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Method for constructing knowledge structures and finding learning paths
based on FT-rough set
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Abstract: The method of constructing knowledge structures under FT-rough set is proposed, and how to evaluate learners’ skills and
select learning paths is discussed. In fuzzy approximation space, knowledge structures are constructed using the upper and lower
inverse models of FT-rough set, and their properties are studied. The mastery of learners’ skills is evaluated under the condition that
their knowledge state is known, and learning paths diagram and its algorithm are provided. The effectiveness and feasibilities of the
proposed algorithm are verified by teaching examples.
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T(S) EMMEXLR AEXARVLIF MEsH™, VY,,Y,e7(S),H

(1) Y, =Y,9Y,(s)=Y,(s), VseS;

(2) Y, CY,9Y,(s)<Y,(s), VseS;

(3) (Y,UY,)(s)SY,(s)VY,(s), VseS;

(4) (Y,NY,)(s)=Y,(s) NY,(s), VseS,
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Table 1 Fuzzy Set-valued Mapping 7 in Example 1

r Sy S, 55
9 0 0.3 0
% 0.5 0.6 0.7
% 0.5 0.6
94 0.8 0
Hy= {% (g,osj} Y IEE R (B W R SRR S K =1{q,,4,.95 1, K'=1q,} -
1 2 3
0.6 0.8 )
myz{T’T}, Y () B RIS K =1q,,9,,951, K'=1q,,95! -
1 2
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(D) #HY'(s) €la(s),u(s)) ,AE T(Y)=1ge Q1Y (s)=T,(5,) | =g €0l (5)>T,(s)} =
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(i) # Y'(s)) € Lo, (s), 1], T°(Y)=0=T"(Y),

H1 (D) (i) A T5(Y)=T"(Y), VA LR Y]hmE— BRI 5 v il b A8 AR il i) T UIR 25 30 R
T°(Y),
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Table 2 Equivalence classes in .7 (S)/ ~

[Y] Sy Sy 53 [Y] 5 S S3

[Y,] [0,0.5) [0,0.3) [0,0.7) [Yy] [0.5,0.8) [0.3,0.6) [0.7,1.0]
[Y,] [0,0.5) [0,0.3) [0.7,1.0] [Y,] [0.5,0.8) [0.6,1.0] [0,0.7)
[y,] [0,0.5) [0.3,0.6) [0,0.7) [Y,] [0.5,0.8) [0.6,1.0] [0.7,1.0]
[r,] [0,0.5) [0.3,0.6) [0.7,1.0] (Y] [0.8,1.0] [0,0.3) [0,0.7)
RS [0,0.5) [0.6,1.0] [0,0.7) [Y,] [0.8,1.0] [0,0.3) [0.7,1.0]
[Y,] [0,0.5) [0.6,1.0] [0.7,1.0] (Y] [0.8,1.0] [0.3,0.6) [0,0.7)
[Y,] [0.5,0.8) [0,0.3) [0,0.7) (Y] [0.8,1.0] [0.3,0.6) [0.7,1.0]
[ Y] [0.5,0.8) [0,0.3) [0.7,1.0] (Y] [0.8,1.0] [0.6,1.0] [0,0.7)
[Y,] [0.5,0.8) [0.3,0.6) [0,0.7) (Y] [0.8,1.0] [0.6,1.0] [0.7,1.0]

#3 TS/ ~ TN I B AITURE

Table 3 Fuzzy knowledge states delineated by the equivalence classes of .7 (S)/ ~

[Y] [v,] [Y,] [Y,] [7,] [Y,] [Y,] [Y,] [ Y] [Y,]
T7'(Y) %) lg,! i la, et Haasast ta0.40,950  14y,451 {ao,a3t 140,495,451
T*(Y) %) %] {q! {q! fq,! la,! %] %] {q,!
(Y] [v,] [Y),] [Y),] [v,] (Y] [Yy] [Y,] (Y]
(YY) la.9.9) la.a.0) 144,00 19,9590 192,495,941 0 0 0] 0]
T*(Y) la,! tqi.q5)  14,,9,,95} {a,! {q,! {a,,q.1 tar, a0t tar,45,4.1 0

H1 2 3 RIS BORE RIZs [E] ( Q, 8, T) it F (b ) Witz S A MR S5 A
=Dt At tansat ayat  1a90,05 140 ,95,941 .01
=D q b At ansast lasant e a0.a5t 1 g ,95,0.0 .01
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T, EETIC S 1 R B 1 AR A A (Q, S, T) dlad T iR A iR 72 195 1,

BiE 1 REERNE RIS E(Q,S,T) ARG 72,

W BLEZER(Q,S,T) .

w7,

(1) > 7(S)/~=0, % =,

(2) Hig% 1 X7 (S) #1758 7 (S)/~={[Y]IYET(S)};

(3) W[ Y] e 7 (S)/~ ELTHHET(Y);

(4) ZTN(Y)em W72 =% U[T'(Y)};

(5) & T(8)/ ~=F(8)/~=| [ Y]] H5 7 (8)/ ~#D JUHEFLIR(3) FWHEFLHE6) ;

(6) it 7",

B B2 017 (S) 1),

R, FET 05 1 BoE B 2 Sy BRI RIZE 18] (Q, S, 1) adid LR A RSN M 72 Ik 2.

Bk 2 REEE IR (Q,S,T) BHIRSE ) 72

HIN  BOBHEEERN(Q,S,T) .

=k s/

(VS 7(S)/~=0, % =1,

(2) Hid5 1 % 7 () AT KRS 7 (S)/~={[Y]IYEF(S)|;

(3) fEMR[ Y] e 7 (8)/~ , HEXL 8T (Y);

(4) HZT(Y) e W% =% U{T(Y)};

(5) % 7 ($)/~=T()/~=|[Y]| ,# T (8)/~#D WL 3) , FMEFLE(6) ;

(6) Hth 7"

R 2 IR SN O(1L.7 (S) 1) o

H1 FT-HURSAE FIrAa O IR SR M B 2 7 il 1 nIARan R 4518 .

Rl 2 (0,8, T) AR RIS |, .77 & —AN MR ES ]

ERR W2 ={T(V)IYeZ (S} ,hfd 1(2) (3T, 0% ,H(T)AT'(Y,UY,)=T"(Y,)U
T7'(Y,) W 72 2RI, Bk, 2 & — AR,

FHE X 8 Flamdl 1 A 4518,

AR 3 W(Q,S,T) BT las ], W) 72— A 2s ]

ER 7= (T (Y)IYeZ(S)] , MA@l 1(2) (3)AD, Qe X", HA4)AM T (Y,NY,)=T(¥,)N
T*(Y,) 0 72 JRAc =, B 7 & —A R A 25 ]

W4 R(Q,S,T) BT IEs ], & 1.7 (S)/~ 1 =125 WARRES (] 7%~ SR s a) o2 X, Bl

H=\K\Q-K e, X'=\KIQ-K'eX},

R XFK ez M Ive s (S) M K =T"'(Y)={geQl IseS, 0<T,(s) <Y(s)| ,B2q ¢K 1)
FOTBESASENFGA s€ S, T,(s)=08K0<T,(s) M0 Y(5)<T,(s),HITF17(S)/~1=12°1 Wit (Q,S,T) &
Sy ZS (] I8 4 ' & K -SSR B s €S, T,(s)= 0 8(0<T,(s) ,fHY(s)=0, T,(s)=1,T
JEHL Y (5)=1-Y(s) WA s€SH T,(s)<Y'(s) NMIAVYseS, T,(s)<Y'(s),XEW ¢ eT (V).

VIEEM % ={K 1Q-K e %"} ,H %" ={K'IQ-K' € %},

FR 4 RUPY1.7(S)/ ~ 1 = 12° |Bf, B FT-HHBEAE A L3 A ) 5 AR AR A TR S R R X Y

FERSLERIZS B (Q,S,T) W, B8 72 fEAt A5 N oh2E 2 =5 ]

w52 (0,8, T) R E, X geQ, seS, iL G, ={peQIO<T,(s)<T,(s)|, £ (s)=1G,]
q€0i,

SI3 1 % (0,S,T) EHUT s A, span( U & (5))=7",

iERR — 51, A 1 0, span( & (s)) C. %, H—JrH WK e %, Ave. 7 (S) fHii5
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K =T (Y)={qeQl3s€S, 0<T,(s) <Y(s)},
WY, =1{slTqgeQ, 0<T(s)<Y(s)| , MK =U U G,, #q €K ,WIseS, 0<T,(s) <Y(s), KW s€

geK-seYg-
Yoo, Hq'€G, Mg e U y G, K" C U u Gi#iq €K ,¥YseS, 0<T,(s) <Y(s)#EBAMAL, I
geK~Se¥g~ qeK~ SEXK—

VseS, T,(s)=0 T,(s)>Y(s), HEFX ge K, LA T,(s)<VY(s),Hitbg'¢ U U G MK 2

geKk~- seYg-

U UG, K =U UG, K% Cspan(< (s)),7%&H] span( Usfg’(s)):k%"o

geK~ seYg- gek~ se¥g- 1
BB 1 403 72 OFER AR K- HATHATRA 7 () M93F1951.
X9V B 7 RIFEIANG ¥ 5 RERESKIR 7 0 NS B 5 77 193 B span( ) = 7.
3120 ) RN G VB e s, 1B\ U XI=1.
I3 Q.S 7) RMBLERIAT, 7 IR AMC Y G e Us (), 16\ U XIS,

Xe U .‘6(3),XCG‘,§
ses

IR Ak, B ARS8, )T Z Mk, FHY G, e UL (5),[G)\ U  X|s1,H5131

Xe U %(s), XCG}
ses
%" =span( ,US'@(S)) ] 2C span ( Usf‘f(s) ), VBe B, & \B\X ﬁUXCBX\ =1,iH51¥2%,(0,5,7)ES
1) .7 s A5 ],

%%rio%%‘*%iﬂérﬂ,wﬁqeusséf(s),i’uG;eﬁﬁq‘,ﬁh%l}iz’fu\G;\ U X|[=1;4

Xe U Z(s) ,XCG,}
ses

G, ¢ AW 4 0=|G\G,|=|G)\ u Xl

Xe U (s), XCG;
ses

Zi b |G\ u X<t
Xe U fﬁ(s),XCG})

R 3 ULEH 7 R A R ) A Al A S [0 (0, S, T) B iy & (s) #7412
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Fig.1 Learning paths diagram for the lower inverse model in example 1
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Fig.2 Learning paths diagram for the upper inverse model in example 1
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Fig.3 Learning paths diagram for the upper inverse model in example 10
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