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ADE-Tri-training ; Tri-training with Adaptive Data Editing

DENG Chao GUO Mao-Zu

(School of Computer Science and Technology ., Harbin Institute of Technology, Harbin 150001)

Abstract  Tri-training, a Co-training style semi-supervised learning algorithm, can effectively
exploit unlabeled examples to improve generalization ability. However, Tri-training may suffer
more from the common problem in semi-supervised learning, i. e. the performance is usually not
stable due to the unlabeled examples may often be wrongly labeled and accumulated during the it-
erative learning process. In this paper a new Tri-training style algorithm named ADE-Tri-training
(Tri-training with Adaptive Data Editing) is proposed. ADE-Tri-training not only employs a spe-
cific Data Editing technique to identify and discard possible mislabeled examples along with itera-
tions of three classifiers mutually labeling, but also takes an adaptive strategy to trigger or inhibit
the editing operation according to different situation. The adaptive strategy is combinations of
five precondition theorems all that will ensure reducing classification error as well as increasing
the scale of new training set iteratively under the PAC theory. This paper also provides the proof
of all these precondition theorems. Experiments on UCI datasets show that ADE-Tri-training
could more effectively and stably utilize the unlabeled examples to improve classification generali-
zation than Tri-training and DE-Tri-training (Tri-training with Data Editing but without adaptive

strategy).
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AR B3 [ L [ >0 —r)e /(] —
(I—rDe) UL [e/ |/ ((1—r)e) —1] X L' —
WREEER A, [ L [ >e/((I—rDei—e),
T3 HUAE [ (L—rDell!/e;— 1| X L' R EH 5
LD > —rDe /((L—rDel— (1—r)e) U
PRI [ (1 —rDel!/ ((1—rDe) — 1] X L' ZUCREE.
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B Y Learn 36. if |LDE;|>>1 then edit;< TRUE
3 37. if edit,=TRUE and |L,|>{ then
Do A
(yshi (2)) XA (L) et et e
iﬁﬁ!’:ﬂ:{ﬁ%& lz(x‘):argmaxlfl - ,;H:. //J:Q%%EH*;NME%&%E&
¥ € label ZA»(L) 38. if ,<<(1—#))e then
L e - //HIRE B I8 NS (3D fil B AE TE
Fr OCy.h (1)) = ’ o ;y 39. if e;|L:|<<(1—7#)ell! then
0, hi(x)#y
//HE E B 4 FEAr A
1. for i€{1..3} do //FIafk 3 AR i H 40 2K 4% 10 pdate, < TRUE
. update; <
2. S,< DBootstrapSample(L) o .
5 ; ! () 41. else if £; >e;/((1—r)e;—e;) then
. h;<Learn(S,
R UOR R
L. ¢l<0.55 [[<0s lde~0; rl<0; edif, < FALSE e
_ doff 42. L,&Su/)sample(L,sF(l*r,)e,[;/e,*l—‘)
5. end of for
43. date;<— TRUE
6. repeat until none of h, (i€ {1..3}) changes update
7 for i€ (1..3) d 44. if update;<— TRUE then
. for ¢ .. o
HIE E B 2 FEor Sk
8. L.~ & update,~ FALSE; LDE,~ & ; /PR 2 F o A A
Jis. < FALSE 45, LDE,; <= RemoveOnly(L;)
edit, < .
9 e;<— MeasureError(h; f1 h,) (j, k£ 1D) 16. if iz (L[| = |LDE; )/ (2e; | Li 1) then
. i : j & s
47. dit;<— TRUE
10. 7<= MeasureRecall(h; #1 h) (G, k1) edut
11, for every 2€U do 48. else if (1—r)e;<<(1—r))e! then
. very x
W2 -
12, if hy(2)=hy () Gk # i) then /PAE B8 R (4)
L L U{(esh () 49. i (1—r)e | L | <<(1—#)ell] then
i i s
13. end of for //H S
14. if edit/=FALSE and |L,|>/ then 50. LDE;~RemoveOnly(L:)
/) F e B A S 51. if |LDE;|>Ide,; then edit;<— TRUE
£
- L% 22 B — Vi ST £
15, if e,<<e/ then //FI5E [ 3 W5 s (D fih % 15 T 5. clse //RAR B IR KR
16. if /=0 then //h, i % & B I 25 1t HL>0—rDe,/((I—rde;—(1—7r)e;)
17. [~ e/ (e —e)+1] then
18. il e | Ly | <<elt] then //$15 5 7 1 54 4t o3 L= Subsample(L
19. wpdate, < TRUE [(A—rDelll/((A—rDe)—1]D
20. else if 1/>>e;/(el—e;) then //JE A TH K RFE 5S4 LDE; < RemoveOnly(L:)
21. L,-«Subxample(ll,-, ’76,/[,//6,*1—‘); 55. if |14DE, ‘>l, then Fdlt,‘*TRUE
22. update,< TRUE 56. end of for
23, if update;«< TRUE then //H5 i ¥ 2 650 & 57. for i€ {1..3} do //FH I
24. LDE; < RemoveOnly(L;) 58. il edit;=TRUE then
25. if ,=(|L;|—|LDE,|)/(2¢,|L,|) then 59 hi<Learn(LULDED
26. edit,<- TRUE el<eis U< |Li| s editi<edit;s ri<ri;
27. else if (1—r;)e;<e, then lde/< | LDE; |
/N B R (2) fil R TR 60. else if update;=TRUE then
28. if /=0 then hi<Learn(LUL;)
29. U|(—rDe/l—A—rDe)+1] el<e;; I/~ |L;|; edit;]<-FALSE
30. if (1—r)e | L;|<<efl! then 61. end of for
/)R EE 3 T 62. end of repeat
31. LDE; <= RemoveOnly(L;)
32. if |LDE,|>{/ then edit,« TRUE st Ig”
33. else //J& T 2 IR RH
. ’ ’
if ;>(0—r)e;/(e;—(1—r)e;) then AT A ScE[ 9T A Y 12 4 UCT ﬁﬁ%[zoj
34. L;<— Subsample(L; ,
[eil/C(1—re)—1]) . N e e 2t s g s .
O AL I A 5 VR T L SE G A R TR AR I S SCRY B ET A
35. LDE; < RemoveOnly(L;) http: //nclab. hit. edu. cn/dc. html 3K75.
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#H

HEATSEHG . 26 1 M T 3k S BOH A 1 15 8. X B 4k
P AR HCH 25 D0 MR IR 4R L LAy 0 A DI R 4 O e TR
AR TEHRIC ] (80 % .60 % .40 % .20 %) R 4% R &
FrRic e B4 U Fiai brid RE B4 L. JE ) b, g4
FEGIEE L ARG 4E U IE ) B 5 5 06 B0 46
HH ).

R 1 LA UCIEESE
pUEITE S J& 1 BEAREH 2w/ sl /%
australian 14 690 2 55.5/44.5
bupa 6 345 2 42.0/58.0
colic 22 368 2 63.0/37.0
diabetes 8 768 2 65.1/34.9
german 20 1000 2 70.0/30.0
hypothyroid 25 3163 2 4.8/95.2
ionosphere 34 351 2 35.9/64.1
kr-vs-kp 36 3196 2 52.2/47.8
sick 29 3772 2 6.1/93.9
tic-tac-toe 9 958 2 65.3/34.7
vote 16 435 2 61.4/38.6
wdbc 30 569 2 37.3/62.7

A5 B - 1 RE X REAS 25 7 B9 TEARIC He ] CAn
80%0) .74 3 AN L F1 U BEALI 43, X g 44
R3PS iz Ay 1 UG 9 25 55 i 2 AR B sl 4R 1)
SrJEEE DRI 3 WM ST IE AT Y 3 A R RO M
VB R IR AE L IC AR L] (80 0) T AR iR 2.

B, Fe 112 47 ADE-Tri-training . ML
AT RemoveOnly 57 45 #: /£ ) DE-Tri-training.
Tri-training 3 Fp 53 vk, Hoop, YI 253k 73 26 4 10 s
% 2] B SE )G R Weka ™ S2 4L T4. 8 YR . BP
Pl 28 19 2 KRN ZR DU 35 7 k. R A9 ) B 5 53R
HVDM'#) (Heterogeneous Value Difference Metric).

F 2~ 5 BAFTARIC LB .3 R vk pe
it th . Horp W ah 4R % (initiaD 255 0 WE R H
WG AR IR B AR L 2R Fr A 3 00 46 Ak o 28 4%
PRE WER G R 5 o R AR 3 B 4 R 8 (final) &
EARIN GRS o 5 B B 19 70 S 4 158 2, PR RE 4 &
A 43 He (improve) Jg fie 2855 1% 3 5] IR 4 1% 38 110 %
R B, R v P RE 45 & 4 L 0 e KB FDRLIA FR i
QEERT SRR RRE R & LAREEED.

% 2~ 5 AL AT 3 Fiak
TET A i 4 F BB 4R & A 43 o (BRI 4 88 144
I improve {i) [°F-¥1E , 7] L & 3 ADE-Tri-train-
ing TR BE$R & i B % K 10. 1%, DE-Tri-training I
Tri-training 4+ BI42 5 6. 1% f1 6. 6 %. o, Thrid
Fe il A 20 Vo it (3 5) M RE 4R 5 & 43 bk (36 3 (1 F
{H , DE-Tri-training {UH 4. 3% ,{&F Tri-training
B 6.8%, 1M ADE-Tri-training 3 10. 3%, & & F
Tri-training, iX AL 5 K ATAE SCHERL16 ] 4518 —
2, BIHE AR 0 FE 1 78 53 B AL AR AT BY 45 45 A R 18
Tri-training ¥Z A VERE T B, [R]I 0 ik B 1A 30 B 38
V7 Y 5 R of 4 5 Tri-training 2 16V BB & A AL
CJuH R BPNN HsF i fb % b BB )

B3R 2~ 5 Geit 4 Fh oA L i T B4 Sk
4 JPE L R B CGRR A e R MR R 4R 5 B 43 L kO L [ A
W] ADE-Tri-training JL-F G2 3015 B 2 W9 JHE Ik
B MEF FETCHRICRE B 5 60 26 HoR AN 28 DU 7 st
Z W ¥ DE-Tri-training DL 7 ¥ i H B K F ADE-
Tri-training BJ 6 Y H.

FR2 IFWMEEDEFBIREILE LCLFRCHH]=80%)
() SRF JA. 8 YedR b Jr i B 1 4 J 4 1R R

R
A E o ADE-Tri-training DE-Tri-training Tri-training
initial
final improve/ % final improve/ % final improve/ %

australian 0.202 0.171 14.7 0.194 1.3 0.178 9.6
bupa 0.418 0. 391 4.6 0.418 —1.3 0. 406 1.8
colic 0.203 0.174 14. 1 0.188 6.5 0. 181 9.6
diabetes 0.313 0. 266 14.0 0. 280 9.7 0. 309 0.1
german 0.333 0.319 4.3 0.312 6.0 0.323 3.0
hypothyroid 0.011 0. 009 19.9 0. 009 16.9 0. 009 16.9
ionosphere 0.136 0.114 9.7 0.136 —12.5 0.114 9.7
kr-vs-kp 0. 036 0.029 16.0 0.033 5.9 0.033 8.1
sick 0.023 0.021 10. 2 0.021 12. 4 0.022 6.2
tic-tac-toe 0. 264 0.236 9.6 0. 244 7.9 0. 242 9.1
vote 0.043 0.028 21.0 0.028 23.8 0. 040 —1.6
wdbc 0.120 0. 096 19.8 0.110 9.5 0.101 11.9
ave. 0.175 0.154 13.2 0. 164 7.2 0.163 7.0
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(b) R BP #fi 2 W 45 5 32 1 1) 43 S 4l i 3R

Iy PR
B4k mitial ADE-Tri-training DE-Tri-training Tri-training
initia final improve/ % final improve/ % final improve/ %
australian 0.213 0. 180 15. 4 0.188 11.6 0. 200 6.2
bupa 0.372 0. 329 9.9 0. 341 7.5 0. 345 6.9
colic 0. 250 0. 239 3.6 0.221 11. 6 0. 239 3.6
diabetes 0.262 0. 240 8.6 0.247 6.0 0. 252 4.1
german 0.331 0. 320 3.2 0.316 4.5 0.328 1.0
hypothyroid 0.034 0.032 5.9 0. 030 11. 4 0.031 8.5
ionosphere 0. 226 0.211 6.9 0.222 1.9 0.222 1.6
kr-vs-kp 0.048 0. 047 1.8 0. 048 —1.7 0.043 8.3
sick 0.039 0.037 5.1 0.038 2.5 0.034 12.3
tic-tac-toe 0.062 0. 053 12. 6 0. 056 10. 2 0.053 12. 6
vote 0.052 0. 040 23.3 0. 046 12.5 0. 040 23.3
wdbce 0.068 0.061 10. 6 0. 066 2.8 0.061 10. 6
ave. 0.163 0. 149 8.9 0.152 6.7 0. 154 8.3
(o) SR JFIANZR DU 307 77 1 0 1 43 S 4 5 %6
i itial ADE-Tri-training DE-Tri-training Tri-training
mitia final improve/ % final improve/ % final improve/ %
australian 0.222 0. 208 6.0 0.216 2.4 0.218 1.5
bupa 0.477 0. 450 5.7 0.453 4.9 0. 457 4.0
colic 0. 225 0. 200 10. 8 0. 207 7.3 0.203 9.2
diabetes 0. 253 0.229 9.3 0.229 9.2 0.231 8.6
german 0. 284 0. 264 7.2 0. 269 5.2 0.271 4.8
hypothyroid 0.019 0.017 7.4 0.019 0.5 0.017 7.4
ionosphere 0. 140 0.125 14. 6 0.125 13.3 0.129 11.2
kr-vs-kp 0.130 0.121 6.5 0.123 4.6 0.123 4.9
sick 0.074 0.065 10. 4 0. 069 4.3 0.072 1.4
tic-tac-toe 0.291 0.271 6.9 0.276 4.9 0.278 4.5
vote 0. 086 0. 080 5.6 0.083 1.9 0.083 1.9
wdbc 0.077 0. 065 15.9 0.075 4.1 0.072 6.7
ave. 0. 190 0.175 8.9 0.179 5.2 0.179 5.5
R 3 IMEESRBRELE 2(LIRC B =602
(a) SR J4. 8 Yo 77 i I 10 43 2 i 1 e
R R
B 4L il ADE-Tri-training DE-Tri-training Tri-training
initia final improve/ % final improve/ % final improve/ %
australian 0.167 0. 157 6.3 0. 157 6.6 0.161 3.8
bupa 0.415 0. 329 19.5 0. 380 7.0 0.372 9.0
colic 0. 250 0.199 19. 4 0. 225 8.5 0. 225 8.5
diabetes 0. 250 0. 224 10. 4 0. 240 4.1 0. 241 3.6
german 0.317 0.299 5.9 0. 308 3.1 0.312 1.8
hypothyroid 0.011 0.010 10. 0 0.010 10. 0 0.011 6.7
ionosphere 0.125 0.110 3.6 0.125 —8.7 0. 102 10.7
kr-vs-kp 0.012 0. 009 17. 6 0.010 13.9 0. 009 17.6
sick 0.023 0.017 24. 6 0.017 22.2 0.017 23.8
tic-tac-toe 0. 208 0. 187 9.9 0. 205 0.7 0. 199 3.5
vote 0. 064 0. 049 20.8 0.061 4.2 0.052 16. 7
wdbc 0.061 0. 047 25.1 0. 045 27.5 0. 049 20.9
ave. 0.159 0.136 14. 4 0. 148 8.3 0. 146 10.5
(by SR B 12 4 7 49 2 R
SRR
LISITES . ADE-Tri-training DE-Tri-training Tri-training
initia final improve/ % final improve/ % final improve/ %
australian 0.196 0.176 9.9 0.167 15.1 0.174 10. 8
bupa 0. 384 0. 345 9.9 0. 357 7.0 0.372 3.0
colic 0.228 0.192 13.1 0. 185 16. 4 0. 199 10. 6
diabetes 0. 283 0. 260 7.0 0.292 —3.7 0.276 1.3
german 0.319 0. 301 6.1 0. 295 7.8 0. 308 3.5
hypothyroid 0.029 0. 025 12.0 0.033 —14.3 0.028 0.8
ionosphere 0.161 0.126 21.1 0.138 14. 2 0.134 14.9
kr-vs-kp 0.018 0.013 25.0 0.013 24. 6 0.014 21.3
sick 0.028 0.026 9.2 0.028 2.6 0. 032 —11.6
tic-tac-toe 0.017 0.015 14.8 0.014 17.8 0.014 19.4
vote 0.022 0.012 44. 4 0.015 27.8 0.012 44. 4
wdbc 0. 052 0.042 18.5 0. 054 —5.4 0.052 —0.6
ave. 0. 145 0.128 15.9 0.132 9.2 0. 135 9.8
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(o) 2R AN DL 307 7 i B 1 0 2 A iR R

Iy PR
B4k mitial ADE-Tri-training DE-Tri-training Tri-training
initia final improve/ % final improve/ % final improve/ %
australian 0.212 0. 208 1.8 0.210 0.9 0.210 0.9
bupa 0. 426 0. 415 1.6 0. 407 3.3 0. 407 3.3
colic 0. 210 0. 207 1.7 0. 207 1.7 0.203 3.4
diabetes 0. 240 0.234 2.2 0.233 2.9 0.233 2.9
german 0. 268 0. 249 6.8 0. 253 5.3 0.253 5.3
hypothyroid 0.025 0.025 1.7 0.025 1.7 0.025 1.7
ionosphere 0.123 0.115 4.8 0.111 5.8 0.115 3.4
kr-vs-kp 0. 130 0.126 3.1 0.126 2.5 0. 127 2.2
sick 0. 087 0. 080 6.5 0.082 3.9 0.083 3.5
tic-tac-toe 0. 308 0. 297 3.6 0. 294 4.5 0. 304 1.4
vote 0.086 0.086 0.0 0.083 3.7 0.083 3.7
wdbce 0.052 0. 040 21. 4 0. 040 21. 4 0.042 15.9
ave. 0.181 0.174 4.6 0.173 4.8 0.174 4.0
R4 IMEZRSEBRELE 3CLHICHHI=4020
(a) SR J4. 8 YRR I 7 1 0 1) 43 S il iR o
HERRR
AR . ADE-Tri-training DE-Tri-training Tri-training
it final improve/ % final improve/ % final improve/ %
australian 0.161 0. 155 3.5 0. 157 1.2 0. 155 2.8
bupa 0.395 0. 368 6.6 0.375 5.3 0. 360 8.7
colic 0.163 0. 159 —0.4 0. 159 —0.2 0. 156 1.7
diabetes 0.311 0.273 11. 6 0. 286 7.3 0. 306 1.7
german 0. 311 0. 281 9.1 0. 281 8.9 0. 301 2.7
hypothyroid 0.013 0.011 12.2 0.011 9.4 0.011 10. 8
ionosphere 0.114 0.091 18.6 0.102 8.9 0. 106 5.3
kr-vs-kp 0.008 0.008 3.2 0. 008 3.2 0. 007 12.7
sick 0.018 0.016 8.7 0.016 8.2 0.016 5.8
tic-tac-toe 0.192 0.172 10.0 0.192 —1.1 0. 181 4.1
vote 0. 059 0. 043 18.5 0. 049 11.1 0. 056 3.7
wdbc 0.087 0.070 16. 6 0. 085 1.6 0.073 14. 4
ave. 0.152 0.137 9.9 0. 144 5.3 0. 144 6.2
(b) R BP ¥ 2 W 4% J5 5 B 1 43 R 1R
LES VTS
LISITES i ADE-Tri-training DE-Tri-training Tri-training
fnitia final improve/ % final improve/ % final improve/ %
australian 0.176 0.161 8.4 0.171 3.3 0.161 8.4
bupa 0. 380 0. 357 6.0 0. 384 —1.2 0.372 1.8
colic 0.214 0.203 4.3 0.196 8.1 0.203 4.3
diabetes 0.271 0. 252 6.9 0.253 6.0 0. 260 3.5
german 0. 264 0. 239 9.7 0.272 —2.8 0.268 —1.5
hypothyroid 0.021 0. 020 4.9 0.018 15.0 0.021 4.5
ionosphere 0.192 0.161 15.5 0. 165 13.7 0. 184 3.5
kr-vs-kp 0.012 0.011 8.7 0. 009 22.4 0.011 8.7
sick 0.031 0.025 17. 8 0.025 20.2 0.029 7.1
tic-tac-toe 0.025 0.022 8.4 0.024 3.7 0.024 2.9
vote 0.037 0.034 8.3 0. 034 6.7 0. 034 3.9
wdbe 0.028 0. 021 22.2 0.019 22.2 0. 026 —5.6
ave. 0.138 0.125 10. 1 0.131 9.8 0.133 3.5
(o) SR JHANZR DU 307 77 123 ) 1 43 S 4 1 %6
SRR
B w4 ——_— ADE-Tri-training DE-Tri-training Tri-training
mnrta final improve/ % final improve/ % final improve/ %
australian 0. 256 0.236 7.5 0. 240 6.0 0. 244 4.5
bupa 0.471 0. 456 3.6 0. 448 5.2 0. 460 2.7
colic 0.272 0. 261 3.9 0. 264 2.5 0. 264 2.5
diabetes 0. 226 0. 220 2.4 0.215 4.3 0.215 4.3
german 0. 257 0. 249 3.2 0. 251 2.7 0. 249 3.2
hypothyroid 0.023 0.022 3.5 0.023 —0.1 0. 023 1.8
ionosphere 0. 180 0.176 1.9 0.176 1.9 0.176 1.9
kr-vs-kp 0. 147 0. 141 4.6 0.141 4.3 0. 142 3.4
sick 0.076 0.067 11.0 0. 067 10.5 0.068 10.0
tic-tac-toe 0. 260 0. 250 3.7 0.253 2.7 0.253 2.7
vote 0. 090 0. 083 6.7 0.083 6.7 0.083 6.7
wdbc 0.110 0.108 2.2 0.110 0.0 0.108 2.2
ave. 0.197 0.189 4.5 0.189 3.9 0.190 3.8
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®S5 IMEZHRBIRFER 4EARCHHI=2020)
(a) RJTI J4. 8 PRSRM Jy i b ) 73 R 4 1

Bim e itial ADE-Tri-training DE-Tri-training Tri-training
mitia final improve/ % final improve/ % final improve/ %
australian 0.162 0.143 11.1 0. 148 7.8 0. 146 9.2
bupa 0. 326 0. 302 5.8 0.333 —4.7 0. 326 —1.8
colic 0.152 0.112 24. 4 0.138 8.9 0.138 8.9
diabetes 0.262 0. 245 6.5 0. 255 2.8 0.253 3.3
german 0.292 0.283 1.8 0.303 —5.1 0. 287 1.0
hypothyroid 0.011 0. 008 18.5 0.010 7.4 0.010 7.4
ionosphere 0. 140 0.125 10. 5 0.102 26.3 0.133 5.3
kr-vs-kp 0. 007 0. 007 4.4 0. 008 —8.9 0. 007 4.4
sick 0.014 0.013 9.8 0.015 —3.8 0.014 —1.8
tic-tac-toe 0. 141 0.124 8.4 0. 141 —3.9 0.126 7.5
vote 0. 059 0. 040 28.1 0. 040 25.2 0. 040 25.2
wdbc 0.068 0. 056 22.1 0.068 —1.7 0.058 19.0
ave. 0. 136 0.122 12. 6 0. 130 4.2 0.128 7.3
(b) 2R JH BP 28 W 2% J5 ¥ I 1 43 2R 55 1R 5
DT
b L ADE-Tri-training DE-Tri-training Tri-training
initial - - - - - - -
final improve/ % final improve/ % final improve/ %
australian 0. 145 0.136 6.4 0.141 2.2 0.143 0.9
bupa 0. 345 0. 329 4.4 0. 357 —3.7 0. 341 0.8
colic 0.178 0. 149 16. 4 0. 156 11. 4 0.163 7.6
diabetes 0.276 0.243 11. 6 0. 252 8.6 0.262 4.9
german 0. 289 0.271 6.4 0. 280 3.1 0.275 5.1
hypothyroid 0. 020 0.018 10. 6 0.021 —2.0 0.017 16. 6
ionosphere 0.106 0. 061 38.9 0. 057 44. 4 0.061 38.9
kr-vs-kp 0.012 0.010 16.5 0.010 9.6 0.010 16.5
sick 0.028 0. 025 10. 4 0. 027 2.3 0. 027 3.7
tic-tac-toe 0.029 0.026 8.3 0.033 —17.5 0.026 8.3
vote 0.034 0.031 5.6 0.037 —11.1 0.031 5.6
wdbc 0. 026 0.021 16.7 0.026 2.8 0.023 2.8
ave. 0.124 0.110 12.7 0.116 4.2 0.115 9.3
(o) 2R JUANER D2 7 25 I 1 23 2R R 6
R
Ko 4 L ADE-Tri-training DE-Tri-training Tri-training
initial - - - - - -
final improve/ % final improve/ % final improve/ %
australian 0.231 0. 229 0.8 0. 231 0.0 0.231 0.0
bupa 0.403 0. 360 11.2 0.376 7.4 0. 388 4.6
colic 0.228 0.214 6.4 0.217 4.7 0.217 4.7
diabetes 0.243 0. 236 2.9 0.238 2.1 0.238 2.1
german 0. 267 0. 259 3.1 0. 260 2.6 0. 260 2.6
hypothyroid 0.014 0.012 11. 6 0.012 11. 6 0.013 8.6
ionosphere 0.189 0.170 10. 4 0.167 12. 6 0.170 10. 4
kr-vs-kp 0.136 0.129 5.3 0.130 4.7 0.130 4.7
sick 0. 059 0. 055 5.6 0. 057 3.2 0. 057 2.6
tic-tac-toe 0.317 0. 310 2.2 0.314 0.9 0.314 0.9
vote 0.077 0.074 3.7 0.077 0.0 0.077 0.0
wdbc 0.063 0. 061 3.7 0. 061 4.2 0. 061 4.2
ave. 0.186 0.176 5.6 0.178 4.5 0. 180 3.8

Bl 1~TE 3 73 5 4y th B 70 2 45 >R T J4. 8 . BP 4t
L 2% MR DU I 2R AN R TE AR IC L 4 T 3 b
SEEAE P A Bt 46 L P B R AR B I ko 7 ) ik A
AR BL. 5 AR A e D R AR I 2R R
SRR AR O T B R R A it 2 L
HHLL 3 Rk I R 45 AU B A AN ) 3 AR RO e K
L A 8 Bl 325 AU B AL - IF L I R 245 AR A
o7 8 R SR AEA T O FL R Sk RO (H AR FF A L &

B ) B R IE AR, B P single KSR JE A L
Y G P AT B 3 & 2 1R B R R 10 - 2 {EL

SiAE 1~K 3 HR 3 MELNITAR. TE
R AN ) 2 70 2K AR AE AN R EARIE Be ] B 3 ARk
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Background

Traditional supervised learning use only labeled exam-
ples to train. However, labeled instances are often difficult,
expensive, or time consuming to obtain, as they require the
efforts of experienced human annotators. Meanwhile unla-
beled data may be relatively easy to collect, especially in
Bioinformatics. Therefore, besides Bioinformatics, many
other data mining tasks turn to a new machine learning mode
named semi-supervised learning that exploits large number of
unlabeled examples and little labeled examples to improve
classifier's generalization ability. Co-training is a well-known
semi-supervised classification model, and Tri-training is a re-
vised Co-training style semi-supervised algorithm. Compared
with standard Co-training and other revised versions, Tri-
training has many advantages due to employing three base-
classifiers. However, Tri-training still suffers from the com-
mon disadvantage in Co-training style algorithms, i. e. the
performance is not stable due to the unlabeled examples may
often be wrongly labeled and accumulated during the learning
process. There are very few efforts to solve the problem in
most current research works.

The objective of this work is to detect and remove the
wrongly labeled examples during labeling unlabeled examples
so that improve the stability and generalization ability of Tri-
training. This approach provides a revised type of Tri-train-
ing, ADE-Tri-training. Compared with Tri-training, ADE-

Tri-training employs RemoveOnly data editing operation and

adopts adaptive strategy to clean newly labeled examples and
control the trigger or inhibit of RemoveOnly operation. Thus
the labeling process could adaptively reduce the wrongly la-
beled examples according to different situations and effective-
ly avoid the negative effect of RemoveOnly. This algorithm
can be used in many tasks, such as bioinformatics, text min-
ing, web page and image classification.
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operation by rote. Furthermore, they address it through

works in this paper.



