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On Development of an Automatic Tool for Extracting Association Rules

a user query using Formal Concept Analysis

Tt

Fung-Hee Kim' - Suk-Hyung Hwang™ - Hong-Gee Kim'

ABSTRACT

Formal Concept Analysis (FCA) is a widely used methodology for data analysis, which extracts concepts and builds a concept
hierarchy from given data. A concept consists of objects and attributes shared by those objects, and a concept hierarchy includes
information on super-sub relations among the concepts. In this paper, we propose a method for extracting Implication and Association
rules from a concept hierarchy given a query by a user. The method also describes a way for displaying the extracted rules. Based on
this method, we implemented an automatic tool, QAG-Wizard. Because the QAG-Wizard not only elicits relation information for the given
query, but also displays it in structured form intuitively, we expect that it can be used in the fields of data analysis, data mining and
information retrieval for various purposes.

Key Words : Formal Concept Analysis, Concept lattice, User Query, Implication, Association Rules
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tl t2 t3 t4 T5 t6 t7 t8 t9 t10
sl X X X
s2 X X X X X
s3 X X X X X
s4 X X X
sD X X X
6 X X X
7 X X X X X
s8 X X X
s9 X X X
s10 X X X
sll X X
s12 X X X X X
s13 X X X
sl4 X X X
sl5 X X X
tl: Cool, 20 ARTZ, 13 Javadlo, t4: =g A, 5 SFAA, t6: LaglE, (7: 2AZEY T8 18 AL TE, 19 HAFETR, t10: vlo] ARZZAA

(E 3) 29 context2RE F=351 IHE

cM
=
=

intent(0)={tl,

Concept Extent Intent
cl (0] {t1, t2, t3, t4, t5, 6, 17, t8, t9, t10}
c2 {sl, s5} {tl, t2, t5}
c3 {s2, s7, s12} {t1, t2, t3, t6, t7}
c4 {s1, s2, sb, s7, 89, s10, s12, s14} {t1, t2)
5 {s3} {tl, t4, 8 t9, t10}
c6 {sl, s2, s3, s4, sb, 6, 57, s8, 9, s10, sll, s12, s13, s14, s15} {t1}
c7 {s2, s4, s7, s8, s12} {t1, t3, t7}
c8 {s3, s6} {t1, t4, t9}
c9 {s2, s7, s9, s10, s12, s14} {t1, t2, t6}
cl0 {s2, s4, s7, 8, sll, s12} {tl, t3}
cll {s3, s13, s15} {t1, t4, t8}
cl2 {s3, s6, s13, s15} {t1, t4)
[®e] 2] Formal concept [1] H 53], AAAFOT SAHTAY] extento]™, sAldl, &
91¢919] Formal context K=(G, M, Dol di3le], OcG, A ARAFAE AANFT0Y intent7} HT) o]9F e whHow
M% o intent(O)=A A extent(A)=0Z WZ3&t= (O, A) formal context K=(G, M, DZ%¥ &3 =& /MdE9 #

70d (formal concept)o] &k o},

o intent(O):={a€M|Vo€0:(o, a)E}=0’, extent(A):={o
€GlVaeA: (o, a)ET}=A’,

t2yolty.  @H|, e
extent(A)d] 98] AQ £AHEL 72t

F Atk 4= 59, A={t6, t7}ol
s12}o|t}.

S

1

1], extent(A)={s2, s7,

=2 (0, A)gk 22 FEle] F(pair) o= A9

45 B(K)':{(O A)e2°x2M | intent(0)=A A extent(A) = O}
2 yepdth % 29| formal context2HE F&3 BE 7|
YE BR)E #3373 Z2th o] & =&AA 7leHe cl712
= <E 3o #2719 /de yepdth

Y9} o] Fo]Z formal contextZHE FEH NIELS
extent =¥ intentE EWE AY-sIME@AZS A9
T A

[A9] 3] 4319 # A (Superconcept-Subconcept relation ) [1]
917 formal context®] 4<j9] 7Id (01, Al), (02, A2)
EBX) wisted, Askel#A (01, AD<(02, A2)= ¥F9
Wk B (partial order relation) 24 v} 7o) Aot}
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(32! 1) ®29| contextoll Chet JHAZR}

(01, AD<(02, A2) & 01c02(& AlDA2). |

[He 4] =34 39 ol (lower neighbor)® =3 A9
o] % (upper neighbor) [1]

Formal context K=(G, M, Dol &Aj3l+= ZE N9 I

< BK)E s, Md Xy, Y, Xy, Yo)EBEK)Ol thal,

Xy, YO<(Xy, Y& wHEehar, (X, Y)<(Xs, Y3)<(Xy, Yo &

Sk (X5, Yo)7F BK)Ol EA8H4] &S o, (X, Y=
Xz, Y2o &3 389 olxeolgt ki, (X, Yo' (X, YV
24 &9 ool 3 (X, Y1) <Xy, Y2l ®7]8}

[ |
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OH nEoiR AFA MIF2E NdZA2HConcept Lattice
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{t10} = {97} AHES & & Aok oA 23, #2090 F
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|extent(Q)| >minconf& T
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| extent(QUR) | | extent(QUR) |
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DA QRO A A T (support) €t 41 % (confidence) 2} 2L
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:
= ]

Adste Tt **—ZHTS B, 8o 20 ¢
extent(Q) Cextent(Q\Y), ThAl 3] Q=Q\Y
2, 2 minconf=10] 22 1#3}A] &=

e S0 <F 2>9 contextol ‘CHO}"{ A9 Q={t2},
mmsup—04°‘ o, Aol Qofl Age Mde cdo, Ao

= ({t2}, cdolrh. =3 Hol {127} c49l intentd! {tl, t2}
SJJr 7EL7<] gom sl s2, 5, s7, s9, s10, s12, s14}/IGI=053
>minsup®] B2, A9 {t2}el]l digk T+ ((tl), s],
s2, B, 87, 9, s10, s12, sl4}, {t1, 2))&x & 5 9}

mlru
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[He] 9] dAxE

Formal context K=(G, M, Dol tigt Fojx Ao QcM
o Hg3 7dol (X, YYEBK) 2 d, 9499 (X1, YI),
(X2, Y2) EBK)7} (X1, YD<X, Y) A (X2, Y2<(X, V)

X1 |X1]

A (X1, YD=<(X2, Y2)& W31, |6 >minsup, x| >
minconf °]®, (YI\Y2, (X1, YD)E Z2oQel ujzt daw
Zo|t} g Ao gt} ¢ minsup, minconf<[0, 1] [ ]

Fol Aol Qo Agd Aol (X, V)&hd, (X1, YD <

0f0
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X, Y) #A A= 7
3o 93, YOQE é—?”‘é
o7 71—.‘: 714;]]_/] @
ABdANH Aol 4%

of, Folzl AejQst ?3%7_74101]
7F . dE &
{t2}, A4 % minsup=0.1, minconf=0.25¢]2} &}H,
o A3st /Mde c47t At

9 (X1, YD extente! Xl%, 49
o= }Xl”q/ﬂ Yl\Y

49 {t2)
ol (X1, Y1)=c3, (X2, Y2)=
c9} 8, ¢3<cd, c9<cd, c3<c9E wEsH, [X1l/IGl=0.2
>minsup, [X1l/IX]=0.38>minconf’} A HeEZ, YI\Y2=
{tl, t2, 3, t6, t7TI\{t], t2, t6} ={t3, t7}e] A} = Q={t2}
o], minsup = 0.1, minconf = 0.25¢1 7%, ({t3, t7}, ({s2, s7,
sl2h, {tl, t2, t3, t6, t7)E dAd==g & 5 ok

A Z7HA A3k Formal context K(G, M, Dol o2 2
°] QcM, 7t A % minsup, minconfell e Hejwre
gr= 9 ﬁ%iEE Y, X, Y8 22 gz °1H*§}3}
of Yehd 4 ke, (X, Y)EBXK), YCY). o] 1, Y=
o] Ho|E(Label), (X, V)& x==¢] 7§d(Concept)e]z}t OPE],
E =29 A4S NKQ)minsup,minconf 2t ¥£7]8}H, o]
19719 A] = =(QAN: Query-anchored Association Node)
th <& 2>9 contextel dgte], N(K{t2))0.1,0.259] €
ZF e EE At UJEE <FE 4>3 2k

= o.u_g_

w

B S (g
e u

[H2] 10] == 2+ #A
Formal context K=(G, M, Dol Foxd #¢ QcM,
minsup, minconfol #I F == n=(Y1", (X1, Y1),

no=(Y2", (X2, Y2))EN(KQ)minsup,minconf ol &} t}-&
I 2 20E WS i et d9 Qo dlE) At
Aol ot 48l r(ng, n)E E 7|8

(X2, Y2)< (X1, YDAYI'NY2'=@OAY1 =Q
& (X1, YD=(X2, Y2)AY1=Q
(9] .= =7} N(Kq)minsup,minconf el &8t
r(ny, n2) 8
or
(X2, Y2)< (X1, YDAY1I'NY2'=0
(3] ==7} N(KQ)minsup,minconf el <A

4 ek 49

@ RSN(KQ)minsup,minconf X N(KQ)minsup,minconf
||

CE 4> & 29| contextofl CHEF N(K{t2})0.1,0.25

= 3 gol s 7
nl Ao {t2} c4
n2 ol {t1} c4
n3 A= {t5) c2
n4 A= {t6} c9
nb AT {t3, t7) c3




434 ZE2MelEe=2X D M15-DF H3=(2008.6)

[Ze] 11] #A 7154 <E 45 AR

=
=

Formal context K=(G, M, Dol Fo{x &2 QcM, 01,025 el &A= A

minsup, minconfoll 3 F == ni=(Y1", (X1, Y1), n=(Y2, c4), no=({t1}, c4) EN(K{tZ} 0
(X2, Y2))EN(KQ)minsup,minconfe] thalted, #A r=(n;, no) ol M) A (9] #olE =
Lx2| X3 el A ol

ERe] 24 W, &4 ro] HEAE W) = (6], lo])
| x2| | X2]

ATHaL @
A= (053, Dol &
2t Ao, g & A rol AAE=(support), || & # t7}, c3)EN(K{t2})0.1,0.25 "HOPC’% c3<c9 A {6} N {tS

o=
T

o =7k N(K{t2})

a2 EE n=({t2),
EHOPC’% (9] 7
& mot Aol Qo
A r=(m, )9 7}
Fn=({t6}, 9), ns=({t3,

m=

A o) 8% (confidence)gt 2+ 4 2] 3t} [ | t7)= @ A {t6)=Q o]BZE n= ns¢t 29 Qo ths] ¥
CE 5 E 40| EXlote =& Zhe| 2 &E R
A Source Target Support Confidence
rl nl n2 0.53 1
2 n2 n3 0.13 0.25
r3 n2 n4 0.4 0.75
r4 n4 nd 0.2 0.38

# Support®} Confidence= ZVZ} 24 ol AA #lglollA] W&t Zyjolch
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Input: Formal Context K=(G, M, D¢] g A2 L=(B(K), E=), AH&-A H2JQcM,
minsup, minconf&[0, 1]

Qutput: 22 7|WH#&HA 18 = (N(KQ)minsup,minconf, R)

1. N(KQ) minsup,minconf:=@, R:=, nextLevel:=0

2. for each (X, Y)EB(K)

3. if QEY then

4 Super:=Find all (X;, Y)EC such that (X, Y)<(Xj, Y1) in E<

5 it QY of any concept (Xi, Y1) in Super then

6 N(KQ) minsup,minconf:={(Q, (X, Y))}

7. if IXI/IGI=minsup then

8 if Y\Q#=@ and then

9. N(KQ) minsup,minconf:=N(KQ) minsup,minconf U{(Y\Q, (X, Y))}
10. nextLevel:={(Y\Q, (X, Y))}

11. Add edge (Q, (X, Y)>(Y\Q, (X, Y)) to R
12. @Q, X, Y))=»>(Y\Q, X, Y)).weight=(XI/IGI, 1)
13. else then

14. nextLevel:={(Q, (X, Y))}

15. break loop;

16. if nextLevel =@ then
17.  addAssociationNode(nextLevel)

function addAssociationNode(nextLevel)
1. currentLevel:=nextLevel
2. nextLevel:=0)
3. for each (Y', (X, Y))EcurrentLevel
Sub:=Find all (X;, Y))€C such that (Xj, Y1) < (X, Y) in E<
for each (Xj, Y1)ESub
if [Xil/IGl=minsup and |1Xil/|Q’|>minconf then

5
6.
7. it (Y1\Y), (X5, Y1) % N(Kq) minsup,minconf then
8
9

~

N(KQ) minsup,minconf:=N(KQ) minsup,minconf U{({Y;\Y}, (X1, Y1)}
. nextLevel:=nextLevel U{({Y;\ Y}, (X;, YD)}
10. Add edge (Y", X, Y)>UY:1\Y}, (X3, Y1) to R
11. (Y, (X, Y)Y\ Y}, Xy, Y1).weight=(1Xi//IGI, IXi//1Q'])
12. if nextLevel#@ then
13.  addAssociationNode(nextLevel)
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