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ABSTRACT - This research aims to improve the performance of semi-supervised learning by
automatically select unlabeled data. The proposed method uses two regression models to
estimate values for unlabeled data, then cluster the data into groups. Therefore, similar data are
assigned in the same group and the different data are assigned into the different groups. After
that, the method selects each group representative that have least error and append into
training data. Then, we repeat until we have enough training data. From experimental results
with three datasets, we found that the proposed method can improve performance and reduce
computation time by 84%, comparing to previous work.

KEYWORDS: Co-Training, Simi-Supervised Learning
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TumsaiiaTuaaidy :
Ul
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Naf13Tuina AU-COREGHAZNAA D U
UszaniamvesTuaa Seumsdi 8)

h'(x) = (ha(x) + ha(x)) /2 (8)

2.6.4 MAUANIUIUIOUM SN (Iteration) 200 FOU
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Y
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Uszianveavoya fan519 5

3. HANINAGDINAZA DB LI HAIDYA

wamsfFoudieuilssansanvea luaad oAl RMSE 104

Tuiaa Self-training, COREG 118 AU-COREG M3 3angu
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9 v
Adua 2 IUDI 10 NgU wagill U’ iy 100 Laz 200 taz
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]
P! @

q v v 9 =
i%ﬂgnﬁWﬂﬁl"]ﬂuﬂﬁﬁiNINmﬁﬂl@ﬁlﬂHﬁ‘gﬂﬂ 1 AT N

6-10

@7757\7‘7; 5. uaeN Tmmuaﬁdmm‘”msamw
©) aa | Tuaa 5IAILELNN (p) K
Woya
(7
kNN1 | Mix Euclidean Distance 3
1
kNN2 | Nominal Distance 3
kNN1 | Mix Euclidean Distance 5
2
kNN2 | Mix Euclidean Distance 9
kNN1 | Euclidean Distance 5
3
kNN2 | Correlation Similarity 5
8

AISNA 6. uaaNA1 RMSE uagsgeedal (W) 910 luaa

SELF-TRAINNING 48z COREG va3Yoyayail I

MODEL Training Set = 100 Training Set =200
RMSE TIME RMSE TIME
SELF TRAINING 17,299.17 16,926.85
COREG 16,126.82 276 16,104.93 537

1517 7. uaaua1 RMSE uagseoeial (u1i) 910 luaa

AU- COREG 7199 Cluster #3835 K-Medoids youiayayai 1

MODEL U'100 U200
AU-COREG RMSE TIME RMSE TIME
2 CLUSTER 16,180.82 21 16,003.33 23
%)
g
8 3 CLUSTER 16,129.74 23 16,165.40 25
o
=
* 4 CLUSTER 16,282.24 25 16,107.52 27




MITNA 7. uan1 RMSE uagszezidal (u1i) 910 luiaa

AU- COREG 7199 Cluster #7675 K-Medoids veadeyayai 1
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AT 9. uanNeA1 RMSE uagszezidal (u1i) 910 luiaa

AU- COREG 9199 Cluster #3875 K-Mean Uag Seed = 100

' P =
(A19) YNVOYAYAN |
Al
MODEL U'100 U"200 MODEL U'100 U"200
AU-COREG RMSE | TIME | RMSE | TIME AU-COREG RMSE TIME | RMSE | TIME
5CLUSTER | 16,279.32 28 | 16257.53 31 2 CLUSTER 16.203.94 18 16,119.15 18
6 CLUSTER | 16,047.12 31 16,301.17 34 3 CLUSTER 16,095.27 19 16,293.71 19
»| 7CLUSTER | 1627932 3 | 1612876 37 4 CLUSTER 16:309.88 o 1617486120
a
5
8 | 5 CLUSTER 16,238.26 22 16,221.03 21
S| SCLUSTER | 1625133 37| 16037.87 40 =
! Il
il 2
m | 6 CLUSTER 16,354.49 22 16,156.71 22
9 CLUSTER | 16,279.38 40 | 1612475 43 “
Z
E 7 CLUSTER 16,265.92 24 16,010.29 23
10 CLUSTER | 16,313.28 2 | 1614195 46 o
8 CLUSTER 16,242.97 26 16,264.19 24
9 CLUSTER 16,067.44 26 16,079.38 24
o ' ~
ATTNN 8. UaANA1 RMSE Uas 5820301 (W1N) 910 Tupa
o . 10 CLUSTER 16,180.36 26 16,246.13 25
AU- COREG N9@ Cluster 73835 K-Mean 1A Seed = 1992

voudoyayail I

MODEL U'100 U200
AU-COREG RMSE TIME RMSE TIME
2 CLUSTER 16,195.76 17 16,368.06 18
3 CLUSTER 16,095.27 19 16,019.71 19
4 CLUSTER 16,241.59 21 16,303.79 20
S| 5 CLUSTER 16,317.01 23 16,284.17 21
=N
I
a
| 6 CLUSTER 16,186.70 22 16,159.21 22
7]
z
E 7 CLUSTER 16,243.52 23 16,212.69 24
v
8 CLUSTER 16,110.72 25 16,132.22 24
9 CLUSTER 16,223.59 26 16,152.23 24
10 CLUSTER 16,186.64 26 16,363.86 25

17

A5 10. ua@aaa1 RMSE uagseo1a1 (W1i) 910 luaa

AU- COREG 9199 Cluster #9875 K-Mean 12 Seed = 3645

P =
vaNvoyayan 1

MODEL U'100 U200
AU-COREG RMSE TIME RMSE TIME
2 CLUSTER 16,112.53 18 16,099.72 18
3 CLUSTER 16,331.73 21 16,303.51 20
4 CLUSTER 16,275.75 21 16,245.74 21
£ | 5CLUSTER 16,193.15 22 16,202.93 21
@
I
a
Ej 6 CLUSTER 16,092.36 23 16,074.08 22
%)
Z
E 7 CLUSTER 16,193.15 25 16,187.52 22
V)
8 CLUSTER 16,208.41 25 16,216.09 24
9 CLUSTER 16,166.59 27 16,084.66 26
10 CLUSTER 16,188.76 25 16,361.12 26
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Wuh

- Twea N @ 180nnsSeudnngadeyadln
YUIA 100 1AL 200 719819 92 1dA1 RMSE 118D 17,299.17
1ag 16,926.85 MUAIAL

- Twna COREG il I&nnmsitudaesraiigniiiy
mandeyai ifithediu vua 100 waz 200 Ao 9218
A1 RMSE IMAU 16,126.82 11ag 16,104.93 @19

- Tuia AU-COREG (U= 100) 71 189100151l

o 1

o ' A o ] A 1A Y o o
ared1engniinuavIndeyan lulidediny vuie 2
@ I & = o [ @ Y
#10819 IUATLNID 10 A20819 (AIUNUUDA Cluster A28
mAHA K-Medoids ) 92 1471 RMSE NTif1d1g a1y
16,047.12 %4'1891AN1591 Cluster 314U 6 Cluster aaad
=} [ A v
0.49% (1NeunY COREG) luvaziszaznarlunisasiig
Tuaa anad91n 276 WA 1Mdedied 31 IR H30aAadda
’ Y1 A

89% uaz luma AU-COREG (U’= 200) 3¢ 1dA1 RMSE Miimn
A1ganINY 16,003.33 391491011591 Cluster $1UU 2
Cluster anad 0.14% (MeVNY COREG) luvmznszeagiian
Tumsa$aluea anadnin 527 1A maeiiied 23 Wi Wio
ANAIDI 96%

- Tuiaa AU-COREG (U’=200) 1189 1an1351M 1

o 1

o ' A o ] A 1A Y o o
ared1engniinuavIndeyan luidediny vuie 2
@ I & = o [ @ Y
$19819 IUNTLNIDL 10 A2I9819 (AIUNUVDY Cluster A28
MmAlA K-Mean Iﬂﬂlﬁﬁlﬂﬁ]u“ﬂu Cluster 910 Seed 1992 100
uaz 3645) 92 1aA1 RMSE Ndisdgaminy 16,067.44 a¢1d
91AN1571 Cluster 91U IU 9 Cluster (Seed 100) aA93 0.37%
= o A A

(Meuny COREG) luvaziszeznarlunisaialuaa

= A = = A =
AADNIN 276 UIN LHADIWEYN 26 UIN HIDAAANDG 91% LA

'
' o

Tuina AU-COREG (U= 200) 92 18R RMSE #iiiA1d1qa
R 16,010.29 #4'14910015971 Cluster $1149U 7 Cluster
(Seed 100) anad 0.59% (1 80§ 1 COREG) Tuvm ¢ i
sraznalumsadieluea anadnn 527 ufi mdedios 23

= A =
UIN HIDAAAIDN 96%
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¢y a
3.2 AANINEINIUVDHATAT 2

namsufTeuieudseaniamuesTunadien1 RMSE ¥04
TuiAa Self-training, COREG 11ag AU-COREG N1M33angu
v [
Agua 2 9uDa 10 ngu uazil U’ many 100 uag 200 uag
QU ¥ Y = o a
sraznanlglumsaielumavesdoyayai 2 Aan1s19d
Ed
11-15 a31 1ddail
NN 11. ua@aaf1 RMSE uagseezal (1) 91n luaa

SELF-TRAINNING taz COREG Yaddoyagai 2

MODEL Training Set = 100 Training Set =200
RMSE TIME RMSE TIME
SELF TRAINING 2,199.14 2,120.78
COREG 2,113.46 215 2,110.38 428

MTNA 12. ud@aaf1 RMSE uagseezial (1) 01n luaa

AU- COREG 7199 Cluster #7675 K-Medoids ¥839oyagai 2

MODEL U'100 U200
AU-COREG RMSE TIME RMSE TIME

2 CLUSTER 2,121.32 12 2,120.32 17
3 CLUSTER 2,122.24 13 2,115.78 17
4 CLUSTER 2,119.87 15 2,108.29 19
5 CLUSTER 2,115.01 22 2,111.66 24

1)

a

8 6 CLUSTER 2,118.39 25 2,114.48 28

5

=

* 7 CLUSTER 2,113.61 28 2,113.61 31
8 CLUSTER 2,112.36 31 2,115.24 33
9 CLUSTER 2,110.84 34 2,111.19 36
10 CLUSTER 2,110.05 36 2,120.08 39




NN 13. ua@aaf1 RMSE uagsgezial (11i) 91n luaa

AU- COREG 9199 Cluster #3875 K-Mean Uag Seed = 1992

voudoyayan 2
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MTNA 15. ua@aa1 RMSE uagsgezial (11i) 91n luaa

AU- COREG 1138 Cluster 5’36’13%' K-Mean 140& Seed = 3645

youdoyayan 2

A5 14. ua@aaa1 RMSE uagseo1at (W1i) 910 luaa

AU- COREG 1199 Cluster #7875 K-Mean 12 Seed = 100

P =
YoNvayayaAn 2

MODEL U'100 U'200
AU-COREG RMSE TIME RMSE TIME
2 CLUSTER 2,114.02 12 2,109.80 12
3 CLUSTER 2,119.22 14 2,120.06 15
4 CLUSTER 2,117.78 17 2,123.85 17
=S 5 CLUSTER 2,115.14 20 2,116.97 20
I
8
L(})J 6 CLUSTER 2,110.68 23 2,109.16 22
z
<
E 7 CLUSTER 2,116.55 25 2,114.88 25
v
8 CLUSTER 2,115.95 28 2,111.49 28
9 CLUSTER 2,117.86 30 2,109.37 30
10 CLUSTER 2,111.38 33 2,117.51 33

MODEL U'100 U200 MODEL U'100 U200
AU-COREG RMSE | TIME RMSE TIME AU-COREG RMSE | TIME RMSE TIME
2 CLUSTER 2,118.82 12 2,117.95 14 2CLUSTER | 2,114.02 12 2,125.11 12
3 CLUSTER 2,114.02 12 2,109.64 17 3CLUSTER | 2,119.22 14 2,113.98 15
4CLUSTER | 211452 15 212036 17 4CLUSTER | 2,117.78 17 2,108.27 17
|  5CLUSTER 2,117.16 20 2,118.93 20
3 w| 5CLUSTER | 2,115.14 20 2,119.51 21
I 3
a Il
S| 6CLUSTER 2,110.68 23 2,117.87 23 a
2 2| 6CLUSTER | 2,110.68 23 2,114.91 23
2 ©n
S| 7cLusTer 2,112.78 26 2,110.86 26 <Zc
E g| 7CLUSTER | 211655 25 2,116.81 26
v
8 CLUSTER 2,113.20 28 2,115.21 29
8 CLUSTER | 2,115.95 28 2,116.16 29
9 CLUSTER 2,117.96 31 2,111.94 31
9 CLUSTER | 2,117.86 30 2,117.70 31
10 CLUSTER 2,111.36 33 2,107.28 33
10 CLUSTER | 2,111.38 33 2,115.96 34

19

- Tuea kNN 7 I8nnmseudnngadeyailnuna
100 @z 200 A10819 92 14A1 RMSE 111171 2,199.14 11ag
2,120.78 MUAAL

- Twaa COREG i I@nnmsiiudies1afigniidy
munndeyad luithediy vina 100 uag 200 Fae619 9218
A1 RMSE IMA1 2,113.46 118z 2,110.38 a6y

- Twiaa AU-COREG (U= 100) fi 1891001514 u

]
@ ' = o w

' 9 Ay 1Ay, o o
drednngniinuainindeyad lufifhediny vuia 2
@ [ & = o [ @ Y
#10819 IUATLNID 10 A20819 (AIUNUVDA Cluster A28
MATA K-Medoids ) 92 1dA1 RMSE N Ard1gaimany
2,110.05 %4'1#91AA13711 Cluster 31431 10 Cluster anad
= [ A A
0.16% (1Neuny COREG) luvaziszaznarlunisasiig
Tuiaa anad91n 215 UIH 1Maeiiied 36 U1N HIvanadDa
83% 1az TuAa AU-COREG (U’=200) 92 '14A1 RMSE fiif
Argaminy 2,108.29 #41891An13%1 Cluster $112U 4
Cluster anad 0.10% (1MeUNU COREG) luvaziszozinan
lumsadaluma anadain 428 WA mdedieq 19 1A 5o

ANRID 96%



- Tuiaa AU-COREG (U’=200) 1189 1an1351W 1
o ' A o w1 ] A 1y o w
ared1engniinuaIndeyan luidediny vuia 2
#79619 IUNTLNIDA 10 §29819 (FIUNUVDA Cluster A28
MmAlA K-Mean Tﬂmﬁaﬂ@hmu Cluster 919 Seed 1992 100
uag 3645) 92 1aA1 RMSE filiadigaminy 2,107.95 a1
1115 Cluster 311U 10 Cluster (Seed 3645) anad 0.26%

= [ A v

(Meuny COREG) luvaziszeznarlunisaialuaa

= A = = A =
AADNIN 215 UIN LHADIWEN 34 UIN IDAAAIDG 84% Liag

'
' o

Tuia AU-COREG (U= 200) 92181 RMSE fifid1d1qa
W 2,107.28 #41891011591 Cluster $112% 10 Cluster
(Seed 1992) @A @4 0.15% (1 81§ 1 COREG) 1 v & fi
sroznalumsadeluma anaan 428 Wil iMdeldiog 33

= A =
UIN HIDAAAIDN 92%

¢y a
33 AANINEINIUVDHAEAT 3

wamsfFouieudseaniamuesTuaadioa1 RMSE 404
TuiAa Self-training, COREG 1ag AU-COREG N1N133angu
2 ' = ' A PN
AR 2 9UDI 10 NQN taznd U’ mdy 100 uag 200 1az
g U v Y A 9 A
szoznaldlumsainlueavesdoyagain 3 damsian
Ed
16-20 ar31 1dAail
A15NA 16, uaaua1 RMSE uazseoziaal (W) 910 luaa

SELF-TRAINNING uaz COREG veadoyayail 3

MODEL Training Set = 100 Training Set =200
RMSE TIME RMSE TIME
SELF TRAINING 10.76 10.67
COREG 7.90 217 7.70 419

MTNA 17. uaadn1 RMSE uagsgeal (1) v1nluaa

AU- COREG 199 Cluster #3633 K-Medoids yedtayayai 3

MODEL U'100 U200
AU-COREG RMSE TIME RMSE TIME
»n| 2CLUSTER 7.63 12 7.74 12
a
Q
g
S| 3 CLUSTER 7.66 15 7.70 15
v

20
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MTNA 17. uaada1 RMSE uagsgezal (1) 01nluaa

AU- COREG 7199 Cluster #7675 K-Medoids vo49eyagai 3

(99)
MODEL U'100 U200
AU-COREG RMSE | TIME RMSE TIME

4 CLUSTER 7.70 17 775 18
5 CLUSTER 775 20 7.66 21
6 CLUSTER 7.74 23 7.84 25

wn

a

S| 7CLUSTER 7.65 26 7.65 28

5]

=

#| s cLUSTER 775 28 7.66 30
9 CLUSTER 7.81 31 7.79 34
10 CLUSTER 7.74 33 775 36

MITNA 18. U1 RMSE Uagse

<1987 (W11) 910 luaa

AU- COREG 9199 Cluster #3875 K-Mean Uag Seed = 1992

P =
Yovvayayan 3

MODEL U'100 U200
AU-COREG RMSE TIME RMSE TIME
2 CLUSTER 7.73 12 7.82 12
3 CLUSTER 7.68 14 7.68 15
4 CLUSTER 7.71 17 7.78 17
S| 5CLUSTER 7.78 21 7.78 20
=)}
I
a
5 6 CLUSTER 7.66 23 7.74 22
»n
z
E‘ 7 CLUSTER 7.77 26 7.78 26
v
8 CLUSTER 7.81 28 7.79 28
9 CLUSTER 7.80 31 7.91 30
10 CLUSTER 7.84 33 7.86 33




MTNA 19. ua@aa1 RMSE uagsgezial (1) 01n luaa

AU- COREG 9199 Cluster #3875 K-Mean Uag Seed = 100

voudoyayail 3

MODEL

U'100

U200

AU-COREG

RMSE

TIME

RMSE

TIME

2 CLUSTER

7.63

7.72

3 CLUSTER

7.64

7.70

4 CLUSTER

7.72

7.75

5 CLUSTER

7.75

20

7.78

21

6 CLUSTER

7.75

23

7.71

23

7 CLUSTER

K-MEAN, SEED = 100

7.85

25

7.71

25

8 CLUSTER

7.63

27

7.76

28

9 CLUSTER

7.78

30

7.81

31

10 CLUSTER

7.76

33

7.89

33

AT 20. UAANAT RMSE HASTS

AU- COREG 1138 Cluster @s),TJEJ?J%‘ K-Mean 148& Seed = 3645

v =
YoNvayayan 3

<19a1 (1171) 910 lwaa

MODEL

U'100

U200

AU-COREG

RMSE

TIME

RMSE

TIME

2 CLUSTER

7.66

7.70

3 CLUSTER

7.61

7.67

4 CLUSTER

7.79

7.71

5 CLUSTER

7.78

21

7.70

20

6 CLUSTER

7.65

24

7.76

23

7 CLUSTER

K-MEAN , SEED = 3645

7.77

26

7.89

25

8 CLUSTER

7.70

28

7.87

28

9 CLUSTER

7.71

31

7.79

31

10 CLUSTER

7.78

34

7.90

33
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- Twea kNN i I8 nnmsieudnngadeyailnvina
100 1az 200 A70819 92 18A1 RMSE 11111 10.76 uag 10.67
CRIVRTaMT

- Twna COREG il I&nnmstitudaes1aiigniiiy
mandeyai Wifithediu vua 100 ez 200 Ao 9218
1 RMSE 1M1 7.90 1ag 7.70 uaau

- Twiaa AU-COREG (U= 100) fi 183 1nn 1514 u
o oA o w o w

' 9 Ay 1ay
G]’JE)EJNT]Qﬂﬂ?ﬂ"ﬂﬂWi]WﬂﬂJﬂl‘llaﬂ‘liJiJﬂWﬂﬂWﬂU YUIA 2
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v
A 1o ]
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#4'18910N15911 Cluster 3149 2 Cluster anad 1.80% (tHaw
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= = = = A =
217 Wi maeiied 12 WA viseanasda 94% waz Tuaa AU-
, v e} o &
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18919n13911 Cluster 31494 7 Cluster aAad 3.21% (NHBUAL
COREG) Tuvazfszaznarlumsadialuma anaanin 419
W9 Maeiiied 28 11N HIoanadda 93%

- Tuiaa AU-COREG (U’=200) 1 1#831an1310 %
o ' A o w1 ] A 1y o w
ared19ngniinuanIndeyan lulidediny vuie 2
#79619 IUNTLNIDA 10 §29819 (FIUNUVDA Cluster A28
mAtiA K-Mean Tﬂmﬁaﬂﬁmmu Cluster 910 Seed 1992 100

Y Aa |I) " W & 9y

uag 3645) 92'1aA1 RMSE Niadigaminy 7.61 ¥11da1n
1391 Cluster 31424 3 Cluster (Seed 3645) a0 1.58%
(tHeufy COREG) luvaznszeznarlumsaiialuaa
AAB991A 217 WA (MaBITied 24 W U3PaRADI 89% uag
Twina AU-COREG (U’=200) 92 1aA1 RMSE #ilin1d1ga
MY 7.67 441891901591 Cluster 31191 3 Cluster (Seed
3645) a4 2.88% (NeUNU COREG) luvaziszeznailu
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