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Gidi thiéu

Cay quyét dinh: top 10 gidi thuat khai mo dir liéu hiéu qua
(Wu et al., 08)

KDnuggets : Polls : Deployed data mining techniques

Pall

Which data mining techniques you used in a successfully deployed application?
[173 voters, 509 votes total]

Decision Trees/Rules (B8) 17%
Logistic regression (74) I 15
K-means clustering (54) I 1
Association rules (48) I o
Neural Metworks (45) I

S 133 .

Other methods (28) -
Sel-organizing maps (24) | I3

Other clustering [24) 5

Hybrid methods (20) 4%

Maive Bayes (19) 4%

Nearest Neighbor {17) | kL3

Genetic algorithms (16) [T

Fuzzy methods (11) | B

Bayes nets (6) L%

Mone (1 0%
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Gidi thiéu

Cay quyét dinh: top 10 gidi thuat khai mo dir liéu hiéu qua
(Wu et al., 08)

Uu diém cla ciy quyét dinh

v

thai gian huin luyén nhanh

v

xtr ly dugc dit liéu lién tuc, rdi rac
md hinh d& dién dich (luat if ... then ...)
két qua tdt cho phan I6p, hdi quy

v

v

Khuyét diém cda cay quyét dinh

» ham phan hoach: don bién

» khong hiéu qua cho van dé phiic tap: sb chiéu rat 16n (nhidu), Q}
mAt can bang, phi tuyén K
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Gidi thiéu

Top 10 vin dé khé ctia khai mé dit lieu (Yang & Wu, 06)

Phan 16p dit liéu c6 sb chiéu 16n

v

#individus < #£dimensions

» vai trdm phan tlr véi hang nghin chiéu

» dif liéu hoan toan d& tich biét

» c6 nhiéu lya chon md hinh

» md hinh hoc thudng cho dd chinh xdc 100% trong tap hoc
» nhung du b3o tap kiém tra khéng tbt

» md hinh tbt: du bdo tbt trong tuong lai
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Gidi thiéu

Top 10 vin dé khé ctia khai mé dit lieu (Yang & Wu, 06)

Phan 16p dif liéu khdng can bang

» 16p quan tam chiém ty I& rAt thip (16p duong, thiéu s6)

> 16p con lai chiém ty 18 rAt cao (I6p 4m, da sb)

> gidi thudt phan Iép: d6 chinh xac toan cuc

» khéng du doan dugc 16p thiéu sb (duong)

» vi du: ty 1& I6p duong 1a 5% va I6p am 13 95%

» md hinh hoc M khéng du dodn dugc I6p duong, chi ludn du
doan 13 I6p am, thi d6 chinh xac toan cuc van 13 95%

&
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Gidi thiéu

Ring ngiu nhién xién phan (RF-ODT)

Phan 16p dit liéu c6 sb chiéu 16n
» xem xét sy phu thudc cla cic bién
» ham phan hoach: da bién (xién)

» phan 16p rat hidu qua dif liéu c6 sb chidu 16n

M3 rong cho cac van dé

» phan I6p dif lieu khéng can bang
» phan I6p da I6p
» ting kha ning chiu dung nhiéu

&
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Cay quyét dinh
Rirng ngau nhién
Cay xién phan

Rimg ngau nhién xién phan (RF-ODT)

Cay quyét dinh (Breiman et al., 84), (Quinlan, 93)

Hoc phan 16p dii liéu
» xdy dung cdy: phan hoach dit liéu (gini, entropy)
» gan nh3n & nat |4: binh chon sb déng

» cit nhanh: tranh hoc vet

outlook temp. hum. windy | Play, Don't Play
sunny 85 85 false Don't Play

sunny 80 90 true Don't Play
overcast 83 78 false Play

rain 70 96 false Play

rain 68 80 false Play

rain 65 70 true Don't Play
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Cay (|uyé} dinh
Rirng ngau nhién
Cay xién phan

Rimg ngau nhién xién phan (RF-ODT)

Phan tich hiéu qua cla giai thuat hoc (Breiman, 96)

Loi clia gidi thuat hoc: error = bias?® + variance

<— — High bias Low bias -——>
<— — Low variance High variance - — >

Expected error (assessed on test samples)

Error

* Variance

Model complexity
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Cay (|uyé} dinh
Rirng ngau nhién
Cay xién phan

Rimg ngau nhién xién phan (RF-ODT)

Tap hop mé hinh

Nguyén ly

» gidm thanh phan 15i bias va/hodc variance

» chd y: bias va variance ty |1&€ nghich

v

két hop cadc md hinh hoc yéu (khdng qué té) va da dang

v

Bagging (Breiman, 96)
Boosting (Freund & Schapire, 95), (Breiman, 97)
Ring ngau nhién (Breiman, 01)

v

v
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Cay (|uyé} dinh
Rirng ngau nhién
Cay xién phan

Rimg ngau nhién xién phan (RF-ODT)

Rimg ngiu nhién (Breiman, 01)

Nguyén ly
» xay dung tap ciy quyét dinh da dang, khong cit nhanh
» khéng c3t nhanh: giit bias thip

» tinh da dang (ngiu nhién): gidm variance

Hiéu nang
» huln luyén: nhanh, don gian

> két qua tbt khi so véi Boosting, SVM

» kha n3ng chiu dung nhiéu cao

&
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Cay quyét dinh
Rirng ngau nhién
Cay xién phan

Rimg ngau nhién xién phan (RF-ODT)

Cay xién phan (ODT)

K&t hop nhiéu chiéu: x{ ly dit liéu c6 sb chiéu I6n, phu thudc

P X1-04=0 O
O
06 O O 06 O O |
~ O 0 . O O
x P2 X2_051=0 3 ) H1: 0.2X1 + 0.25X2-0.15=0
| O 0 o
04 O O R 0 0.4 @] o O O O
| O O O
O 0
0z 0.2 O
CX2-0.165 - C
5 O P1: X2-0.165 = 0 o o o
O O o O
0 a
0z 04 06 08 0.2 0.4 05 08
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Cay quyét dinh
Rirng ngau nhién
Cay xién phan

Rimg ngau nhién xién phan (RF-ODT)

ODT: siéu phing phan hoach tdi uu

M3y hoc véc-to hd trg - SVM (Vapnik, 95)

optimal plane:
wx—b=0 s wx-b=+1
~ D |:|

margin = 2/||w]|

&
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Cay quyét dinh
Rirng ngau nhién
Cay xién phan

Ring ngiu nhién xién phan RF-ODT (Do et al., 09)

nhién xién phan (RF-ODT)

Training set

(m individuals, n dimensions) Learning set

A bootstrap sample of m
examples from the training
set.

| Bootstrap 1 | | Bootstrap 2 |

In each non terminal node

Split function: a proximal
SVM to perform an oblique
splitting using n' di i
randomly chosen from the n|
dimensions with costs re-

balancing of individuals. 7

Decision for a new example X

Classification: the majority class in {J,(x), ¥,()..... ¥, (x)}-

Regression: (§,(x) +9,(x) + ... + §,(x)) / k.
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Két qua thyc nghiém

Danh gid hiéu qua cla giadi thudt RF-ODT

So sanh RF-ODT véi RF-C4.5 va Lib-SVM

» cai dat gidi thudt RF-ODT: C/C++, ATLAS, BLAS/LAPACK
» cai dat gidi thudt RF-C4.5: C
» st dung dung LibSVM (Chang & Lin, 01)

Tap dir liéu

» s chiéu I6n: 20 tap dif liéu y sinh (Jinyan & Huiging, 02)
» da chiéu: 10 tap di liéu tir kho UCI (Asuncion & Newman, 07)

'mg &
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Két qua thyc nghiém

Tap dif liéu y sinh ¢6 sb chiéu 16n

Bang: M6 ta 20 tap dit liéu y sinh

ID  Ensemble #Ind  #Dim Classes Validation
1 Colon Tumor 62 2000 tumor, normal loo
2  ALL-AML-Leukemia 72 7129 ALL, AML trn-tst
3 *MLL-Leukemia 72 12582 MLL, rest trn-tst
4 Breast Cancer 97 24481 relapse, non-relapse trn-tst
5 Duke Breast Cancer 42 7129 cancer, normal loo
6 Prostate Cancer 136 12600 cancer, normal trn-tst
7 Lung Cancer BrighamWomen Hospital 181 12533 cancer, normal trn-tst
8 Central Nervous System 60 7129 positive, negative loo
9 Translation Initiation Site 13375 927 positive, negative 10-fold
10 Ovarian Cancer NCI-PBSII 253 15154 cancer, normal loo
11 Diffuse Large B-Cell Lymphoma 47 4026 germinal, activated loo
12 *Subtypes of Acute Lymphoblastic (Hyperdip) 327 12558 Hyperdip, rest trn-tst
13 *Subtypes of Acute Lymphoblastic (TEL-AML1) 327 12558 TEL-AMLLI, rest trn-tst
14 *Subtypes of Acute Lymphoblastic (T-ALL) 327 12558 TEL-ALL, rest trn-tst
15 *Subtypes of Acute Lymphoblastic (Others) 327 12558  Others, diagnostic groups trn-tst
16 Ovarian Cancer NCI-QStar 216 373410 cancer, normal loo
17 Lung Cancer DanaFarberCancer Institute (ADEN) 203 12600 ADEN, rest loo
18 Lung Cancer DanaFarberCancer Institute (SQUA) 203 12600 SQUA, rest loo %
19 Lung Cancer DanaFarberCancer Institute (COID) 203 12600 COID, rest loo k)
20 Lung Cancer DanaFarberCancer Institute (normal) 203 12600 normal, rest loo
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Két qua thyc nghiém

Tiéu chi danh gia

Bang: Confusion matrix

Prediction
positive | negative
True class | positive tp fn
negative fp tn
Recall, Precision, F1, Accuracy
__tp__ tp
» Recall = i = pos
.. tp
> =
Precision = T
__ 2XprecXrec
> Fl1= prec+rec
. tp+tn _ tp+tn
» Accuracy = tp+fnittntfp — pos+neg Q}
.. % N . . "'
» thdgi gian huan luyén: PC Pentium 2,4 GHz, 1 GB RAM, Linux *
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Két qua thyc nghiém

K&t qua phan I16p (Precision)

Precision

—m—RF-C4.5
RF-0DT

}/ —e—LibSVM

Precision (% )
@
38

|

12 3 45 68 7 8 910111213 141516 17 1819 20

Datasets @
%% &
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Két qua thyc nghiém

K&t qua phan I16p (Precision)

Bang: So sanh két qua phan I6p (Precision)

Precision | LibSVM | RF-C4.5 | RF-ODT | RF-ODT vs LibSVM | RF-ODT vs RF-C4.5
mean 86.88 91.14 93.56 6.68 2.42
standard deviation | 13.80 13.01 9.10 8.44 6.95
student ratio 3.54 1.56
p-value 0.0022 0.1357
result of RF-ODT gain**
RF-ODT win 15 9
RF-ODT tie 3 7
RF-ODT defeat 2 4
p-value 0.0012 0.1334
result of RF-ODT gain**
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Két qua thyc nghiém

K&t qua phan 16p (Recall)

)

V —e—LibSYM
—=—RF-C4.5

M
/

Recall (%

12 3 4 5 8 7 8 81011121314 1516 17 1819 20

Datasets @
>
2 &
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Két qua thyc nghiém

K&t qua phan 16p (Recall)

Bang: So sanh két qua phan 16p (Recall)

Recall | LibSVM | RF-C4.5 | RF-ODT | RF-ODT vs LibSVM | RF-ODT vs RF-C4.5
mean | 87.77 83.90 90.45 2.68 6.55
standard deviation | 16.62 22.59 12.89 6.38 10.41
student ratio 1.88 2.81
p-value 0.0759 0.0111
result of RF-ODT gain*
RF-ODT win 8 11
RF-ODT tie 8 7
RF-ODT defeat 4 2
p-value 0.1938 0.0112
result of RF-ODT gain*
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Két qua thyc nghiém

K&t qua phan I6p (F1)

F1 measure

ol ) AN L A N
NVENCSAW
NEERVARR W )

¥ i e
W] W RF.0DT
o \ :
|

12 3 45 68 7 8 910111213 141516 17 1819 20

Datasets @
%% &

F1measure (%)
38
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Két qua thyc nghiém

K&t qua phan I6p (F1)

Bang: So sanh két qua phan I16p (F1)

Fl-measure | LibSVM | RF-C4.5 | RF-ODT | RF-ODT vs LibSVM | RF-ODT vs RF-C4.5
mean | 86.50 85.88 91.49 5.00 5.62
standard deviation | 14.15 18.13 10.14 6.20 8.60
student ratio 3.61 2.92
p-value 0.0019 0.0088
result of RF-ODT gain** gain*
RF-ODT win 15 14
RF-ODT tie 3 5
RF-ODT defeat 2 1
p-value 0.0012 0.0005
result of RF-ODT gain** gain***
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Két qua thyc nghiém

K&t qua phan I16p (Accuracy)

Accuracy (% )

Accuracy

—e— LISV
—m—RF-C4.5
RF-0DT

12 3 45 68 7 8 910111213 141516 17 1819 20
Datasets
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Két qua thyc nghiém

K&t qua phan I16p (Accuracy)

Bang: So sanh két qua phan 16p(Accuracy)

Accuracy | LibSVM | RF-C4.5 | RF-ODT | RF-ODT vs LibSVM | RF-ODT vs RF-C4.5
mean 89.70 91.38 94.64 4.94 3.27
standard deviation | 12.53 9.91 6.73 8.27 5.08
student ratio 2.67 2.87
p-value 0.0151 0.0097
result of RF-ODT gain* gain*
RF-ODT win 13 13
RF-ODT tie 5 6
RF-ODT defeat 2 1
p-value 0.0037 0.0009
result of RF-ODT gain** gain**

D& Thanh Nghj RF-ODT cho phén I6p dir lié



Két qua thyc nghiém

Tap dir liéu tu kho UCI

Bang: M6 t3 10 tap dit liéu da chiéu tir kho UCI

ID Ensemble #Ind  #Dim Classes Validation
21 Bupa 345 6 1,2 10-fold
22 Breast cancer 569 30 M, B 10-fold
23  Pima 768 8 1,2 10-fold
24 Segment 2310 19 1, rest 10-fold
25 Spambase 4601 57 spam, non 10-fold
26 Optdigits 5620 64 9, rest trn-tst
27 Satimage 6435 36 4, rest trn-tst
28 Pendigits 10992 16 0, rest trn-tst
29 Letters 20000 16 A, rest 3-fold
30 Shuttle 58000 9 1, rest trn-tst

&
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Ké&t qua phan 16p

Két qua thyc nghiém

Bang: So sanh két qua phan 16p (Accuracy)

Accuracy | RF-ODT vs RF-C4.5
mean 0.69
standard deviation 3.10
student ratio 0.70
p-value 0.5001
result of RF-ODT non significant
RF-ODT win 8
RF-ODT tie 0
RF-ODT defeat 2
p-value 0.1094

result of RF-ODT

almost significant

D& Thanh Nghi

RF-ODT cho phan I6p dir li

c6 so chiéu 16n



Két qua thyc nghiém

Thai gian huan luyén (secs)

Training time of RF-C4.5 and RF-ODT
Pentium - 2.4 GHz - 1GB RAM

ORF-C45 (3)
BRF-0DT (5)

Datasets

D no

B
-n-a-a—-n————I}—.Jﬂ—l] - p——

w

o 100 200 300 00 500 &0 700

Time (s)
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Két qua thyc nghiém

Thai gian huan luyén (secs)

Phan 16p tap dif liéu ¢ nhiéu phan tu

v

Forest Cover Types tir kho UCI

500k ind., 54 dim.

LibSVM: huin luyén hon 1 thang

RF-ODT: 801,61 gidy

RF-ODT nhanh hon RF-C4.5 khoang 22 1an
RF-ODT chinh x4c hon RF-C4.5: 0.41%

v

v

v

v

v
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Phan 16p dif ligu khéng can bang
Phan I6p da I6p ~
Tang kha nang chiu dung nhiéu

Huéng phat trién

Ring ngiu nhién xién phan (RF-ODT)

Phan 16p dif liu khdng can bang

» thay d6i phan bd luc luong mAu: 13y m3u gidm
» chi phi khic nhau: 18 clia 16p thiéu sb cao hon

> thay thé luat quyét dinh: luit cuc bd
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Phan 16p dif ligu khéng can bang
Phan I6p da I6p

) P Tang kha ning chiu dung nhiu
Hudng phat trién = S e

Phan 16p dif lieu khéng can bang

Bang: So sanh k&t qua phan I6p dif liéu khéng can bing

ID | Ensemble Methods | Acc. min class | Acc. maj class | Accuracy F1 AUC
1 | 20-newsgrp RF-C4.5 76,83 99,11 97,97 79,51 | 99,65
RF-ODT 99,12 98,32 98,36 | 86,11 | 99,46
2 | Breast cancer | RF-C4.5 92,28 97,74 95,61 94,13 | 98,19
RF-ODT 95,75 98,56 97,54 | 96,70 | 99,64
3 | Letters RF-C4.5 92,22 99,97 99,65 95,59 | 99,97
RF-ODT 96,30 99,97 99,82 | 97,74 | 100
4 | Abalone RF-C4.5 23,93 98,48 92,01 33,07 | 87,64
RF-ODT 53,02 93,75 90,22 48,41 | 89,26
5 | Pendigits RF-C4.5 93,75 99,81 99,23 95,89 | 99,64
RF-ODT 98,21 99,56 99,43 | 97,06 | 99,82
6 | Page blocks RF-C4.5 86,19 99,00 97,70 | 88,43 | 99,23
RF-ODT 92,20 97,90 97,31 87,54 | 99,23
7 | Pima RF-C4.5 59,94 84,63 75,97 63,29 | 83,63
RF-ODT 70,19 82,01 78,57 | 69,42 | 82,49
8 | German RF-C4.5 46,56 89,26 76,77 52,99 | 79,04
RF-ODT 60,73 84,36 77,50 | 60,32 | 79,52
9 | Segment RF-C4.5 97,74 99,95 99,61 98,66 | 99,97
RF-ODT 99,68 99,90 99,87 | 99,57 | 100
10 | Satimage RF-C4.5 59,72 98,49 94,40 69,23 | 96,16
RF-ODT 77,25 95,03 93,13 70,41 | 96,53
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Phan I6p dif liéu khong can bing
Phan 16p da I6p ~
Tang kha nang chiu dung nhiéu

Huéng phat trién

Ring ngiu nhién xién phan (RF-ODT)

Phan I16p da I6p

D& Thanh Nghj RF-ODT cho phén I8p dif liéu c6 sb chiéu 16n



Phan I6p dif liéu khong can bing
Phan 16p da I6p

) P Tang kha ning chiu dung nhiu
Hudng phat trién = S e

RF-ODT nhan dang ky tu s viét tay MNIST

Bang: So sanh két qua nhan dang ky tu sb viét tay MNIST

Methods Accuracy (%)
1-layer Neural nets (LeCun et al., 1998) 88.00
Nearest-neighbor (Euclidean L2) (LeCun et al., 1998) 95.00
Nearest-neighbor (Euclidean L2, deskewing) (LeCun et al., 1998) 97.60
Convolution net LeNet-1 (Subsampling) (LeCun et al., 1998) 98.30
Convolution net LeNet-4 (LeCun et al., 1998) 98.90
Convolution net LeNet-5 (Distortions) (LeCun et al., 1998) 99.15
Convolution net Boosted LeNet-4 (Distortions) (LeCun et al., 1998) 99.30
Convolution net, cross-entropy (Affine distortions) (Simard et al., 2003) 99.40

LibSVM (RBF, v = 0, 05, ¢ = 105) 98.37

LibSVM (Poly, deg = 5, ¢ = 105) 96.65

SVM (Poly, deg = 9, virtual SV, local) (Decoste & Scholkopf, 2002) 99.44
AdaBoost.M1 (100 trees with C4.5) (Kegl & Busa-Fekete, 2009) 95.95

Products of boosted stumps (haar) (Kegl & Busa-Fekete, 2009) 99.12 %
RF-ODT (200 oblique decision trees, GIST) 99.20 R
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Phan I6p eu khong can bing
Phan 16p da I6p

) P Tang kha ning chiu dung nhiu
Hudng phat trién = S e

RF-ODT nhan dang ky tu s6 viét tay USPS

Bang: So sanh két qua nhan dang ky tu sb viét tay USPS

Methods Accuracy (%)
Human Performance (Bromley & Sackinger, 1991) 97.50
Nearest-neighbor (Simard et al., 1993) 94.10
LeNet-1 (LeCun et al., 1989) 95.00
Boosted neural nets (LeCun et al., 1989) 97.40
Tangent distance(Simard et al., 1993) 97.40
AdaBoost.M1 (100 trees with C4.5) (Kegl & Busa-Fekete, 2009) 94.02
Products of boosted stumps (Kegl & Busa-Fekete, 2009) 95.76
Products of boosted stumps (haar) (Kegl & Busa-Fekete, 2009) 96.26
SVM (Poly, deg = 9, virtual SV, local) (Decoste & Scholkopf, 2002) 97.00
SVM (RBF, v = 0.2, c = 10%) 95.42
SVM (Poly, deg = 5,c = 10°) 95.72
RF-ODT (200 trees, GIST) 96.71 .g;,
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Phan I6p dif liéu khong can bing
Phan 16p da I6p

) P Tang kha ning chiu dung nhiu
Hudng phat trién = S e

RF-ODT nhan dang chit viét tay New-bench-HCR

Bang: So sanh k&t qua nhan dang chit viét tay New-bench-HCR

Methods Accuracy (%)
1 Nearest-neighbor (van der Maaten, 09) 78,32
3 Nearest-neighbor (van der Maaten, 09) 79,21
5 Nearest-neighbor (van der Maaten, 09) 79,26
Linear kernel classifers (van der Maaten, 09) 67,01
RF-ODT (100 trees, GIST) 94,80
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Phan I6p éu khong cén bang
Phan I6p p

Huéng phat trién Tang kha nang chiu dung nhiéu

Gidi thuat ArcX4-iODT

Nguyén ly cia ArcX4-iODT

v

xdy dung tuan tu tap ciy ngiu nhién xién phan

> tap trung vao khic phuc I3i tir cdc md hinh xdy dung trudc dé

» diéu khién dé phc tap: dé sau cay, SVM
» x(r ly dif lieu sb chiéu I6n, kha ning chiu dung nhidu
O O
O 0O
O
oo

L H,(c=10000)

o
Ha(c=100)
OO o o
5 >
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Huéng phat trién

Phan I6p dif liéu khong can bing
Phan I6p da I6p "
Tang kha nang chiu dung nhiéu

Gidi thuat ArcX4-iODT: khi ting sb budc I3p

Error Rate (%)
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ArcX4-rODT for classifying USPS dataset
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RF-ODT cho phan I6p dir li
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Phén I6p dir liéu khéng can bang
Phan I6p da I6p

Huéng phat trién Tang kha nang chiu dung nhiéu

ArcX4-iODT cho phan I6p dit liéu y sinh

Bang: So sénh két qua phan I16p dif liéu y sinh

Ensemble Precision Recall F1 Accuracy

ID | LibSVM | RF-C4,5 | ArcX4-rODT | LibSVM [ RF-C4,5 | ArcX4-rODT | LibSVM [ RF-C4,5 | ArcX4-rODT | LibSVM | RF-C4,5 | ArcX4-rODT

1| 6818 76,19 74,07 75,00 72,73 90,91 71,43 74,42 81,63 80,65 82,26 85,48
100 95,24 100 95,00 100 100 97,44 97,56 100 97,06 97,06 100

3] 75,00 100 100 100 100 100 100 100 100 93,33 100 100

4| 69,23 83,33 78,57 75,00 83,33 91,67 72,00 83,33 84,62 63,16 78,94 78,94

5| 8500 94,12 90,00 94,44 80,00 90,00 89,47 86,49 90,00 90,48 88,10 90,48

6| 7353 75,76 100 100 100 96,00 84,75 86,21 97,96 73,53 76,47 97,06

7] 8326 93,75 93,75 100 100 100 93,75 96,77 96,77 98,66 99,33 99,33

8| 47,62 45,46 63,64 55,56 2381 66,67 51,28 31,25 65,11 68,33 63,33 75,00

9] 8313 92,58 90,24 84,42 73,83 80,69 83,77 82,15 85,20 92,15 92,30 93,27

10| 100 98,78 100 100 100 100 100 99,39 100 100 99,21 100

11| 91,30 95,65 100 87,50 91,67 95,65 89,36 93,62 97,78 89,36 93,62 97,87

12| 9546 95,24 95,65 95,46 90,91 100 95,46 93,02 97,78 98,21 97,32 99,11

13| 100 100 100 100 96,30 100 100 98,11 100 100 99,11 100

14| 100 100 100 100 100 100 100 100 100 100 100 100

15| 92,59 100 79,31 39,68 29,63 85,19 55,56 45,71 82,14 64,29 83,93 91,0,
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Phén I6p dir liéu khéng can bang
Phan I6p da I6p

Huéng phat trién Tang kha nang chiu dung nhiéu

Phat trién md rong clia RF-ODT

Nghién ctu dang thuc hién

» cac ham phan hoach da bién khac
» cac luat quyét dinh

» cai d3t song song

» hdi quy, gom nhém

» phan loai dnh, van ban, etc.

D& Thanh Nghj RF-ODT cho phén I8p dif liéu c6 sb chiéu 16n



Phan 16p dif ligu khéng can bang
Phan I6p da I6p

Huéng phat trién Tang kha nang chiu dung nhiéu

Cam on & cau hdi thao ludn .........

D& Thanh Nghj RF-ODT cho phan I6p dir li



