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LOI CAM POAN

T6i xin cam doan day 1a cong trinh nghién ciru cua riéng t6i. Cac s lidu, két
qua néu trong Luan vin 13 trung thyc va chua timg duoc ai cong bd trong bat ky

cong trinh nao khéc.

To61 xin cam doan rang moi sy giup d& cho viéc thyc hién Ludn van nay
cling nhu cac trich dan hay tai liéu hoc thuat tham khao da dugc cam on dén tac gia

va céc thong tin trich dan trong Luan vin da duogc chi rd ngudn goc.

Hoc vién thuc hién Luin van



LOI CAM ON
Trudce hét, cho t6i dugc gui 10 cam on dén sy hudng dan va giap do
tan tinh cia PGS.TS. Lé Hoai Bic.

Xin cam on cac ban Tran Cong Mua, Pham Htru Nhon da sat canh va
cung cdp cho t6i nhitng kién thirc qui bau trong sudt thoi gian hoc tip va
nghién ctru thuc hién luan van.

T6i ciing xin goi 101 cam on dén gia dinh, ban bé va nhimg ngudi than
da lubn quan tam va gitp dd toi trong sudt thoi gian hoc tip va nghién ctu
hoan thanh luan van nay.

Luan vin khong thé tranh khoi nhitng sai sot, rat mong nhan duoc ¥
kién dong gop ciia moi nguoi cho luan van duge hoan thién hon.

To1 xin chan thanh cam on.

TP. H6 Chi Minh, thang 07 nam 2015

LAI PUC HUNG



TOM TAT

Phan loai dir liéu nhiéu 1a mot linh vuc rat quan trong cua khai thac dir liéu.
Thuc té thi hau hét cac co so dir liéu déu c6 mot d6 nhiéu nhat dinh. Do vay rat can

cac phuong phap dé phan loai dit liéu nhidu mét cach hiéu qua.

C4.5 duoc biét dén nhu 1a mot phuong phap phd bién, hidu qua dé xiy dung
ciy quyét dinh. Tuy nhién n6 khong pht hop 1dm véi nhitng co s6 dit liéu nhiéu. Dé
phan loai dir li¢u nhiéu hiéu qua hon, ludn van nay xay dung mdt thuat todn cai tién
tir thuat toan C4.5 goi 1a NC4.5. NC4.5 sir dung Xac suat khong chinh xac
(imprecise probabilities) va do do ludng khong chic chin (uncertainty measures) dé
phan loai dit liéu nhiéu tdt hon. NC4.5 sir dung mét tiéu chuan phan loai méi ap
dung cho thong tin nhiéu (Impercise Information Gain Ratio).

Két qua thuc nghiém voi dir liéu nhidu cho thiy thuat toan cho két qua ciy
quyét dinh c6 kich thudc nho hon va hi¢u qua thuc thi t6t hon C4.5 va mot s6 thuat

toan khac.



ABSTRACT

Noise data classification is very important in data mining. Most database of real

applications contain noisy data. We need a good method to classify noisy data.

C4.5 is a known algorithm widely used to design decision trees. But it is not
good to classify noisy data. To have a better algorithm for noisy data, called NC4.5,
this paper proposes to improve C4.5 algorithm by using imprecise probabilities and
uncertainty measures. NC4.5 uses a new split criterion, called Imprecise
Information Gain Ratio, applying uncertainty measures on convex sets of

probability. NC4.5 assume that the training set is not fully reliable.

The experimental result show that NC4.5 produce smaller trees and better

performance than C4.5 and some other algorithms.
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CHUONG 1
MO PAU
1.1 LY DO CHON PE TAI

Sy phat trién cta cong nghé thong tin va cac tng dung cua nd di tao ra nhimng
co s6 dit liéu rat 16n. Viée khai thac céc thong tin hitu ich tir cac co s¢ dir liéu nay
hét strc quan trong. Khai pha dit liéu c6 thé ap dung trong nhiéu linh vuc nhu: phan
tich dir liéu tai chinh, cong nghé ban hang, cong nghé vién thong, phan tich dir liéu

sinh hoc, phan tich dit li€u sinh hoc, .....

Tuy nhién trong thuc té do dau vao, do qué trinh van hanh, xtr Iy ma cac kho dir
lidu ndy déu c6 do nhidu nhét dinh. Di liéu nhiéu 1a dir liéu bi mat, thiéu thudc tinh,
hay khong dong nhat ...Ung dung cang 16n, thoi gian van hanh Gmg dung cang lau
thi dir liéu cang dé bi nhiéu.

Dit liéu bi nhidu c¢6 thé do nhiéu nguyén nhan nhu: 16i van hanh cia phan ctng,
18i cuia cac thiét bi nhap lidu, cac thiét bi quét dir lidu, 15i do 1ap trinh, 16i do ngudi

nhap liéu, van hanh.

Céc thuat toan, phuong phap khai pha dir liéu hién tai nhu C4.5, 1D3,.... déu
gia dinh 1a dir liéu hoan toan sach, khong bi nhiéu. Do vay khi 4p dung cac phuong
phap, thuat toan nay vao khai thac dir lidu thuc té s& gip kho khan hodc két qua
khong thyc sy tbt, dang tin cdy. Do vay rat can cac phuong phép, thuat toan co thé

khai thac, phan loai dit liéu nhiéu mot cach hiéu qua.

1.2 Y NGHIA KHOA HQC VA THUC TIEN
Y Nghia khoa hoc cta ludn van: nghién ctru duoc ra mot phuong phap phan
loai dit nhiéu mét cach hiéu qua. Tir ¢6 gop phan 1am phong phu, hiéu qua hon viéc

khai thac dit liéu, nhét 1 nhiing dit liéu nhiéu.



Y Nghia thuc tién cua luan van: Phan 16n cac co s& dir liéu cua cac ung dung
thuc té déu c6 mot d6 nhiéu nhit dinh. Do vay néu khai thac dugc cac dit liéu nhiéu
ndy mot cach hiéu qua thi s& c6 ich loi 1on trong nhiéu linh vyc cua doi sng, khoa
hoc. Khi phan loai dit liéu nhiéu tét ta c6 thé ap dung dé phan tich dit liéu tai chinh,
cong nghé ban hang, cong nghé vién thong, phan tich dit liéu sinh hoc, phan tich dit

liéu sinh hoc, ....

1.3 MUC PiCH CUA PE TAI

Ap dung ciy quyét dinh dé phan loai dir liéu nhidu. Pua ra thuét toan dua trén
ciy quyét dinh dé c6 thé khai thac cac dir lidu bi nhiéu tir 46 dua dugc ra cac thong

tin htru ich.

1.4 POI TUQNG VA PHAM VI NGHIEN CUU
Pbi tuong nghién ctru cta dé tai 14 dir liéu nhiu va thuit toan cay quyét dinh.

Pham vi cuia d¢ tai 1a thuat toan khai thac dir liéu nhiu duya trén cay quyét dinh

1.5 PHUONG PHAP NGHIEN CUU

- Tién hanh thu thap va doc cac tai liéu c6 lién quan dén dé tai.

- Nghién ctru tong quan vé dit liéu nhidu va cac khai niém c6 lién quan.

- Nghién ciru vé ciy quyét dinh va cac thuét toan khai thac dit liéu dya trén cdy
quyét dinh

- Nghién ciru 4p dung thuat toan dua trén ciy quyét dinh dé phan loai dit liéu nhiéu
hiéu qua.

- Xay dung chuong trinh demo va danh gia két qua dat duoc.



CHUONG 2
TONG QUAN VE KHAI THAC VA PHAN LOAI DU LIEU

2.1 GIOI THIEU

Ngay nay phan 16p dit li¢u (classification) la mot trong nhitng hudng nghién
cuu chinh cua khai phéa dir liéu. Thuc té dat ra nhu cau 1a tir mot co so dir liéu voi
nhiéu thong tin an con ngudi cd thé trich rit ra cic quyét dinh nghiép vu thong
minh. Phan 16p va du doan 1a hai dang cta phan tich dir liéu nham trich rat ra mot
mo hinh mo ta cac 16p dit li€u quan trong hay du doan xu hudéng dir li€u tuong lai.
Phan 16p du doén gia tri cia nhitng nhan xéac dinh (categorical label) hay nhiing gia
trj r0i rac (discrete value), c6 nghia 1 phan 16p thao tic véi nhirg d6i twong dit lidu
ma cd bg gia tri la biét trude. Trong khi d6, du doan lai xay dung md hinh v1 cac
ham nhan gia tri lién tyc. Vi du mo hinh phan 16p du bao thoi tiét c6 thé cho biét
thoi tiét ngdy mai 13 mua, hay ning dwa vao nhing thong s6 vé do am, sirc gio,
nhiét do,... ciia ngdy hom nay va cac ngay truéc d6. Hay nho cac luat vé xu hudng
mua hang ctia khach hang trong siéu thi, cdc nhan vién kinh doanh c6 théra nhimng
quyét sach dung din vé lugng mat hang ciing nhu chung loai bay ban... Mot mo
hinh du doan c¢6 thé du doan duogc lugng tién tiéu dung cua cac khach hang tiem
nang dya trén nhitng thong tin vé thu nhap va nghé nghiép ciia khach hang. Trong
nhitng ndm qua, phan 16p dir liu da thu hut syquan tdm cac nha nghién clru trong
nhiéu linh vuc khac nhau nhrhoc may (machine learning), hé chuyén gia (expert
system), thong ké (statistics)... Cong nghé nay ciing ing dung trong nhiéu linh vuc
khac nhau nhu: thuong mai, nha bing, maketing, nghién ciru thi truong, bao hiém, y
té, giao duc... Phan 16n céc thuét toan ra doi trude déu sir dung co ché dir liéu cu tra
trong by nhd (memory resident), thuong thao tic véi lugng dir liéu nho. Mot sb
thuat toan ra doi sau ndy da st dung k¥ thudt cu tré trén dia cai thién dang ké kha

nang mo rong cua thuat toan voi nhitng tap dit liéu 16n 1én tdi hang ti ban ghi [14].

Qua trinh phan 16p dit 1iéu gom hai bude:



Bude thir nhat (learning). Qua trinh hoc nham x4y dung mdt mo hinh mo ta
mot tap cac 16p dir liéu hay cac khai niém dinh trude. Dau vao cua qud trinh nay 1a
mot tap dit li€u co cAu tric dugc mé ta béng cac thudc tinh va duogc tao ra tir tap cac
bd gia tri cua cac thuQc tinh do. Mbi bd gia tri dugc goi chung la mot phén tor dir
lidu (data tuple), co thé 1a cac mau (sample), vi du (example), ddi trong (object),
ban ghi (record) hay truong hop (case). Ta sir dung cac thuat nglr nay vdi nghia
tuong duong. Trong tap dit liéu ndy, mdi phan tir dit liéu duoc gia sir thude vé mot
16p dinh trude, 16p ¢ day 1a gia tri cua mot thudce tinh duge chon lam thude tinh gan
nhan 16p hay thudc tinh phan 16p (class label attribute). Pau ra ciia budc nay thudng
1a cac quy tac phan 16p dudi dang luat dang if-then, cy quyét dinh, cong thire logic,

hay mang noron. Qu4 trinh nay dugc mo ta nhu trong hinh sau

/“"dﬂ_ﬂ_—___ﬁx“*-h..
v —\
( Classification \|
/"’H———._-__—__-_-——_“H'\ \ . .__f'
. Y algorithm Y
I ™\ /
Training data ~—_ -
\_________-_-_____-_._._________/

Age lCarType| Risk Classifier (model)
20 Combi High

18 Sports High

40 Sports High

50 Family Low .

35 | Minivan | Low if age <31

30 Combi High —

32 Family Tow or Car Type =Sports
40 Combi Low then Risk = High

Hinh 2.1 Budc xay dung mo hinh phdn lop [1]
Budc thir hai (classification)

Budc thir hai ding mé hinh d3 xay dung & budc trude dé phan 16p dir liéu

moi. Trudce tién do chinh xac mang tinh chat dg doan ciia mo hinh phan 16p vira tao



ra dugc ude lwong. Holdout 1a mot k¥ thuat don gian dé ude luong do chinh xéac do.
K¥ thuat ndy st dung mot tap dit liéu kiém tra v6i cac mau di duoc gan nhén 16p.
Cac mau nay duoc chon ngau nhién va doc 1ap véi cac mau trong tap dit lidu huén
luyén. Bg chinh xac cua mo6 hinh trén tap dir li¢u kiém tra di dua la ti 1€ phén tram
cac cac mau trong tap dir liéu kiém tra duge mé hinh phéan 16p ding (so véi thuc té).
Néu dd chinh xac cua mé hinh dugc udc lugng dua trén tap dir licu huin luyén thi
két qua thu duoc 1a rit kha quan vi mé hinh luén c6 xu huéng “qua khép” dir liéu.
Qua khép dir lidu 13 hién twong két qua phan 16p trung khit v6i dit lidu thuc té vi
qua trinh x4y dyng mé hinh phéan 16p tir tap dir liéu huan luyén c6 thé da két hop
nhiing dac diém riéng biét cua tap dir liéu do. Do vay can sir dung mot tap dir liéu
kiém tra doc 1ap véi tap dir liéu huan luyén.

Néu d6 chinh xac cia m6 hinh 13 chap nhan duoc, thi mé hinh duogc sir dung
dé phan 16p nhimg dit liéu twong lai, hodc nhitng dir liéu ma gia tri ctia thudc tinh

phan 16p 1a chua biét.

——— Classifier (model)
Test data
Age |CarType| Risk
27 Sports High ¥
34 Family Low Risk
66 Family High High
44 Sports High Low
Low
High

Hinh 2.2 Udc lugng do chinh xdc ciia mo hinh [1]



New data
Age |CarType| Risk
27 Sports
34 Minivan
55 Family
34 Sports

Trong md hinh phan 16p, thuat toan phan 16p giir vai trd trung tim, quyét
dinh t6i su thanh cong ciia md hinh phan 16p. Do véy chia khoa ctia van dé phan 16p
dir li¢u 1a tim ra dugc mot thuat todn phan 16p nhanh, hiéu qua, c6 dg chinh xac cao
va ¢6 kha nang mé rong duogc. Trong d6 kha ndng md rong dugc cua thuat toan

duoc dic biét tra trong va phat trién [14].

Céc k¥ thuat phan 16p thuong duoc st dung:

Classifier (model)

Risk
High
Low
Low
High

Hinh 2.3 Phdn [op dir liéu moi [1]

Phén 16p cay quyét dinh (Decision tree classification)

B0 phan 16p Bayesian (Bayesian classifier)

Mo hinh phan 16p K-hang x6m gin nhat (K-nearest neighbor

classifier)

Mang noron

Phén tich théng ké

Céc thuat toan di truyén

Phuong phap tap tho (Rough set Approach)



2.1.1 Céc véan deé lién quan dén phan 16p dir liéu
% Chuan bi dir li¢u cho viéc phan 16p

Viéc tién xir Iy dit liéu cho qué trinh phan 16p 12 mot viéc lam khong thé
thiéu va c6 vai tro quan trong quyét dinh t6i sy ap dung duoc hay khong ciia mo
hinh phan 16p. Qua trinh tién xtr 1y dit liéu s& gitp cai thién do chinh xac, tinh hiéu
qua va kha nang mo rong dugc cia mo hinh phan 16p.

Qua trinh tién xtr Iy dit liéu gom c6 cac cong viée sau:

Lam sach dir li€u

Lam sach dit liéu lién quan dén viéc xir Iy voi nhiu va gia tri thiéu (missing
value) trong tap dit liéu ban ddu. Nhidu 1a cac 16i ngau nhién hay céac gia tri khong
hop 18 ctia cac bién trong tap dir lidu. Pé xur Iy vai loai 18i ndy c6 thé dung k¥ thuat
lam tron. Thiéu gi4 tri (missing value) 1a nhimg 6 khong co gia tri cla cac thudc
tinh. Gié tri thiéu c6 thé do 16i chu quan trong qua trinh nhap liéu, hodc trong
truong hop cu thé gia tri cta thudc tinh d6 khong co, hay khong quan trong. K¥
thuat xtr 1y & ddy c6 thé bang cach thay gia tri thiéu bang gia tri phd bién nhat cua
thudc tinh d6 hodc bang gia tri c6 thé xay ra nhat dua trén thong ké. Mic du phan
16n thuat toan phan 16p déu c6 co ché xur Iy v6i nhitng gia tri thiéu va 15i trong tap
dir liéu, nhung bude tién xtr 1y nay c6 thé 1am giam su hdn don trong qué trinh hoc

(xay dung mo hinh phan 16p).
Phan tich su can thiét caa dir liéu

C6 rat nhiéu thudc tinh trong tap dit liéu c6 thé hoan toan khong can thiét
hay lién quan dén mot bai toan phéan 16p cu thé. Vi du dir liéu vé ngay trong tuin
hoan toan khong can thiét dbi véi ung dung phén tich do rii ro cua cac khoan tién
cho vay ciia ngan hang, nén thudc tinh nay 1a du thira. Phan tich sy can thiét cua dir
liéu nham muc dich loai bé nhitng thudc tinh khong can thiét, du thira khoi qua
trinh hoc vi nhing thudc tinh d6 s& 1am cham, phuc tap va gay ra sy hiéu sai trong

qué trinh hoc dan tdi mot mo hinh phan 16p khong dung duoc.

Chuyén doi dir liéu



Viéc khai quat hoa dit liéu 1én muc khai niém cao hon di khi 1a can thiét
trong qua trinh tién xir Iy. Viéc ndy dic biét hitu ich véi nhirng thude tinh lién tuc
(continuous attribute hay numeric attribute). Vi du cac gié tri s6 cua thudc tinh thu
nhap cta khach hang c6 thé dugc khai quat hoa thanh cac day gia tri roi rac: thap,
trung binh, cao. Tuong tu v&i nhitng thude tinh roi rac (categorical attribute) nhu
dia chi phd c6 thé duoc khai quat héa 1én thanh thanh phd. Viéc khai quat hoa lam
cd dong dir liéu hoc nguyén thuy, vi viy cac thao tac vao/ ra lién quan dén qua trinh

hoc s€ giam.
% So sanh cac mo6 hinh phan lép

Trong timg ng dung cu thé can lya chon mo hinh phan 16p phu hop. Viéc
lya chon d6 can ctr vao sy so sdnh cac md hinh phan 16p v&i nhau, dua trén cac ti€u

chuén sau:
* Do chinh xac du doan (predictive accuracy)

D¢ chinh x4c 1a kha nang ctia m6 hinh dé dy doan chinh x4c nhan 16p cia dix

liéu méi hay di lidu chua biét.
« Toc dd (speed)

Téc @6 1a nhitng chi phi tinh toan lién quan dén qué trinh tao ra va sir dung
mé hinh.

« Chic chin (robustness)

Chéc chin 1a kha ning mé hinh tao ta nhitng du doan dung tir nhitng dit liéu
nhiéu hay dit liéu v6i nhitng gia tri thiéu.

* Kha niang mé rong (scalability)

Kha nang m¢ rong 1a kha ning thyc thi hiéu qua trén luong 16n dir liéu cua

mo hinh da hoc.
« Tinh hiéu dwoc (interpretability)

Tinh hiéu dugc 1a mac do hiéu va hiu rd nhiing két qua sinh ra bdi mé hinh

da hoc.



 Tinh don gian (simplicity)

Tinh don gian lién quan dén kich thudc cua cdy quyét dinh hay d6 c6 dong
cua cac luat.

Trong céc tiéu chuan trén, kha ning md rong cia mod hinh phan 16p duoc

nhin manh va tra trong phat trién, dic biét véi cay quyét dinh

2.1.2 Cac phuong phap danh gia do chinh xac ciia mo hinh phan 16p
U6c lugng do chinh xac cua b phan 16p 14 quan trong & chd né cho phép du

doan dugc d6 chinh xac cia cac két qua phan 16p nhitng dit liéu twong lai. P9 chinh
xac con giup so sanh cac md hinh phan 16p khac nhau. Ta dé cap dén hai phuong
phap danh gia phd bién 1a holdoutva k-fold cross-validation. Ca hai k¥ thuat nay
déu dua trén cac phan hoach ngau nhién tap dit liéu ban dau.

Trong phuong phéap holdout, dit liéu dua ra dugc phan chia ngiu nhién thanh 2 phan
1a: tap dir liéu huan luyén va tap dir liéu kiém tra. Thong thuong 2/3 dir liéu cip cho

tap dir liéu huin luyén, phén con lai cho tap dir liéu kiém tra [18].

- Derive
Training set .
& classifier
/
7/
/

Esitmate
accuracy

N ~ A

Test set

Hinh 2.4 - Udc luong do chinh xdc cia mé hinh phan 16p véi phuong phdp holdout
[1]
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Trong phuong phap k-fold cross validation tap dir liéu ban ddu duoc chia ngiu
nhién thanh ktap con (fold) c6 kich thuéc xap xi nhau S1, S2, ..., Sk. Qua trinh hoc

va test duoc thuc hién k 14n. Tai lan lap thu 1, Si 1a tap dir liéu kiém tra, cac tap con

lai hop thanh tap dir licu huin luyén. C6 nghia 1a, dau tién viéc day dugc thuc hién
trén cac tap S2, S3..., Sk, sau do test trén tap S1; tiép tuc qua trinh day duoc thuc
hién trén tap S1, S3, S4,..., Sk , sau d6 test trén tdp S2; va ctr thé tiép tuc. P chinh
X4c 12 toan bo sb phan 16p dung tir k 1an 1ip chia cho tong s6 miu cua tap dir lidu

ban dau.

2.2 CAY QUYET PINH

2.2.1 Cay quyét dinh

Trong cic mod hinh phan 16p da dugc dé xuét, cdy quyét dinh duoc coi la
cong cu manh, phd bién va dic biét thich hop véi cac ung dung khai pha dir liéu.

Thuat toan phan 16p 1 nhan t trung tim trong mot mo hinh phan 16p. [25]

Viéc xay dung cic cdy quyét dinh chinh 1a qua trinh phat hién ra cac luat
phan chia tap dit liéu da cho thanh cac 16p di duoc dinh nghia trudc. Trong thuc té,
tap cac cdy quyét dinh co thé co d6i vai bai toan nay rat 16n va rat kho cé thé duyét
hét duoc mot cach tuong tan.

Trong md hinh phén 16p, thuat toan phan 16p giir vai trd trung tim, quyét
dinh t6i sy thanh cong ctia mo hinh phan 16p. Do vy chia khoa ciia van dé phan 16p
dir li¢u 1a tim ra dugc mot thuat toan phan 16p nhanh, hiéu qua, c6 do chinh xéac cao

va c6 kha nang mé rong dugc

Cay quyét dinh 1a biéu d6 phat trién c6 cdu tric dang cdy, nhu mo ta tron

hinh vé sau:
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Age
Age<27/ Yepz?.s

Car t
Risk = High O arpe

Car type € {sport} Car type € {family, truck}
Risk = High ( § Risk = Low

Hinh 2.5 Vi du vé cdy quyét dinh [1]

g

Trong cdy quyét dinh:

« Goc: 1a nit trén cing cua cay

* Nt trong: biéu dién mot kiém tra trén mot thudc tinh don (hinh chit nhat)
« Nhanh: biéu dién cac két qua ctia kiém tra trén node trong (mili tén)

« N1t 1a: biéu dién 16p hay su phan phdi 16p (hinh tron)

Pé phan 16p mau dir liéu chua biét, gia tri cac thudc tinh ciia mau duoc dua
vao kiém tra trén cay quyét dinh. Mdi miu twong tng c6 mot dudng di tir ge dén 14

va 14 biéu dién dy doan gia tri phan 16p miu do.
2.2.2 Cac van d@ trong khai pha dir liéu sir dung ciy quyét dinh

Céc van dé dac thu trong khi hoc hay phan 16p dir liéu bang cdy quyét dinh
gdm: xac dinh do sdu dé phat trién cay quyét dinh, xir Iy v6i nhirng thudc tinh lién
tuc, chon phép do lya chon thudc tinh thich hop, sir dung tap dir liéu huin luyén voi
nhirg gia tri thudc tinh bi thiéu, sir dung cc thudc tinh v6i nhitg chi phi khac

nhau, va cdi thién hi¢u ndng tinh toan. Sau day khoa ludn s€ dé cap dén nhiing van
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dé chinh d3 duogc giai quyét trong cac thuat toan phan 16p dua trén cdy quyét dinh.
[26]
Tranh “qua khép” dir li€u

Thé nao 1a “quéa khép™ dir lidu? C6 thé hicu day 1a hién tuong cay quyét dinh
chtra mot s6 ddc trung riéng cua tap dir liéu hudn luyén, néu lay chinh tip traning
data dé test lai mo hinh phan 16p thi do chinh xac sé rat cao, trong khi d6i véi nhimng

dir liéu tuong lai khac néu s dung cay do6 lai khong dat dugc do chinh xac nhu vay.

Qua khép dir liéu 1a mot kho khan dang ké ddi voi hoc bang cdy quyét dinh
va nhitng phuong phéap hoc khac. Pic biét khi s6 luong vi du trong tap dit liéu huan

luyén qua it, hay c6 nhiéu trong dit liéu.
C6 hai phuong phap tranh “quéa khép” dit liéu trong cdy quyét dinh:

e Dumng phat trién cdy sém hon binh thuong, trudc khi dat t6i diém phan 16p
hoan hao tap dit liéu huin luyén. Véi phuong phap nay, mot thach thirc dit
ra 12 phai uéc lugng chinh xac thoi diém dirng phat trién cay.

e Cho phép cay c6 thé“qua khép™ dit lidu, sau d6 sé cat, tia cay.

Mic du phuong phép thi nhat c6 vé truc tiép hon, nhung v6i phuwong phap
thir hai thi cdy quyét dinh duoc sinh ra duoc thyc nghiém chimg minh 1a thanh cong
hon trong thuc té. Hon nita viéc cit tia cAy quyét dinh con gitip tong quat hoa, va
ci thién do chinh xac ctia md hinh phan 16p. Du thuc hién phuwong phap nao thi van
dé mau chét ¢ day 14 tiéu chuan nao dugc sir dung dé xac dinh kich thudc hop 1y
clia cay cudi cung.

Thao tac v6i thugce tinh lién tuc

Viéc thao tac voi thude tinh li€n tuc trén cay quyét dinh hoan toan khong don
gidn nhu véi thudc tinh ro1i rac.

Thudc tinh roi rac ¢o6 tap gia tri (domain) xac dinh tir trude va la tap hop cac gia
tri ro1 rac. Vi du loai 6 t6 1a mot thude tinh roi rac voi tap gia tri la: {xe tai, xe
khéch, xe con, taxi}.Viéc phan chia dir li¢u dya vao phép kiém tra gia tri cua thudc

tinh roi rac dugc chon tai mot vi du cu thé co thude tap gia tri cia thudc tinh d6 hay
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khong: value(A) €X vé Xi cdomain(A). Pay 1a phép kiém tra logic don gian,
khong tén nhiéu tai nguyén tinh toan. Trong khi d6, véi thudc tinh lién tuc (thudc
tinh dang s) thi tip gi4 tri 1a khong xac dinh trude. Chinh vi vay, trong qua trinh
phat trién cay, can sirdung kiém tra dang nhi phan: value(A) < 0. Vi 0 1a hang s6
ngudng (threshold) duoc 1an luot x4c dinh dya trén ting gia tri riéng biét hay timg
cap gia tri lién nhau (theo tht ty da sap xép) ctia thudc tinh lién tuc dang xem xét
trong tap dir liéu huan luyén. Diéu d6 c6 nghia 1a néu thudc tinh lién tuc A trong tp
dit liéu hudn luyén c6 gia tri phan biét thi can thyuc hién d-1 1an kiém tra value(A) <
0i v6ii = 1..d-1 dé tim ra ngudng 0 tot nht twong Gng voi thude tinh do. Viée xac
dinh gié tri cia 0 va tiéu chuan tim 0 t6t nhat tuy vao chién luoc cua ting thuat toan
[13]. Trong thuat toan C4.5, 6i duoc chon 14 gia tri trung binh cua hai gia tri lién ké

nhau trong diy gi tri da sap xép.

Ngoai ra con mgt s6 van dé lién quan dén sinh tap luat hay xtr Iy véi gia tri thicu,

gia tri nhiéu.
2.2.3 Panh gia ciy quyét dinh trong linh vuc khai pha dir liéu

< Diém manh, loi ich ciia ciy quyét dinh

Khi niing sinh ra cac quy tic hiéu dwoe. Cay quyét dinh c6 kha ning sinh
ra cac quy tic c6 thé chuyén doi duoc sang dang tiéng Anh, hodc cac cau 1énh SQL.
Pay 1a vu diém ndi bat cia k¥ thuat nay. Tham chi véi nhitng tap dit liéu 16n khién
cho hinh déng cdy quyét dinh 16n va phic tap, viéc di theo bt ctr duong nio trén

ciy la d& dang theo nghia pho bién va rd rang.

Do vay su giai thich cho bat cit mét sy phan 16p hay du doan nao déu twong

ddi minh bach.

Khi ning thwe thi trong nhirng linh vie hwéng quy tic. Diéu nay co
nghe c6 vé hién nhién, nhung quy tic quy nap néi chung va ciy quyét dinh noi
riéng 1a Iya chon hoan hao cho nhitng linh vuc thuc sula cac quy tac. Rat nhiéu linh
vue tir di truyén toi cac qua trinh cong nghiép thyuc su chira cac quy tic an, khong rd

rang (underlying rules) do kha phirc tap va toi nghia boi nhiing dit liéu nhiéu. Cay
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quyét dinh 1a mdt sy lya chon ty nhién khi ching ta nghi ngo sy tdn tai cua cac quy

tic an, khéng rd rang.

D@ dang tinh toan trong khi phan 16p. Mic du nhu chung ta di biét, cay
quyét dinh c6 thé chira nhiéu dinh dang, nhung trong thuc té, cac thuét toan st dung
dé tao ra cay quyét dinh thuong tao ra nhirng cay voi s phan nhanh thip va cac test
don gian tai timg node. Nhitng test dién hinh 13: so sanh s6, xem xét phan tirctia mot
tap hop, va cac phép ndi don gian. Khi thuc thi trén may tinh, nhitng test ndy
chuyén thanh céac toan ham logic va s6 nguyén 1a nhiing toan hang thyc thi nhanh va
khong dat. Pay 1a mot wu diém quan trong boi trong moi trudng thuong mai, cac
mo hinh dy doan thuong duoc sir dung dé phan 16p hang triéu tham tri hang ti ban
ghi.

Khi niing xir Iy véi ca thudc tinh lién tuc va thudc tinh roi rac. Cay quyét
dinh xtr Iy “tt” nhu nhau véi thudc tinh lién tuc va thudc tinh roi rac. Tuy rang voi
thudc tinh lién tuc can nhiéu tai nguyén tinh toan hon. Nhitng thudc tinh ro1 rac da
ting giy ra nhitng van dé v6i mang neural va cac ky thuat thong ké lai thuc sy dé
dang thao tac vi cac tidu chudn phan chia (splitting criteria) trén cdy quyét dinh:
mdi nhanh twong (mg véi timg phan tach tap dit liéu theo gia tri cta thudc tinh duoc
chon dé phat trién tai node do. Cac thudc tinh lién tuc cling dé dang phan chia bé“mg
viéc chon ra mot s6 goi 1a ngudng trong tap cac gia tri da sip xép ctia thudc tinh do.
Sau khi chon dugc ngudng tdt nht, tap dir li€u phan chia theo test nhi phan cua
nguong do.

Thé hién ré rang nhirng thudc tinh tot nhat. Cac thuat toan xdy dung cay
quyét dinh dua ra thudc tinh ma phan chia tot nhét tap dit liéu huan luyén bat dau tir
node goc cua cdy. Tir d6 c¢6 thé thay nhitng thudc tinh ndo 14 quan trong nhét cho

viéc du dodn hay phan 16p.

s Diém yéu ciia cdy quyét dinh

Du c6 nhitng sttc manh ndi bat trén, ciy quyét dinh van khong tranh khoi co

nhing diém yéu. D6 1a cay quyét dinh khong thich hop 1am véi nhiing bai todn voi
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muc tiéu 1a dy doan gia tri cia thudc tinh lién tuc nhu thu nhéap, huyét ap hay lai
xudt ngan hang,... Cay quyét dinh ciing khé giai quyét v6i nhitng dit liéu thoi gian
lién tuc néu khong bo ra nhiéu cong suc cho viéc dit ra su biéu dién dix liéu theo

cac mau lién tuc.

D& xay ra 15i khi c6 qua nhiéu 16p. Mot sb cay quyét dinh chi thao tac véi
nhimng 16p gia tri nhi phan dang yes/no hay accept/reject. SO khéc lai ¢ thé chi dinh
cac ban ghi vao mét sb 16p bét ky, nhung d& xay ra 16i khi sb vi du huén luyén tmg
v6i mot 16p 14 nho. Piéu nay xay ra cang nhanh hon véi cdy ma cé nhiéu tang hay

¢6 nhi¢u nhanh trén mdt node.

Chi phi tinh to4an cao @é huan luyén. Piéu nay nghe c6 vé mau thuin véi
khang dinh wu diém cua cdy quyét dinh ¢ trén. Nhung qué trinh phat trién ciy quyét
dinh dit vémat tinh toan. Vi cay quyét dinh c6 rat nhiéu node trong trudc khi di dén
14 cudi cung. Tai timg node, can tinh mot d6 do (hay tiéu chudn phén chia) trén ting
thudc tinh, vdi thude tinh lién tuc phai thém thao tac Xép xép lai tap dir li€u theo
thirtugia trictia thudc tinh d6. Sau d6 méi c6 thé chon duge mot thudc tinh phét trien
va twong tng 1a mot phan chia tot nhat. Mot vai thuat toan sir dung to hop cac thudc
tinh két hop v&i nhau c6 trong sd dé phat trién cdy quyét dinh. Qua trinh cit cut cay

cling “d4t” vi nhiéu cdy con tng ctr phai duoc tao ra va so sanh.

2.2.4 Xay dung ciy quyét dinh
Qua trinh x4y dung cdy quyét dinh gdm hai giai doan:

Giai doan thir nhat phét trién cay quyét dinh: Giai doan nay phat trién bat dau
tirgde, dén tig nhanh va phat trién quy nap theo cach thirc chia détricho téi khi dat

dugc cay quyét dinh véi tat cacac 14 duge gan nhan 16p.

Giai doan thir hai cét, tia b6t cac canh nhanh trén ciy quyét dinh. Giai doan
nay nham myc dich don gian hoa va khai quat hoéa tir d6 1am ting d6 chinh xé4c ciia
cay quyét dinh béng cach loai bo su phu thudc vao mirc do nhiéu cta dir lidu huin
luyén mang tinh chit thong ké, hay nhimng sy bién ddi ma c6 thé 1a dic tinh riéng

biét ciia dir liéu huan luyén.Giai doan ndy chi truy cap dir lidu trén cay quyét dinh
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da duoc phat trién trong giai doan trudc va qué trinh thyc nghiém cho thiy giai
doan nay khong ton nhiéu tai nguyén tinh toan, nhu v6i phan 10n cac thudt toan, giai

doan nay chiém khoang dudi 1% tong thoi gian xay duyng mé hinh phén 16p [7]

Do viy, ¢ ddy chung ta chitdp trung vao nghién ctru giai doan phat trién cay

quyét dinh. Dudi day 1a khung cong viée cua giai doan nay:
1) Chon thudc tinh “t5t” nhat bang mot d6 do da dinh trude

2) Phat trién cy bang viéc thém cac nhanh twong Gmg véi ting gia trj cla

thudc tinh da chon
3) Sap xép, phan chia tap dit liéu huan luyén téi node con
4) Néu cac vi du duoc phan 16p rd rang thi ding.

Nguoc lai: 1ap lai bude 1 té1 budce 4 cho ting node con

2.3 CAC THUAT TOAN XAY DUNG CAY QUYET PINH

2.3.1 Tu twéng chung

Phén 16n cac thuat toan phan 16p dir liéu dua trén cay quyét dinh co ma gia

nhu sau:
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Make Tree (Training Data T)
{
Partition(T)
by
Partition(Data S)
{
if (all points in S are in the same class) then
return
for each attribute A do
evaluate splits on attribute A;
use best split found to partition S into S, S5, ..., Sk
Partition(S;)
Partition(S,)
Partition(Sy)
by

Hinh 2.6 Md gid ciia thudt todn phén 16p dit liéu dwa trén cdy quyét dinh

Cac thuit toan phan 16p nhu C4.5, CDP, SLIQ va SPRINT déu st dung
phuong phap ctia Hunt lam tu tudng chi dao. Phuong phap nay dugc Hunt va cac

ddng sy nghi ra vao nhirng nim cubi thap ky 50 dau thap ky 60.
Mo ta quy nap phuong phap Hunt:

Gia st xay dung cay quyét dinh tir T 13 tap training data va cac 16p duoc biéu

dién duéi dang tap C = {C1, C2, ...,Ck}

Truong hop 1: T chtra cac truong hop thudc vé mot 16p don Cj, ciy quyét
dinh img vo1 T 1a mot 14 tuong tng véi 16p Cj

Truong hop 2: T chita cac truong hop thudc vé nhiéu 16p khac nhau trong tap
C. Mot kiém tra dugc chon trén mot thudc tinh c6 nhiéu gid tri{01,02, .....On}.
Trong nhiéu ung dung n thuong dugc chon 1a 2, khi d6 tao ra cay quyét dinh nhi
phan. Tap T duogc chia thanh cac tap con T1, T2, ..., Tn, véi Ti chira tat ca céac
truong hop trong T ma c6 két qua 1a Oi trong kiém tra di chon. Cay quyét dinh tng

vo1 T bao gdm mot node bi€u dién kiém tra dugc chon, va moi nhanh tuwong ung véi
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mdi két qua co thé cua kiém tra d6. Cach thie xay dung cay tuong tu dugc ap dung

dé quy cho tuing tap con cua tap training data.

Truong hop 3: T khéng chira truong hop ndo nao. Cay quyét dinh tng véi T
14 mot 14, nhung 16p gan véi 1a d6 phai duoc xac dinh tir nhitng thong tin khac ngoai

T. Vi du C4.5 chon gia tri phan 16p 1a 16p pho bién nhét tai cha ctia node nay [26].

2.3.2 Thuat toan ID3

Thuat toan ID3 dugc phat biéu bsi Quinlan (trudng dai hoc Syney, Australia)
va dugc cong bd véao cudi thap nién 70 cua thé ky 20. Sau do, thuat toan ID3 duoc
gidi thiéu va trinh bay trong muc phan gidi thiéu vé cay quyét dinh va may hoc nim
1986. voi kha nang lga chon thudc tinh tdt nhat dé tiép tuc trién khai ciy tai moi
buéc. ID3 1a mot trong nhimng thudt toan xdy dung cidy quyét dinh su dung
information gain dé Iya chon thudc tinh phan 16p cac d6i tuong. [25] ID3 xay dung
cay quyét dinh tir trén- xudng (top -down). N6 xay dung cay theo cach tir trén
xuéng, bat dau tir mot tap cac dbi tuong va mot dic ta cua cac thudc tinh. Tai moi
dinh cua cdy, mét thudc tinh c6 information gain 16n nhat s& dwoc chon dé phan
chia tap d6i twong. Qua trinh nay dwogc thuc hién mot cach dé qui cho dén khi mot
tap déi tuong tai mot cay con da cho tré nén thuan nhat, tic 1a n6 chi chira cac ddi
twong thudc vé ciing mot 16p. Lép nay sé tré thanh mot 14 cua cay. Viéc lya chon
mot thudce tinh nao cho phép thtr 13 rat quan trong. Néu chon khong thich hop,
ching ta c6 thé c6 mot cdy rat phuc tap [1].

Thong thuong viéc chon thudc tinh déu dua vao mot do do goi la Entropy
Gains hay con goi la Information Gains cuia c&c thudc tinh. Entropy ctia mét thudc
tinh dugc tinh toan tir cac thudc tinh phan 16p. Déi vé6i cac thude tinh roi rac, can
phai c6 cac thong tin phan 16p cua ting gid tr1 thude tinh.

Entropy: Dung dé do tinh thuan nhat ciia mét tap dit liéu. Entropy ctia mot

tap S dugc tinh theo cong thirc

Entropy(S)= - P* log, (P*) P'log,(P")
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Trong truomg hop cac mau dir liéu c6 hai thudc tinh phan 16p "yes" (+), "no"
(-). Ky hiéu P* 1a dé chi ty 16 cac mau co gia tri ciia thudc tinh quyét dinh 13 "yes",
va P" 1a ty 18 cac miu c6 gia trj ctia thude tinh quyét dinh 14 "no" trong tap S.

Truong hop tong quat, dbi véi tap con S ¢d n phan 16p thi ta co cong thic

Sau:

Entropy(S) = Z(—Pilogz (P)
i=1

Trong d6 P; 13 ty 1& cac mau thudc 16p i trén tap hop S cac mau kiém tra.

Céc truong hop dac biét

- Néu tit ca cadc mau thanh vién trong tap S déu thudc cing mot 16p thi
Entropy(S) =0

- Néu trong tap S c6 s6 mau phan bo déu nhau vao cac 16p thi Entropy(S) =1

- Cac truong hop con lai 0< Entropy(S)<1

Information Gain (viét tit 13 Gain): Gain 1a dai lugng dung dé do tinh hiéu
qua ctia mot thudc tinh dugc lya chon cho viéc phan 16p. Pai lugng nay dugc tinh
thong qua hai gia tri Information va Entropy [26].

Cho tap dit liéu S gdm c6 n thudc tinh Ai (i=1,2...n) gia tri Information cta

thudc tinh A i ky hi¢u la Information (Ai) dugc xac dinh bai cong thic

n
Information(4;) = —Z log, (p;) = Entropy(S)
i=1
Gia tri Gain cua thugc tinh A trong tap S ky hiéu 1a Gain(S,A) va duogc tinh

theo cong thuac sau:

Isvl

Gain(S,A) = Entropy(S) — 5]

V ¢ value(A)

Entropy(Sy)
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Trong do :

S 14 tap hop ban dau véi thude tinh A. Cac gia trj cua v twong tng 1a cac gia

tri cua thudc tinh A.
S, bang tap hop con cua tdp S ma co thudc tinh A mang gié tri v
|S,| 12 s6 phan ttr coa tap Sy
S| 1a s6 phan tir cia tap S.

Trong qué trinh xay dung ciy quyét dinh theo thut toan ID3 tai mdi budc
trién khai cay, thudc tinh dugc chon dé trién khai 13 thudc tinh c6 gia tri Gain 16n

nhat.
Thuat toan xay dung cay quyét dinh trong thuat toan ID3
Function induce_tree(tdp vi du, tdp thuéc tinh)
begin
if moi vi du trong tdp vi_du déu nam trong ciing mét I6p then
return mot nut la dwoc gan nhan boi lop do
else if tdp_thudc_tinh la rong then
return nit la dwoc gdn nhdn béi tuyén cia tat ca cdc 16p trong tdp vi_du
else begin
chon mot thuoc tinh P, lcfy no lam gé'c cho cay hién tai;
xoa P ra khoi tdp_thuoc_tinh,;
véi moi gid tri V ciia P
begin
tao mot nhanh cua cdy gan nhan V;

Dat vao phan_vung V céc vi du trong tdp vi du cO gia tri V

tai thuoc tinh P;
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Goi induce_tree(phdn_ving V, tdp_thudc_tinh), gan két qua
vao nhanh V

End
End
End

Véi viéc tinh toan gia tri Gain dé lua chon thudc tinh t6i wu cho viéc trién
khai cay, thuat toan ID3 dugc xem 1a mot cai tién cua thuét toan CLS. Tuy nhién
thuat toan ID3 khong c6 kha ning xu Iy ddi v6i nhitng dit liéu c6 chia thudce tinh sd
- thudc tinh lién tuc (numeric attribute) va kho khan trong vi¢c xu ly cac dir liéu

thiéu (missing data) va dir liéu nhiéu.

2.3.3 Thuat toan C4.5

Thuat toan C4.5 1a mot thudt toan duogc cai tién tir thudt toan ID3 véi viée
cho phép xir Iy trén tap dir liéu co cac thudc tinh sd (numeric atributes) va va lam
viéc dugc véi tap dir liéu bi thiéu va bi nhidu. N¢ thuc hién phan 16p tip mau dit
lidu theo chién lugc uu tién theo chiéu sau (Depth -First). Thuat toan xét tit ca cac
phép thir ¢6 thé dé phan chia tap dit liéu dd cho va chon ra mot phép thtr co gia tri
GainRatio tot nhat. GainRatio 1a mot dai lugng dé danh gia do hi¢u qua cua thudc
tinh dung dé thuc phép tach trong thuat toan dé phat trién cay quyét dinh. GainRatio
duoc tinh duya trén két qua tinh toan dai lugng Information Gain theo cong thirc sau
[26]:

Gain(X,T)
Splitinfo(X,T)

GainRation(X,T) =

Voi

T; T.
Splitinfo(X,T) = — Z %logz%
V ¢ Value(X) | | | |

Trong do:

Value(X) 1a tap cac gia tri cia thudc tinh X
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Ti 1a tap con cua tap T tng véi thudc tinh X = gia tri 1a v;.

Déi v6i cac thude tinh lién tuc, ching ta tién hanh phép thir nhi phan cho moi
gia tri cta thudc tinh d6. Dé thu thap duoc gia tri Entropy gain cua tit ca cac phép
thir nhi phan mot cach hiru hiéu ta tién hanh xdp xép cac dir liéu theo gia tri cla

thudc tinh lién tuc do béng thuat toan Quicksort
Thuat toan xay dung cay quyét dinh C4.5
Function xay_dung_cay(T)
{
Tinh todn tan xudt CAC gid tri trong cdc 16p ciia T;
If (néu cdc mau thudc ciing mét I6p hodc cé rat it mdau khac 16p) Then
Tra vé 1 nit la
Else Tao mot nut quyét dinh N,
For Véi méi thude tinh A Do Tinh gid tri Gain(A);

Tai nit N, thuc hién viéc kiém tra dé chon ra thudc tinh ¢é gia tri Gain tot

nhdt (I6n nhat). Goi N.test la thudc tinh c¢6 Gain 1ém nhdt,
If (N.test la thudc tinh lién tuc) Then Tim nguwong cho phép tach cua N.test,
For (Véi méi tdp con T dwoc tach ra tir tdp T) Do
( T" dwoc tach ra theo quy tdc:
- Néu N.test la thugc tinh lién tuc tach theo nguéng ¢ bude 5
- Néu N.test la thudc tinh phan logi roi rac tach theo cdc gia tri
cua thuoc tinh nay.
)
If (Kiém tra, néu T' réng) Then
Gan nut con nay cua nut N la nut ld;

Else
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Gdn it con nay la mit dwoc tra vé bang céch goi dé qui lai doi Véi

ham xay_dung_cay(T"), vdi tap T';
}
Tinh toan céc 161 cia nat N;

Trd vé nat N;

Mot s6 cdng thic dugc st dung

Info,(T) = — Zn By mfo(T)

i=1 1Tl

Gain (X) = Info(T) — Info,(T) (2.3)

Cong thire (2.3) dugc st dung lam tiéu chuan dé luya chon thudc tinh khi
phan 16p. Thudc tinh dugc chon 1a thudc tinh c6 gia tri Gain tinh theo (2.3) dat gia

tri 1on nhat.
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CHUONG 3
SU DUNG CAY QUYET PINH PE PHAN LOAI DU LIEU
NHIEU

3.1 GIOI THIEU

Thuat toan C4.5 di duoc str dung rong rai dé thiét ké cay quyét dinh. Tuy
nhién n6 chua thyc sy hiéu qua trong viéc phan loai dit liéu nhiéu. Luan vin dua ra
mot thuat toan goi 1a NC4.5, mot ban diéu chinh cia C4.5. Phuong phap nay st
dung mot 1y thuyét dua trén xac suat khdng chinh xéac (imprecise probability) va do
luong khong chic chin (uncertainty measures). No st dung mot tiéu chuan phan
nhanh méi goi 1a Ti S6 Thu Thap Thong Tin Khong Chic Chin (Imprecise
Information Gain Ratio), ap dung do ludng khong chic chan duya trén cac tap 16i cia
phan phd xac sut (cac tap credal) [3]. Theo khia canh nay, NC4.5 xay dung nhimng
ciy dé gai quyét cac van dé phan loai voi gia thiét rang cac tp huan luyén khong
hoan toan dang tin cdy. Ludn van da co nhiéu thuc nghi¢m dé so sanh thu tuc mai
nay véi cac thu tuc khac va dua ra két luan sau: trong linh vuc phan loai dit liéu

nhiéu, NC4.5 dat duogc nhirng cdy nho hon, thyuc thi tot hon C4.5 ¢d dién.

Cho mot tap dir lidu nhidu dugc tao boi 15 thuc thé, trong d6 9 thuc thé
thudc 16p A va 6 thuc thé 16p B. Tap dir liéu nay c6 2 thudc tinh nhi phan 1a X; va

X,. Theo gia tri ctia céac thudc tinh, cac thuc thé duoc to chirc nhu sau:
X1=0 > (3 thyc thé cta 16p A; 6 thuc thé cua 16p B)
X1=1 = (6 thuc thé cta 16p A; 0 thuc thé cua 16p B)
X,=0 > (1 thyc thé cta 16p A; 5 thuc thé cua 16p B)
X,=1 - (8 thuc thé cua 16p A; 1 thuc thé cua 16p B)

Néu tap dir li¢u nay dugc tim thr?iy & mot ndt ciia mot cay. Thuat toan C4.5 s&

chon thudc tinh X; dé phan nhanh cho not nay (hinh 3.1).
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Class = A 9
&Xn Class=B | 6

Class=A 3 Class = A 6
Class =B 6 Class = B 0

Hinh 3.1 Sw phan nhanh cua mot not dir liéu nhiéu duoc thuc hién béi C4.5

Chung ta c6 thé gia dinh rang tdp hun luyén bi nhidu vi n6 chira mot diém
ngoai lai khi X,=1 va 16p thudc 16p B (Vi du: trdi mua ma lai thi ddu). Theo cach
nay, qua trinh lam sach dir 1iu s€ tao thanh 10 thyc thé cua 16p A va 5 thuc thé cua

16p B, duogc td chtrc nhu sau:
X1=0 > (4 thyc thé cta 16p A; 5 thuc thé cua 16p B)
X1=1 = (6 thuc thé cta 16p A; 0 thuc thé cua 16p B)
X,=0-> (1 thyc thé cta 16p A; 5 thuc thé cua 16p B)
X,=1 > (9 thyc thé cta 16p A; 0 thuc thé cua 16p B)

Néu tap dir liéu nay dugc tim thdy & mot ndt cta cdy, khi d6 thuat toan C4.5
s& chon thudc tinh X, dé phan nhanh (hinh 3.2).
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Class = A 10
@ Class=B | 5

Class=A ] Class=A 9
Class =B 5 Class =B 0

Hinh 3.2 S phan nhanh cua mot nét dir lidu sach dwoc thue hién béi C4.5

Chung ta c¢6 thé thay thuat toan C4.5 sinh ra mot cdy con khong dung khi né
xur 1y dit liéu nhiéu, boi vi né cho rang tap huan luyén 14 tin cy. Sau d6, qua trinh
tia cdy cho rang tap huin luyén khong dang tin cdy dé giai quyét van dé nay. Tuy
nhién, qua trinh tia cdy nay chi c6 thé x6a cy con khong chinh xac di dugc sinh ra.
N6 khong thé diéu chinh cdy con khong chinh xac nay nhu thé hién trong hinh 3.2.
Ly tudng 1a viéc ta phan nhanh nhu hinh 3.2, sau d6 thuc hién qua trinh tia cay. Qua
trinh nay co thé thuc hién bang sir dung cdy quyét dinh dya trén xac suat khong

chinh x&c (imprecise).

Cay quyét dinh Credal coi rang tap huan luyén 1a khong dang tin cay khi qua
chinh Iyra chon thudc tinh duoc dién ra. Do vy van dé trén duoc giai quyét. Néu tap
dit liéu nhiéu xuét hién trong mot cdy creedal, thi sau d6 thudc tinh X, duogc luya
chon dé phan nhanh (hinh 3.3). Do vy néu chiing ta thiét ké mot thuat toan cdy
quyét dinh creedal cai tién tir C4.5, thi chung ta c6 dugc thuat toan xem xét tap huin

luyén khong tin cy khi qu4 trinh tia ciy va lya chon thudc tinh dién ra.
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Class = A 9
Class =B O

¥

Class=A ] Class=A 8
Class =B 5 Class =B 1

Hinh 3.3 Su phdn nhanh cua mot nét dir liéu nhiéu dwoc thuc hién boi cay

quyét dinh credal

3.2 CAY QUYET PINH CREDAL

Tiéu chuan phan nhanh duoc dua vao dé xay dung cay quyét dinh credal [2]
dua trén xac suat khong chinh xac va ap dung do ludong khong chic chén trén cac
tap credal. Co so cua phuong phap nay dugc mo ta nhu sau. [4]

Cho mdt bién Z ma gia tri ciia né thudc vé {z1,...,zk}. Ta gia dinh rang mot
phan phdi xac suat p(zj), j=1,....k dinh nghia cho mdi gia tri zj tir mot tap di liéu.

Ly thuyét Imprecise Dirichlet Model (IDM) ctia Walley duoc st dung dé udc
luong khoang cach xéac sudt tir ta dit 1iéu cho mdi gid tri cua bién Z. IDM wdc luong
X4&c suat cia moi gia tri bién zj trong khoang:[4]

Ny Ny, +s

j . .
p(zj)e IN+S' N+S]'] =1,..,k;

Vi ny; 12 d6 pho bién cua tap gia tri (Z=z;) trong tap dit liéu, N 1a kich thude

MAu va s 12 mot siéu tham s6 ma no khong phy thudc vao khong gian mau. Gié tri
ctia tham s6 s nay quyét dinh tdc do tai nhitng gid tri cua x4c suat 16n hon hay nho

hon trung binh khi kich thuéc miu ting 1én. Céc gia tri 16n hon ciia s c6 thé dua ra
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nhiéu suy luan hon. Walley khong dua ra mot dé xuét cu thé nhung 6ng goi v hai
ung vién: s=1 hodc s=2.

Mot thudc tinh quan trong ctia mo hinh nay la cac khoang céach s€ rong hon
néu kich thuéc mau s& nho hon. Vi vay phuong phap nay dua ra cac khoang cach

chinh xac hon khi ma N tang 1€n.

Vén d& nay dua ra mot loai cu thé cua tap 16i cia cac phan phdi xéac suat trén
bién Z, K(Z). Tap nay duoc dinh nghia nhu sau:

ny.

K@) = {plp@z) € [ 2, "] j = 1, k). (3)

Trén loai ndy cua céac tap credal, do ludng khong chic chin co thé duoc ap
dung. Thu tuc dé xay dung cac CDT sir dung han entropy trén dinh nghia tap credal,
mot do luong khdng chac chan dugc thiét 1ap trén céc tap credal. Ham nay duoc goi
la H [7]:

H + (K(Z)) = max{H(p)|p € K(2)} (4)

V61 ham H 1a ham entropy cua Shannon

H" 1a mot do ludng roi rac cua thong tin két hop cua hai thanh phan [9]:

a) Mot do luong xung dot hoac au ma thé hién sy sap xép cua cac mau caa moi
I6p trong tap huan luyén. Po ludng nay lién quan dén entropy cua Xac suat
trong tap 10i.

b) Mot do luong khong xac dinh thé hién su khdng chac chén tir kich thudc cua

tap huan luyén. Po luong nay lién quan dén kich thude cua tap 16i.

Thu tuc dé tinh H c6 chi phi thip véi s € (0,2) (theo Abellan & Moral
(2006)). Thu tuc dé IDM dat gi4 tri thap nhat véi s=1. Vi ly do nay, ta st dung gia

tri s=1 trong phan thuc nghiém.

Dau tién thu tuc nay duoc ding trong viéc quyét dinh tap:
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A= {zj ng, = mini{nzi}} (5)

Khi d6 sy phan phdi véi entropy 16n nhat 1a

Ny

[ siraea
p (Zi) = Nz;+s/l

N+s

i=1,..,k;
ifZi EA

Vi 114 s6 thanh phan cua A.

3.3 THUAT TOAN NC4.5

Phuong phap dé xay dung cc cdy NC4.5 twong tu nhu thuét toan C4.5. Su
khac biét chinh 1a NC4.5 wéc lugng xac suét gia tri cia cac tinh nang va bién phan
16p bang cach sir dung xac suat khong chinh xac. Nhu trong thii tuc CDT, mot do
luong khong chic chan trén céc tap credal duoc st dung dé dinh nghia mot tiéu
chuin phan nhanh méi. Theo cach nay, NC4.5 xem tap huén luyén 1a khong thuc su

dang tin cay vi n6 c6 thé bi anh hudng boi nhidu thude tinh hodc nhidu 16p [14].

NC4.5 dugc tao ra bang cach thay thé tiéu chuan phan nhanh Info-Gain Ratio
tir C4.5 bang Impercise Info-Gain Ratio (IIGR).

Trong bai toan phan 16p, cho C 1a bién 16p, {X1, Xo,...,Xm} la tap cac thuoc
tinh va X 1a mét thude tinh; khi d6 [3]:

11G®(C, X)

IIGR®(C,X) = e

Trong d6 Imprecise Info-Gain (IIG) dugc tinh nhu sau:
1G(C,X) = H+ (K®(C)) = £ P° (X = x)H* (K®(C|X = x,))

Vé6i KP(C) va KP(C|X = x;) 1a cac tap credal thu duoc théng qua IDM cho
cac bién C va (CIX = xj) tuong tng cho mét phan manh D cua tap di ligu;

PP(X=x")(i=1,...,n) 1a mot phan phdi xac suit thudc vé tap credal KP(X).

Chuing ta chon phan phéi xéac suat PP tir K°(X) ma tdi da hoa biéu thic sau:
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Z P (X = x)H(C|X = x,)).

Khong phtic tap dé tinh phan phdi xac suat nay. Cho xjo 1a mot gia tri ctia X

nhu vay H(C[X=x;) 1a t6i da. Khi d6 phan phd xac suit P° s& Ia

Ny: |, .. .
RN

PP =40 ()
nis T i=Jo

Tiéu chuan IIGR khac biét so véi tiéu chuan phan loai thuong ding. N6 dya
trén ly thuyét ctia viéc toi da hoa sy khong chic chan, thuong dugc st dung trong 1y
thuyét thong tin co dién, noi ma dua trén viéc t6i da hoa entropy [6]. Ly thuyét nay

thé hién rang su phan phoi xac suat vdi viéce to1 da entropy.

MJi niit trong mot cdy quyét dinh tao ra mot phan nhanh cia tap dir liéu (Nut
géc D duogc xem nhu toan bg tap dit li¢u). Hon nira, mdi nat No ¢ mot két hop véi

danh sach £ nhan thudc tinh (khéng & trong dudng dan tir nat gdc téi nat No).
Thu tuc NC4.5 dugc mo ta nhu sau:
Procedure BuilNC4.5Tree(No, £)

If £ = O then exit

Cho D 1a mét phan két hop véi nét No

If |D| < s6 lugng thé hién téi thiéu, then exit
Tinh PP (X = x) (i=1....,n) trén tap 16i K (X)
Tinh gia tri

ok b E

a=MAX x ; v {IIGR°(C, X;) }
voi M= {Xje £/1IG" (C,X;) >avg x; . «{11IG°(X) }}

6. If o <=0 then Exit

7. Else

8.  Cho X;la mét bién c6 a 16n nhat
9. Loai bo X;khoi £

10. Gan X; cho nbt No

11. For each gia tri x; caa X;
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1> Thém mot nét No;
13.  Gin No;la ndt 14 cia No
14.  Goli tha tuc BuilNC4.5Tree(No;, £)

< Y twéng chinh cia thi tuc:
Tiéu chuin phan nhanh: Imprecise Info-Gain Ratio (IIGR) duoc sir dung.

G4an nhin cac ndt 1a: gia tri co thé xay ra nhat cua bién l6p trong phan ving
lien két vi mot ndt 14 duge thém vao nhu 13 mot nhan. Do vay, nhan cuaa 16p cho

nét 14 No két hop véi phan vang D 1a:

Class(No,D) = mgé<| {Ij € fD/Class(Ij) =c,j=1,.. |fD|}|
Ci

Véi class(l; ) 1a 16p cua thé hién Ij € D va |D| 1a s luong thé hién trong D

Piéu kién dirng: Su phan nhanh ctia ciy quyét dinh s& dimg khi su do luong
khong chic chan khong giam (a<=0, budc 6) hodc khi khong con thudc tinh nao
dugc thém vao cay (£=0, budc 1) hodc sd luong tdi thiéu cac nét & mdi 14 khong du
(budc 3).

Su phan nhanh cting dung khi khong c6 thudc tinh phan nhanh nao st dung
“tiéu chudn phan nhanh” ké trén nhu trong C4.5 truyén thong.

Xir Iy cac thude tinh sd: twong tu nhu C4.5 nhung st dung IIG thay cho do
luong 1G

Po6i phé voi viée thiéu gia tri: twong tu nhu C4.5 nhung sir dung IIG thay
cho do luong IG

Xir 1y sau cit tia: trong tu nhu C4.5
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CHUONG 4
THUC NGHIEM - PANH GIA KET QUA
Dé do tinh hiéu qua cua thuat toan NC4.5 so sanh voi cac thudt toan khac, thi

nghiém dugc thyc hién trén cac bd dir licu chuan lay vé tor dia chi

http://archive.ics.uci.edu/ml/datasets.html.

May tinh thyuc hién: Lenovo Thinkpad Twist, bd xtr Iy Core i5-3317U 1.7 GHz
va 4 GB bd nhé chinh, chay trén hé diéu hanh Windows 8 Pro 64 bit, ngén ngir 1ap

trinh Java.

|5 Thesis v1.0

Dai hoc Céng nghé Tp. HCM

Choose an algorithm: v
Choose input file

Set output file

v Open output file when the algorithm terminates

Hinh 4.1 Giao dién chuong trinh

Choose an algorithm: chon lya thuat toan

Choose input file: Chon file CSDL duoc chuyén vé dang *.txt

Set output file: Chon file luu két qua cua thuat toan

Open output file when the algorithm terminates: M¢ file chira két qua khi thuat
toan thuc hi¢n xong.

Run algorithm: Thi hanh thuat toan dugc chon

Khi thyc hién xong, thuat toan sé& hién thi cac két qua dugc phan tich trong phﬁn

danh gia thuc nghiém.


http://archive.ics.uci.edu/ml/datasets.html
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4.1 BO DU LIEU

Bdng 4.1 Liét ké dac tinh cua cac bé dir liéu thuc nghiém

Data set N Feat Num Nom k Range
Anneal 898 38 6 32 6 2-10
Arrhythmia 452 279 206 73 16 2
Audiology 226 69 0 69 24 2—6
Autos 205 25 15 10 7 2-22
Balance-scale 625 4 4 0 3 —
Breast-cancer 286 9 0 9 2 2-13
Wisconsin-breast-
cancer 699 9 9 0 2 —
Car 1728 6 0 6 4 34
CMC 1473 9 2 7 3 24
Horse-colic 368 22 7 15 2 2-6
Credit-rating 690 15 6 9 2 2-14
German-credit 1000 20 7 13 2 2-11
Dermatology 366 34 1 33 6 24
Pima-diabetes 768 8 8 0 2 —
Ecoli 366 7 7 0 7 —
Glass 214 9 9 0 7 —
Haberman 306 3 2 1 2 12
Cleveland-14-heart-
disease 303 13 6 7 5 2-14
Hungarian-14-heart-
disease 294 13 6 7 5 2-14
Heart-statlog 270 13 13 0 2 —
Hepatitis 155 19 4 15 2 2
Hypothyroid 3772 30 7 23 4 2-4
lonosphere 351 35 35 0 2 —
Iris 150 4 4 0 3 —
kr-vs-kp 3196 36 0 36 2 2-3
Letter 20000 16 16 0 26 —
Liver-disorders 345 6 6 0 2 —
Lymphography 146 18 3 15 4 2-8
mfeat-pixel 2000 240 0 240 10 4-6
Nursery 12960 8 0 8 4 2-4
Optdigits 5620 64 64 0 10 —
Page-blocks 5473 10 10 0 5 —
Pendigits 10992 16 16 0 10 —
Primary-tumor 339 17 0 17 21 2-3
Segment 2310 19 16 0 7 —
Sick 3772 29 7 22 2 2
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Solar-flare2 1066 12 0 6 3 2-8
Sonar 208 60 60 0 2 —
Soybean 683 35 0 35 19 2—7
Spambase 4601 57 57 0 2 —
Spectrometer 531 101 100 1 48 4
Splice 3190 60 0 60 3 4-6
Sponge 76 44 0 44 3 2-9
Tae 151 5 3 2 3 2
Vehicle 946 18 18 0 4 —
\ote 435 16 0 16 2 2
Vowel 990 11 10 1 11 2
Waveform 5000 40 40 0 3 —
Wine 178 13 13 0 3 —
Z00 101 16 1 16 7 2

M0 ta cac ky hi€u trong bang liét ké tap dir licu: cot “N” la s6 luong thuc thé
trong tap dit li¢u, cot “Feat” 1a sb lvong déc tinh hodc bién thudc tinh, cot “Num” 1a
s6 luong cac bién dang s6, cOt “Nom” 1a sb luong cac bién dang tén, cot “k” la )

luong cac truong hop hodc trang thai cua bién cac 16p va cot “Range” 1a sd luong

cac trang thai cua céc bién tén trong moi tap dir licu.

4.2 PANH GIA THUC NGHIEM

Céac bang dudi ddy mo ta két qua thyc nghiém khi so sanh NC4.5 véi cac thuat

toan khac.

Bdng 4.2 Két qua vé dé chinh xdac cia C4.5, NC4.5, ID3 (khong tia) khi dp

dung véi tdp dir liéu c6 do nhiéu ngau nhién bang 0%

Dataset C4.5 | NC4.5 | ID3

Anneal 98.6 | 98.19 99
Arrhythmia 64.1| 67.55| 64.9
Audiology 76.5| 78.58 76
Autos 824 | 7452 | 775
Balance-scale 79.4 78| 79.5
Breast-cancer 68.2 | 71.44| 68.3
Wisconsin-breast-cancer 94.4| 95.08| 94.6
Car 93.7 | 91.42 94
CMC 49.2 | 52.01| 49.6
Horse-colic 82.1| 84.64| 829
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Credit-rating 82.2 | 85.46| 81.3
German-credit 68.1 | 70.17 | 69.7
Dermatology 94| 9382 | 92.2
Pima-diabetes 73.9| 7319 | 738
Ecoli 82.5 81.9| 831
Glass 67.8 | 63.66| 67.9
Haberman 70.5| 73.89| 70.6
Cleveland-14-heart-

disease 76.4 76.6 | 78.6
Hungarian-14-heart-

disease 78.6 | 8254 | 76.1
Heart-statlog 76.8 | 80.04| 77.9
Hepatitis 78.6 | 79.84| 78.8
Hypothyroid 99.5| 99.53| 99.6
lonosphere 89.83 | 88.35| 88.15
Iris 94.8| 94.73| 94.8
Kr-vs-kp 99.44 | 99.499.42
Letter 88.02 | 87.57 88
Liver-disorders 65.37 | 64.18 | 65.75
Lymphography 75.42 | 78.51|73.42
mfeat-pixel 78.42 | 79.58 | 75.66
Nursery 98.69 96.3 | 98.64
Optdigits 90.48 | 90.77| 91.1
Page-blocks 96.78 | 96.72 | 96.92
Pendigits 96.54 | 96.39 | 96.39
Primary-tumor 42.6 | 42.19 | 38.59
Segment 96.8 | 96.04 | 96.77
Sick 98.77 | 98.77 | 98.82
Solar-flare2 99.49 | 99.53 | 99.38
Sonar 7342 | 71.47 | 73.53
Soybean 90.69 925 86.76
Spambase 9242 | 92.61|92.83
Spectrometer 47.31 | 4552 | 43.49
Splice 92.16 | 93.81|91.37
Sponge 91.68 | 94.11| 92.7
Tae 58.6 53.2 | 58.21
Vehicle 72.18 | 72.84 | 72.67
\ote 95.76 | 96.04 | 95.56
Vowel 81.63 | 77.87 | 84.09
Waveform 75.12 | 76.05| 75.7
Wine 93.2| 92.13|93.83
Z00 9341 | 92.42]92.01
Trung binh 82.13 | 82.23|81.81
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Tir bang s6 liéu nay ta thay nhin chung d6 chinh xac ctia NC4.5 so véi C4.5 va ID3
khi 4p dung véi dir liéu khong nhiéu khong hon dugc bao nhiéu. Trong trudng hop

nay NC4.5 khong phat huy dugc wu diém ctia minh.

82.30

82.20

82.10

82.00

Oc4.5
FINC4.5

81.90
m D3

81.80

81.70

81.60

D6 chinh xac cda thuat toan

Hinh 4.2 Biéu do so sanh d¢ vé d chinh xdc ciia C4.5, NC4.5, ID3 (khéng tia) khi

dp dung véi tdp dir liéu c6 dé nhiéu ngdu nhién bang 0%
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Badng 4.3 Két qua vé d chinh xdc ciia C4.5, NC4.5, ID3 (khdng tia) khi dp

dung véi tap dir lidu c¢é o nhiéu ngdu nhién bang 10%

Dataset C45 | NC4.5]|1D3
Anneal 96.05 | 97.84 | 96.31
Arrhythmia 59.81 | 64.77 | 57.65
Audiology 75.06 | 76.98 | 71.43
Autos 74.73 | 71.57 | 68.88
Balance-scale 76.56 | 78.46 | 76.35
Breast-cancer 66.31 | 68.68 | 64.85
Wisconsin-breast-cancer 92| 9429 | 922
Car 88.8 90.9 | 88.47
CMC 47.25| 50.07 | 47.3
Horse-colic 79.74 | 83.52 | 78.93
Credit-rating 76.8 | 85.04| 75.8
German-credit 65.23 | 69.01 | 65.94
Dermatology 88 | 92.66 | 85.73
Pima-diabetes 72.04 | 7358 | 72.2
Ecoli 77.77 | 81.52|77.89
Glass 64.07 | 65.29 | 63.4
Haberman 68.86 | 73.4|69.02
Cleveland-14-heart-

disease 7293 | 76.31|73.83
Hungarian-14-heart-

disease 75.73 | 80.73 | 73.73
Heart-statlog 72.33 | 77.67 | 72.48
Hepatitis 73.84 | 78.17 | 75.27
Hypothyroid 95.55 | 99.38 | 95.74
lonosphere 86.3 87.3 | 85.31
Iris 89.73 93.6 | 89.2
kr-vs-kp 93.51 | 98.04 | 93.05
Letter 85.01 | 86.27 | 84.45
Liver-disorders 62.15| 61.11 | 62.27
Lymphography 71.31 74.1 | 69.59
mfeat-pixel 71.79 | 76.88 | 67.51
Nursery 91.59 | 96.23 | 91.39
Optdigits 82.49 | 87.49|83.01
Page-blocks 93.95 | 96.67 | 94.06
Pendigits 89.66 | 95.19 | 89.62
Primary-tumor 38.7 | 39.53 | 37.85
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Segment 90.09 | 95.02 | 90.31
Sick 95.68 | 98.07 | 95.53
Solar-flare2 98.22 99.5 | 98.32
Sonar 67.56 | 70.53 | 69.34
Soybean 86.85 91.7 | 79.55
Spambase 89.87 | 91.56 | 89.38
Spectrometer 42.63 | 43.01 | 38.78
Splice 81.23 | 90.87 | 80.3
Sponge 83| 89.07| 84.8
Tae 52.23 | 49.01 | 52.55
Vehicle 66.17 | 69.63 | 65.72
Vote 92.2 | 94.39 | 92.52
Vowel 78.19 | 75.15| 78.42
Waveform 69.1 | 74.96 | 69.07
Wine 86.17 | 89.22 | 86.28
Z00 91.99 92.1]91.49
Trung binh 77.74 | 80.72 | 77.06

Tir bang sb liéu nay ta thiy rang d6 chinh xac cia NC4.5 di dugc cai tién 1d
rét, hon han hai thuét toan con lai khi ap dung vaéi tap dir 1iéu co6 do nhiéu ng'?lu

nhién bang 10%

81

80

79

Oca.5
78

I NC4.5

m D3
77

76

75
P6 chinh xac cta thuat todn

Hinh 4.3 Biéu d6 so sanh dé vé @ chinh xdc cia C4.5, NC4.5, ID3 (khéng tia) khi

dp dung véi tdp div liéu c¢é dg nhiéu ngdu nhién bang 10%
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Bdng 4.4 Két qua vé dé chinh xdc cia C4.5, NC4.5, ID3 (khong tia) khi dp

dung véi tdp dir lidu c¢é ¢ nhiéu ngdu nhién bang 30%

Tép dir liéu C4.5 | NC45 | ID3
Anneal 80.5| 90.84|79.8
Arrhythmia 46.6 | 59.71 | 44.8
Audiology 63.9 | 69.45 | 53.4
Autos 56.7 58.4 | 52.2
Balance-scale 64.8 | 73.61|64.4
Breast-cancer 58.8 | 62.71 | 58.6
Wisconsin-breast-cancer | 84.6 | 91.45 | 84.6
Car 73.9 82.8 | 73.4
CMC 43 | 45.23 | 43.2
Horse-colic 68.4 | 73.91|66.1
Credit-rating 64.4 | 73.03|63.6
German-credit 58 | 60.57 | 59.4
Dermatology 69.2 | 79.93|67.5
Pima-diabetes 68.9 | 69.43 | 68.5
Ecoli 64.1| 77.71|64.1
Glass 52.5| 59.82|52.3
Haberman 63.9 | 66.44 | 63.9
Cleveland-14-heart-

disease 60 | 69.09| 60
Hungarian-14-heart-

disease 70.8 | 79.94 | 66.2
Heart-statlog 63.1 | 71.19|62.6
Hepatitis 62.2 | 70.41|62.2
Hypothyroid 79.5| 97.45] 80.5
lonosphere 77.9| 79.84|77.1
Iris 78.6 | 88.27| 78
kr-vs-kp 722 | 81.16|72.4
Letter 717 | 7744|714
Liver-disorders 56.7 | 55.37| 57
Lymphography 56.5 | 63.43|54.9
mfeat-pixel 57.8 | 64.57 | 53.6
Nursery 72.2 | 88.95|71.7
Optdigits 63| 73.59 | 63.8
Page-blocks 83.8 | 96.04 | 83.1
Pendigits 69.9 | 86.66 | 70.1
Primary-tumor 34.7 34.9 | 33.7
Segment 70.7 | 89.86 | 71.5
Sick 87.7| 94.96 | 87.8
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Solar-flare2 914 96.9 | 91.9
Sonar 60.7 | 63.34|61.1
Soybean 73 | 86.32 | 58.8
Spambase 85.4 | 87.44|845
Spectrometer 31.9 35.4129.1
Splice 62.5 68 | 61.9
Sponge 63.5| 71.29|62.9
Tae 45.7 | 43.31|44.9
Vehicle 53.1| 62.99 | 53.2
Vote 79.1| 84.45| 78.7
Vowel 64.7 65 | 64.1
Waveform 57.2 | 69.84 | 56.5
Wine 70 82.4|70.1
Z00 84.1| 85.49 | 85.8
Trung Binh 65.9 | 73.21|64.8

Tir bang sb liéu nay ta thiy rang d6 chinh xac cia NC4.5 di dugc cai tién 1d
rét, hon han hai thuat toan con lai khi ap dung vaéi tap dir li€u co6 do nhiéu ngﬁu

nhién bang 30%

74

72

70

68

0c4.5
M NC4.5

66
m D3

64

62

60

Pé chinh xac cta thuat todn

Hinh 4.4 Biéu d6 so sanh dé vé @ chinh xdc ciia C4.5, NC4.5, ID3 (khéng tia) khi

dp dung véi tdp dir liéu c¢é do nhiéu ngdu nhién bang 30%
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Bang 4.5 Két quda vé dp chinh xdc ciia C4.5, NC4.5, ID3 (khong tia) khi dp dung voi
tap dir liéu c6 do nhieu ngau nhién bang 0%; 10% va 30%.

Cay Nhiéu 0% | Nhiéu 10% | Nhiéu 30%

C45 82.13 77.74 65.86
NC4.5 82.23 80.72 73.21
ID3 81.81 77.06 64.82

Tir bang s6 liéu nay ta thdy rang khi d6 nhiéu cta dit lidu cang cang thi do
chinh xac cua NC4.5 duoc cai tién cang rd rét, hon han hai thuét toan con lai. Con

khi d6 nhidu bang 0% thi sy chénh léch dudng nhu khong dang ké.

90

80 +——

70 +——

50 +—— C4.5

20 - nNC4.5

mID3
30 +——

20 +——

Nhi&u 0% Nhiéu 10% Nhiéu 30%

Hinh 4.5 Biéu do so sanh d¢ vé d chinh xdc ciia C4.5, NC4.5, ID3 (khéng tia) khi

dp dung véi tdp div liéu c¢é do nhiéu ngdu nhién bang 0%; 10% va 30%.
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Bang 4.6 Két qua vé kich thuéc trung binh cua cdy cho C4.5, NC4.5, ID3 (khdng
tia) khi dap dung trén tap dir liéu co do nhiéu ngdu nhién bang 0%, 10% va 30%.

Cay | Nhiéu 0% Nhiéu 10% Nhiéu 30%

C45 216.98 376.37 672.13
NC4.5 138.78 167.09 317.92
ID3 216.15 373.97 662.42

Tir bang s6 liéu nay ta thdy rd su khac biét vé kich thude trung binh cta ciy NC4.5
so v6i C4.5, ID3 khi 4p dung trén tap dir liéu c6 do nhiéu ngau nhién b?mg 0%, 10%
va 30%. NC4.5 cho cay co kich thuéc nhé hon nhiéu so vé6i hai thut toan con lai,
dic biét 1a khi d6 nhidu cang tang thi sy cai thién vé kich thudc trung binh ciia cay
cang 16n. Trong khi d6 kich thudc cay cua hai thuat toan C4.5 va ID3 gan nhu

tuong tu nhau.

800

700

600

500

400

300

200

100 +—

Nhiéu 30%

Nhiéu 10%

Nhiéu 0%

Hinh 4.6 Biéu do so sanh vé kich thuéc trung binh cua cady tago boi C4.5, NC4.5,
ID3 (khéng tia) khi dp dung véi tdp dir liéu c6 dp nhiéu ngdu nhién bang 0%:; 10%
va 30%.
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Bang 4.7 B9 chinh xac ciia C4.5, NC4.5 va ID3 (c6 tia) khi dugc ap dung trén cac

tap dir liéu véi d6 nhiu ngiu nhién bang 0%

Dataset C4.5 | NC4.5 ID3
Anneal 98.6 98.36 | 98.99
Arrhythmia 65.7 67.68 | 65.15
Audiology 77.3 78.94 | 76.91
Autos 81.8 7457 | 78.24
Balance-scale 77.8 77.33 77.69
Breast-cancer 74.3 74.84 71.75
Wisconsin-breast-cancer 95 95.12 95.35
Car 92.2 91.16 | 93.02
CMC 51.4 52.8 | 52.06
Horse-colic 85.2 85.18 84.34
Credit-rating 85.6 85.43 | 84.03
German-credit 71.3 71.34 | 71.98
Dermatology 94.1 9426 | 93.49
Pima-diabetes 74.5 74.15 74.39
Ecoli 82.8 81.6| 83.61
Glass 67.6 63.61 | 67.67
Haberman 72.2 71.18 72.03
Cleveland-14-heart-

disease 76.9 76.53 79.3
Hungarian-14-heart-

disease 80.2 82.33 76.77
Heart-statlog 78.2 80.33| 78.81
Hepatitis 79.2 79.79 | 80.33
Hypothyroid 99.5 99.52 | 99.56
lonosphere 89.7 88.18 | 88.04
Iris 94.7 94.73 | 94.73
kr-vs-kp 99.4 99.45 | 9942
Letter 88 87.58 | 87.97
Liver-disorders 65.8 64.53 66.16
Lymphography 75.8 78.31| 75.01
mfeat-pixel 78.7 79.76 | 77.12
Nursery 97.2 96.3 97.1
Optdigits 90.5 90.83 91.1
Page-blocks 97 96.69 | 97.09




44

Pendigits 96.5 96.42 | 96.39
Primary-tumor 41.4 42.33 | 39.92
Segment 96.8 96.04 96.74
Sick 98.7 98.79 | 98.85
Solar-flare2 99.5 99.53 | 99.53
Sonar 73.6 71.37 | 73.53
Soybean 91.8 92.4| 89.94
Spambase 92.7 9256 | 93.11
Spectrometer 47.5 4554 | 43.37
Splice 94.2 94.04 | 93.57
Sponge 92.5 92.5 92.5
Tae 57.4 53.26 | 57.62
Vehicle 72.3 7278 | 7271
\ote 96.6 96.59 | 96.11
Vowel 80.2 77.88 | 83.63
Waveform 75.3 76.07 | 75.83
Wine 93.2 92.13 | 93.83
Z00 92.6 9242 | 92.01
Trung binh 82.6 82.3 | 82.37

Tir bang sb lidu nay ta thay do chinh xac ciia NC4.5 so v6i C4.5 va ID3 (c6
tia) khi 4p dung véi dit liéu khong nhidu khong hon, tham chi con thap hon. Trong
truong hop nay NC4.5 khong phat huy duoc vu diém ctia minh.
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82.65

82.60

82.55

82.50

82.45

Oca.5
82.40

FINC4.5

82.35 = D3

82.30

82.25

82.20

82.15
Db chinh xac cda thuat toan

Hinh 4.7 Biéu dé so sanh d vé dé chinh xdc ciia C4.5, NC4.5, ID3 (€0 tia) khi dp

dung véi tdp dir liéu c¢6 do nhiéu ngau nhién bang 0%
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Bang 4.8 D¢ chinh xdc ciia C4.5, NC4.5 va ID3 (c6 tia) khi dwoc dp dung trén cdc tdp dit
liéu voi do nhiéu ngau nhién bang 10%

Dataset C4.5 | NC4.5|1D3
Anneal 08.37 | 98.23 | 98.42
Arrhythmia 62.54 | 65.76 | 58.44
Audiology 7753 | 7739 | 727
Autos 74.72 | 71.65 | 69.61
Balance-scale 78.11 | 78.26 | 77.82
Breast-cancer 71.13 | 72.07 | 70.75
Wisconsin-breast-cancer | 93.72 | 94.28 | 94.06
Car 90.92 | 90.53|90.74
CMC 49.95 | 51.36 | 50.36
Horse-colic 84.61 85.1| 845
Credit-rating 84.78 | 85.23 | 84.22
German-credit 71.18 | 71.38 | 71.72
Dermatology 93.31 | 93.12|91.06
Pima-diabetes 72.37 | 73.83 | 72.56
Ecoli 81.87 | 81.49|82.04
Glass 65.37 | 65.57 | 64.55
Haberman 72.32 | 72.39 | 72.29
Cleveland-14-heart-

disease 75.78 | 76.94 | 77.56
Hungarian-14-heart-

disease 79.78 | 80.94 | 77.03
Heart-statlog 75.63 | 78.41 | 76.04
Hepatitis 77.88 | 80.19 | 78.62
Hypothyroid 99.4 | 99.44 | 99.43
lonosphere 86.9 | 87.04 | 85.79
Iris 92.73 | 93.53 | 92.47
kr-vs-kp 98.97 | 98.95| 98.8
Letter 86.74 | 86.67 | 86.38
Liver-disorders 62.38 | 61.69 | 62.73
Lymphography 75.11 | 74.78 | 76.53
mfeat-pixel 76.77 | 77.97 | 74.36
Nursery 96.29 | 96.08 96
Optdigits 88.47 | 88.94 | 88.86
Page-blocks 96.7 | 96.78 | 96.79
Pendigits 95.37 | 95.49| 95.2
Primary-tumor 39.59 | 40.39 | 40.09
Segment 95.06 | 95.17 | 95.03
Sick 98.22 | 98.24 | 98.22
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Solar-flare2 99.53 | 99.53 | 99.53
Sonar 67.56 | 70.39 | 69.34
Soybean 90.54 | 91.74 | 85.85
Spambase 90.96 | 91.52 | 90.57
Spectrometer 43.2 | 43.07 | 39.64
Splice 93.05 | 93.08 | 92.48
Sponge 91.8| 91.66| 925
Tae 50.77 | 49.01 | 51.61
Vehicle 68.51 | 69.99 | 68.26
Vote 95.74 | 95.45| 95.28
Vowel 77.13 | 75.26 | 78.37
Waveform 69.51 | 75.13| 69.5
Wine 87.35 | 89.39 | 87.36
Z00 92.39 92.1]92.19
Trung binh 80.77 | 81.25]80.29

Tir bang s6 liéu nay ta thay do chinh xac cia NC4.5 so véi C4.5 va ID3 (c6
tia) khi ap dung vé6i dir liéu nhidu 10% t6t hon. Trong truong hop nay NC4.5 da

phat huy duoc wu diém ctia minh.

81.40

81.20

81.00

80.80

Oca.5

80.60
MINC4.5

80.40 m D3

80.20

80.00

79.80

D6 chinh xac cla thuat toan

Hinh 4.8 Biéu dé so sanh dé vé dé chinh xdc ciia C4.5, NC4.5, ID3 (¢6 tia) khi dp

dung véi tdp dit liéu cé @6 nhiéu ngdu nhién bang 10%
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Bang 4.9 B¢ chinh xdac cua C4.5, NC4.5 va ID3 (co tia) khi dwoc ap dung

trén cac tdp dir liéu voi do nhiéu ngau nhién bang 30%.

Dataset C4.5 | NC4.5 | ID3
Anneal 96.03 | 95.85 | 95.24
Arrhythmia 49.15 | 62.06 | 45.09
Audiology 70.88 | 70.68 | 60.25
Autos 57.92 | 60.35 | 53.81
Balance-scale 74.16 | 75.02 | 73.52
Breast-cancer 68.65 | 67.61 | 67.49
Wisconsin-breast-cancer 89.24 | 92.27 | 89.43
Car 86 | 85.97 | 85.89
CMC 46.39 47.7 | 45.59
Horse-colic 79.63 | 80.48 75
Credit-rating 7458 | 81.41 | 71.77
German-credit 63.09 63.7 | 66.05
Dermatology 87.64 | 88.95 | 86.56
Pima-diabetes 69.39 | 69.67 | 68.93
Ecoli 75.27 | 79.78 | 73.63
Glass 55.23 | 60.49 | 54.69
Haberman 68.83 | 72.85 | 68.87
Cleveland-14-heart-

disease 68 | 71.57 | 67.97
Hungarian-14-heart-

disease 78.16 | 80.81 | 74.68
Heart-statlog 65.52 | 72.33 | 64.7
Hepatitis 68.15 | 73.36 | 68.63
Hypothyroid 98.59 | 98.96 | 98.41
lonosphere 78.18 | 80.04 | 77.3
Iris 84 89 | 84.07
kr-vs-kp 91.13 | 90.97 | 90.53
Letter 82.13 | 82.54 | 81.62
Liver-disorders 56.83 | 55.45 | 57.06
Lymphography 66.33 | 68.11 | 68.59
mfeat-pixel 71.98 | 73.19 | 68.43
Nursery 93.99 94.3 | 93.46
Optdigits 76.91 | 80.77 | 70.24
Page-blocks 9491 | 96.25|94.81
Pendigits 89.21 | 92.25 | 88.02
Primary-tumor 37.67 | 37.76 | 38.44
Segment 85.35 | 91.92 | 84.33
Sick 95.2 | 97.14 | 95.29
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Solar-flare2 99.53 | 99.49 | 99.53
Sonar 60.84 | 63.34 | 61.1
Soybean 88.45| 89.34 | 72.78
Spambase 86.07 | 87.69 | 85.32
Spectrometer 33.02 | 35.61 | 29.72
Splice 81.21 | 80.06 | 81.85
Sponge 88.84 | 86.71 | 92.5
Tae 45.86 | 43.64 | 45.26
Vehicle 56.06 63.5 | 55.56
Vote 90.99 | 91.55|91.38
Vowel 66.01 | 65.61 | 64.16
Waveform 57.32 | 70.08 | 56.59
Wine 71.02 | 82.91|70.98
Z00 87.65 | 87.74 | 89.05
Trung binh 74.14 | 76.58 | 72.88

Tir bang s6 liéu nay ta thay do chinh xac cua NC4.5

NC4.5 d3 phat huy rét 16 dugc vu diém ciia minh.

so voi C4.5 va ID3 (co
Trong trudong hop nay

77.00

76.00

75.00

74.00

73.00

72.00

71.00

Oca.5

M NC4.5
m D3

Pé chinh xac cta thuat todn

Hinh 4.9 Biéu dé so sanh dé vé dé chinh xdc ciia C4.5, NC4.5, ID3 (¢6 tia) khi dp

dung véi tdp dit liéu cé @6 nhiéu ngdu nhién bang 30%
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Bang 4.10 Do chinh xdc trung binh cua C4.5, NC4.5 and ID3 (co tia) khi

diege ap dung trén cdc tdp dir liéu véi do nhiéu ngau nhién bang 0%; 10% va 30%.

Cay Nhiéu 0% | Nhiéu 10% | Nhiéu 30%

C4.5 82.62 80.77 74.14
NC4.5 82.3 81.25 76.58
ID3 82.37 80.29 72.88

Tir bang s6 liéu nay ta thdy rang khi ¢ nhiéu cta dir liu cang cang thi do
chinh xac ciia NC4.5 duoc cai tién cang 10 rét, hon hén hai thuat toan con lai. Con

khi d6 nhiéu bang 0% thi su chénh 1éch dudng nhu khong dang ké.

84

82

80

78

C4.5
76

mNC4.5

74 m D3

72

70

68

Nhi&u 0% Nhiéu 10% Nhiéu 30%

Hinh 4.10 Biéu d6 so sanh dg vé @ chinh xdc cia C4.5, NC4.5, ID3 (¢ tia) khi dp

dung voi tdp dir liéu c¢é @6 nhiéu ngau nhién bang 0%; 10% va 30%.
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Bang 4.11 Két qud trung binh vé kich thuée cdy cia C4.5, NC4.5 va ID3 (cO
tia) khi dege ap dung trén cdc tdp dir liéu ¢é do nhiéu ngdu nhién bang 0%; 10% va

30%.

Cay | Nhiéu 0% | Nhiéu 10% | Nhiéu 30%
C4.5 156.54 170.02 244.05
NC4.5 122.67 131.06 171.39
ID3 155.83 170.03 253.73

Tir bang sb liéu nay ta thay rd sy khac biét vé kich thude trung binh cua cdy NC4.5
s0 v6i C4.5, ID3 (c6 tia) khi ap dung trén tap dit liéu c6 d6 nhidu ngiu nhién bang
0%, 10% va 30%. NC4.5 cho cdy co6 kich thudc nho hon nhiéu so v&i hai thuat toan
con lai, dic biét 1a khi @6 nhiéu cang ting thi sy cai thién vé kich thudc trung binh
clia cdy cang 16n. Trong khi d6 kich thudc cdy cua hai thuat toan C4.5 va ID3 gan

nhu tuong ty nhau.

300

250

200
C4.5
150
mNC4.5
mID3

100

50

Nhiéu 0% Nhiéu 10% Nhiéu 30%

Hinh 4.11 Biéu d6 so sanh vé kich thudce trung binh ciia cdy tao béi C4.5, NC4.5,
ID3 (6 tia) khi dp dung véi tip dit liéu c6 do nhiéu ngdu nhién bang 0%:; 10% va
30%.
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Tir cac bang két qua thuc nghiém va cac biéu do so sanh trén thay rang NC4.5 ¢6 do
chinh xac cao hon, kich thudc cady nho hon va hi¢u qua cac hon cac thuat toan C4.5,

ID3 khi 4p dung trén céc tap dit liéu c6 nhiéu.
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CHUONG 5
KET LUAN VA HUONG PHAT TRIEN

5.1 KET LUAN

Phan loai dit liéu nhiéu 1a mot linh vuc quan trong cua khai thac dit li¢u. Luan
vin dd dua dugc ra moét phuong phap xdy dung cdy quyét dinh goi 1a NC4.5.
Phuong phéap nay c6 nhiéu cai tién so véi thuat toan C4.5 bang cach sir dung xac
sudt mo hd va do ludong khéng chic chin. Do vy n6 hoat dong hiéu qua hon céc

thuat toan trudc day trong viéc khai thac dir liéu nhiéu.

Két qua thyc nghiém cho théy thuat toan NC4.5 c6 cai tién so voi cac thuat toan
trudc day vé hidu qua, do chinh xac va kich thudc cay quyét dinh trong viéc phan
loai dir liéu nhiu. N6 1a mot phuong phap phu hop dé phan loai nhitng dit liéu

nhiéu.

5.2 HUONG PHAT TRIEN

Huéng phat trién cta luan vin 13 4p dung phuong phap nay vao cac ung dung
thuc té, dua ra céc phan loai dir li¢u, cac thong tin quyét dinh htru ich cho cac linh
vuc, nganh nghé cu thé, dic biét 1a nhitng linh vuc ma co s& dit lidu ciia né bi nhiéu,
khoé &p dung cac phuong phap phan loai thong thuong.

Co s& dit lidu trong thuc té thudng rat 16n, cho nén trong tuwong lai can nghién
ctiru dé cai tién phuong phéap vé kich thudc cdy quyét dinh va thoi gian thuc thuat

toan tot hon nira.
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