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Abstract: Concept lattice, the core data structure in formal concept analysis, has been used widely in machine
learning, data mining and knowledge discovery, information retrieval, etc. The main difficulty with concept
| attice-based system comes from the lattice construction itself. This paper proposes a new algorithm called SSPCG
(search space partition based concepts generation) based on the closures search space partition. The algorithm
divides the closures search space into several subspaces in accordance with the criterions prescribed ahead, and
introduces an efficient scheme to recognize the valid ones, which bounds searching just in these valid subspaces. An
intermediate structure is employed to judge the validity of a subspace and compute closures more efficiently. Since
the partition of the search space is recursive and the searching in subspaces is independent, a parallel version can be
directly reached. The algorithm is experimental evaluated and compared with the famous NextClosure algorithm
proposed by Ganter for random generated data, as well as for rea application data. The results show that the
algorithm performs much better than the later.
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SSPCG(search space partition based concepts generation),

, Ganter NextClosure
: TP18 CA
[
[2-5] , .
, , :Bordat NextClosure CbO(close by one)
Norris Chein Godin 8 ) ,
NextClosure [ e , .
SSPCG(search space partition based concepts
generation), ( ) ) )
1
) K=(GM,)), .G M J1cGxM
G M (gm)el, “ g m’.
AcG, A'={meM|VgeA,(gm)el}; BcM, B'={geG|vmeB,(g.m)el}.
K (AB), AcG,BcM,A'=B,B'=A. A (AB)
B (AB) K (AB) (C,D), BeD, (AB) (CD)
(CD)  (AB) . (CD)<(AB). ; B(K)=(B(K).<), B(K)
K , , K
1 K, 1 e,
Tablel A example: Formal context k (1,2,3,4,5},9)
1 : k
Il a b c d e f g h i {L230a)  {L24hch  {@S5HB) (2350
1 1 0 1 6 OvjJ1 0® 1 0
2101 0 0 01 0 1 (L2)fach (230{agih) (L4hfch)
3 1.0 0 1 0 0 1 0 1
4 0110 01010 {hfachhh) (2Maceh (BMadgi) (@hb.eth) (Shbega)
5 0 1 0 0 1 0 1 0 O
(D{ab,c,de,fg,h,})
Fig.1 Concept lattice of formal context k
1 k
2
K=(G,M,I) G . M
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. M P(M) .
M, , M={m<mp<...<myy}.
AcM, meA A , max(A)=m, vmeA m#m  m<m. , A={m},
max(A)=m.
AcM, (A) A,
AcM, A" , vmeA"\A, max(A)<m.
21
1. SS(CORE,CR)={ ss|ss=COREucr,cr e P(CR)} , ,CORECM,CRcM, VmeCR,
max(CORE)<m;,P(CR) CR CORE SS ,CR S5
1 ; ,CORE
,CR ) !
M\(COREUCR), CR ,  CR=M\(COREUCR).
1, P(M) SS(G,M). 2
k
Table2 The whole search space of context k in characteristic vector
2 k
o o0 0O 0O O O 0 0 O
o o0 o 0O o 0 0 0 1
o o 0O 0O O o0 0 1 0
1 0 1 0 0 0 0 0 1
1 1 1 1 1 1 1 1 0
i 1 1 1 1 1 1 1 1
2. SS(CORE,CR), SS(CORE;,CR))={ ss|ss=CORE;ucr,cr e P(CR)} mi(me
CR) , sS CORE;=COREU{m}, CR={mm<m,meCR}. , S
(CORE,,CRy)={ CORELZ}.
2, SS(CORE,CR) |[CRI+1 : 2 , 3
Table3 Subspaces of the whole search space of context k determined by every attribute
3 k
SS 0 0 0 0 0 0 0 0 0
SSy(i-determined) 0 0 0 0 0 o0 o o [
1 0 0 0o 0o 0o 0 o W o
SS(hgetee 0o 0 0 0 o0 0 o0 1 1
0 0 0 0 0O 0 [ o o
) 0 0 0 0 o0 0 [ o 1
Slg-Getermined) 0 0 0 o0 o0 o [ 1 o
0 0 0 0 0 0 1 1 1
7T 0 0 0 0 0 0 0 0
1 o 0 0 O 0 0 0 1
SS,(a-determined) .
] 1 1 1 1 1 1 1 o0
]l 1 1 1 1 1 1 1 1
1 SS(CORE,CR), Vi#j, SS(CORE;,CR) SS(CORE;,CR) SS ,
ICR
SSNSS=@, |JS§=Ss.
0
2. SS(CORE,CR),SS(CORE;,CR)) m(meCR) , VsseSS,
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s’ . s'eSS.
1 2 1 2 1 2
22
3. m SS(COREUCRi) ’ EISSESS,SS" ; ’ $
1. m SS(CORE;,CR), CORE/ , VsseSS,ss’ .
CORE" ,  Am<m,mgeCORE,” meCORE;. VsseSS, COREicss CORE/"css’,
mess”. My & SS, mge(ss’\ss) m<max(ss), ss’ . O
3. m SS(CORE;,CR) , CORE;"
(=) , CORE" , VsseS§,ss” , S§ , SS
(<) CORgE" , Vg5 . O
3 ) , .
3 , abc g SS.,85,SS S , CORE,",CORE,",CORE;" CORE;"
4. SS(CORE,CR), VmeM, Gss(M)=(COREL{ m})’ SS m
4. SS(CORE,CR), m SS(CORE;,CR) ,

Im,ms<m, mgECORE, Gg(m)cGg(my).
Gss(M)c=Gss(my),  (COREL{m})'c(COREL{m})’, (COREU{m})">(COREL{mg})",

mye (CORELU{m})”", meCORE/". m<m  mgCORE, mgCORE;, CORE;"” ;
m 55 . O
) ; 4
3 , defh i 5,855,555 SS
2.3
2. SS(CORE,CR),SS(CORE;,CR) m , ¥VmeCR,

m<n  Gs(M)cGs(m), meCORE".
Gs(M)=Gs(m), (COREL{m})'<(COREU{m})’, (COREL{m})"o(COREL{m})”,

mye (COREU{ m})"=CORE;". o
5. SS(CORE,CR),SS(CORE;,CR) m . SS
B, Int(B)=CORE;"=CORE,{ mj|meCRm<m,Gs(m)cGs(m)},Ext(B)=Gs(m).
VsseSS, COREcss, CORE" SS B , Int(B) CORE". VmeCR,
m<m  Gg(Mm)cGs(m), meCORE", Int(B)=CORE;"= CORE;u{ m|m e CR,m<m;,Gg(m)c=Gs(M)} .
B Ext(B)=CORE;'=(COREU{ m})'=Gg(m). O
5, SS(CORE;,CR) :

CORE, Gs(M)=Gs(my) m; v Gs(m).
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5. SS(CORE,CR),SS(CORE;,CR) m .
SS™(CORE;,CR™) ={ss|ss=CORE; ucr,cr e P(CR")} SS , , CORE;” =CORE;"=CORE;
u{m|me CRm<m;,G(M)=Gss(M)}, CR™ =CR{ m|m e CRm <}, Gs(M)=Ges(M)} -
2. SS(CORE,CR),SS(CORE;,CR) m . VsseSS, ss
, CORE"css'.
VsseSS, COREcss, CORE;"css". |
6. SS(CORE,CR),SS(CORE;,CR) m
,S§(CORE",CR) S§ . VUsseS§, sy , 3seSy, 88,"=55,".
: ss;" , CORE;"css,”, ss,"=CORE;"ucr, crieP (CR\{m|meCRm<m,
Gss(M)=Gs(M)}), $"€ 8§ . s57Ss", $%€ S§,  s9"=s5,". O
6 , :
3 SSPCG
2 , SSPCG.
(G,9), P(M) SpacePartition, (9,M). SpacePartition
! SpacePartition,
Procedure SpacePartition (CORE,CR, E&) I* CR CR (m,G(m)), m ,G (m)
m */
begin
for V(m,G(m))eCR do I* CR */

for ¥(m,G(my)e CRUCR and k<i do
if G(m)cG(my) then
(M, G(my))
for v(m;,G(m;)) e CR and do I* , : )
*/
CORE;=COREU{ m}
for V(m;,G(m))eCR and i<j do
if G(M)<G(m) then
CORE;=CORE;{ mj}
elseif G(m)NG(m)=J then
CR=CRU{ (m,G(m)G(m))}
for v (m,G(my))e CRUCR and k<i do
if G(M)NG(m)=J then
CR = CR U{ (M, G(m)nG(mJ)}
(G(m),CORE)
SpacePartition (CORE;,CR,, CR )
end
SSPCG.
K=(G,M,)).
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K=(G,M,])
begin
(G,2);
SpacePartition (&, | J(m,m) ,2);
meM
(@M);
end
4
, C++ SSPCG NextClosure . ,
) (1) (BitSet)
, , ()
, Hash ,
:(3)  NextClosure , el
CPU PIV 2.6G, 512MB, Windows 2000 PC
, : €] M|
lo| . ucl el MUSHROOM (8124 127
). 2~ 4 , 5 MUSHROOM
,SSPCG NextClosure
Time(s) t Time (s
270 - NextClosure NextClosure
240 / 2981 /
210 240 /
180 / 210
150 o 1801 /
120 / 150 o
_ 120 /
% / L]
60 S SSPCG 60 / SSPC
0 _ o~ 30 _ K
0 T T T T 1 =|G| 0
5000 15000 25000 50 100 150 200 250 300 (Gl
Fig.2 Comparison of SSPCG and NextClosure on Fig.3 Comparison of SSPCG and NextClosure on
the simulation database (JM|=100,|g'|=4) the simulation database (|M|=100,|g'|=25)
2 SSPCG  NextClosure 3 SSPCG  NextClosure
(IM=100,|g'|=4) (IM[=100,|g'|=25)
SSPCG )
, NextClosure .NextClosure ,
SSPCG , )
NextClosure
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Time (s) t ’NextCIosure
300 Ti 4
570 4 [ ;ncﬂ)g (Sl / NextClosure
240 ,
210 500 — /
180
150 [ ) ssece 400
120 / 300
90 200
60 !
30 100
0- Gl 0 Gl
10 20 30 40 50 1000 2000 300040005000 8000
Fig.4 Comparison of SSPCG and NextClosure on Fig.5 Comparison of SSPCG and NextClosure on
the simulation database (|M|=100,|g'[=50) the MUSHROOM database
4 SSPCG  NextClosure 5 SSPCG  NextClosure MUSHROOM
(IM|=100,|g'|-50)
Fu Nguifo
.Fu )
; SSPCG , ,
SSPCG ,
SSPCG , )
Godin el ,Godin ,
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