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Abstract  Since 2018, scholars have proposed and studied a new topic of “concept reduction” in formal concept analysis. Including
unnecessary concepts,core concepts,relatively necessary concepts,and the identification of three types of concepts,and research
on concept reduction algorithm. In this paper,the same effect relation is proposed and its important properties are studied. It pre-
sents a simple way to identify three types of concepts through the same effect relationship,and proposes a new algorithm for con-
cept reduction which is based on the concept lattice of the complement set of subsets of the same effect relationship. For decades,
the algorithm of “reduction topic” has adopted the method of conjunctive normal form and disjunctive normal form transforma-
tion. Many scholars even said that “reduction problem” was equivalent to the transformation of conjunctive paradigm and disjunc-
tive paradigm. This paper studies a new method to solve the “reduction problem” without using the transformation between con-
junctive normal form and disjunctive normal form. This new method is of significance both in theory and in practice. It is a new
attempt. There are often many “concept reduction” in a background,so it is not very meaningful to find out all the results. Gene-
rally,it is necessary to find out “concept reduction” containing some concepts,and the method in this paper has particular advan-
tages in this respect.

Keywords Formal concept.Concept reduction,Same effect relation,Object concept, Attribute concept
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Table 3 Formal context of example 11

SEHE — R

_a b ¢ d e

a ¢ e
1 1. 0 0 0 1
2 1 0 1 1 0
30 1 1 1 1
41 1 0 1 1
5 1 0 1 1 1

Fa P11 WEBCER I

Table 4 Same effect relation Iy of example 11

a b ¢ d e
1 1 0 0 0 1
2 1 0 1 0 o0
30 1 1 0 o0
4 0 1 0 0 0
5 0 0 0 0 0
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Table 5 Computationally heavy formal context

a b ¢ d e f
11 1 0 1 0 1
2 1 1 1 1 0 1
3 0 1 1 1 1 0
4 0 0 0 1 1 1
5 0 0 1 1 0 1
6 o 1 1 1 1 1
£6 H—PHETERERKIEL
Table 6 Another formal context that is computationally heavy
T4 b ¢ d
10 1 0 1
2 1 0 0 1
31 1 0 1
401 1 1 0
50 1 1 1
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Fig 4 Comparison of running time(2)
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Table 7 ] getted from Ip
b ¢ f g h
1 1 0 0 1 0
2 0 0 0 0 1
30 1 0 0 0
5 1 0 1 0 0
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*£8 WJBEEMIC
Table 8 J€ getted from J
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2 1 1 1 1 0
31 0 1 1 1
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Table 9 Basic reduction(concept reduction consisting only of object concepts and attribute concepts)
K¢ 8 B A kb HEEBA BERA RBCBHAERAAYHNEALER
1 (12358.0) D, befgh {pbspcspf s pg s phy {pbspcspif spg speh s pe s pri'}
2 (125,¢) 38,0 fgh {v3, 78 by f s peg s peh {73578 s pubspuf s pug s prh s pe s i}
3 (123, 58.bcgh {7578 by puc s pug s pih } (Y5, ¥8 by pc s pug s prh s pue s i}
4 12,¢ ) 358,bgh {73575, 78 pubspg s pth'} {Y3,75. 78 pubspug s pih s pre s pri'}
5 (2358, 9) 1,bcfh Lyl pbspcspuf s ph} LYY pbsprespuf s puhspre s pri'h
6 (238,bg) 15.¢/h (LY apcopef st} (Y1075 spicopuf s pih s pre i)
7 (25,c8) 138.0fh 71,7378 pbspuf s peh (71573278 pbspif s peh s pre s pri'}
8 (23.0fg) 158,ch (Y175, 78, pesph) (Y175, ¥8  pue s ph s pe s pi'}
9 (2,befg) 13584 (71,7375, 78 uh} (7127347578 il s e e}
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K¢ 8y 1 & & b BBt FBE AL BB A RBCHAERAGHNRAER
10 (1358.h) 2.bcfg (72.pbspcspuf s pug) {725 pbspuc s f s pug s pre s i}
11 (15.ch) 238.0fg (72,7378 ubspif s pug) (72,7378 b spif s pug s pre s pri}
12 (13, fh) 258,bcg (72,75 .78 oyt s puc s g ) (727578 syt s prc s g s pre s i}
13 (1sefh) 2358,bg {72.73,75, 78 b g} {72,73,75, 78 s b s pug s pre s i}
14 (358, gh) 12,bcf Y1725l prespof Y1, v2,pbspcspuf s pre s i}
15 (38,bgh) 125,¢cf (Y1.72.75 e o i f ) (V172,75 s puc oo f spue s i}
16 (5.cgh) 1238.0f (71,72, 73,78 b s i f ) (710727378 pib s puf s pre s i}
17 (3.0fgh) 1258,¢ {r1.72,75.,78 , puc (r1,72,75,78 s pue s pre s pi )
18 (Q.befgh) 12358.0 {(71,72,73,75,78} (r1,72,73.75,¥8  pe s i}
6.2 —MABBIHTETZE ((3dXacghdNIo=1{3

T AR — S TR — B 2 T R AT
I TRIF E R,

EFE6 WK=WU.M.D,/SI,, DCBEK) . D LA
BMET TP BAREZ J—J TR, WY EALY
(~Do, ~D) &Kol — NS, B D o iy A&
(ABYERE . ((AXBYNDoEDy K UAXBINI)ASEDn
B DUDR T W—A IR ERE, XE.

(AXB)NDo={u | Cus m) € (A X B) N J}

(AXBYNDa={ml|usm)>€ (AX
BNJ}

PERT : (DB (~ Do ~Da) K ,0¢ I — M2, i L
WIEEH 5. D EAUAER J—J°.

() LIAHER T JRIEEI .,

(O REHE J—J° PILRURRFM .

(WOER DR J° WA LEITR,HKE (AXB)N
DoEDo, ((AXBYNIDASDu XA D° (A, B) ST,
Fr FREAABED ,BH u€ (AXB)No Hud Do
Fm€ ((AXBYN I asm& Du\ BB Cusmd € T, Cus
m)E(AXBHE Cuym) & (Do XDy MBI A Cusm) € ] B
(AB)HE % AR DEX, U AB €D EART
BB R RIUA . G BRI, DU KIS J.

12 6 FRAT1E 50 oK A & ik 248 T — e A 1 — S A

B 14 (RS 100 AU Co, Coo I Z AT, D =(Cs»
Cio}o Co=34,acgh),Ciy=(678,acd) BT J hiJj° =
{(3se) (800} H R J—J" P E. XV (A, B €
D LHY Cs K Cro s HECAXBY N o B (AXBY N )

#12

{
(34 Xacgh) N J)a={
(678X acd)NJ)o=1{8
(678X acd)NJ)a={
J—J° Wk 10 Fra, (J—JOC Wk 11 FF4 .,

FI10 J—J° BAMITER

Table 10 All elements of J—J°

b ¢ f g h
1 1 0 0 1 0
2 0 0 0 0 1
30 0 0 0 O
5 1 0 1 0 0
8§ 0 0 1 0 O

11 IO WEHTE

Table 11 All elements of (J—J")¢

b h

oo U1 W N =
- o = — o
— = = = =~
- = = — olx
- = = o =

(J—=JOC M-SR 12 45 2 B R AN 2% 12 28 3
G R 4 I P ORI {3 80 o) 50 { 8 ) 78 4R 19 i % G W & B
PERE SN 12 45 4 505,

FRAEEH 6 N D ={C,,Coo ) FEMIE T META
g . TEARE 7k 1) MR Ay A0 A A A P S TR
DA R AR Iy M RITCRE =, Nk 12 55 5 51 i, 1
F o BT 3 X Se AR SR T IR . P 3T 2 A1
AR SR L BT AR AL Co  Coo AR L1

AEREEME Co M Co &2

Table 12 Concept reduction contains the specified concept Cs and Cio

UJ—JC BkES F 4 Bkt A BB A B CoM Cl o BB BAEMA A RALR

1 (12358.0) Db fgh (pbspfspg s pihy {pbspfspegspthoc scyg s prespeiy
2 (123.¢f) 58.bgh (5.8} (8} Wy #l &

3 (2358.cg) 1.bfh {yLapbopuf b} (YL aphspif sprh s ey s ppe s pui}
4 (238.bcg) 15, fh (7175 f speh} {175 pfspthscg ey spespriy
5 (23.bcfg) 158.h (1,5.8} & {81 My %

6 (1358,ch) 2.bfg Y25 pbspif gy (Y20pbopuf spugscg ey speespri}
7 (13.cfh) 258,bg (2,5,8} B {8} thil &

8 (358,cgh) 12.0f (Y1272, ub s f ) (Y1272t spif scg seqg s e i}
9 (38,bcgh) 125, f (71,7275 . f ) (V1272275 i f seg seqg »pre s i)
10 (3.befgh) 1258.0 {1,2.5,8) & {8}ty %




TS A B A 0B i B R OGRS S A

73

HHREK=W,M,D . 1& ® MilE&
DL 8 M & 24 TR P A GBI T R BV 2,

MR BELETRK=WU,.M,DWNIAE#®SAH
O={w s oy o K H AT — A ME & 2 1 bR 1 21 A B
M o= 1{Cy s umy } (
Crome s Cp S —TMER s vy o yuy, BXTRMEE, pmy s oo s pm,
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SH:
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A FEBF LR,

WEHT A 0 ={Cy e
PUD. xR

D ={(Cy e, Gy}
= {71y e

2 B PR

e
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’ Ck s YUy sttty YUy s iy 00
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SYUy s My s iy )
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hiul

“ouy ) =0(w;)
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VA.BED,((AXB NI oEDy M AXBYNI)aEDn
BIHER . FFRL(~OCw) s ~A(w;)) v i=1,, N #REK e
B . BT O(w) CO(w;) S ~0(w) D~0(w)e&
(~O(w)) " CT~0Cw;) " (WFH 1)),
fH(~0(w)) 7 = ~A(w), (~0w;)) " = ~A(w)
CWLSE SC DL LL(~O0(w) 1 C~0(w)) 1 & ~Alw)C
~Alw))SA(w) DA(w;),
Bl 15Caks ) 1.4 2)  JERE HK
A 3ANA—EBEE Co o Co s Cro WA 2 BB 2) , KEYHE &
EMER SANCER  H— S WENEA 21,
(DN(w) =QGEAN M e S TMEALED
Sy ={{pbspcspufspgsphy V3785 b pf s pugs )5 {75,
V8ot pcspug s pihy (Y3575, Y8 pbspig s ph ) AV pbs
pespfsph} AL Y5 pcapf s puh} s (Y1, 73, Y8 by f s
ph} S AYL Y5, v8s ey phh s {Y15 73575, ¥8spuh} s {02,
phspcspfopugh {27378 pbspf o png) s {v2, 75,78,
/‘b’#f’#g}s{)’zs}’Ss}’S,)’S,#b,#g}v(Vlv}’zy,u/h,uc,
wf AL 2, 5 e i f Vs AL Y2 Y35 Y8 by puf s
{rLav2,75, 78 pch o {v1, 72,73, 75,78} }

(2)N(w)={Cs}:

Sy ={{Cssv8spbspfspgsphspe,pit s {Css 75,78, ubspg s
phspes iy A Cs s Y1, Y8, pibspif s prhspres iy s {C s 71,

Do ={uy -
Dn

={my s ym,}

=WU.M.DULE D
AT Y

V5,78 puhspespit s ACs s 72, Y85 by uf s g s pes it s
{Co s 72,75, 78, pbs pgspespiy s 1 Cs s Y1572, 785 b
pfspespit s{Cs s ¥Ls72,75,¥8 e pui} }
(3IIN(w)={Cy}:
Sy ={1Cy s ¥8subspifspgsphspespiy s {Cos¥5, 78, by pgs
phspespit s {Co s Y1, Y8y by pif sphspespi} s {Co s 71,

Y5, Y8 s puhspes it o ACo s Y2, Y8y by puf s g s pres i} »
{Cos72.75. 78 pbs pgspespiy s {Co s Y1272, 78, ubrs
wfspespi} s {Co s 71.72,75, Y8 pe s i} }

(DN ={Cy}:

S, ={{Cio»73spbspuf s pugsphs pres pi} s {Cro» ¥15 735 pbs
pfsphspespit s {Co s Y1 73,75 puf sphspespi} s 1 Co s
Y2,735pbspif s pgspespit s {Cios Y1572, Y34 by pif
pespit s{Co s ¥ 72,7375 puf spespit

(5)N(w)={Cs,Cy } :

Ss ={{CssCrospbspifsppgsphspespits {CosCios vls pb,s
pf sphspespit s{Cs sCro s Y15 V5, puf s pthspes i} 5 1 Cs s
Cros¥2optbspif s pigspies piibs {Cs s Cuo s Y1 720 pibs pif s
pespi) sACs sCro s Y1, 72,75 puf spespi} b

(6)N(w)={Cy,Cyy } :

Se="{{CssCrospibsjifs g sth gt piib s {Cos Cro s Y14 i
i fagihingienpii} ACosCro s Y1275 0 pif s pthopies i)+ {Co »
Cro s Y2 sptbsgifspigspies i} s {Cos Cros Y1a Y20 ptbs pif s

pespi} )
(DN)={C;,Cy } :
S =0
(8)N(w)={C;,Cy,Cro} :
Ss=0

AR —ANSEMH 2, Bl S, AT A 20 {87 L 54
=A{Cs s ¥8spibspf spug s pths pres i}
w; =A{Cs 75,78 pbspugspih s pes i}
Olw) = {8} J& Ow)) ={5,8} I FHE, W :Aw)=1{b, f»
EFE Alw)=1{b,g h.e i) HLE,

03 ARUAHE I & A F A, BT i 2R S 2
faT . LA 1 Ao s o ], S AR e B 5 TR AR 2 T (R AN
F4 =0 fEH 6 ). HIKKRES D =(C},D =
{Co} s D ={Ci0} D" ={C5,Ci0}, D =1{Cy:Ci5},D ={Cs
Co} D ={Cs,Cy,Ci}»

M B 6 A M,
ME A2

7 SREMIABFHEMLER

TEME S 24 T 058 L AR SO R SR O 1 EAT L
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#£13 BAFER1
Table 13 Formal context 1

a b ¢ d e f
1 0o 1 1 1 0
2 1 1 1 0o 1 1
31 0 1 1 0 1
4 0 1 1 1 1 1
5 1 1 0 1 0 0
6 0 0 0 0 1 0
F 14 EAFHR2
Table 14 Formal context 2
a b ¢ d e f g
1 1 0 1 1 1 1
2 0 1 1 0o 1 1 1
31 1 1 1 1 0 0
4 1 1 0 1 0o 0 1
50 0 1 1 0 0 O
6 0 0 0O 1 0 1 ©
7 1 0 0 0 1 0 1

T RIS AR i SOFAR KB E AN A2 g
TEE M S B A AR B 29 . H H AT Y 7 5 QR 2 R 4 B

Zyfai . ARSCEH WG T E SRR A, AR SO ik
J5 A HREE L LR 4 FME 2 24 1T S DA O B 4R 24 R D vk A
T A8 B 7E SRR E 24 18 5 AR DAk

CA) 10 AR A 24 167 9 20 B 7T RE AR K A9 15 0, Wei 5007 4
L BCIE A A FRAT SR AL T 3 2 M Y T BE— 25 A 5 ) B X
S AE 2 24 17 43 0 B A R iy e A 2 R SR
REAE 1 2 167 Ay AR A5 45 0 A SCiy & SCHRE30 1 5l ik T
PR 0 25 E W1 T AT R A S 2 067 ) o3 i — 2 AR A 26, X
M A T WT AR, B X S D B A Ak 2 oY

(5) TzHm Xt 1k

AR SCAHFH Matlab Bl HLZ: 500 $03E . 52 56 i & R« Intel
(R) CPU G1840 @ 2. 80 GHz, 4. 00 GB W #£. NVIDIA Ge-
Force GT & F.

T TR A TR Y L BC S RN 5 pin . TR R4
TE — MBEME % () 25 R T8 1 249 17 Y EL AR A R B 6 BT (U
(330 4 A A& 2 7 0 BRGS0 ) . W& I A SCHE T
SRR R 2 TRT 5 TG O B AR

030 030 030
024 ambd i LEES 024 > X251 734 oot > SCHI261 7
» 021 » 021 » 021
N N N
= 018 = 018 = 018
= 015 = 015 E 015
\‘g 012 C o 012
! 3 W) W
009 009 { 009
006 006 006
003 003 003 1
0 0 0
12 3 45 6 7 8 9 101 12 12 3 45 6 7 8 9 101 12 12 3 45 6 7 8 9 101 12
LRRH LBRRHK LR KK
(a) (b) (o)
Bl 5 A A A AL B AT A H AR
Fig.5 Comparison of running time calculating all concept reductions
0050 0050 s 0050
0045 -a- A 0045 0045 - AX %
0040 > XiR(2418 77 ok 0040 > 0040 > KiR(2618 77 ok
, 0035 , 0035 L, 0035
N N N
= 0030 = 0030 = 0030
?&' 0025 ?&' 0025 3 ?f? 0025
\\g 0020 3 \\g 0020 ;g 0020 1
0015 0015 0015
0010 0010 0010
0.005 A/./‘\-\'/“’\'—‘\‘ 0005 /\/./\-\1/“‘\.—"\‘ 0005 M.\'\./O—&\,_‘.\‘
0 0 0
123 45 6 7 8 9 101 12 12 3 45 6 7 8 910 11 12 12 345 67 8 9 101 12
(a) (b) ()
B 6 TR B 2 T G2 AT e 1] LA
Fig. 6 Comparison of running time calculating specific concept reductions
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