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Abstract: At present the three-way formal concept analysis is only applicable to the traditional formal con—
text and can’t deal with the formal context in the fuzzy environment. In order to solve this problem this pa-
per combines the three-way formal concept analysis with the theory of fuzzy set proposes the fuzzy three-way
operator and its inverse operator and studies its related important properties. On this basis two kinds of fuzzy
three-way concepts are defined namely attribute-induced fuzzy three-way concepts and object-induced fuzzy
three-way concepts. Then taking the object-induced fuzzy three-way concept as an example the concept-cog—
nitivedearning approach to the fuzzy three-way concept is discussed and the cognitive learning of the incom—
plete fuzzy three-way concept is realized in the environment. Finally in order to explain and illustrate precise—
ly the proposed theory the paper gives a case study and designs an algorithm at the same time it uses some
data sets for experimental evaluation. These results further enrich the theory of three-way formal concept analy—

sis and concept-cognitive learning.
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1
Tab.1 A fuzzy form background

U GRP UR EGI HDI DE GS FCR

X, Algeria 0.01 0.45 0.03 0.70 0. 84 0.83 0.21

X, Bhutan 0.01 0.36 0.10 0.50 0.74 0.78 0.18

Xy Colombia 0.01 0.74 0.04 0.75 0. 82 0. 60 0.30

Xy Dominica 0.02 0.68 0.04 0. 69 0. 85 0. 80 0.22

Xs Grenada 0.01 0. 39 0. 00 0.75 0. 69 0.77 0. 36

X Jamaica 0. 01 0.52 0. 01 0.72 0.69 0. 80 0.37

X, Lesotho 0.00 0.28 0.04 0.45 0.78 0.78 0.45

Xg Mexico 0.01 0.78 0.02 0.77 0.85 0. 88 0.25

Xg Nigeria 0.02 0.50 0.07 0.46 0.78 0. 80 0.30

Xy Rwanda 0.03 0.40 0.08 0.44 0. 60 0. 80 0.23

(& ({(GRP 0.01) (UR 0.46)
o (EGI 0.04) (HDI 0.45) (DE 0.78)
. (GS 0.80) (FCR 0.21)} {( GRP 0.98)
. (UR 0.52) (EGI 0.93) (HDI 0.42)
(X (B C)) (FCR 0.65)}));
X 2)
X . (XU(BO 'Y (BC nx™ =
(B C) A ({(x, 0.14) (=, 0.18) (x, 0.09)
B C (x, 0.25) (x, 0.20)} ({(UR 0.28)
\ X B (DE 0.70) (GS 0.60)} {(GRP 0.96)
C (UR 0.26) (EGI 0.92) ( HDI 0.25)
(X (B Q). XBC (FCR 0.55)}));

X = {(x 0.14) (=x; 0.18) (=x, 0.09)
(x, 0.25) (x, 0.20)}

B = {(GRP 0.01) (UR0.46) (EGI
0.04) (DE 0.70) (GS 0.80)}
C = {(GRP 0.96) (URO0.52) (EGI
0.92) (HDI 0.42) (FCR 0.65)} .
3 (X (B Q)
X" (B¢t
X" = {{(UR 0.28) (HDI 0.45) (DE
0.78) (GS 0.60) (FCR 0.21)} {(GRP
0.98) (UR 0.26) (EGI 0.93) (HDI 0.25)
(FCR 0.55)}} (B C)"' = O&.

(X(BQO) ¢ @ U

3 Case 1 Case 2

3)
(BO' (BC nX")) =
({(UR 0.28) (DE 0.70)
GS 0.60)} {(GRP 0.96) (UR 0.26)

(
(0
(
(EGI 0.92) (HDI 0.25) (FCR 0.55)}));

E

(XNn(BO*' xM
(D ({(UR 0.28) (HDI 0.45)
(DE 0.78) (GS 0.60) ( FCR 0.21)}

{(GRP 0.98) (UR 0.26) (EGI 0.93)
(HDI 0.25) (FCR 0.55)}));
5)

X" (BC) nx")) =

{(x, 0.21) (x, 0.25) (x, 0.22)

x, 0.28) (w 0.30)} ({(UR 0.28)
DE 0.70) (GS 0.60)} {( GRP 0.96)
UR 0.26) (EGI 0.92) ( HDI 0.25)
FCR 0.55)}));

—~ o~ o~ o~ o~ o~
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6) (UATD | Ul'* « X
(XN(BO ' (BO)'") =(@ (4 4)) X a
7) X B
(x"™ (BC) ux")) = C A

({(x, 0.21) (x; 0.25) (=x, 0.22) o B C

(x, 0.28) (x, 0.30)} ({(GRP 0.01) pla) () pla) + p(b) <1

(UR 0.46) (EGI 0.04) (HDI 0.45) 1 FCA

(DE 0.78) (GS 0.80) (FCR 0.21)} (U AT (X (B
{(GRP 0.98) (UR 0.52) (EGI 0.93) o)

(HDI 0.42) (FCR 0.65)}));

8) begin

4.2

(Xu(BQo' (BO'" =
({(x, 0.14) (x; 0.18) (=x, 0.09)
(x; 0.25) (x, 0.20)} (A A)) o

3 Case3 Case4d

1) (D (A A4));
2)
({(x, 0.30) (x; 0.25) (=x, 0.31)
(% 0.28) (x, 0.50)} ({(UR 0.28)
(DE 0.78) (GS 0.60)} {(GRP 0.98)
(UR 0.26) (EGI 0.93) (HDI 0.25)
(FCR 0.55)}));
3)
({(x 0.21) (x 0.25) (x, 0.22)
(% 0.28) (x, 0.30)} ({(UR 0.28)
(HDI 0.45) (DE 0.78) (GS 0.60)
(FCR 0.21)} {(GRP 0.98) (UR 0.26)
(EGI 0.93) (HDI 0.25) (FCR 0.55)})) .
16
3

for (X (B C)) do

if (X (B C)) e® then

return: (X U (B C)" (X U (B
OB ux")?t
(B C) ux™
end
it (X (B C)) 2 then
return: (X N (B €)' (X N (B
OB o) nx")?t
(B C)nX")
end
if (X (B C)) edpN{2 then
return: ( X (B C))
end
else
stepl: Case 1 (X (B C))
(X, (B, C))
Case 2 (X (B Q)
(X, (B, C,))
step2.: Case 3 (X, (B, C)))
(X, (B,
c)) Case 4 (X, (B,
C,))
(X (By Cy))
step3: return ( X,, (B, C,)) (X,
(B Cy))
end
end
end
( https: // archive. ics. uci. ed u/
ml/index. php) 4 “Move—
mentdibras”  “Vehicle”  “Winequalityred ”
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“Winequality-white” . 1
° ° o
Matlab 4 “own— o
datal”  “owndata2”  “owndata3”  “owndatad” « 0.1 0.3 0.50.7 0.9,
2,
° 3 0 4 ~5,
2
Tab.2 Information about fuzzy dataset
No. Dataset name Objects Attributes
1 Movement-ibras 360 90
2 Vehicle 846 19
3 Winequality-red 1599 12
4 Winequality-white 4 898 12
5 owndatal 9 000 9
6 owndata2 18 000 11
7 Owndata3 36 000 10
8 Owndata4 72 000 11
3
Tab.3 Information about experimental environment
CPU Intel( R) Core( TM) i7-6500U 2.50GH,
Matlab R2014b
Windows 10 64bit
DDR3L 4GB 1600Mhz
WDC WD5000LPCX-24 VHATO 500GB
4
Tab.4 Learning results of fuzzy three concepts
o 0.1 0.3 0.5 0.7 0.9
Movementibras 2 2 2 2 2
Vehicle 2 2 2 2 2
Winequality—red 2 2 2 2 2
Winequality-white 2 2 2 2 2
owndatal 2 2 2 2 2
Owndata2 2 2 2 2 2
Owndata3 2 2 2 2 2
Owndata4 2 2 2 2 2
5
Tab.5 Run time on per experiment
a 0.1 0.3 0.5 0.7 0.9
Movementibras 0.046 9 0.093 8 0.1250 0.187 5 0.218 8
Vehicle 0.0156 0.062 5 0.078 1 0.078 1 0. 140 6
Winequality—red 0.046 9 0.093 8 0.109 4 0.1250 0.187 5
Winequality-white 0.078 1 0.140 6 0.2813 0.406 3 0.546 9
owndatal 0.140 6 0.3750 0.578 1 0.843 8 1.2656
Owndata2 0.203 1 0.750 0 1.5313 2.593 8 3.906 3
Owndata3 0.406 3 1. 968 8 4.578 1 8.203 1 13.015 6
Owndata4 1.109 4 6.390 6 16.578 1 29.546 9 46.859 4
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