXE OB~ 16 S N BE & B 5, 4R R 7
L 0 H A
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