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Abstract  Missing data processing is an important problem of data pre-processing in data mining
field. Traditional missing data filling methods are mostly based on some statistical hypothesis,
such as probability distribution,which might not be the most applicable approaches for data min-
ing of large data set. Inspired by ROUSTIDA, an incomplete data analysis approach not using
probability statistical methods, MIBOI is proposed for missing data imputation based on incom-
plete data clustering. Constraint Tolerance Set Dissimilarity is defined for incomplete data set of
categorical variables,so the general dissimilarity of all the incomplete data objects in a set can be
directly computed,and the missing data is imputed according to the incomplete data clustering re-
sults. The empirical tests using UCI benchmark data sets show that MIBOI is effective and feasi-
ble.
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WAZEOGR AT 3 Mo A ML AR A
ZIEMEICTHE A MARKEZERZFE XA
P R R AR 1 SR AN B AR AT i DR R SR AN S8 A B
I 0 R S REAE 5

(2) 58 AN 58 # $HE 3 2 A7 41 # 50dls — ks
FEREN P AT RE RS RN ARTEES
K5 TRT o T AN 5 A7 A 4 3B G2 09 I A A 8, X B kA 7
T AR B A P R R AR O LA R A 4
ARG e BEARIE T 76 A IR AN AN SS X S 4R
A AR 22 4L ARG T8 vT LB IR AT ORS B 1T
PRAE T 2R R 24 4 22 5 B T 00 WG S PR D o
Tl B0 s 40 A 23 e A 5 48 B0 SR 6 A o 4, AT
PRAE T i R B0 SEL KD 9 5T 35t 5

(3) Bk F2 B3 55 o () 7E S 58 45 0 diE 1) 3R
25, T AE T e TP A 06 T O X R I A R L
B XS QTS5 A8 & A RIETIHA G LR
LR R LU E R B 22 IR A L
B A SE A S ik J2 A — A 8, Bk 1 TR
52 2 B OCeman) o ¢ HAEMECH om R 3
YRR ZIRIELRH 0 X ECH . A S BR 0 B 42
P I H ¢ Fm — /N T 0.

6 SLIGZER
%9 T A MIBOT 55 % HE AT Bl 22 B8 B Hh 9 2%

RMACR N UCT Hlg = > Bodls 5 Pk £ 4 A%
4 73 2 78 i ) S T R A B ) MIBOT 533 il 42 g
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1) ROUSTIDA 58 S J& 1k 340 oAb 3 1 R A7 % L
SEIG . S {F 3R 5% R« Intel (R) Core(TM) 2 Duo
CPU E7400@2. 80GHz 4L ¥ £% . 2. 00GB N AF ; A4
B N . Windows XP #:4E & 4t , Microsoft Visual
C+ 42008 Express Edition {215 5.
6.1 HiE&E

KA UCI ¥ 4 v 2 4 1) Small Soybean.,
Z00,SPECT Heart (train) , Image Segmentation 4§
PR HE 17 MIBOI 5 3% 19 4 %01 K 5. Small Soy-
bean B4 48 R4 & 47 DX R L0 4 28 RN
NE— R GAEY IR F L AR X R e LA 35 4,
25 I M i IO R T LAAE O 43 2878 4. Zoo Bl B
A5 101 XG53l 7 2K RSN N — Rl S 2K
B RN R A 16 A Hd 15 A R
PEAEEON (0, 1) 8 A 1A EUE E v il i sh i
A H EE R (0,2,4,5,6,8), AT LI N 43 S5 A8 &
SPECT Heart(train) 54 F 05 80 x4, L4y
N2 28 BN O IE R N TE R HE R X R0 JE
A 22 > HR RO E LT A ST S AL A AR
(Single Proton Emission Computed Tomography,
SPECT) K% 12 W B4 A 315 15 30 1) — 8 @ vk, (B
B {0,1}. Image Segmentation % i & — It fu &
2310 XS4 19 AN @b, 00 7 28R 7 Rl Ab
ER IR R R 1. A SO AR R BEPLAH R T 50 4>
XF4, 3 350 XFL AR (0, 1) 388 M ny £
YR SR X 42

Y FE K MIBOT 553k i A7 fik 2% %4 4f 51 4b
HIA %M, ¥ 58 45 i) Small Soybean, Zoo, SPECT
Heart (train) . Image Segmentation % 3% £ 73 5l )\
520 B 2R LL F T 16 BE AL B0 B o0« 7 IR 50

(O B 2 EE 238 30 1, T AR R L R AR B 70 %0, B Xt A
— AN BUHE 4B Y A — P BOER B2k L 3R L 4 iR B M-
BOI &3 4 i) ROUSTIDA % 3 | J@ o 19 8 31 #b
2: (MEANS, FIEU{E & 1 08 5553 28 8 1 A EOR B
PRI 2R B ) R FL 5 & 1R AT i 2 040 1) SELAD.
USG5 BB AL HE Sl O B0 BE AL AR B X
100 Yk B AL 52 56 25 S 0047 45 . KD 55 R | UKD IE
RN G R 2 IE 5 I (R SR B BT 5 A
T TP A 5 2 5040 JEURI B 3 ) M .

®1 HEEHE

Hodh 4 e E 7 J& T 5 Bk
1 Small Soybean 47 35 4
2 Zoo 101 16 7
3 SPECT Heart(train) 80 22 2
4 Image Segmentation 350 19 7
6.2 HIiRAFESMW
ARG HAEE RS I= (U AV, £, o 5

HEAT 8RR BOHE AN e X AN ECh N B R
M, R EAE I LR« SR B AT IRECH 7 I [R]H
FERIT R T OEAf AN B8y CL R AN R

#h5F#E CR(Complete Rate) 334 & Ik iz 17 32
B B B B R R B R F B R R s 1T
AN A - H RE YRGS AT 1 A SRR B S 48 4
IS AT 1R AN 1 22 A

CR = (C/n+F/n)/(M X a) (16)

FH 2 (16) 31580 # A FE MIBOI Al ROUSTI-
DA X A [6] 504 48 76 AS [5) B 2% BL 32T 1 #6557 %,
gEEnge 2 ME 1 R, MIBOI i 55 R B 8 2 T
ROUSTIDA.

<

R2 AMFERBIERRILENTL

e I/ %
o Small Soybean Zoo SPECT Heart(train) Image Segmentation
AR/ % MIBOI ROUSTIDA MIBOI ROUSTIDA MIBOI ROUSTIDA MIBOI ROUSTIDA
5 85. 32 3.29 84.63 57.87 79.13 29.13 95. 65 77.54
10 87.13 4.21 86. 22 62. 11 82.74 32.22 96. 90 73.33
15 86. 89 7.68 85. 28 65.12 78.63 36. 27 96. 66 72.69
20 85.63 14. 41 86.12 65.02 79. 28 40. 87 96. 83 68. 82
25 84. 30 26.01 87.62 65.52 79. 20 45. 24 96. 89 66. 39
30 83. 83 27.77 87. 38 56. 28 79. 28 48. 61 96. 85 62.03
35 83.09 52. 82 86. 68 50. 28 79.49 50. 94 97.08 52. 80
40 82. 35 60. 94 87. 47 37.97 81. 86 49. 82 97.57 42. 41
45 80. 76 72.15 87. 80 28.50 80. 41 47. 11 97. 35 30. 50
50 80. 79 73. 64 88.12 20. 31 81.01 41.53 97. 35 19. 84
55 79.45 74.90 87.97 13.93 81.95 33.72 97. 45 11. 38
60 78.69 68. 42 88. 34 8. 15 82.25 26.23 97.55 7.28
65 77.90 59.90 88.53 5.92 83.02 19. 56 97.61 4. 96
70 76. 85 54. 41 89. 22 4. 67 83.09 15. 25 97.56 4.18




8 1 B BREF BTN 58 4 B R I8 0 i R AR SEORD T 1 1733
100 100 T T T T T T
—
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20 20— M1BO1
. : . . . ——ROUSTIDA| . . .
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i b /% [N
(a) Small Soybean (b) Zoo
90 " " " " T T 100 —————— ——F—F—F—F
80l T~ T
2ol 8o} —+—MIBOI
*gl(l)%(él . ——ROUSTIDA
% 60} —— STIDA 5 60
5 5ol ¥
ol NS
R 40t & 40f
30}
20}
20}
10 , s s : : 0 s ' : ' '
0 10 20 30 40 50 60 70 0 10 30 40 50 60 70
Hil 2R L /% SR E /%
(¢) SPECT Heart (train) (d) Image Segmentation
I 0B = 3 €173 7 e Y R (9

6.3 EEEIEMEDN
By IEH AN 1 B % (Accuracy Rate) i 35 & Ik
IBATIE B EAN S B 5 B R B B R
s (1l
AR = (C/n) /(M X a) an
X F 5% Fl MIBOI Fl ROUSTIDA 7 fif 22 7 15
FIASEL G B R G0, 4k B2 K% F X (B 0 ok 0k 47 4
B e AE B R G A A7) TS E RS I
R4y B R 2 E AN (MEANS) | 5 ROUSTIDA
P (E A4S (RA + MS) | 45 MIBOT H 3 {f 3 #b
(MI+MS) }z 5 ROUSTIDA i MIBOT F134 {4 3 #b

(RA+MI+MS) It 4 By %:45 3 58 % 15 B R 5 il
1R I i %6 LA

AT 4 Fpy 6 506 R R B0 4 7E A
[F] k2 LU 36T B JECRD T i 8L g5 Rk 3 AL 2 i
AN SN NI S e ¥ N0 1 B S = (9 1105 X788
H:RA+MI+MS>MI+ MS>RA+ MS>MS, AJ
DIEM : A TSGR RS R MI+MS Jy
P AE AN IE B R G bR L — BT RA+MS Jyik K&
H %R H MEANS J5 . 1fi R Fl RA+MI+MS J5
LT MI+MS J5 k.

®3I FHEAMEBERBHBERKEROHETL

FAME# R/ %

s Small Soybean Zoo SPECT Heart(train) Image Segmentation
o 0 RA+ RA+ RA-+ RA+
/% MEANS Rﬁ; I\ﬁi MI+ MEANS Rﬁ; I\ﬁ: MI+ MEANS Rﬁ; ]\;\[/I[éﬁ MI+ MEANS Rj\é[;r ]\{\[/II;L MI+
MS MS MS MS
) 74.02 74.51 86.02 86.24 65.38 80.63 85.75 86.15 77.95 78.41 87.36 90.09 68.89 90.79 98.29 98.29
10 75.24 75.30 85.77 85.48 68.20 83.54 85.85 85.80 78.18 78.18 81.45 82.68 71.67 91.51 97.16 97.46
15 75.28 75.53 86.16 86.23  68.26 83.18 84.50 84.65 77.05 75.23 79.06 79.26 65.34 88.20 95.66 96.33
20 73.95 75.59 83.81 84.02 69.38 84.15 83.43 84.68  77.44 76.36 79.59 79.89 67.42 89.29 95.72 96.30
25 73.80 76.79 83.45 83.76 68.56 81.51 82.27 82.68 76.14 77.23 77.81 78.55 67.17 87.05 93.60 94.35
30 73.57 77.00 82.68 83.18 68.86 78.68 81.13 81.58 75.53 76.59 77.59 77.68 67.46 83.57 93.75 94.39
35 73.15 78.87 80.78 82.42 67.88 75.58 79.56 80.56 75.52 75.42 76.72 76.98 67.46 82.22 92.73 93.38
40 73.48 79.04 80.14 81.84 68.85 73.48 78.21 78.47 75.11 76.51 77.63 78.17 68.26 77.39 91.45 92.07
45 73.76 79.64 79.08 80.87 68.36 70.84 76.97 76.79  75.00 76.01 76.40 76.65 67.56 73.16 91.33 91.78
50 73.49 77.38 77.02 78.88 67.56 68.68 75.09 75.18 75.07 76.57 78.15 78.61 68.32 70.80 90.18 90.49
55 72.58 77.58 75.92 78.76  67.77 68.73 72.92 72.67 75.83 77.09 78.50 79.12 67.42 68.69 88.26 88.38
60 73.07 75.61 75.00 77.42 67.46 67.59 71.17 70.64 75.59 76.95 77.10 77.64 67.61 67.90 86.66 86.75
65 73.39 73.93 73.74 74.71 67.66 67.67 69.31 69.13 73.65 74.51 74.83 75.11 68.08 68.15 84.49 84.50
70 73.23 73.87 72.39 73.24 67.43 67.31 67.48 67.29  73.15 73.94 75.18 75.33 67.53 67.54 82.74 82.74
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(a) Small Soybean (b) Zoo
95 . . . . . . 100 . . . . . .
—o— MEANS
——RA+MS 95}
90 ——MI+MS
NS —+—RA-+MI+MS = 90F
o \d
¥ 85 g
B = —o—MEANS
A = gl ——RA+MS
% 80 1}“; ——MI+MS
g = 75 ——RA+MI+MS
& 70}
70 . . . . . . 65 . . . . . .
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
[N SN
(¢) SPECT Heart (train) (d) Tmage Segmentation
[l 2 SPLRR IE B 3R bl RO K bR A AR L
6.4 HINGEBEREHESN FIR A8 T3 4 F oy BB XA [R) Bl s 4R A6 A

AN 5 1Y 2R 2R R 28 I 75— A A J3E 03 A 4
AT R B IER R AKX

Hort s N ZRoR X R BB 0, R R IR RIS H 2
IS GH b Fon BB HL A b — /N AR
MEANS . RA+MS . MI+MS } RA+MI+MS Jt 4
Pl 7 BEAT AN A TR R 58 % (5 B R 58 i 48 i
K-Modes"""' S5 3 LA 73 H7 FL 3R 2R IE 2.

(18)

[ 2% Lb 2% AR 5 I R 2R IE R L S5 Rk 4
FE 3 Fis. Bk L& .4 By ik AN G B R IE# R
R o AIK E E AK Y A RA A+ MI+ MS > MI+ MS >
RA+MS>MS. Hor, 78 8k H R B AL CNF 20%0)
PO LT o 4 Bh 5 0 1 SR SRR 25 W R B . (P i
Bk LR A3, RA+ MI+MS Al MI+ MS %t F
MEANS 1 RA+MS [0 #4 K L x Foa #st 0l i
3B A T .

R4 HEICREAEHEHBBERALENEN

HANE REIEWE/ X

ek Small Soybean Zoo SPECT Heart(train) Image Segmentation
0 RA+ RA+ RA+ RA+
b/ MEANS RQ; MI\EI; MI+4 MEANS Rﬁ; M]\/I[g MI+ MEANS Rﬁ: 1\;\[/1[; MI+ MEANS RI\A/I: 1\;\[/1[; MI+
MS MS MS MS
5 76.72 76.81 78.81 78.77 76.14 78.02 77.52 78.33 61.60 62.61 62.30 62.35 72.49 77.26 77.27 77.57
10 74.81 74.89 77.06 77.79 73.71 76.25 76.70 78.02 61.55 62.98 63.25 63.35 69.77 74.89 75.09 76.09
15 72.09 72.85 75.36 75.02 73.76 76.05 75.88 76.91 60.45 61.69 62.75 64.35 68.86 71.06 72.86 72.36
20 69.06 69.91 76.49 75.34 70.49 74.52 75.32 75.72 58.45 59.65 61.85 63.05 67.34 69.09 69.63 70.74
25 67.32 70.70 76.38 75.89 66.56 73.88 74.65 75.39 56.85 57.79 60.75 61.95 65.57 67.80 69.26 70.34
30 63.57 69.53 74.89 76.72 62.95 70.73 72.93 74.38 54.50 55.43 60.00 60.50 63.11 64.86 68.83 69.09
35 60.15 71.15 72.94 75.66 58.72 68.04 72.45 72.34 52.75 53.60 59.25 59.85 61.73 63.15 68.95 70.48
40 56.85 67.79 69.77 72.79 57.37 62.82 71.23 70.26 51.32 52.14 58.45 58.85 58.71 61.26 67.34 68.21
45 55.64 70.28 68.87 71.83 54.51 57.35 69.50 69.82 50.25 50.98 57.84 58.42 57.09 58.26 65.46 66.66
50 51.47 66.28 63.98 68.94 53.36 53.75 68.06 67.43 49.85 50.37 57.81 58.25 55.21 56.46 65.87 66.79
55 48.74 61.19 60.17 66.68 51.12 51.49 62.40 61.67 47.25 47.57 57.35 57.25 52.43 53.67 65.06 65.42
60 47.13 57.34 57.60 64.19 50.28 50.50 60.22 59.58 46.51 46.63 55.56 55.55 51.37 51.67 65.15 65.37
65 45.60 47.74 53.23 56.28 50.47 50.47 57.15 56.06 46.95 47.05 53.70 54.00 49.18 50.26 62.48 62.50
70 44.70 45.94 46.64 50.28 48.94 48.92 51.59 51.40 46.55 46.60 53.50 53.60 48.12 48.30 60.82 61.22
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RBIEMH/%
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WRIEH /%
[=2]
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60
55 —o— MEANS
—x—RA+MS

50 —— MI+MS
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Wb R /%
(b) Zoo

80

75

55l —e—MEANS
——RA+MS
50 ——MI+MS
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(d) Image Segmentation

P 3 SERM G 3R 2K TR A R Bt RO B 2k L AR A 281K

6.5 EiEmMBERMESF

SRk W R) S 2E 48 bR 1 OF 39 B ] CAverage
Time,AT) .

AT = T/n

S 27 B[R] Ay S 2 UK 3 AT B[R] FE.

PSR R 4 ROy 2R H Al 2 ROUSTIDA
MIBOI il MEANS % 3 ## 3. i T MEANS &3k
SR AR FE A 1 A 1) T S AR B AR TE &R 44 1 5K
P 3% AT L A U A B ] 5 MIBOT Fil ROUSTI-
DA # HE AR /N, 8O 7 % &, 38 i ROUSTIDA Al
MIBOT Wi #3035 1 80 RmT LY B i1 58 Bk 4 Fpoy
R,

19

FIR L (19) 314 MIBOI 1 ROUSTIDA £f %t
AN TR B B AEAS R) B 2 b 36T A0 S 349 1 1] 5 45 3%
5 FE 4 fias. B T &%) Small Soybean $§ 4 £
FEG R EL RN 5% ME LT MIBOI 1 - X B i)
#F ROUSTIDA P4k, MIBOI (4 5 27 B i) # B
it F ROUSTIDA. 1fij £ %} Small Soybean it 4% £ 7
B SR 506 B BL T - MIBOT (1) 5F- 57 1] 1] i 55
T ROUSTIDA #yJ5 I, 2 i &0~ MIBOI -
BB UGE 17 S AN B3 T ROUSTIDA. [ it
MIBOI (%) 5[] % % B 8 {1 B F ROUSTIDA, i 1
A MI-+MS [} [E] 3% F RA+MS, RA+MI+
MS B} [A] 3% 5 RA+MS 22 5| AN B .

x5 FHHEBEREHERIEENTH
SERmEE] /s
[:[ﬁi%i% Small Soybean Zoo SPECT Heart(train) Image Segmentation

MIBOI ROUSTIDA MIBOI ROUSTIDA MIBOI ROUSTIDA MIBOI ROUSTIDA
5 0.0131131 0.0129556 0.0162254 0.0927672 0.0192329 0.0735226 0.0619321 0.5218761
10 0.0117771 0.0176370 0.0166684 0. 1208486 0.0171604 0. 0843587 0.0616965 0. 6440620
15 0.0087403 0.0219360 0.0175031 0.1457246 0.0173548 0.0893062 0. 0625065 0.7856314
20 0.0093193 0. 0243008 0.0167371 0. 1456594 0.0161800 0.0924595 0.0659766 0. 9251275
25 0. 0094550 0.0315406 0.0156688 0.1521954 0.0156049 0.1131494 0.0665631 1. 0993335
30 0.0093229 0.0365858 0.0164809 0. 1533735 0.0157433 0.1023212 0.0632263 1. 1785693
35 0.0084011 0.0435361 0.0164376 0. 1586361 0.0152395 0.1218758 0. 0639240 1. 2753069
40 0.0087856 0. 0462890 0.0155978 0. 1589187 0.0169334 0. 1414599 0. 0655622 1. 3288523
45 0.0078838 0. 0474545 0.0154916 0.1628987 0.0159857 0.1446286 0. 0597393 1. 3836006
50 0. 0080644 0. 0487682 0.0152555 0. 1449884 0.0167692 0.1443256 0. 0627980 1.3164211
55 0.0072038 0.0517491 0.0153124 0.1427352 0.0140706 0.1464181 0.0614751 1.1922182
60 0.0064598 0. 0548814 0.0133016 0.1342913 0.0145347 0.1330675 0. 0595110 0. 9574924
65 0. 0063797 0. 0508105 0.0127699 0.1436160 0.0134001 0.1248297 0. 0551150 0. 8367161
70 0. 0059796 0.0537372 0.0128770 0. 1457940 0.0133480 0.1415762 0.0524282 0. 6286149
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(c¢) SPECT Heart (train) (d) Image Segmentation
Pl 4 PS4 ek ] 156 BN Bl G L R i A 1k

6.6 HESHIW

MIBOI B — > g L WG 1R E S8 Y
WAEZEEGERE FIR v X EEL SR MIBOI
LR REZEG R FIR o B B Bk 5L
P SELRI 8 XoF T A 230 3k 3] e vy 1) e FE AL

B X AN () 5 i S AE AN [R5 2 LE 32T 100 (R Bl 1L
SEIRY s S5 AR AT Y (E AR o 25 RO 1 25 R A R
Wk 6.K 5 Pr~. MEF X Small Soybean. Zoo,

SPECT Heart (train) X 3 %045 4 (HH T Image
Segmentation FHfE £ [F] — A2 N 22 AR /NI X Z 88
2, SR R R w BAEBUE Y S 0 BAS TR 73 AN
WIZEE ) 1 LI 45 R B X T4 100 Bl AL 52
B 80 o S AR - 12 (6 41 B A RO B2k LR
TN T REEAVR . A o 22 Bl A 5080 Bk 2R LU 238 A 19 I A
45— WAL . 3 A Bt A 0 bR UE 25 R BUNE A R L
&I pI

K6 uREEBNFEHENFREZ RYBHEREERNTL
(7S Small Soybean Zoo SPECT Heart(train)
/% Bofi! FrifEE  ARiEZE AR Y% ol brifE2e bRk 2E R B/ Eof N i ARdEREREU Y

5 0.1170 0.0149 12.74 0. 0854 0. 0320 37. 47 0.2074 0. 0498 24.01
10 0.1151 0.0151 13.12 0. 0845 0. 0257 30. 41 0.1748 0. 0366 20. 94
15 0.1141 0.0148 12.97 0.0783 0.0220 28. 10 0.1620 0. 0430 26. 54
20 0.1113 0.0172 15. 45 0.0766 0.0235 30. 68 0. 1482 0.0307 20.72
25 0.1120 0.0177 15. 80 0.0713 0.0242 33.94 0.1215 0. 0294 24. 20
30 0.1083 0.0205 18. 93 0.0697 0.0209 29.99 0.1239 0. 0267 21.55
35 0. 1080 0.0242 22.41 0. 0654 0.0222 33. 95 0. 1060 0.0317 29.91
40 0.1013 0.0214 21.13 0.0528 0.0221 41. 86 0.0938 0. 0299 31. 88
45 0. 1000 0.0263 26. 30 0.0563 0.0230 40. 85 0.0841 0.0242 28.78
50 0. 0989 0.0265 26.79 0.0463 0.0240 51. 84 0.0742 0. 0288 38. 81
55 0.0988 0. 0306 30. 97 0.0392 0.0220 56. 12 0.0634 0.0267 42.11
60 0.0958 0.0312 32.57 0. 0380 0.0227 59. 74 0.0514 0.0271 52.72
65 0. 0946 0.0314 33.19 0.0260 0.0224 86. 15 0.0393 0. 0266 67.68
70 0.0924 0.0291 31.49 0.0227 0.0209 92.07 0.0284 0.0228 80. 28
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ROUSTIDA does not use traditional probability statistical
techniques, handling missing data based on rough set theory.
It is applicable for data mining applications. However the
efficiency and effectiveness of the proposed methods are still
far from satisfaction. Getting hints form ROUSTIDA not
using traditional probability statistical approaches, this paper
proposes MIBOI approach for missing data imputation based
on incomplete data clustering. It significantly improves the
efficiency of the existing missing data processing methods.
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