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Uncertainty measurement and optimal granularity selection for multi-
granularity formal context

LI Jin-hai', HE Jian-jun
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Abstract: Multi-granularity formal concept analysis is an important tool for data mining and knowledge discovery.
However, there is no standard to select an optimal formal context in the existing multi-granularity formal concept analysis
theory, which leads to the fact that multiple single-granularity formal contexts have to be studied separately one by one
for achieving the task of knowledge discovery, leaving the formal contexts with multi-granularity attributes unexplored.
In this paper, how to combine attribute blocks of the granularity tree of a multi-granularity formal context is studied, and
information entropy is used as a criterion to judge whether a combined formal context is good or not, so as to evaluate
the performance of the obtained optimal granularity selection results. Firstly, based on a granularity tree, the notion of a
generalized meso-granularity pruning formal context is proposed, which can realize not only inter-layer cross-granularity
combination but also cross-layer combination of attribute blocks. Secondly, the information entropy of a generalized meso-
granularity pruning formal context is defined to evaluate its advantages and disadvantages, and an optimal granularity
selection algorithm is designed. Then, the information entropy is used to measure the importance of the multi-granularity
pruning class-attribute block and granularity tree. Finally, experimental analysis shows the effectiveness of the proposed
methods of optimal granularity selection and importance measurement of a granularity tree based on information entropy.
Keywords: multi-granularity formal context; multi-granularity class-attribute block; granular computing; information

entropy; pruning formal context; optimal granularity selection
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FERE BT IR 24 N ARAR &, 5 A2 27 2 BRORL BE AR
R 2 TR .

(U, M~

x4 BB XNMHREEREROESMSREM

BRCER R RN BTRCER HRM RJZA

st 12 2 s 12 2.5
S? 2/3 2.5 Sto 2/3 3
S3 12 2.5 st 12 3
sS4 2/3 3 s12 2/3 35
S5 2/3 25 s13 2/3 3
S 2/3 3 St4 2/3 3.5
S7 2/3 3 s18 2/3 35
S8 2/3 35 s16 2/3 4

HRA 22 4 T 0, 76 45 BUB R KBRS B0 R, 7 SR
R BIROE AT 5 (U, ML, I8,,) (1= 2,5) & TE
YR T R 5 S 13 AL B 2 A AR Y
B 575 S 2 AR 1,

N, T % A HA O S, — M 5 95 4 5
A LA AR A, TSI 1.

L BEHLTRL R R OB .

AL RIER IR = U (UM, 1)

W SRR T SR B Y A 75 5

step 1 T 5 r oI5 1 26 B % 5095 Bt o B
BN 5, DL A9 M A TR 42 60 B S 375 3t 4
Hes ¥, i8N By, Bja, . .., Bjs,j € {1,2,...,n}.

step2: X TAEE Kk € {1,2,...,8}, %27 = | Bl

n}, % By 73 1y K, 0 Bj,, B2, ..., Bl

step4:id max = IE(M,,).

step 5: 2 (U, Mgmps Lgmp) = (U, My, I1).

step 6: I JJ 7€ 12 7+ 5 IB(Mgpp ), 4 max =
TE(Mgump), W S5 R FE, S (U, Mgmp, Tgmp)-

step7: % Z = @,

step8: &k = 1.

step9: &t = 1.

step 10: @ MF  RIRHG My, (155 k> 20 K0 BY
BB Dy, N (D), — B}, ) U B, oy )5
(CEESE

step 11: FI I %€ X 12 i 5 IE(ME, ), 4 max =
IE(ME,, ), MEE Rt (U, ML, TR

step 12: 04T Z « Z | JTE(ML,,).

step 13: #5t < v, M4t =t + 1,1 [Al step 10.

step 14: 5k < s, W%k =k + 1,iR [\l step 9.

step 15: M\ Z v ik HA5 B 5 KD SO KL
BRI RE 5 (U, M i) 2 (U, Mg, Igmp) =

gmp’ L gmp
(U, Mz, I ), IR [\ step 7.

gmp? “gmp
FERLEEREER, A2 AT R E
J5 WS SR A &5 I, BEALIE £ — > T B AT
TR AERBBELT, FEMSSZHEAN T8
MBI — BEAT T B, W% 0 20 B (step 6 ~ step 15) 77
B8 4T nsmax{vy, } K. T IFE — x5 B AR
2 O(|U2 maxc{| Mi[}), EL3E 1 11 B 1] 52 2 g
O(ns|U* max{yy|Mi]}).
6 R BYA R PRI B () B B
SCHR (29145 H 1 — b 1 B B0k 1 B B v, AR
AT B 2R T A S, DL R 2 R R R
8 Ja8 1 B AR 5 A ) A

EX14 WSt = (U ML, I8 ) NEZ R ETE
XEFr = UWU, M, L) T AR R

=1
BDE(E € (1,2, s}) R 5% A2 KB B 2
& Y, DI e S b T B R U

SIG(MY, | D) = IE(MF, ) — IE(M*

gmp gmp gmp Dg)

SE X143, 2280 8 BT RCR Jw R BT X
IRLRE B RO S e BB R E i B R 2 5
SRR RS B A R/ ke & 1. i R E R,
U2 B 12 2 061 P BT A R R ME B TR 9.

Ble TG 4T (UM, IL,) 2 R0 EE BT A
KIEMER Dy = {bs, by} K EZE. 1514 9] H1, (U,
M} Ihy) IS BAIE(M],, ) = 1/2, R X T
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Mgy, — Do, HA5 BREATE(M,,,,, — Do) = 4/9, H 1t #5 SRMESE
SIG(Mgy,,| D2) = 1/18. et A KR TR %
N S R R R A B AR iris 150 .
PR S o EE R T AR B A Haberman’s Survival 306 3
N . N Ecoli 336 8
S5 (DR PR 4 B T, D) 5 0K S TR A 1) T Balance Scale 25 4
B AL BY A 30 5, 1X 2 NP-hard [ @8, /525 Yeast 1484 8
Tic-Tac-Toe Endgame 958 9

gy, DR, RSO AE 2 R A = I n N R
*ﬁ%ﬁéﬁ%%ﬁ%ﬁ(}%ﬁﬁﬁm%E%&ﬁ.
EX15 Hr = U M, L) NE RS
i=1
5, Hr T s B + 12 BUR R, A8A S8 kAR
BT, H BB 8 SUA

> SIG(M;|By)
SIG(T,) = =2 -
AHER I, 2R B AT @ AR T % B
R B P T 30T 5 (0 B S 8 g ), RO 2 A
TUAR.
B7 TS 2 TR R T, (AL B 2) B
EH 51 2 B T S5 25 SR 3E S 15 T I, 20K B R ) B L
PN
 SIG(M;|Mis) + SIG(Ma|Msy) 1

EREEK B EEEA .

BiR2  JE R 1) A

BN EA sHRn+ LZRLEER I 2 R Y 0T 5t
= Lnj (U, M;, I,);

otk s R RE R 0 LSS

step 1: i € FORLFE T 1 SR @ 1 By,

step 2: THREAEAN KL T U & (U, M, L) K15
BAFIE(M,).

step 3: 1M T8 5 (U, M; — Bir,, Ins, g, ) W15 B
FGTE(M; — Byy).

step 4: ARf 5 SC 14 FE SCIS TSR Ty, T,
oo T P EEE

SR 2 I ) AR B4 O (ns|U |2 max{ | M;|}).
7 SEESHT

AT 8 I SIS VAL B L AR 2 Bt RE, AR
BT SO L P B A 7 A0 B HAoRE P 20 5 07 7 B
— 5B B, DL RORE P B S B U vk e A ).
71 SREIMERHEMEXAA

SE 56 M UCT ik B 6 4> K 4w 4&, 73 i N s,
Haberman’s Survival. Ecoli. Balance Scale- Yeast. Tic-
Tac-Toe Endgame". 7415 B L3R S.

1T 6 > Ho b A 48 LA 2 {8 ) 1 B 22 ) 1 1) P
IR I, AR FLBEAT 2200 5 K dls 73 M 2 11, 7 E AT

s B HL, BUKG(E 2 RGN U 5. BAkD
BT Sk IR AR B AN 0- 1 A SRE I T 20 3¢,
X B SR AR B R BO0] 4 N 2 B R A — i SR,
TRZAEENE. BT R E B, MR R B S A R A
B A 1 43 B DX [A], W AE [0,1] X 8] b 2 252 BUE 1)
% 0¥ H %34 10,0.2),[0.2,0.4), [0.4,0.6), [0.6, 0.8),
[0.8, 1], B — />4 Bt IX W) 4 B8 & AE — A @ P (S50
HH BRSO A [ 0 B8 A BT SO i 22 ), E R R
2 MG B, o 2 48 R M B EUE 3 B ARAE — AN R
PR AR5 5, AL B 5 ) AN B 2R 6 56 3 41 it
TN T BLEE H AR, AL B S 15 20 (0 B 1R N B AR
JE TR TS B 78 R b 45 % S0k [20] TR 2k
FEEHGCH PRI T B ¥, o 0 B oA A8 AT R S PR e AT
G LA 2R R R A 5t N T O LT X
R YR T AN S 5 AR TR A = 2 R 2 5
AR A7) B 4 R 248 K 40 g 4 S RLEE.
F6 TREEMHEESE

R MR BEAN KB
Iris 150 14 4
Haberman’s Survival 306 13 3
Ecoli 336 31 8
Balance Scale 625 20 4
Yeast 1484 28 8
Tic-Tac-Toe Endgame 958 27 9

S, B | L] o 2R 0 SRR R4
¥ 6 MR R R R 5UR, SR 4
AT 3 b 2 E TR 30T 55 () 30 BB A £ DX ),
BI|L| = 2,|L| = 3,|L| = 4. fEIX 3FPEHL R 73 700%0) b
I SR RE BRI 3075 S AL B T 0T s i i
RLEEH AL

Ak, BT A0E 1 RO AR BB B s kL
JE A4 AT BB 1 — AN, M 75 B i — AN B MLk
WL, X AT e 5 BURE IS AT it 1 e HAe L s A AN
[, Dy i, A SC 3 % B A S 10 UK, R BB A D B
DL FE 4B (i H 5 R T SO R B R 50
F B DI L P2 2L R FEE A B A X

S

GS(Mymp) =)

1k

Yk
Ny
t=1
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5

xR ¥37%

BEAT VR X AR A S5, T H SR e B
R R T A E B K A R KL R, AR TR R b
JEZH 5 (OB FE AN, T B AR U AR L BT 5
TS 2R SR R VB i ORE SR AR B R T
H S S8 VRS RLEE AN, AL, A hE R 20 5t
(IR R FE 2L & Fe ) i 5 A 2O

GS(Myeso) = Z max{ni, na,..., Ny, }.
k=1

T ER R, Ko TN EURER 2/ DA KB,
FLECHE S A L EE T i 22 A0 R FE AR
72 RS

X6 AN FH 5 1 3 Fh 2 kL R 0 SR kU
ST SUAY R B B R T 5 (generalized  meso-
granularity pruning formal context, GMPFC) Fl4} ¥
7 30 5% (meso-granularity formal context, MFC)
1) B3 AR BE 4 G 1R B DL O T 3R O {3, H Iris
Haberman’s Survival. Ecoli. Balance Scale. Yeast. Tic-
Tac-Toe Endgame TiAb2E Ji5 15 2 58 5 70l a4 9
HAREE 1. 2. 3. 4. 5. 6. X LUIR]— A Hl Aa 45 B0 1)
FER (BB R) GG R, T XA R E B A 5t S
AL 2 5 0 S AR 2 R . 3R 7 25
T3 MAN[EDRL BE JEHCT P A e DR 2H A T VR R
JERXS EE 45 .

%7 MFC5 GMPFC &t RIEH & BRI RN

L] =2 |L| =3 L] =4
MFC GMPFC MFC GMPFC MFC GMPFC
1 6 5 8 6 12 9
2 4 4 6 5 11 9
3 11 10 16 1 kY 27
4 8 6 12 8 16 16
5 13 11 15 14 33 30
6 10 10 2 18 35 3

HHE 7 ] LIS 20T 24258

D) {5 BB SE R AT R, A AR B A T 2
T bk SRR 2 A K 2 AR A RS
1 5 P I B R R 4B, AN R DL R P T B
ML P 2H G (R L P55 R AH [

2) It 5 R 2 | L) 8GR, A B T 30 S5 )
LS A 3G T B LY ) R B R AU
L EEFIR.

4, R R 2, TH 6 AN Bl B kL R
BEVE. TR R, AR E S 15 vk B R BE R
HIEMEN AR TR SR EE N Z R N
I, K 22 RL R Y TS S BT R A (1 A AT

— Ak 3K b b B 7 ik A A B, T DA R EE R B
VLR R — bR vl R AT 5 b, AR Rk 8~ %
10 iR B — 1R, Rh L < —7 1EM &
A TR F IR B, TR DR 25 A B0 4R 1R R AR
RRECAN [, 3 B DIRE P55 AR 00 0 KB (9 B, 43 il Ay
Ty, Ty, ..., To) HIMELR. HAh, £ 8~ L 10EFKI,H
1A SR TE 3 P A 100 28 AHLJEE W (1) B 22 4 35 4
5, ILIX R T 5 S AT 20 AL R N A 5RO
B e, 553 AN HHE 55 5 4 R WY ) B Bk AE 3 R
155 T T 0, 3% 38 B IZ 0L FE M 1 (1288 Ja8 1 A7 7E I
A, FAMAE S Bt T RE SR B AR R 22 0 B A
S E R

®8 |L| = 2Bfo MIRRHINERNEREM

L EEA BB / %
Tn To T3 Ty Ts Ts Tr Ts Ty
1 250 250 250 250 — —_ = — —
2 63.1 1.8 351 — — _ = = —
3 53.8 8.8 1.2 00 140 70 1.8 135 —
4 322 215 322 141 — —_ = — —
5 148 372 226 70 1.6 1.6 84 6.7 —
6 90 119 9.0 119 74 119 9.0 119 179

R |L| = 3BT N BUIREHIR AN EEM

LR H B / %

T, T, T3 Tu Ts Ts Tr Ts To
1 250 250 250 250 — — — — —
2 678 20 301 — — — - —
3 577 86 06 00 122 74 12 123 —
4 358 220 288 135 — — — — —
5 177 321 209 65 16 13 79 120 —
6 85 106 85 106 85 128 106 128 17.0

F10 |L| = 4T o MBUIRERIN ENEEM

RLEEA TR / %

T, T, Ts Tya Ts Ts Tr Ts T
1 250 250 250 250 — — — — —
2 711 29 260 — — — — -
3 549 90 06 00 118 83 41 111 —
4 386 226 256 133 — — — — —
5 196 310 201 81 15 12 72 111 —
6 86 114 86 114 86 114 114 114 171

8 &

N T W FUAE AT RORLBE J2 T RE 9% & BEAE tR 1] A,
AN SCHEFAE S 5 T e A 1) i IR R Ty
V2. BT 2 Ak R S R FEEAR 1 A P S 2 P 2R
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Je 1t e, I A R R R T A R B A A S
KL A A0S, AR IR R A8 1 22 B B 2R
P BER () BBV, Seae 5 R R, ) XKL Y
W A 5 (0 B0 B e 35, DG TRC I B ) RS 4
R FEE 1) 75 SR EL A b B T8 U S B0 I A, S5 4
R SCHR 21145 20 ) A RLE 77 IRRLFE 20 4 fe
JIRTARLEE TV 250 & — 8, [RIB 32BH 76 T
&R S S E VA & B

JAE B TS B 1 B UKL 1 4% 078 9 2 R
B R BE R BRI 1R B A A LR AE R AR SRR AE
— SO SR T B — PR (1 ]

1) AR SCR A e B S B R RL FE 20 4
ROUFEER I ZA 7B YN B 55 B AR SR,
BENLIL £ A — A BV AT R R, XA AL E
75 AR ] RE 5 B R FE 4 B 45 A —, NI 73 21
Je i B AT HE A ) B LA

2) A T L% NP-hard 7] #, 75 5RLFE T 207 5t
g5 T PR R AR E L () R A S T AN R
N 2R EEBIR Y A st BT 8 X XM ab FE 7 2
)& B 5 A A R T A

3) SRR T 2R B AN R B M P ) M
7R, G0RT R B 4R BT 22 R R EE 1) 1 24
7 A — AN T L R

4) AR 3L R f MR B e 4 ) R AERUE % 2
K RE 1 JR P e 25 T LR I SRR RT3 R 24T 1, REAS
Dt R RN EAETTE S-Sk = B M N LTE e S g T s
Xof G o A AR R SR, R A S 56 S IR R B e R
FEIR A it — B F R,
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