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Abstract As an important tool in the theory of formal concept analysis, the attribute exploration algorithm is problem-oriented
and can interactively discover system knowledge step by step,which plays a central role in knowledge discovery and acquisition.
However,if the size of formal context is large, the calculation process of attribute exploration algorithm will spend too much time
to restrict seriously the promotion and application of the algorithm in the current era of big data. The bottleneck of time-consu-
ming mainly lies in “finding the next problem to interact with experts”, traditional algorithms have a lot of redundant computation
in this process. Aiming at this problem,three theorems are put forward and proved based on analyzing the logic relation between
pseudo-intent,intent and implication set. According to these theorems.an attribute exploration algorithm based on an unrelated
collection is given. During pseudo-intent and intent calculation, this algorithm, by means of the proposed theorems,can skip the
process of determining whether or not an attribute set that violates the logical relationship is a pseudo-intent or intent, so as to re-
duce the search space and time complexity of the algorithm. The best time is O(mn® P?) ,the worst time is OGnn® P*). The experi-
mental results show that the proposed algorithm has an obvious time performance advantage compared with the traditional algo-
rithm.
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(M3 O ,C,(K)=C(K),B,=B,,J,(K)=J],(K),

#4 AT RK:

Table 4 Formal context K>

OEFERTRK . (gD ={g} . MER )—>f(g
ON—QB Q—>g EK W, 2B, 7 K H.g(0) =
{1.2,3,4},g(g)=1{1,2,3}, BH{1,2,3,4}{1,2,3}, LA
O—>g K PR, WK HEHREEHEN O—>g i
ST I G 4 K HIMATE R R K, B8 2K ()
#5),C(K)=C,(K).B;=B,, ], (K)=],(K),

#£5 AT RK;

Table 5 Formal context K3

b
0
0
1

g h
1 0
1
0

0
1

[S-]
= o ol
—_ O =|n
— o =
o o ~|a
o — O |~
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WERRERK, T, f(g(OO={0},HERX QO—>f
GOH—OM O—=>QTE K EKWM. £ Kh,g())=
{1,2,3,4},g(® ={1,2,3,4}, WAH{1,2,3,4}={1,2,3,
43U O—>0 % K hWEL., XA F(g(0) =0, it
O RHE.C(K)=C,(KOUD,K,=K;,J, (K)=];(K),if
HBi,

GO MTF—AMmERG G (KOMX LB, =i,

OOFERETRK . (g =lig}, MERi—>f(g
GH—ifli—>g EK qn B, 7K H.g(D={1},g
(@)=1{1,2.3}, WA} S{1.2.3}. 0 i —>g 7 K P&
. XN f<g<i)>=<z'g};éi,}ﬁuiﬁﬁbdﬂ?@(};(l{)#g
(K),K;=K,,]; (KD=],(K)U{i—>g} .7 &B;,

(Di T —AIEERE Y AR 5T (KOME LB =h,

OOEIRERERK . (g(h) = {abedh} W] EF h—>
F(g(h)) —h Bl h — >abed TE K *%éh&‘cje # K
g ={4},glabed)=1{4}, AR {4 43 0T A h— > abed
TE K RS, XA j(g(h)):{abcdh Fh LA R RN

W.Cs(K)=Cs (K),Ks =Ks,Js (K)=J; (K)U {h— >
abed} i Bs
(DR T —DITCE i) hi) 5T (KDOARMEhi 19T

— NI ER{g) (g 5T (KOME, BiliBs=g.
AOTEERERK M, f(glg)={g} . MERK g—>f(g
(g )—gBlg—>Q0 % KPR/ MT. £ K f,g(g)=1{1,
3hag(@)=141,2,3,4}, W RH{1.,2,3)={1.2.3.4}, U
—>Q 7 KPS, XHK f(glg)={gl=g,. T g N
WEL.C,(KD=Cs (KD U {g}.K; =K, J, (K)=]; (K),it

®B.
ADgMWTF =N R R {git,lgit 5, (K)OMKE, BT L
B7:gio

ADTEERERK 1, f(g(gi)) = {gi}, ML K gi—>
flglgi))—gi Bl gi—>Q £ K P R&E L., £ K H,g(g)=
{2},g(@)={1,2,3,4}, W R{2}S={1,2,3,4} ,FFLh gi—>
O K . XHA f(g(gi))={gi}=giyﬁfru gi W
.Co (K)=C, (K)U {gi} Ki = K;, Js (K)=J; (K), it
BBy,

A3)gi T —ATCER{ght {gh) 5 Js (K)ARHK; gh
B — /1\71:%;»; {ghi} . {ghi} 5 Js (KD RME; ghi T —4
TCERE(F 5T KOME LB = £,

(14)7%%&&%?%& L (g = {cdefgh 1L H f—>
FleM—f B f—>>cdeg 7 K qﬂ%ﬁﬁijo £ K H.g(pH=
{1},gCcdeg)=1{1.3}, RN {1 1,3}, Fr Ll f—>cdeg 1E
K hliar, XHEA f(g(H)={ cdeg}sﬁf,ﬁﬁu FRth N,
Co(K)=Cs(K) Ky =Kz, J, (K)=Js (K)U{ f—>>cdeg} it
BB,

A fF T —ATERE S ALV 5T (KOARMK; fi 1Y
T—/PJT:/;% {fh} A fRY 5T (KDORME; fR T —AIC &
Rl fhiy A fhiy 5T (KD ARM K fhi BT — /l\fn?%f% {(fg}s
{(fey HIT(KOARME; fg T —ATCHEE feir . {fgit 5T,
(KON fgi N —AJCEZE{ fgh) s {fgh) 'ﬁh(K)T*ﬁ
K fgh T —ATCEZES fghit,{ fghi} 5 Jo (K) AKX

fehi T —IE e} e 5Ty (KOMHX,JITLIB, =e, H
KA fred 5T (KRS, (e} 5T, (KM,

O TERRE K, T, f(gle)) ={cdefg) LR e—>
flgle) —e Bl e—>cdfg 18 K TREM.. 78 K H.gle=1{1,
3V.gledfe)={1}, WA{1,3)E{1). Ll e—>cdfeg ¥ K
RIS . K B R 2 3K e — > cd fg WS 1 R
g3, B EMAEATRK, , BRAEATRK.-E6
g,

*6 FEAERK

Table 6 Formal context Kio

a b c d e f g h i
1 0 0 1 1 1 1 1 0 0
2 0 0 0 0 0 0 1 0 1
4 1 1 1 1 0 0 0 1 0
3 0 0 1 1 1 0 1 0 0

ADEERTRK . f(gle)) = {cdeg)  MEFR e—>
flg(e))—eBle—>cdg TE K *%Ebﬁjo KM, gle)=
{1,3},g(cdeg)=1{1,3}, B HR{1,3}=(1,3} .0k e—>cdeg
K HFpar . XHEN f(g‘(e))Z{Cdeg}?ﬁesFJfU\ e AthIN
#.Co (K)=Cy (K) . K1y =Ky J 10 (K)=J,(K)U{e—>>cd}.

(1) AERS 4155 B, o Wb B n gk 7 fi gl ,

# 7 AERSHHEB iR

Table 7 Calculate the B;+1 process of AERS

i Bit1

o R Cevd) M BHEESHE J10 (KD RATX . {d) 5§ 10 (KM X,
At UL Bio=d

10 KEdONBEELDE T (KD FME. () 5T (K HMX,
Bt LB =c¢

11 K& (coed) WBHEEAH G J12 (KD T 4%, {ed) 5 J12(K)
X T AB12 =cd

12 X B Ced vedg) VB 640 5 J15 (K) £ 48 % {edg) 5 J1s (KD
%L BT A Bis=cdg

13 XI5 (cdg cdeg) WBMEE A 5 J1a (K) A K, {cdeg) 5 J14

(K)# % . ff VA By = cdeg
14 {cdegi) 5 J15 (K) A% . B LA Bis =cdegi

X & (cdegiredefg) NBHEEA#H S J16 (KD # %, {cdefg) §

B iR LB BB = ede fig

1 K (8] Cedefg b) P B 5 & 4 5 T (KO A% . {b) 5 T (K) A8
X BT A Bir=b

17 KB h.a) HBEREESH G J1s (KM% (a5 T1s (KX,
At Bis=a

18 X 8 Casabedh) W& W & A # 5 J19 (K) 4 X {abedh } 5 J19
(K) 48 % . it VA B1g = abedh

19 X 8] Cabedh sabedegh) W B ¥ % 4 # 5 J20 (K) & # %, {abede-
gh} 5 J20 (K) A X o BT PL Boo = abedegh

20 [X 18 Cabedegh abede fghi) W & M & A # 5 Jo1 (KD & 48 %, {ab-
cdefghiy 5§ Jo1 (KD A8 % . Bt PL B21 =abede fghi

21 R

i bk o BT LA Y, AERS &k v X ] 4 )@ k4R A 0
HEIEF L., Bz ETERTRLNEEES. i
N7 RN =R =
4,2 AEUS Eiki3ERAI

HT AEUS Hik 5 AERS Bk MBI N 3R (1D —
OB ﬁﬁt%‘mﬁﬁ*ﬁﬁ% I B (5) T ER TS

GO W F—AIEEB =i}, B 5], KOME. LB, =i,

OERRXTRK T f(gl)={igh . MERi—>f(g
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)—ifli—>g TK PRGNS, I KHg(={1}.g
(g)={1,2,3}, WH{1}S{1.2,3}, fh i—>g £ K
3. Xl%zf(gu»):{z‘g}ii,ﬁ’ru i AL C (KD =
Ci(K),K;=K,,J; (K)=J,(K)U{i—>g},37+%B:,

(Di Y F—NICEB ={h} B 5] (KOME,JFLUB; =h,

OFEXTRKH . f(g(h) = {abedh} AL R h—>
flgh) —h B h—>abcdf K EP;%;T?J&EL K H,g(h)=
{4}, glabed) ={4}, WHR{4}={4}, BTN h—=>abed 1E K T
B . R f(g‘(h))= {ahcdh}?ﬁh,ﬁﬁu L Cs
(K)=C;(K),Ks =K;, J; (K) =], (K) U {h— >abed } , it
BB,

(Dh FHF T —ANILEB ={hi} ,B' 5] (KDOARHK,
B T=abedh,N=g ., AN T>N,fiAB;=g.

AOERXERK T, [(glg)={g} . MLEK g—>f(g
<g))*g Blg—>0 % KHREEW., # KH.g(g)=1{1,

bog(O)=1{1,2,3,4}, AH{1,2,3={1,2,3,4}, LA

>@TK¢'EE¢ XI)@ flglg»N={gt=g. ik g A
V\]/I‘ZI,(J(K):CG(K)U K; =K. J; (K)=J]; (K).it

BB,
ADg W F—ANTLEB = {gi}.B 5], (K)M &, Ll
B7:gic

DT XEFK P, f(g(gi)) ={gi}, LK gi—>
fCglgi) —gi Bl gi—>Q 1 K HEB{ ML, 7 K H,g(gi)=
(2}, g ={1,2,3.4}, W R{2)={1,2,3,4}, JFLh gi—>
O T KW liar., XHEN f(g(gi)):{gi =gi. Ik gi AW
W,C (K)=C, (K) U {gi} Ky =K., Js (K)=J; (K), i}
BB,

(13)gi W F—DICEB ={gh).B' 5] (K) A, 315
T=abcdgh,N=f, WK N<T,filiBs=N=f,

ADERA TR K. f(g() =lcdefg} ML EK f—>
S —f 1 f— >“127£Kcr: Mu 1K g ()=
{1}, gCcdeg) =1{1,3}, FH{1 3V, L f—>cdeg 1E
K hlisr, XA f(g(H)={ cdeg}séf,}iﬁu FoRth N,
Co(K)=Cs(K) Ko =Ky, Jo (K)=J (K)U{ f—>>cdeg} it
B,

A5 f IR —AIEERB =i} {fi} 5], (KDOARMRK, I
B T=cdefg N=e.[AN T>e. i B, =e.

AR EFK T, f(gle)) ={cdefg),AlEFK e—>
f<é<e)>—eﬂﬂe—>cdngK£P% ST, TE K Hagle)={1,

Yaogledfg)={1), P RH{1,3)E{1},Th e—>cdfg TE K
EPKEAMO MK *E!flifigxéﬂ@iﬁe*>(‘dfgﬁijlﬁ@fifﬁﬂ
HEIMATERE K, BB T RK, . inE 8 i,

#8 EAWRK

Table 8 Formal context Ko

b h

o N
S o = O~

a ¢ d f
o o 1 1 1
0 0 0 0 0
1 1 1 1 0
0 0 1 1 0

—_ o o =|a
R = I N

0
0
1
0

ADEERXERK . f(gle)) ={cdeg) 1B K e—>

flgle)—efle—>>cdg £ K E'/"bkﬁo K, gle)=
{1.3}.gCcdeg)=1{1,3}, A {1.3})={1.3}.FFLh e—>cdeg
TEK Hlar. XHEN f(g(e)):{cdeg}?ﬁegﬂfu e AthIN
W .Cro (K)=Cy (K)  Kig =Ky » J1s (K)=J, (KD U {e—>
cdgh
(18) AEUS k31 B, iyt B an & 9 fF 51,
#£9 AEUSHHEB i
Table 9 Calculate the B+ process of AEUS

i Bit
9 B'=ei, 5J10(K)F A% T=cdeg, N=d,T>d.ff b Bio=d
10 B'=di. 511 (K)F 4%, ﬁﬁ’f cd N=c, T>c,fr lB11 =c¢

11 B'=ci, 5J2(K)FHX A T=cd . N=0.0>T,f Y Biz=cd
B'=cdi, 5 J13(K) F* 4 %, it & TArray={cdgi.abcdh}, N=cdg.
TArray % /N1 & ¥ £ & cdgi =>cdg, Fi V. Bi1s =cdg
B'=cdgi. 514 (KDXTH % .3 4 T=cdeg. N=0b.,T<b. fi Yk Biy =
cdeg

14 B'=cdegi. 5 J15(K)# %, fi Y Bis =cdegi
B'=cdgh,5 J16 (K) % 4 % , it 5 TArray= {abcdeghi} . N=cdefg,

BB ¥ & 4 cdefg<<abedeghi, fi VL Big =cdefg
B/fcde/"g,i 5 J17 (K) F M %, i 5 TArray= {abedefgh, abede f-
ghi} 'N=0b,TArray % /N J& ¥ & 4 abedefgh b, Ff L Bi7 =b

17 B =bi. 5 J1g (K) R A48 % it & T=abedh, N=a,abcdh™a, i UL Bis =a

18 B'=ai, 5 J10(K) A4 % it & T=abedh, Ft YL Big =abedh
B =abedhi, 5 J20 (K) T # % it & TArray= {abcdegh ,abcde fghi} ,

TArray % /)

19 TArray % /N6 JE ¥ 8 4 abedegh o B Y Bao =abedegh

. B'=abedeghi, 5§ J21 (K) F 4 X . it 8 TArray={abede fghi} . TAr-
ray % /N JE M B A abede fghi s Ff VL B21 = abede fghi

21 #X

MEL WAt 27T LAE . AERS SE35 76355 B, B
TR EES MTA TE. 4 MBRN, & S8HE
MR A PE R . AEUS 530377 DL skt 6032 4 30 [ ) 1 42
B R T4 AT R0/ BV A 2R 2 ) 3 B 48 B 0 s AT I I Y
HAY,

5 KB5S H

5.1 XWigit

R B UEA SC B i M RE L JAVA IR E MATH
PR random PR BLDE B0 AR B — 210E 20 AR S W R
AR SCHI M B 3 (AEUS) 54 4 B MR & 5 CF e
J TAE) \AERS B35 7% e s, s28043k 3 A7 Thi .
DB AR S 25 1 MER 4 B R BV R U 2) ik
AR ST A5 X IR 3 R IR Y RE IR 0 R AT R B 5 3) i AR ST
W5k WS AEUS Bk Bkt BHEE S WA B S BEGHAE
Y LA .

FESTE b, LBk 0% 215 5 i O 2R B K (R 2K ()
B, Bk LML B TE 20 R & KBTI 1R 7R )
W7 28 380 2% R 2 4 ST B o A AU B R T &

HR BT AT Ao R A I A% 2 R R 2 TR G R UL IA A S 2% 4 R X
JSE 5 75 WA S 2% 2% 20 06 AR SN i B SUH SR h U —

AXEGAE R R AR . h 3 Rk LA e A Oy AR
B REE, LI AN 2 5 w5290 Xt 25 . K7 & 1Y i
% 3. 4 GHz 9 CPU 1 16 GB N 17, #1E & 45 2 Windows
x10, 3K & ¥4 Ky JDKY, Eclipse,

%1 A5 B AT S A A X 8 A 50, J8
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E M 0 LAEIFE 5 A2 2] 30, ik B YR 8 X R ECE L B
A8 I A E AR IR A B AR A . DRSS SR AR 1 R

1000

Number of implications

0 A A
0 5 10 15 20 25 30
Number of Attributes

1 A BT RA B 50)

Fig. 1 Number of implications(number of objects is 50)

B2 AR BN EEAMENEESRE 15,0805
BOH M 0 LLTBE 50 224k 3] 300, IR H A & [ E @ s H
AT R H, MR Z AR Ak, KA R 2
PR .

900
800
700
600
500
400
300
200
100

Number of implications

0 50 100 150 200 250 300
Number of Objects

B2 ZmA B OR AR 15

Fig. 2 Number of implications(number of attributes is 15)

9 3 HALR U E IR R 5 A AR X 2 5E 50, )8 M
BCH M o LLalRg 5 A5 4k ) 30, D H Ay 2 e X 2 50H Bk
BB, MEE ik 3 R p AR T AF B0, TR 5 2R
Bl 3 Biw.

2000

1500

1000

time/s

500

0 [ ] * [ ]
0 5 10 15 20 25 30
Number of Attributes
—4—TAE —e—AERS —e—AEUS

3 BN G RA R 500
Fig. 3 Efficiency comparison(number of objects is 50)
BAHLREEENE R EAMERNEERE 15 %%
BOH M 0 LLEFE 50 284k 5] 300, Mk B A9 B 8 A5
BUEXTRACH WA R 3 P A RE R AL . Il 4 2R an
B 4 B,

time/s

0 50 100 150 200 250 300
Number of Objects
—4—TAE —e—AERS —e—AEUS

B4 BRI Og BN 15)

Fig. 4 Efficiency comparison(number of attributes is 15)

FHoATRBREREATRERESREGMENLA.,

FE M o LAl B 5 A2 4k 2] 30, it B A9 2 B e R SR AL
KL, MZE AEUS Bk g0 b &R . M as sl 5 s .

06

02

Optimized efficiency

01

0
0 5 10 15 20 25 30
Number of Objects and Attributes

CERI% &S
Fig.5 Optimized efficiency
5.2 XWHH

MEE 145 2 Sl LA L 4 e I A 5L 2 ¢
F A A BRE G A X S 0 S B g g . R B AT X
It TAE,AERS 5 AEUS R8I EF K I, X 3 Fia kM5
B 45 R 2 — B0, XA SE I d N TR W] T AEUS H B
EAAE .

93 UL 4 ASER R W] AN R [ E X R A B R
PEAS B, T8 2 [ 2 S AN B3 AR G A B A SR Y e
VLI AE RS T X L R L O BB MR £, A
TEEWL MR, Hh SR 3 th, Y mEEE
30 i, AEUS 573 U FERT AL & AERS 8351 50% . FESCH 4
oL XS ECH R 300 B L AEUS 8035 O FERT U AERS 3%
B 64%,

95 HELI R, AEUS 836 0T LUA R0 380/ 8 MR R
BEITET MR ERRIEEES RS, W)
PEAREHHA 4N 25%~50%.

S gk R, AR SCIR Y AEUS 5536 7T LU 3% BTG R
PR R B IL AT R 24 .

GERIE XA M E MR R IR T B R A W D T

B o 1 I ] A2 2% B v Y IR A, FRATT A BE AR A Bl ket S
ST R LA PR PR PN TR ) S A s DA AR AT B % 19 B )
B, HREM ARG EEAMECWES, XEES
A B 32 T A 20 = AR R A A 2 = S
M HFAES R ES ARG XEBEES . RO
TEEBBLRE L HAMEKR B HP RN 3w,
IE X4 Y AT TR B IR E . B S RS T4
T — Rk itk i R MR R L (AEUS) LA sk A B L ih
EHRBEERRE N MR ERRWEEE SN, AT S
FHARM R B S ik T B M IR R B SO FE ) —
BN T B R E NI RN, WOy EERER %
VL2 B A%l Bh 2= > R Ge AR, B2 TR IR Jm AR R Ak
HE— 2 I R T Gy AR T [6] BB A SCHR R ) AEUS &
P AT IR AT AL 3R DT i — 2P 3 IR P R 2R vk Y R e
] i,

2 % X M
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