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TOM TAT - Trong bai viét nay, chung t6i dé xudt sir dung ludt gan nhan cyc by trong gidi thugt rimg ngdu nhién dé ning
cao hiéu qud phén 16p. Gidi thudt rimg ngdu nhién ciia Breiman dé xuat la gidi thudt phdn [6p chinh xdc khi so sanh voi cdc gidi
thudt hoc c6 giam sat hién nay. Tuy nhién, do sur dung ludt binh chon $6 dong ¢ mit ld ciia cdy quyet dinh lam dyr bdo cua rirng ngau
nhién giam hiéu qud. Pé cdi thién két qua dir bdo cua rirng ngdu nhién, ching t6i @é xudt thay thé ludt binh chon sé déng boi ludt
gan nhan cuc bo, k lang gleng Két qua thir nghiém trén cdc tap div ligu gen tir website datam.i2r.a-star.edu.sg/datasets/krbd cho
thdy rang gidi thudt rumg ngau nhién sir dung ludt gan nhan cuc bo do chiing t6i dé xudt cho két qua phan logi t6t khi so sanh véi
rieng ngau nhién ciia cdy quyét dinh C4.5 va mdy hoc vécto hé tro diea trén cdc tiéu chi Precision, Recall, F1, Accuracy.

Tir khéa - Rirng ngdu nhién, cay quyét dinh, ludt gan nhén, ludt cuc bg, k lang giéng, phdn 16p dit liéu nhiéu chiéu.

I. GIOI THIEU

Phan 16p dir liéu hay hoc c6 giam sat 1a mot trong bon nhom bai toan quan trong ciia kham pha tri thirc va khai
mo dir liéu [Hgn et al., 2011]. Phan lop dir li¢u x&y dupg mo hinh phan lc'y'p tur tap dir li€u c6 nhan (16p) da dugc dinh
nghia trude, dé thuc hién gan nhan ty dong cho tirng phan tir dir liéu mai dén.

Phan 16p dir lidu c6 sb chidu 16n duoc biét 1a mot trong 10 van dé khoé cia cong dﬁ)ng khai mo dir liéu [Yang &
Wu, 2006]. M6 hinh hoc phan 16p thuong cho két qua tdt trong khi hoc nhung lai cho két qua rat thip trong tap klem
tra. Van dé khé khan thuong gip chinh 1a sO chidu qué 16n va dir liéu thuong tach roi nhau trong khong gian c6 50
chiéu 16n viéc tim mé hinh phéan 16p tot c6 kha ning lam viéc vai dit lidu c6 so chiéu 16n 1a kho khan do ¢6 qua nhiéu
kha nang lya chon mo hinh. Viéc tim mét mé hinh phan 16p hi€u qua (phan 16p dir liéu t6t trong tap thir) trong khong
gian gia thiét 16n la van dé kho. Pa c6 hai 16p giai thuat tiéu biéu, may hoc vécto hd trg clia Vapnik (SVM [Vapnik,
19951) va rimg ngiu nhién cia [Breiman, 2001], 1a nhitng giai thuat phan 16p hiéu qué céc tap dit lidu ¢6 s6 chiéu 16n.

Tiép can rimg ngau nhién cho do chinh xac cao khi so sanh véi cac thuat toan hoc c6 giam sat hién nay, bao
gom ca AdaBoost [Freund & Schapire, 1995], ArcX4 [Breiman, 1998] va SVM [Vapnik, 1995]. Khi xtr Iy dir liéu cho
¢6 sb chiéu 16n, rimg ngau nhién va SVM 14 hai giai thudt hoc nhanh, chiu dung nhiéu t6t va khong bj tinh trang hoc
vet, didu nay nguoc lai voi AdaBoost, ArcX4 rat dé bi hoc vet va anh huong 16n véi nhiéu [Grove & Schuurmans,
1998]. Tuy nhién, luat quyét dinh & nut 14 cta cac cdy trong rimg ngau nhién dwa vao ludt binh chon sé dong, diéu nay
dan dén do chinh x4c cua giai thuat rimg ngiu nhién bi giam khi phéan 16p dit liéu. Dé khic phuc nhugce diém trén,
chung t6i dé xuét thay thé luat binh chon sé dong ¢ nut 14 bang luat gan nhan cuc bo duya trén giai thuat k lang giéng
[Fix & Hodges, 1952]. Giai thuat ring ngiu nhién st dung ludt gan nhén cuc bd do chung t6i dé xuét thuong cho két
qua phan 16p chinh xac hon so voi giai thuat gbe. Két qua thtr nghiém trén cac tdp dir liéu gen [Jinyan & Huiqing,
2002] cho thdy rang giai thuat rung ngau nhién cai tién do ching t6i dé& xuat cho két qua phan loai t6t khi so sanh véi
rimg ngau nhién ciia cdy quyét dinh C4.5 va may hoc vécto hd trg dwa trén cac tiéu chi Precision, Recall, F1I,
Accuracy.

Phan con lai ciia bai viét duge td chirc nhu sau. Chiing t6i s& trinh bay tom tat giai thuat rimg ngau nhién trong
phan 11, thay thé luat gan nhén binh chon s dong bang luat gan nhin cuc bd trong phan III. Két qua thuc nghiém sé
dugc trinh bay trong phan IV. Phan théo luin cac nghién ciru lién quan dugc trinh bay trong phan V truéc phin két
luan va huéng phat trién trong phan VI.

II. GIAI THUAT RUNG NGAU NHIEN

Tir nhitng ndm 1990, cong dong may hoc da nghién ctru cach dé két hop nhidu mé hinh phan loai thanh tp hop
cac mo hinh phén loai dé cho tinh chinh xac cao hon so véi chi mot md hinh phan loai. Muc dich ctia cac m6 hinh tap
hop 14 lam giam thanh phé‘ln 16i variance va/hodc bias cila cc giai thuat hoc. Bias 1a khai niém vé 151 ciia mo hinh hoc
(khong lién quan dén dir liéu hoc) va variance 1a 16i do tinh bién thién ctia mé hinh so v&i tinh ngdu nhién cta cac mau
dit liéu hoc. [Buntine, 1992] d gi6i thiéu cac ky thuat Bayes dé giam variance cua cac phuong phap hoc. Phuong phép
xép chong [Wolpert, 1992] hudng téi viéc cuc tiéu hoa bias cua cac giai thuat hoc. Trong khi [Freund & Schapire,
1995] dwa ra Boosting, [Breiman, 1998] dé nghi ArcX4 dé cung giam bias va variance, con Bagging [Breiman, 1996]
thi giam variance cua giai thut hoc nhung khong lam tang bias qua nhiéu. Tiép can rung ngau nhién [Breiman, 2001]
1a mot trong nhiing phuong phép tap hop mé hinh thanh cong nhét. Giai thudt rimg ngau nhién xdy dung cay khong cét
nhanh nham giit cho bias thap va ding tinh ngau nhién dé diéu khién tinh twong quan thip giita cac cdy trong rimg.
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Rung ngdu nhién (duwoc moé ta trong hinh 1) tao ra mot tap hop cac cdy quyét dinh khong cit nhanh, mdi cay
duogc xdy dung trén tap mau bootstrap (Iay mau ngau nhién c6 hoan lai), tai moi ntt phan hoach tot nhat duoc thuc hién
tr viéc chon ngau nhién mét tdp con cac thude tinh.

Ldi tong quat cia rimg phu thudc vao do chinh x4c cua timg cay thanh vién trong rimg va su phy thuéc 1an nhau
giita cac cdy thanh vién. Giai thuat rung ngau nhién cho dg chinh xac cao khi so sanh véi cac thuat toan hoc cé giam
sat hién nay, chiu dung nhicu tot.
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Hinh 1. Giai thuat rimg ngau nhién cho phan 16p dix liéu

Tuy nhién, néu ching ta tré lai luat gdn nhin ¢ nut 1a ctia cac cdy quyét dinh trong rimg ngau nhién, 2 giai thuat
ciy quyét dinh phd bién 1a CART [Breiman et al., 1984] va C4.5 [Quinlan, 1993] thudng ding chién Iugc binh chon sé
dong. Thoi diém xay dung xady dung cdy quyét dinh, néu nit 14 ¢6 chita cac phan tir dit liéu cua cac 16p khong thuan
nhét, viéc gan nhin cho nut 14 dugc tinh cho nhén ciia 16p c6 s luong phéan tir 16n nhat chira trong nit 14. Xét vi du nhu
hinh 2, nat 14 ¢6 chira 14 phan tir trong d6 16p hinh vudng c6 9 phan tir va 16p hinh tron c6 5 phan tir. Nut 1a s& duoc
gan nhan 13 hinh vuéng do s phan tir 16p hinh vudéng nhiéu hon hinh tron. Chién lIuge gan nhan nay lam cho ludt quyét
dinh khong dugc chinh x4c. Khi phan 16p, phan tir nao roi vao nut 1a déu dugc gan nhan cua nat 14. Vi vy, phan tir p, ¢
dwoc gan nhén 1a vudéng. Hidu qua phan 16p khong cao (dy doan nhén cta phan tir p c6 thé sai).

Binh chon sé déng: nhan nuit I 1a (]

O

o U o g
@
OD!EI 0
O O u
) O

O

Hinh 2. Luat gan nhin binh chon sb déng & nit 14 ciia cdy quyét dinh (nit 14 c6 nhén 1a vudng), diém p va q duoc phan 16p vuong
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III. LUAT GAN NHAN CUC BQ

Dé nang cao hiéu qua phén 16p ctua ciy quyét dinh trong giai thudt rimg ngiu nhién, chung t6i dé xuét thay thé
luat gén nhan trén co s¢ binh chon s dong boi ludt gan nhan cuc bo véi giai thuat k lang giéng [Fix & Hodges, 1952].
Thay vi viéc gan nhan o nut 14 dugc thuc hién khi xay dung cay, chung t6i tri hodn viéc gan nhan nay. Nghia 1a nuat 1a
van chua dugc gan nhan. Chung t6i chi thuc hién viée gan nhén trong khi dy bao phan tir méi dén. Xét tai nut 14 nhu
hinh 3 van chwa dugc gan nhan. Véi ludt quyét dinh cuc bo dua trén 3 lang giéng. Khi phéan tir dir liéu méi dén chang
han nhu p va ¢, roi vao cliing nit 14; chiing toi thuc hién tim 3 phan tir trong niit 1a gan nhat voi dit liéu méi dén, sau d6
méi thuc hién viéc gan nhan cho phén ttr can dy bao dwoc dya trén nhan cua cac lang giéng. Khi phan l6p, phan ti p
roi vao nut la, ching ta tim 3 lang giéng cua p, gan nhan cho p dua trén binh chon s6 dong tir 3 lang giéng, nhan cua p
dwoc gan 1a tron. Tuong tu, phan tir ¢ dugce gan nhan 14 vudng tir binh chon sé dong tir 3 lang giéng ctia nd. Ludt quyét
dinh nay gitip cho viéc phan 16p cua cdy dat chinh xac cao hon vi trong chién lugc nay, mic du cac phan tir dy bao roi
vao clng nut 14 nhung nhén cia nd c6 thé khac nhau trong khi chién Iugc binh chon s6 dong thudng sir dung trong cay
quyét dinh lai gan cing nhan cho cac phan tir roi vao cing nut 14.

Luét cuc bd: khdng gan nhan nut la

Hinh 3. Ludt gan nhan cuc bo (3 lang giéng) & nut 14 cua ciy quyét dinh (nat 14 chua duge gan nhén), diém p, q dugc gan nhén lin
luot 1a tron, vudng dua trén binh chon s6 dong cua 3 lang giéng

Dé minh hoa sy anh huong dén mo hinh phan 16p ciia cay quyét dinh khi thay thé luat gan nhan ¢ ni: 14. Ching
ta c6 thé xét vi du phan 16p (3 16p gdm tron, vuéng, chéo) nhu trong hinh 4.

Giai thuat hoc ciy quyét dinh sir dung luét binh chon sé dong dé gan nhin ¢ nat 14, C4.5 [Quinlan, 1993] huin
luyén mo hinh phan 16p trén tap dit liéu nay, sinh ra mo hinh c6 bién gidi tach 16p 1a cac hinh chit nhat nhu hinh 4. Cac
phan tir roi vao viung L/, dugc gan nhén 13 vudng. Cac phan tir trong ving L2 dwoc gan nhan 14 ron, trong khi cac
phan tir & phan ving L3 dugc gan nhan 1a chéo.

C6 thé thay rang 16p tron ¢6 2 phan tir bi gdn nhan sai, 1 phan tir bi gan nhan sang 16p vuéng va 1 bi gan nhin
16p chéo. Lép chéo cling co 1 phan tir bi gdn nhan sai sang 16p vuong.
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Hinh 4. Cay quyét dinh sir dung luat binh chon s6 déng dé gan nhan & nit l4

Giai thuat hoc cay quyét dinh str dung luét gan nhan cuc bd 7 lang giéng & nut 14, hudn luyén m6 hinh phan 16p
trén tap dir liéu nay, sinh ra mé hinh ¢ bién gidi tach 16p mém d&o (c6 thé khong 1a hinh chit nhat) nhu Finh 5. Cac
phan tir roi vao viung L/, duoc gan nhén 13 vudng. Cac phan tir trong ving L2 dwoc gan nhan 14 ron, trong khi cac
phan tir & phan ving L3 dugc gan nhan 1a chéo.
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C6 thé thay rang cac phan tir cua tap dit liu déu dugc mo hinh gan nhéin chinh xac véi 16p cta né. Piéu nay
chung to viéc thay thé ludt gan nhan ¢ nat 14 gitip cho mé hinh cay quyét dinh duoc st dung trong giai thuét rimg ngau
nhién tré nén hi¢u qua hon.
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Hinh 5. Cay quyét dinh sir dung luat cuc bo (1 lang giéng) dé gan nhin & nat 14

IV. KET QUA THUC NGHIEM
Pé ¢co Ehé danh gia hiéu’qué ctia giai thuét rimg ngau nhién sf’r dung luﬁlt gan nhan cuc bd, ching toi cai dat giai
thuét rimg ngau nhién cay quyét dinh C4.5 stir dung ludt binh chon s6 dong dé gan nhan ¢ nut la, RF-C4.5(Maj) va giai
thuét sir dung luat gan nhan cyc bo & lang giéng ¢ nat 1a, RF-C4.5(kNN), bang ngdn ngir 14p trinh C/C++ co ke thira tir
ma ngudn cua C4.5 dugc cung cap bdi [Quinlan, 1993].

Béng 1. M6 ta céc tap dir li¢u gen

ID | Tap dit licu Siphinti | Séchidu | Lép P
1 ALL-AML-Leukemia 72 7129 ALL, trn-tst
AML
5 MLL-Leukemia 72 12582 MLL, trn-tst
rest
3 Breast Cancer 97 24481 relapse, trn-tst
non-relapse
4 Prostate Cancer 136 12600 cancer, trn-tst
normal
5 Lung Cancer 181 12533 cancer, trn-tst
normal
6 Diffuse Large B-Cell Lymphoma 47 4026 germinal, loo
activated
7 Subtypes of Acute Lymphoblastic 327 12558 Hyperdip, trn-tst
(Hyperdip) rest
3 Subtypes of Acute Lymphoblastic 327 12558 TEL-AMLI, trn-tst
(TEL-AML1) rest
9 Subtypes of Acute Lymphoblastic 327 12558 TEL-ALL, trn-tst
(T-ALL) rest
Subtypes of Acute Lymphoblastic 327 12558 Others, trn-tst
10 . .
(Others) diagnostic groups

Dit liéu ding trong thuc nghiém 14 10 tap dit liéu gen c6 s6 chiéu rat 16n, dugc 14y tai [Jinyan & Huiging, 2002].
Bén canh do, chung t6i quan sat két qua cua giai thuat chung t6i dé xuat RF-C4.5(kNN) trong thyc nghiém bang cach
so sanh véi giai thuat RF-C4.5(Maj) va may hoc vécto hd tro LibSVM [Chang & Lin, 2011]. Tat ca cac két qua déu
duogc thyc hién trén mdt may tinh c4 nhan (Intel Core2 Duo 2.4 GHz, 4GB RAM) chay hé diéu hanh Linux Mandriva.
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Chung t6i tién hanh thyc nghiém trén 10 tap dir lidu gen c6 s chiéu rat 16n tir kho dir lidu sinh-y hoc. M6 ta cac
tap dir ligu dugc tim thay trong bang 1. Ching t6i chu y dén cac nghi thirc kiém tra dugc liét ké trong cot cudi cla bang
1. V6i nhitng tap dit lidu c6 san tap hoc va tap kiém tra, chung ti dung tap hoc dé thtr diéu chinh cac tham s & dau
vao cua cac giai thuat nham thu dugc do chinh xac t6t khi hoc. Sau dé, dung mé hinh thu dugc dé phén l6p tép kiém
tra. Néu tap hoc va tap kiém tra khong c6 san, cac nghi thirc kiém tra chéo (cross-validation protocol) dé danh gia. Do
cac tap dir liéu co it hon 300 phén tir, ching t6i dung nghi thtrc kiém tra chéo leave-one-out (loo). Tirc la ding mot
phén tir trong tap dit lidu dé lam tap Kiém tra, cac phan tir khac dung dé hoc. Lap lai dén khi tit ca cac phan tir déu
duoc dung dé kiém thir mot 1an.

Dé thay 16 hon tinh hiéu qua cia RE-C4.5(kNN) so v6i RF-C4.5(Maj) va LibSVM, chung t6i tién hanh so sanh
hi€u qua cua cac thudt toan phan 16p dua trén cac tiéu chi nhu Precision, Recall, F1-measure va Accuracy [van
Rijsbergen, 1979].

*  Precision cua mgt 16p 1a sd phan tir dit liéu dugc phan 16p dung vé 16p nay chia cho tong sé phan tir dit
liéu dugc phan veé 16p nay.

e Recall ciia mdt 16p 1a s6 phan tir dit lidu dwoc phan 16p dung vé 16p nay chia cho téng s phan tir dit
liéu cua 16p.

e Fl-measure 13 tong hop cua Precision va Recall va dugc dinh nghia 13 ham trung binh diéu hoa giira
hai gia tri Precision va Recall:

Fl= 2XPrecisionxRecall

Precision- Recall
e Do chinh xac Accuracy 1a s6 diém dit liéu duoc phan 16p diing ciia tat ca cac 10p chia cho tong sd diém
dir ligu.

Khi xdy dung m6 hinh, cac giai thuat rimg ngau nhién xay dung 200 cay quyét dinh cho tat ca cac tap dir liéu.
Luat gan nhén cyc bo st dung / lang giéng. Riéng may hoc LibSVM chi can sir dung ham nhan tuyén tinh 1a phan 16p
tot nhat cac tap dir li€u gen. Chung t6i thu dugc két qua cua cac giai thuat nhu trinh bay trong bang 2 (Precision,

Recall, FI), bang 3 (Accuracy).

Bing 2. Két qua phan 16p ctia LibSVM, RF-C4.5(Maj) va RF-C4.5(kNN)

Precision Recall F1-measure
D RF- RF- RF-
Lib- RF-C4.5 C4.5 Lib- RF-C4.5 C4.5 Lib- RF-C4.5 C4.5
SVM (Mayj) (KNN) SVM (Mayj) (kNN) SVM (Mayj) (KNN)
1 100 95.24 100 95 100 95 97.44 97.56 97.44
2 75 100 100 100 100 100 85.71 100 100
3 69.23 83.33 75 75 83.33 85.71 72 83.33 80
4 73.53 75.76 100 100 100 66.67 84.75 86.21 75
5 88.26 93.75 100 100 100 100 93.75 96.77 100
6 91.3 95.65 91.67 87.5 91.67 95.65 89.36 93.62 93.62
7 95.45 95.24 95.45 95.45 90.91 95.45 95.45 93.02 95.45
8 100 100 100 100 96.3 100 100 98.11 100
9 100 100 100 100 100 100 100 100 100
10 92.59 100 100 39.68 29.63 74.07 55.56 45.71 76.92

Nhin vao bang 2, 3 va cac dd thi & hinh 6, 7, 8, 9, vé két qua phan 16p dé so sanh hiéu qua cua giai thuat
LibSVM, RF-C4.5(Maj) va RF-C4.5(kNN).

Chung ta c6 thé thdy ring voi tiéu chi Precision, giai thuat RF-C4.5(kNN) cho két qua t6t nhat 8/10 tap dir liéu.
Khi so sanh dua vao ti€u chi Recall, RF-C4.5(kNN) cling cho két qua tot 8/70 tap dir liéu.

~ Xét trén tiéu chi F (trung binh diéu hoa giita hai gi tri Precision va Recall), RF-C4.5(kNN) cho két qua tot
nhat 7/10 tap dir liéu khi so sanh vai LibSVM va RF-C4.5(Maj).

Giai thuat RF-C4.5(kNN) c6 d6 chinh xéc toan cuc (Accuracy) cao nhét trén tat ca 10 tap dit liéu khi so sanh voi
LibSVM va RF-C4.5(Maj).
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Hinh 7. So sanh tiéu chi Recall cua 3 giai thuat trén 10 tap dir licu
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Accuracy (%)

Fl
100
90 -+
80
70
== SVM
& 60+ =4=RF-C4.5(Maj)
= RF-C4 5(kNN)
=
50+
40-
30+
1 2 3 1 5 6 7 8 10
Dataset
Hinh 8. So sanh tiéu chi F1 cta 3 giai thuat trén 10 tap dir liéu
Bang 3. K&t qua phan 16p ctua LibSVM, RF-C4.5(Maj) va RF-C4.5(ANN)
D Accuracy
Lib-SVM RF-C4.5(Maj) RF-C4.5(kNN)
1 97.06 97.06 97.06
2 93.33 100 100
3 63.16 78.94 84.21
4 73.53 76.47 88.24
5 98.66 99.33 100
6 89.36 93.62 93.62
7 98.21 97.32 98.21
8 100 99.11 100
9 100 100 100
10 64.29 83.93 89.29
Accuracy
== SVM

50+

40

30+

20+

Hinh 9. So sanh tiéu chi Accuracy cta 3 giai thuat trén 10 tap dir liéu

Dataset

== RF-C4.5(Maj)

RF-C4.5(kNN)
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V. THAO LUAN CAC NGHIEN CUU LIEN QUAN

Nghién ctru ching t6i dé xuét thay thé luat gan nhin binh chon s dong boi ludt cuc b & lang giéng tai nit 14
clia giai thuat rimg ngau nhién c6 lién quan dén cac nghién ciru trude nham cai tién giai thuat hoc cdy quyét dinh. Qua
trinh huan luyén mé hinh ciy quyét dinh str dung hai chién lugc quan trong, d6 14 ham phan hoach dit liéu (chon thudc
tinh quan trong, diém phan hoach) va luat gan nhan & nit 14.

Gidi thuat hoc CART [Breiman et al., 1984], C4.5 [Quinlan, 1993] chi su dung duy nhét mot thudc tinh dé thuc
hién phan hoach dir li¢u. Piéu nay lam giam hiéu quéa phan hoach dir li¢u do bd qua su phu thudc cua cac thude tinh
trong dit liéu. Giai thuat OC1 [Murthy et al., 1993] dé xut xay dung cdy xién phan nham két hop cac thudc tinh dé cai
tién phan hoach dit liéu c6 su phu thudc 14n nhau giita cac thudc tinh. Nghién ctru cua [Wu et al., 1999], [Do et al.,
2010] dé xuit mo rong giai thuat OC1, st dung may hoc vécto hd trg [Vapnik, 1995], nhdm cai tién chat lugng mo
hinh va tdc d6 tinh toan. Nghién ctru ciia [Cutler & Guohua, 2001], [Geurts et al., 2006] thuc hién nhiéu phan hoach
ngiu nhién dé c6 mo hinh twong ty nhu cdy xién phan.

Giai thut Option tree ctia [Kohavi & Kunz, 1997] gi6i thiéu thém khai niém nat trong tiry chon dé cai thién hiéu qua
phén 16p clia cay quyét dinh. Nghién ctru ciia [Marcellin et al., 2006], [Lenca et al., 2008], [Do et al., 2010] de xuét thay thé
ham phén hoach (Shannon entropy) boi entropy bat ddi ximg hay khoang cach Kolmogorov-Smirnov, nham cai tién phan 16p
dir lidu khong can bang (16p quan tim chiém ty 16 rat it trong tap huén luyén so véi cac 16p khac).

Giai thuat Lazy tree ctia [Friedman et al., 96] nham xay dung cay “t5t nhat” cho phén tir can phén 16p trong pha
du doan nhan. Tuy nhién luit gdn nhan tai nut la clia giai thut cay quyét dinh thuong dung 13 luat binh chon s dong,
didu nay lam giam hiéu qua trong phan 16p. Cac nghién ctru cta [Kohavi, 1996], [Seewald et al., 2000], [Pham et al.,
20‘08] thuc hién thay thé luat gdn nhan binh chon s6 déng b(”{i luat cuc bd nhu Naive Bayes [Good, 1965] hay k lang
gieng [Fix & Hodges, 1952]. Ritschard va cac cong sy de xuat sir dung statistical implicative analysis [Lerman et al.,
1981] khi phan hoach va gan nhan nut 14 trong giai thut huan luyén cay quy¢t dinh cho xtr Iy dir liéu khong cén bang
[Ritschard et al., 2009]. Giéi}hu@t OK3 cua [Geurts et al., 2006] stt dung ham nhan dé thyc hién phan hoach va gan
nhéan trong giai thudt rirng ngau nhién khi du doan cau tric protein.

VI. KET LUAN VA HUONG PHAT TRIEN

Chl'mg‘ t61 vira trinh bay dé ),cuét cai tién giai thuat rimg ngau nhién dé nang cao hiéu qua phan 16p cac tap du
liéu c6 6 chiéu rat 1on. Y tudng xuat phat tir giai thuat rimg ngau nhién do Breiman d¢ xuat, ching t61 dé xuat thay thé
luat binh chon sé dong cho viéc gan nhin & nut 1a bang luat quyet dinh cuc bd dua vao gidi thuat k lang giéng. Két qua
thuc nghiém trén cac tap dit liéu gen cho thiy ring giai thuat d& xuit RF-C4. 5(kNN) cho két qua t6t trén tiéu chi vé
Precision, Recall, F1 va d6 chinh xac toan cuc Accuracy khi so sanh v6i giai thuat goc ring ngau nhién (sir dung luat
binh chon s6 dong dé gan nhan & nit 14 cua cdy quyét dinh) RF-C4.5(Maj) va giai thudt may hoc vécto hd trg LibSVM.

Trong tuwong lai, ching t6i tiép tuc nghién ctru cdc luat quyét dinh cuc bo dua trén cac giai thuat hiéu qua hon &
lang giéng. Ngoai nghién ctru cai thién chat lugng mo hinh phan 16p, chung t6i ciing tap trung cho cai tién toc d6 hoc
va phan 16p cta giai thuat trong tuong lai.
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RANDOM FORESTS USING LOCAL LABELING RULES FOR IMPROVING

CLASSIFICATION CORRECTNESS

Thanh-Nghi Do, Nguyen-Khang Pham, Huu-Hoa Nguyen, Minh-Trung Nguyen

ABSTRACT - In this paper, we propose to use local labeling rules in random forests of decision trees for effectively classifying
data. The decision rules use the majority vote for labeling at terminal nodes in decision trees, maybe making the classical random
forest algorithm degrade the classification performance. Our investigation aims at replacing the majority rules with the local ones,
i.e. k nearest neighbors to improve the prediction correctness of decision forests. The numerical test results on gene datasets from
datam.i2r.a-star.edu.sg/datasets/krbd showed that that our proposal gives good classification results compared with classical
random forests and support vector machine (SVM) in terms of Precision, Recall, F1 and Accuracy.



