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RUNG NGAU NHIEN CAI TIEN CHO PHAN LOAI
DU LIEU GIEN
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ABSTRACT

Our investigation aims to propose random trees to classify gene data which have very
small amount of samples in very high dimensions and noise. The random forest algorithm
proposed by Breiman is usually suited for classifying very-high-dimensional datasets.
However, the classical majority rule of a decision tree degrades the classification
accuracy of random forests. We have proposed to improve the classification performance
of random forests by using in each leaf of the tree a local class labeling rule instead of
the majority rule. The numerical test results on gene datasets from datam.ilv.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.
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TOM TAT

Trong bai viét nay, chiing t6i dé xudt gidi thudt rirng nga~u nhién cai tién cho phan l6p div
li¢u gien thuong co rdt it cdc phan tir dir liéu nhung sé chiéu rat lom va cé nhiéu. Trong
thue té, gidi thudt rirmg ngau nhién ciia Breiman thiwong dwoc siv dung cho phan lop kiéu
dir liéu nhw div liéu gien. Tuy nhién, do sw dung ludt binh chon so dong ¢ nut la cua cdy
quyét dinh lam dy bdo ciia rirng ngdu nhién bi giam. Dé cdi thién két qua diw bdo cia
rieng ngau nhién, ching téi dé xudt thay thé ludt binh chon sé déng béi ludt gdn
nhin cuc bo. Két qud thir nghzem trén cac tap div ligu gien tw site datam.i2r.a-
star.edu.sg/datasets/krbd/ cho thay rang giai thudt rieng ngau nhién cdi tién do ching t6i
dé xudt cho két qua phan loai 1ot khi so sanh véi rirng ngau nhién cia cdy quyét dinh
C4.5 va may hoc vécto hé tro dira trén cdc tiéu chi Precision, Recall, F1, Accuracy.

Tir khéa: Phén loai di¥ liéu gien, gidi thudt hoc ciy quyét dinh, ricng ngdu nhién, k
ling giéng

1 GIOI THIEU

Phan 16p dit liéu co s6 chiéu 16n c6 nhidu nhu dit liéu gien (mdi chiéu cung cép rat
it thong tin cho tach 16p) duoc biét 1a mot trong 10 van d& kho ctia cong dong khai
mo dir lidu (Yang and Wu, 2006). M6 hinh hoc phéan 16p thudng cho két qua tot
trong khi huan luyén lai cho két qua rat thap khi du bao. Van dé kho khan thuong
gip chinh 1a sb chiéu qua 16n 1én dén hang nghin chiéu tham chi dén ca trigu va dir
liéu thuong tach roi nhau trong khong gian ¢ sd chiéu 16n viéc tim mo hinh phan
16p t6t co kha ning lam viéc voi dir liéu c6 sé chiéu 16n 1a kho khan do co qua
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nhiéu kha ning Iya chon mé hinh. Viéc tim mot mé hinh phén 16p hiéu qua (phan
16p dir lidu tét trong tap thir) trong khong gian gia thiét 16n 1a van dé kho. Pa c6
hai 16p giai thuat tiéu biéu 1a may hoc véc to hd trg ctia Vapnik (SVM (Vapnik,
1995)) va ring ngau nhién cua (Breiman, 2001) dwoc biét dén nhu 1 nhirng giai
thuat phan 16p hiéu qua cac tap dit liéu c6 sé chiéu 16n nhu dir lidu gien.

Tiép can rimg ngau nhién cho d¢ chinh xéac cao khi so sanh vdi cac thuat toan hoc
¢6 giam sat hién nay, bao gdm ca AdaBoost (Freund and Schapire, 1995), ArcX4
(Breiman, 1998) va SVM (Vapnik, 1995). Khi xur 1y dir liéu c6 s6 chiéu 16n va sb
phan tir it nhu dir liéu gien thi rung ngau nhién va SVM la hai giai thuat hoc
nhanh, chiu dung nhiéu tdt va khong bi tinh trang hoc vet, diéu nay nguoc lai véi
AdaBoost, ArcX4 rat d& bi hoc vet va anh huéng 16n véi nhiéu (Grove and
Schuurmans, 1998). Tuy nhién, luat quyét dinh ¢ nut 14 cua cac cdy trong rimg
ngau nhién dya vao luat binh chon sb dong, diéu nay dan dén do chinh xac cua giai
thudt rimg ngu nhién bi giam khi phan 16p dit liéu. Bé khic phuc nhugce diém
trén, ching toi dé xudt thay thé luat binh chon s6 déng ¢ nut 14 bang luat gan nhin
cuc b dua trén giai thuat k lang gleng (Fix and Hodges, 1952). Giai thuét rung
ngau nhién cai tién do _chung t6i dé xuit thuong cho két qua phan 16p chinh xéac
hon so véi gidi thuat goc Ket qua thir nghiém trén cac tap dir liéu gien (Jinyan and
Huiqing, 2002) cho thy rang giai thuat rimg ngiu nhién cai tién do ching t6i dé
xudt cho két qua phan loai tot khi so sanh véi rirng ngau nhién cia ciy quyét dinh
C4.5 va may hoc vécto hd trg dua trén cac tiéu chi Precision, Recall, F1,
Accuracy.

Trong phan 2, ching t6i s& trinh bay tom tat giai thudt rimg ngu nhién va giai
thuat cai tien cho phén 16p. Két qua thuc nghiém s€ dugc trinh bay trong phan 3
trude phan két luan va hudng phat trién trong phan 4.

2 RUNG NGAU NHIEN CAI TIEN CHO PHAN LOP DU LIEU

Tir nhitng nam 1990, cong dong may hoc da nghién ctru cach dé két hop nhidu mo
hinh phén loai thanh tdp hop cac mo hinh phan loai dé cho tinh chinh xac cao hon
so v&i chi mot mo hinh phan loai. Muc dich ctia cac mé hinh tdp hop 1a lam giam
variance va/hodc bias cua cac giai thuat hoc. Bias 1a khai ni¢m vé 131 ciia mé hinh
hoc (khong lién quan dén dir lidu hoc) va variance 1a 16i do tinh bién thién ciia mo
hinh so v6i tinh ngﬁu nhién ctia cac mau dir liéu hoc. (Buntine, 1992) da gi6i thiéu
céc ky thuat Bayes dé giam variance cua cac phuong phap hoc. Phuong phap xép
chdong (Wolpert, 1992) hudng toi viéc cuc tiéu hoa bias cia cac giai thuat hoc.
Trong khi (Freund and Schapire, 1995) dua ra Boosting, (Breiman, 1998) dé nghi
ArcX4 dé cung giam bias va variance, con Bagging (Breiman, 1996) thi giam
variance ciia gidi thuat hoc nhung khong lam ting bias qua nhiéu. Tiép can ring
ngau nhién (Breiman, 2001) 1a mot trong nhitng phuong phap tap hgp mo hinh
thanh coéng nhat. Giai thuat rimg ngau nhién xay dung ciy khong cit nhanh nham
giit cho bias thap va ding tinh ngiu nhién dé diéu khién tinh tuong quan thap giita
cac cay trong rung.

Rung ngau nhién (dugc md ta trong hinh 1) tao ra mdt tap hop cac cay quyet dinh
khong cat nhanh, mdi cdy dugc xay dung trén tdp mau bootstrap (ldy mau ngau
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nhién c6 hoan lai), tai mdi niit phan hoach tdt nhat duoc thue hién tir viée chon
ngau nhién mot tap con cac thudc tinh.

Ldi tong quat cta rimg phu thudc vao do chinh xac ciia timg cdy thanh vién trong
ring va su phu thudc 1an nhau giita cac cdy thanh vién. Giai thuat ring ngau nhién
cho d6 chinh xac cao khi so sdnh v&i cac thuat toan hoc c6 gidm sat hién nay, chiu
dung nhiéu tét.

Tap d ligu hoc LS
(m phén t&, n thude tinh)

I Bootstrap, I I Bootstrap, I ........ Bootstrap._

1 l 1
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Hinh 1: Giai thuit ring ngiu nhién

Tuy nhién, néu chung ta trd lai luat gan nhan ¢ nat la cua cac cay quyét dinh trong
rimg ngau nhién, hai giai thuat cay quyét dinh pho bién 1a CART (Breiman et al.,
1984) va C4.5 (Quinlan, 1983) thudng dung chién luge binh chon s6 dong. Thoi
diém xay dung cay quyét dinh, néu nat 14 c6 chira cac phén tir dir liéu ciia cac lop
khong thuan nhét, viéc gan nhin cho nat 14 dugc tinh cho nhan ctia 16p ¢6 s6 luong
phan tir 16n nhat chta trong nit 1a. 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 ¢6 5 phan tir. Nut 14 s& duoc
gan nhan 13 hinh vudng do sé phén tir 16p hinh vudéng nhiéu hon hinh tron. Chién
lugc gan nhan nay lam cho luat quyét dinh khong dugc chinh xac. Khi phan 16p,
phan tir nao roi vao nat 14 déu duoc gan nhan cia nat 14. Vi vy, phan tir p, q duoc
gan nhén 13 vudng. Hiéu qua phan 16p khong cao (phan tir p ¢ thé sai).
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Hinh 2: Luét binh chon sé déng cho gan nhin 6 nit la caa ciy quyét dinh, nut 14 ¢é nhin la
vuéng, nén di€ém p va q deu dwgc phan 16p vudng
Dé nang cao hiéu qua phan 16p ciia ciy quyét dinh trong giai thuat rimg ngiu
nhién, chung toi dé xuat thay thé luat gan nhan trén co so binh chon s6 dong bai
ludt gan nhin cuc bo sir dung giai thuat k lang giéng (Fix and Hodges, 1952). Thay
vi viéc gan nhan ¢ nut 14 dugc thyc hién khi xay dung cay, chung t6i tri hoan viéc
gan nhan nay lai. Nghia la nit 14 van chua dugc gan nhan. Chung toi chi thuc hién
viéc gan nhédn trong khi du bao phan tir méi dén. Xét tai nit 14 nhu hinh 3 van
chua duoc gan nhan. Vé6i ludt quyét dinh cuc bd dua trén 3 lang giéng. Khi phan tir
dir liéu moi dén chéng han nhu p va q, roi vao nut 14; chung t6i thuc hién tim 3
phan tir trong nat 14 gan nhat v6i dit liéu méi dén, sau d6 méi thuc hién viéc gan
nhén cho phan tir can du bao duge dya trén nhan cta cac lang giéng. Khi phan 16p,
phan tir p roi vao nut 14, ching ta tim 3 lang giéng cua p, gan nhin cho p dua trén
binh chon s6 dong tir 3 lang giéng, nhin cua p dugc gan la tron. Tuong tw, phan tir
q dugc gan nhan 1a vudng tir binh chon sé dong tir 3 lang giéng cua né. Luat quyét
dinh nay gitp cho viéc phan 16p ciia cdy dat chinh xac cao hon vi trong chién lugc
nay, mic du cac phﬁn tir du bao roi vao cung nit 14 nhung nhan cia n6 co thé khac
nhau trong khi chién lugc binh chon sb déng thuong str dung trong cdy quyét dinh
lai gan cung nhén cho cac phan tir roi vao cting nat 1a.
Lugt cuc bé: khéng gan nhdn ndt 5

Hinh 3: Luét cuc b sir dung 3 lang gleng, nut 1a chwa gan nhan, diém p, q dugc gan nhan
lan lIwot 1a tron, vuong dwa trén binh chon ) dong ciia 3 lang gleng

Vige cai tién don gian chi thuc hién ¢ luat gan nhéan cua cay quyét dinh va cac chi
tiét con lai ctia giai thuat rimg ngéu nhién van dugc giir lai. Rung ngau nhién vi thé
dugc cai thién do chinh xac khi phan 16p dit liéu gien c6 s6 chiéu rat 1on.
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3 KET QUA THU'C NGHIEM

Dé co thé danh gia hiéu qua cla giai thuat rimg ngiu nhién cai tién, ching toi cai
dat giai thuat ring ngau nhién cdy quyét dinh C4.5 (RF-C4.5) va giai thudt cai tién
(iRF-C4.5) bang ngdn ngit 1ap trinh C/C++ c6 ké thira tir ma ngudn cua C4. 5 dugc
cung cap boi (Quinlan, 1993). Dt liéu gien chung 61 chay thir nghiém, co s6 chiéu
rat 16n, duoc 1y tai (Jinyan and Huiqing, 2002). Bén canh d6, chung t6i quan sat
két qua cua giai thudt cai tién iRF-C4.5 trong thuc nghiém bang cach so sanh véi
rimg ngau nhién cta ciy quyet dinh C4.5, RF-C4.5 va may hoc LibSVM (Chang
and Lin, 2001). Tét ca cac két qua déu dugce thuc hién trén mot may tinh ca nhan
chay hé diéu hanh Linux.

Bang 1: Mo ta cac tap dir liéu gien

ID Tap dit liéu So fl,:‘a“ S chidu Lép ﬁﬁ:»lcl
1 ALL-AML-Leukemia 72 7129 ALL, trn-tst
AML
) 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 47 4026 germinal, activated loo
Lymphoma
Subtypes of Acute 327 12558 Hyperdip, trn-tst
7 Lymphoblastic rest
(Hyperdip)
Subtypes of Acute 327 12558 TEL-AMLI, trn-tst
8 Lymphoblastic (TEL- rest
AML1)
Subtypes of Acute 327 12558 TEL-ALL, trn-tst
9 Lymphoblastic (T- rest
ALL)
10 Subtypes of Acute 327 12558 Others, trn-tst
Lymphoblastic (Others) diagnostic groups

Chung t6i tién hanh thuc nghiém trén 10 tap dir lidu gien ¢ s6 chiéu rét 16n tir kho
dir liéu sinh-y hoc. M6 ta cac tap dir liéu dugc tim thdy trong bang 1. Ching 61
cht ¥ dén cac phuong phap kiém tra duoc liét ké trong cot cudi cia bang 1. Véi
nhimg tap dir liéu c6 san tp hoc va tp thir, chiung t6i dung tap hoc dé thu diéu
chinh céac tham sb & dau vao cua céac giai thuat nhim thu duoc d6 chinh xac tdt khi
hoc. Sau d6, dung mé hinh thu dugc dé phan 16p tap thir. Néu tap hoc va tap thir
khong c6 sin, cac giao thirc kiém tra chéo (cross-validation protocol) dé danh gia.
Do cac tap dit liéu c6 it hon 300 phén tir, ching t6i dung giao thirc kiém tra chéo
leave-one-out (loo). Ttrc 13 ding mot phan tir trong tap dir liéu dé thir, cac phan tir
khac dung dé hoc. Lap lai dén khi tit ca cac phén tir déu duge dung dé thir mot lan.
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Dé thay rd hon tinh hiéu qua cua iRF-C4.5 so voi RF-C4.5 va LibSVM, chung t6i
tién hanh phén tich hiéu qua cia cac thudt toan phan 16p dua trén céc tiéu chi nhu
Precision, Recall, Fl1-measure va Accuracy (van Rijsbergen, 1979). Precision cua
mdt 16p 1a s6 phan tir dir liéu duoc phén 16p ding vé 16p nay chia cho téng s6 phan
tr dir liéu dugc phan vé 16p nay. Recall cua mét 16p 1a so phan tir dit liéu dugc
phan 16p dung vé 16p nay chia cho téng s6 phan tir dit liéu cta 16p. F1-measure 1a
téng hop cta Precision va Recall, va duoc dinh nghia 1a ham trung binh diéu hoa
gilra hai gia tri Precision va Recall (F1= 2> Pr e.cz.swane call ). Bo chinh xac
Precision+Recall
Accuracy 1a s diém dit liéu duogc phan 16p dung cua tat ca cac 16p chia cho tong
s6 diém dir liéu. Khi xay dung mo hinh, cac giai thuat rimg ngiu nhién xay dung
200 cay quyét dinh va luat cuc b 1a 2 lang giéng (ly do chon 200 cay dé dam bao
duogc d chinh xéc cao). Riéng may hoc SVM chi can st dung ham nhéan tuyén tinh
1a phan 16p tot nhét cac tap dit liéu gien. Chung t6i thu duoc két qua nhu trinh bay
trong bang 2.
Bing 2: Két qua phén 16p ciia LibSVM, RF-C4.5 va iRF-C4.5
Precision Recall F1-measure
ID Lib- RF- iRF- Lib- RF- iRF- Lib- RF- iRF-
SVM  C4.5 C4.5 SVM  C4.5 C4.5 SVM  C4.5 C4.5
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
7
8
9

91.3 95.65 91.67 875 91.67 95.65 8936 93.62 93.62
9545 9524 9545 9545 9091 9545 9545 93.02 9545
100 100 100 100 96.3 100 100 98.11 100
100 100 100 100 100 100 100 100 100
10 9259 100 100 39.68 29.63  74.07 55.56 45.771  76.92

Nhin vao bang két qua phan 16p dé so sanh higu qua ctia giai thuat LibSVM, RF-
C4.5 va iRF-C4.5, chung ta c6 thé thdy rang véi tiéu chi Precision, giai thuat iRF-
C4.5 cho két qua tdt nhat 8/10 tap dir liéu. Khi so sanh dga vao ti€u chi Recall,
iRF-C4.5 ciing cao hon chiém 8/10 tap dir lidu.
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Do thi 2: So sanh tiéu chi Recall ciia 3 gidi thuit trén 10 tap dit liéu
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Do thi 4: So sanh tiéu chi Accuracy ciia 3 giai thuat trén 10 tap dir liéu

Xét trén tiéu chi F1 (trung binh diéu hoa gitra hai gia tri Precision va Recall), iRF-
C4.5 cho két qua tot nhat chiém 7/10 tap dir li€u so voi LibSVM va RF-C4.5.

Nhin vao d6 thi 1 trinh bay truc quan so sanh két‘ qua Precision cua LibSVM, RF-
C4.5 va iRF-C4.5. Tuong tu, cac do thi 2, 3, 4 lan lugt trinh bay so sanh két qua
Recall, F1 va Accuracy.

4 KET LUAN VA HUONG PHAT TRIEN

Chung 61 vura trinh bay giai thuét rung ngau nhién cai t1en cho phép phén 16p hi¢u
qua céc tap dit lidu gien c6 rét it s6 phan tr nhung c6 sé chiéu rat 16n va mdi chiéu
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cung cip rat it théng tin cho viéc phan 16p. Y twdng xuét phat tir giai thudt rimg
ngau nhién do Breiman dé xuat, chiing t6i dé xuét thay thé luat binh chon s6 dong
cho viéc gan nhan ¢ nut 14 bang luat quyét dinh cuc bo dwa vao giai thuat k lang
giéng. Két qua thuc nghiém trén cac tp dit liéu gien cho thdy rang giai thuat cai
tién iRF-C4.5 cho két qua t6t trén tiéu chi vé Precision, Recall, F1 va do chinh xac
Accuracy khi so sanh véi giai thuat goc rimg ngu nhién RF-C4.5 va ca giai thuat
LibSVM. Ket qua thyc nghiém cho phép ching toi tin tudng giai thudt rimg ngau
nhién cai tién phan 16p hiéu qua céc tap dir lidu gien c6 s chiéu 16n.

Trong tuong lai, chiing t6i tlep tuc nghién ctru cac ludt quyet dinh cuc b0 dua trén
cac giai thut hidu qua hon k lang giéng. Ngoai nghién ctru cai thién chét lugng mo
hinh phén 16p, ching t6i hira hen sé& tap trung cho cai tién téc d6 hoc va phan 16p
cua giai thuat.

TAI LIEU THAM KHAO

A.J. Grove and D. Schuurmans. Boosting in the limit: Maximizing the margin of learned
ensembles. In Proceedings of the Fifteenth National Conference on Artificial Intelligence
(AAAI-98), 1998, pp. 692—699.

C.C. Chang and C.J. Lin. Libsvm — a library for support vector machines. 2001.
http://www.csie.ntu.edu.tw/cjlin/libsvm.

C.V. van Rijsbergen. Information Retrieval. Butterworth, 1979.
D. Wolpert. Stacked generalization. Neural Networks 5, 1992, pp. 241-259.

Fix, E. and Hodges, J.: Discriminatoiry Analysis: Small Sample Performance. Technical
Report 21-49-004, USAF School of Aviation Medicine, Randolph Field, USA, 1952.

J.R. Quinlan. C4.5: Programs for Machine Learning. Morgan Kaufmann, 1993.

L. Breiman, J.H. Friedman, R.A. Olshen and C. Stone. Classification and Regression Trees.
Wadsworth International, 1984.

L. Breiman. Arcing classifiers. The annals of statistics, 26(3): 801-849, 1998.
L. Breiman. Bagging predictors. Machine Learning 24(2):123—-140, 1996.
L. Breiman. Random forests. Machine Learning 45(1):5-32, 2001.

L. Jinyan and L. Huiqing. Kent ridge bio-medical dataset repository. 2002, http://datam.i2r.a-
star.edu.sg/datasets/krbd/.

Q. Yang and X. Wu. 10 Challenging Problems in Data Mining Research. Journal of’
Information Technology and Decision Making 5(4):597-604, 2006.

V. Vapnik. The Nature of Statistical Learning Theory. Springer-Verlag, 1995.
W. Buntine. Learning classification trees. Statistics and Computing 2, 1992, pp. 63-73.

Y. Freund and R. Schapire. A decision-theoretic generalization of on-line learning and an
application to boosting. Computational Learning Theory, 1995, pp. 23-37.

17



