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Abstract

Based on the internet-based infrastructures such as various information devices, social network
systems and cloud computing environments, distributed and sharable data are growing explosively.
Recently, as a data analysis and mining technique for extracting, analyzing and classifying the
inherent and useful knowledge and information, Formal Concept Analysis on binary or
many-valued data has been successfully applied in many diverse fields. However, in formal concept
analysis, there has been little research conducted on analyzing interval data whose attributes have
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some interval values. In this paper, we propose a new approach for classification of interval data
based on the formal concept analysis. We present the development of a supporting toolGFCA) that
provides the proposed approach for the binarization of interval data table, concept extraction and
construction of concept hierarchies. Finally, with some experiments over real-world data sets, we
demonstrate that our approach provides some useful and effective ways for analyzing and mining
interval data.
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Table 1. Binary Data Table

at 2 a3 EZ ab
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Fig. 1. Concept Lattice for Data Table 1
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Table 2. Many-Valued Data Table

mi m
gl 0 21
® 3 50
e8] 6 6
o 6 8
e3] 9 17

F 3 Nominal scale®| of
Table 3. An Example of Nominal scale
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vehd 4 low, 7 Aelle dd AA7E 2E
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Table 5. Scaled Binary Data Table of Table 2 based on
Table 3 and 4

m(ml[ml|m{m|m| m [ m
=0 | B | 6| D |<18|<40| <65 | >65 | >0

al X X X

Smi mi=0 mi=3 mi=6 mi=9
0 x
3 x
6 x
9 x

E 4. Bordinal scale2| of
Table 4. An Example of Biordinal scale

sm mP<18 me<40 me<s m2>g5 me>=8
2 5 0
17 X X X
21 X X
X
X
88 X X
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E 7. OXIHO[EEOIE TKING, 5)
Teble 7. Binary Data Table TK(m3, 5)

12 (25 [45] 691 [7,10]
12 x x x
[25] x x x
[45] X X X X
691 x x x
[7,100 x x

81 3. FHEAA BTKIS, 5)

Fig. 3. Concept Lattice B(TK(MS, 5))
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end_for
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3
for al mEM do
DIKm) = Binarization(K, m, 6m, TK(m, ©));
end_for

3, 2 SM=0|| ChEt ORISR 4%
EHolESe wst

=== o=

for all DIK1), DK E{DKMIKTHG, m, (W,
IN(G{m}) for all meM do
Let DIK1) = (G, M1, 1), DIK2) =G, M2, 12);
DK=(G, M, U My, U L),
Bk M= {i}x M, Ii= {i}x I, for i€ {1,2};
end_for
4. O[ZIHo[EfEf0 S 2FE THASE
B(D(K) = ExtractConoepts(D(K));
5. FHEZR} =
B(D(K)) = BuildConceptLattice(BD(K)):
Retum BDK));

SRUZDIE(MIHS] OFIc[0[Ef

Function Binarization(K, m, ©, TKim, ©))

- 23 - IO EE0LE K
- &3 ORIo[EEOIE D
1. E><trac‘[Conoepts( (TK(m, ));
2. S(TKm, ©)={(A BEB(TKM, 0))A=B);
3 U(TK( mO)={(ABEBTKMONIAB =(XY)ESTKMO};
4, for al cEUTK(m, ©)) do
CSmO=CS(m,B) U{ixyll Vla,bllcdlEintent(c):min(acl=x Amex(b,di=y}
end_for;
5G=G
6. N = UmeM{mixCS(m, O));
7. for al g€G do
if M@ECSMO) then J=J U
end_for;
8 Retum (G, N, J);

G MMWMIMEM, 1), m,
K=G, N, J)

g, (m, CSMO)k

Function ExtractConcepts(K)
- 22 : O|XIH|O[E{EfOIE K=G, M, I)
- =24 JEEIE BK)
1. for al g€G do
2 BK = BKU{ (extentlintent(g), intent(g)) %
3. end_for
4, for al ceBK) do
5. for al g€(Gextentlc)) do
6. X = extent(c) U{gh
7. if (extent(intent(X)), intent(X))&B(K)) then
8
9

BK)=B(K) U{(extent(intent(X)), intent(X))};
end_if
10. end_for
11. end_for
12. Retum B(K);

Function BuildConceptLattice(B(K)

— IEi . 7HL4K|3'~ B(K)

- &34 JIETR| BK) =
1. for all c1€BK) do

2 for al 2EBKHct} do

BK, E<)

3 if (c1<c A ABEBKHc!, 2

4 c1<c3 A c3<c2) then
5. E< =E< U {1, 2%

6. end_for

7. end_for

8. Retum BIK);

4
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Table 8. Bnary Data Table after Binarization

ol x x x

R x x x

B x x X X X

o X X X x x x
® x x

m2;[8.0, 12.0]

m3: [Eﬂ 10,01
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A NE ‘
m3: [Eﬂ 8.0] P
SN, m B

TR 4. ERRSE| AT IR
Fig. 4. Concept Lattice extracted from Table 8
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Fig. 5. Conoept Lattices for each
attributes
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0| 7 B|o| Ef B 0| & NexE =8
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Fig. 6. Architecture of Supporting Tool(FCA)
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Engine Top

Price
Capacity Speed

Step Length Width Height

car_1

[27806,33596] [[1370,1910] | [185,211] | [254,254] | [406,4086] | [171,171] | [143,143]

car_2

[40230,68838] | {1595,1781] | [189,238] | [250,251] | [415.415] | [174.174] | [142142)

car_3

[19229,30885] |[1242,1910] | [155,170] | [246,246] | [380,384] | [166,166] | [148,148]

car 4

(19242,24742] |{1242,1753] | [167,167] | [245,245] | [383,383] | [163,163] | [132.132]

car_s

[19837,29034] | [1242,1242] | [158,174) | [238,238] | [372,372] | [169,169] | [144,144]

car_6

[18402,24192] | [998,1348] | [150,164] | [236,236] | [375.375] | [160,160] | [144,144]

car_7

[19212,30612] | [973.1796] | [155,202] | [249,249] | [382,382] | [165,165] | [144.144]

car 8

[16992,23492] |[1149,1140]| [151,168] | [235,235] | [343,343] | [163,163] | [142,142]

car_9

[21492,33042] | [1119,1994] | [160,185] | [251,251] | [399,399] | [169,169] | [142,142]

H 9 1289| ASHOE]| CHEt 25 37 (K| SMS9| ARL
Table 9. Threshald values for the major three attributes of experiment
data in Fig. 8

om Price Engire Capacity Top Speed

car_10

[19519,32686] | [1397,1896] | [157,183] | [246.246] | [396,396] | [165,165] | [145,145]

car_11

[#1593,62291] | [1598,2492] | [200,227] | [260,260] | [443.443] | [175,175] | [142,142]

rar 17

€ar_28)

rRR21A 1407451 | 11781 417911 1214 25m | 274 27R1 | rarngam | rig1 1211 [ ras 1as

[240292,391692] | [3586,5474] | [295,298] | [260,260] | [476.476] | [192,192] | [130.130]

car_29

[205242,215242] [ [2977,3179] | [260,270] | [253,253] | [414414] | [175,175] | [129,129]

car_30

[413000,423000] [ (5992,5992] | [335.335] | [265,265] | [447.447] | [204.204] | [111111]

car_31

[155000,159500] | [(3217,3217] | [280,290] | [266,266] | [451.451] | [182,182] | [131.131]

car_32

[132800,262500] | (2799,5987] | [232,250] | [252,252] | [447.447] | (181,181] | [129,129]

car_33

[147704,246412] | (3387,3600] | [280,305] | (235,235] | [443444] | [177 183] | [130,131]

45000 00 00

Il 163149.58 233943 6824

1] 100000 10000 100

Iv.

T2l 8 AfEHolH
Fig. 8. Experiment Data

| Engine Capacity; [1149 0,1148.0] |/] Engine Caparny [1242.0,1242] [:I]|

//

Engine Capamt\r [3217.0, 321? U]
Price: [155000.0, 159500 0]

Top Speed: [167.0, 167.0]

Engine Capatity: [5935.0, 5835.0] |
Top Speed: [335.0, 335.0]
Engire Capacity: [5992.0, 5992.0]

T2 9, H9o| ARt ElehE 37k £A(Price, Engine Capacity, Top Speed)0fl 2235104 AME x|
Fig. 9. Classification Herarohy generated by applying the threshold value set | of Table 9 on the three
attributes(Price, Engine Capacity, Top Speed)
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[Brgine capasity . 11242 { Engine capd Prce: (189020, 17141707 |

[Engine Capa Price: (F0d0n 1 Price: [B462.0, 188702.0] |.0, 3217.0] ed: [185.0, 250.0]|

1
[Engine Gapacity [ Price: (50480 0, 1[ Price (364620, 171417 .0] [op | Top Speed: [ op Spasd: [150.0, 2110

/

/\\

Engine a.pm{m. [50480.0, 171417.0]

Tnn Speed: 2 Tnanup Speed: [155.0, 111 m|

‘
car_
l' 7=p Speed: [185.0, 2zun

-'l "
f :".a

3 ;
\ 'i.
m Top Spee, et 22001 [0, 501
g v @

Engine Capasity; {54350, 5492 0]

[Fon § Eruine Gapasty: B2 7.0, s | e [£4.1° Speed: P04, 2110] ne Gapacity: pa3a0 535 njfe 1413000 0, 423000 0]

T2l 10, H99| AR TENE VK| &4
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Fig. 10. Classffication Hierarchy generated by applying the threshold value set Il of Table 9 on the three
attributes(Price, Engine Capacity, Top Speed)
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car 7 /
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Ton Sneed: | Togf car_33 [280.0,290.0]
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Top Speed: [298.0, 306.0]

bp Speed: | Top ¢ Speed [204.0,211.

Top Speed: [335.0, 335.0]
Price: [413000.0, 423000.0]

2111, H99| ARL
Fig. 11. Classification Hierarchy generated by applying the threshold value set Il of Table 9 on the three
attributes(Price, Engine Capacity, Top Speed)
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