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TOM TAT—Céc thudt todn khai phd diF liéu va may hoc truyén thong thuc hién phan [6p véi dir ligu da dwoc xi Iy dé loai bo div
liéu nhiéu, dir liéu thiéu chinh xdc va div liéu khong day i, dir liéu khong chdc chan Chiing téi phat hién ra rang dé chinh xdc phdn
16p c6 thé dwoc cdi thién voi dit lidu khéng chdc chdn khi sik dung sirc manh ngdu nhién ciia phwong phap Fuzzy Random Forest
(FRF) dé tang sw da dang cia cdy va sy linh hoat ciia tdp mo. Ching t6i mo rong phuong phap FRF @é xir 1y v6i bg voi cdc gid tri
thiéu, dit liéu khong chdc voi kf thudt cdt tia cdy trude khi bé sung vao trong rimg, ma rdt cé thé cdi thién dige dg chinh xdc phan
16p va kich thudc bo nho luu trit cac cdy cia FRF.

Tir khéa— Cdy quyét dinh mo, rieng ngau nhién mo, phéan 16p mo, phan hoach mo.
I. GIOI THIEU

Phan 16p lu6n luén 1a van dé thach thirc d6i voi du licu hién nay, tang ca vé s6 luong, @6 phirc tap va tinh da
dang cua dit liéu. Da c6 rat nhiéu ky thuat va thuat toan giai quyét van dé phan 16p [1], [3], [6], [18]. Tuy nhién, da s6
cac bai toan phén 16p nay dugc ap dung trén dir liéu day du va duoc do dac chinh x4c. Nhung trén thuc té cac dir liéu
thu thap duoc hau nhu khong hoan hao, dit liéu méo mo, dit liéu khong dly du,... viéc xir 1y cac dang dir lidu nay rat
khé khan va tén kém. Hon nita cac thong tin nay thudng dugc diéu chinh boi cac chuyén gia. Do dé, tinh xé4c thyuc cia
dir lidu tré nén mo hd. Vay nén can thiét xur 1y truc tiép cac dang thong tin nay.

Trong bai bdo nay, ching toi sir dung ky thudt phan 16p mo [51, [6], [18] dé d6i phé voi dir liéu khong chéc
chan (dir liéu thiéu gia tri, dir liéu mo) bang cach md rong phuong phap rimg ngau nhién mo (Fuzzy Random Forest -
FRF) [14], [15], [16] dwoc goi 1a Improve Fuzzy Random Forest, viét tit 1a IFRF. Phuong phap IFRF cé cu triic co
ban dua trén FRF, nhung khi phat trién cdy quyét dinh mo thyc hién phan ving mo dir liéu khong day du va dit liu mo
bang cach st dung ham thudc hinh thang [10] dé lwa chon thudc tinh. Sau d6 t6i wu cdy quyét dinh sir dung phuong
phap cét tia ciy dua trén toi wu giai thuat di truyén [9] trude khi bd sung cdy vao rimg. Muc dich, ting d6 chinh xac
phan 16p, du bao va giam khong gian nhd can dé luu tri cac nat ciing nhu giam hién tugng overfitting dit liéu.

Trong muc 11 chlng t6i trinh bay phuong phap hoc, phan 16p st dung FRF[15] va ky thuét tong hop thong tin
trong FRF. Muc |11 chung t6i dé xuit mé rong phuong phap FRF bang ky thuat cét tia cay sir dung phuong phép t6i vu
giai thuat di truyén [9] biang cach két hop toan tir Crossover and Mutation dé tao ra cac lai ghép thé hé mai, ham
Fitness udc lugng gia tri cua ca thé dé lya chon thé hé tiép theo. Muc IV thyc nghiém sanh va danh gia md hinh phén
16p IFRF. Chiing t6i thyc hién thir nghiém phuong phap IFRF trén bo dit liéu khong diy du va dir liéu mo trong kho dir
lidu chuan UCI [4]. Phuong phép danh gia chéo Cross Validate duoc sir dung dé kiém chimg do6 chinh xac cia mo hinh
phan 16p bang IFRF. Bén canh d6 ching t6i ciing thuc hién so sanh d6 chinh xac phan 16p cua IFRF véi cac thudt toan
phan 16p khac nhu RF [11], FRF [15] va Boosting. Muc V tong két va huéng phat trién. Trong phan nay chung toi tom
tat cac két qua da dat dugc, va hudng phét trién trong tuong lai. Cudi cling 14 tai liéu tham khao.

II. PHUONG PHAP FUZZY RANDOM FOREST (FRF)

Trong Random Forest ciia Breiman [11], mdi cdy xdy dung véi kich thude t6i da va khong cit tia. Trong qua
trinh xdy dung mdi cdy trong ring, mdi khi can tach nut, chi c6 mét tp con ngiu nhién cua tap tat ca cac thude tinh
duoc xem xét va mot lya chon ngﬁu nhién ¢6 hoan lai dugc thuce hién cho mdi phép tach nut. Kich thudc cua tap con
nay la tham sb duy nhét trong ring ngiu nhién. Két qua 13, mot sé thudc tinh (bao gdm ca thudc tinh t6t nhat) khong
duoc xem xét cho mdi phép tach nat, nhung mat $6 thudc tinh duoc loai trur lai co thé duoc st dung tach nut khac trong
cung mot cay.

Rung ngau nhién [11] c6 hai yéu té ngau nhién, mot 1a bagging duoc sir dung Iya chon tap dir liéu duoc s dung
nhu dir liéu dau vao cho modi cdy; va hai la tap cic thudc tinh duoc coi 1a tng cir vién cho moi nut chia. Tinh ngau
nhién nhdm ting sy da dang cua cdy va cai thién chinh xac két qua du bao sau khi tong hop du bao trén cac ciy trong
rung. Khi rung ngau nhién duoc xay dung thi 1/3 dbi tugng quan sat (exambles) dugc loai bo ra khoi dir liéu huin
luyén ctia moi cay trong rung. Céc d6i tuong nay dugc goi 12 “Out of bag - OOB”[11]. Mai cay s& c6 cac tép dbi tuong
OOB khéc nhau. Céc ddi twong OOB khéng sir dung dé xay dung cay va duogc st dung thtr nghiém cho méi cdy tuong
ung [11]

A. Rirng ngéu nhién mo (FRF)
Thuit toan 2.1. Fuzzy Random Forest (FRF)
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FRF (input: E, Fuzzy Partition; output: Fuzzy Random Forest)
Begin

1. Tao tap con Sub: Ijéy ngiu nhién c6 hoan lai |E| mau tir tap dir liéu huan luyén E
2. Xay dung cdy quyeét dinh mo (Fuzzy Decision Tree - FDT) tur tap con Sub
3. Lap lai budc 1 va budc 2 cho toi khi tat ca cac cay quyét dinh mo (FDT) dugc xay dung.

End.

Thuét todn 2.2. Fuzzy Decision Tree

FuzzyDecisionTree(input: E, Fuzzy Partition; output: Fuzzy Decision Tree)
Begin

1. Khéi tao cac miu trong dir liéu hudn luyén E véi gia tri 1 ( Xy Tree.root (€) =1)

2. Pat M 1a tap cac thudc tinh, tit ca cac thudc tinh dwoc phan ving theo phan ving mo (Fuzzy Partition)
3. Chon thudc tinh @€ chia tai nat N
3.1. Luya chon ngau nhién thudc tinh e tir tdp cac thudc tinh M

3.2. Tinh Information Gain cho thudc tinh e, sir dung gié tri ..., rree.roor (€) MO thudc tinh e trong nit N

3.3. Chon thudc tinh e c6 Information Gain 16n nhét
4. Phan hoach nat N theo thudc tinh e dugc chon trong bude 3.3 va loai bo kho M. Dat E_ 1a tap dir liéu cua

mdi nut con

5. Lap lai budc 3 va 4 véi mdi ( E, ,M) cho téi khi phu hop véi diéu kién ding (stopping criteria)

End.

Cong thirc tinh gia tri Information Gain dya trén thudt toan ID3 sir dung phan ving mo hinh thang [10]. Tu

tuéng chinh, mdi thuoc tinh {A, AL A } dugc biéu dién béi mot tap mo hinh thang, vi vy mdi nut trong cia ciy

duogc chia dua trén phan ving s6 thudc tinh tao ra nat con cho mdi tap mo. Phan ving mo mdi thudce tinh dam bao déy

f
du (khéng c6 diém trong mién nim ngoai ving md) va 1a phan ving md manh (théa min Vx e E,Z #y (X) =1, véi
i=1

{Ai, AL A } 1a céc tp mo cua cac phap hoach cho boi ham thude ).

Ham z, (e) duge goi 1a mirc cia mau e thoa méin diéu kién dung cua cay t tai nat N. BDugc xac dinh nhu sau:

Ziroor () =1 v0i € € E ¢6 trong nut gbc cuia cay t

Xty _se._ parition (€) >0 VA v0i € € E thudc vé mot hodc ca hai nit con. Pugce xac dinh nhu sau:

o Zt,childnode (e) = lt,node (e) X :ufuzzy7 set_ partition (e) >, hcu gla tr! © du(yc Xac dlnh

1

x , néu e co gia trj thiéu
number _ output

o HOElC /'L/t,childnode (e) = Zt,node (e)

split

Diéu kién ding trong (stopping criteria) cho thuat toan 2 théa man mot trong cac trudng hop sau: (1) tat ca cac

mau e thudc mot nat; (2) sé6 mau e thoéa man gia tri ngudng X cho trude; (3) Nut 14 rong.

B. Phin I6p bang rirng ngéu nhién mo

Trong phan nay miéu ta cdch phan 16p sir dung FRF. Péu tién chung t6i gi6i thiéu cac ky hiéu duge sir dung.

Sau d6, chung t6i xac dinh hai budc ing dung cay quyét dinh md trong FRF dé xac dinh nhan cho bién muyc tiéu ctia

mau.

1. Cécky hiéu

T 1a s cdy trong rimg ngau nhién md (FRF)

N, 1a tong s6 nit 14 trong cay thir t véi t=1,2,...,T. Déc tinh phan 16p cua ciy quyét dinh mo 1a mot mau co thé
thuoc vé mot 14 hodc nhiéu 1a khac nhau do su chdng chéo cia tip mo tao ra mot sd phan hoach ma mot thude
tinh cuing ton tai trén cac phan hoach khac nhau.

I 1a téng sb 16p cua dit liéu mau.

e 1a mau str dung huin luyén hodc kiém tra.

X (€) 12 d0 phy thudc miu e cua nit 14 n trén cay t

x . x. y E . 2 x
Support 1a d6 ho trg cua 16p i trong moi, 14 bang Support(n) = E—'V('n E, 1a tong mirc d9 thudc ciia cac mau e

trong 16p thtr i cta nat 14 n, E, 1a tong muic d¢ thuge cua ddi tugng e trong nit Ia n.
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- L_FRF la ma trén c6 kich thudc (T xMAX, ), véi MAX, =max{N;,N,,..,N,}, trong d6 mdi phan tir cia

ma tran 1a mot vécto kich thude | c6 Support(i) bang do hd trg ciia nit 14 n trén cay t. Mot s6 phan tir cia ma
trn khong chira thong tin vi tat ca cac cay khong c6 1a ndo dat MAX,, . Tuy nhién ma trdn L_FRF bao gom

tat ca cac thong tin dugc tao ra boi FRF, trong khi cac thong tin nay duoc str dung dé phan 16p cac mau e.
- L_FRF;,; tham chiéu dén phan tir cia ma trén chi ra 40 ho trg 16p i cianut la n trén cay t .
- T_FRF,1a ma trdn c6 kich thuéc (T x 1) bao gdm d¢ chdc chin (confidence) ciia mdi cay t déi voi mdi 16p i.

- D_FRF la mét vécto co kich thuéc I, chi do chac chin ctia FRF d6i voi mbi 16p i.
2. Phan lép trong rimng ngau nhién mo

Phén 16p m¢ duge P. Bonissone va cac cong sy [15] dua ra hai dang mo hinh dugc goi 1a Strategy 1 va Strategy 2
nhu sau:

For oach troe
Fagrel, R Fagget, Faaged
N r N
Leat1 — g — Leal 1 —
Leaf 2 ] "-' decision Leaft 2 |
e 2 -/ | oftree 1
Lea’N,— ¢ / ILeaf N,
Lear1 | g JI / [Leat1}— J,
Leal 2 %3 - | decision | [ | Leaf2 \
) §3 )| otiree2 5 u / 4 g \
examp'e - 'R — 32 || decssion l”'“"‘P“k' 2 3% | cecision
| \ Leal N, g{ forast \ Leal N Eg | forest
— \ |
| \ |
| l'
\ [Loert ] E l". Leaf 1
'-. Leaf2 - — p: '--, | decision \ Leaf 2 |—
i BE /|oftreeT
Leaf N, —— § e Leaf N, |—+—
Strategy 1 Strategy 2

Hinh 2.1. M hinh phan 16p mo [15]

a) Mo hinh 1 (ki hiéu Strategy 1)

Tong hop thong tin tir cac 14 trong mdi cdy quyét dinh khac nhau. Sau d6 tong hop ciy quyét dinh thi tao duoc
mot rimg. Ham Faggrel, st dung tong hop thong tin tir cac 14 trén mdi cdy, ham Faggrel, sir dung tong hop thong tin
tir céc cay quyét dinh. M6 hinh phén 16p Strategy 1 dwoc thyc hién boi thuat toan 2.3 nhu sau:

Thuit toan 2.3. FRF Classification (Strategy 1)

FRFClassification(Input e, Fuzzy Random Forest; Output ¢ )
Begin
DecisionsOfTrees(in: e,Fuzzy Random Forest; out: T_FRF);
DecisionOfForest(in: T_FRF; out: c);
End;
DecisionsOfTrees(in: e,Fuzzy Random Forest; out: T_FRF)
Begin
1) Taomatran L_FRF
2) For each tree t do {For each class i do T _FRF,; = Faggrel, (t,i,L_FRF)}
End;
DecisionOfForest(in: T_FRF; out: c)
Begin
1) Foreachclassido D_FRF, = Faggrel, (i, T _FRF)
2) c=argmax;,,,{D_FRR}

End;

Ma trdn L_FRF va ham tng hop thong tin Faggre duoc xac dinh nhu sau:

- Matran L_FRF duoc tao ra bang cach quét mau e tren cac cay t

- Céac ham tong hop thong tin Faggre coi nhu trong s6 cua cdy trong FRF va xac dinh nhur sau:

FaggreL, (t,i,L_FRE)={ " ' = 29,8 {ZL FR t“'} 2.1)
0 otherwise
Faggrel2 |T FRF =iy(MJxT_FREi (2.2)
— size(OOB,) '
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Vi u la ham thude dugce xac dinh :
1 0<x< pmin+marg
( pmax+marg ) —

u(x)= - pmin+marg < x < pmax + marg (2.3)
pmax — pmin
0 pmax+marg < X
Trong dé: pmax =m errors(O0B) ||+ 16 161 16n nhi trong céc iy cia rimg, = S(Q0B) o 1o
: = _ _— U , ——————~
£ Pt size(OOB,) ' & Y & size(0OB,) Y

16i cta cay t, errors(OOB‘)sé 16i khi thuc hién phan 16p thuc hién trén cdy t st dung dir liéu kiém thir OOB,
pmax — pmin

size(OOR ) kich thude cua dit liéu kiém tra OOB cua cay t. pminla ty 1€ 13i cua cdy t va marg = 1

Cac cay trong FRF bao gio ciing c6 trong s6 16n hon 0. Trong s6 thé hién ty 1¢ 131, vi thé cay co ty 1¢ 1i thap
nhét thi c6 trong sb 1a 1.

b) M6 hinh 2 (ki hiéu Strategy 2):
Tong hop thong tin tir tat ca cac la trén tat ca cac cdy tao thanh rung. Ham Faggre2 duoc st dung tong hop
thong tin tir tat ca cac 1a. Phan 16p theo mo hinh Strategy 2 dwoc thuc hién boi thuat toan 2.4.

Thudt todn 2.4. FRF Classification (Strategy 2)
FRFclassification(in: e, Fuzzy Random Forest; out: c)
Begin

1. Taomatran L_FRF
2. Foreachclassido D_FRF, = Faggre2(i,L _FRF)

3. c=argmax;;,,{D_FRF}
End;

Trong thudt toan nay thi ma tran L_FRF duoc tao ra thong qua chay méu e trén cdy trong ring va ham tong hop
thong tin Faggre 2 dugc xac dinh bai cong thire sau:

;
Faggre2(i, T _FRF)=>u

t=1

errors OOB iT ERE 2.4)
S|ze(OOB) L '

n=1

errors(OOB,)

Vi ham thude _—
' 'u[ size(OOB,)

j duogc xéc dinh twong tu thuat toan 2.3.

III. PE XUAT PHUONG PHAP IFRF

Trong phan nay ching toi dé xuat giai phap mo rong rimg ngau nhién mo duge goi 1a Improve Fuzzy Random
Forest, Viét tat la IFRF. Phuong phap rimg ng':lu nhién mo FRF [15] du trén RF [11]. Do vay, FRF tao cdy theo muc
tiéu 1ay mau ngiu nhién c6 hoan lai, ciy khong cit tia, cang nhiéu cay khac nhau cang t6t. Phuong phap FRF [11] dugc
phat trién dua trén RF sir dung ham thudc trong ly thuyet mo dé xac dinh trong so tong hop céy. Do do, céy dugc tao ra
trong FRF cung la cay khong cét tia. Cay khong cét tia 1a nguyén nhan dan dén sy mét can bang trén cdy, anh hudng
dén d6 chinh x4c phan 16p va du bao, mit thoi gian tim kiém va khong gian luu trit cac nat va gdy ra hién tuong
overfitting dit liéu. Do d6, dé cai thién cac vin dé néu trén ching t6i dé xuét giai nhap cai tién bing cach cit tia cay
quyét dinh m& (FDT) trude khi bd sung vao FRF. Phuong phap duoc trinh bay trong thuit toan 3.1 va 3.2 dudi day:

Thudt toan 3.1. Improve Fuzzy Random Forest (EFRF)
IFRF(input: E, Fuzzy Partition; output: Fuzzy Random Forest)
Begin
1. Tao tap con sub data set(SDT): Liy ngéu nhién c6 hoan lai |E| mau tir tip dit liéu huan luyén E
2. Xay dung cdy quyét dinh mo (Fuzzy Decision Tree - FDT) tir tap con SDT
3. Cay dugc cit tia tir FDT goi 1a FDTp
4. Lip lai budc 1 va bude 3 cho t6i khi tit ca cac cay quyét dinh md (FDT) dwoc xay dung.
End.
Thuét toan 3.1 thuc hién k¥ thudt cit tia cdy sau khi xay dung cay quyét dinh mo (FDT). Do vdy, day 1a k¥ thuat
cét tia sau khi xdy dung cay (Postpruning). Phuong phap cit tia nay khong phu thudc vao giéi han cua ciy, va
duoc thuc hién cit tia theo mot diéu kién hoac mot phuong phap heuristic nao do.
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Brieman’s v6i phuong phap cost-complexity pruning (CCP), va J. R. Quinlan v6i phuong phép Pessimistic
Error Pruning (PEP) 1 k¥ thuat Postpruning da chi ra rang qua trinh cit tia lam giam s6 cdy con tir ciy quyét dinh ban
dau va hiéu qua hon cac phwong phap pre-pruning.

Trong bai bao nay, phuong phap t01 uu giai thuat di truyen [10], dugc tmg dung dé phat hién cay con can cit tia
bang cach biéu dién ciy nhu chudi gen gdm cac bit 0 (khong cit) hodc 1 (cat) dugc goi 1a trong s6 nhanh cua cay. Sau
d6, str dung cac toan tir 1a Crossover va Mutation dé lai tao ra cac thé hé tiép theo. Tiép theo thuc hién lwa chon cé thé
trong quan thé dé thuc hién lai tao (sinh ra cac ca thé cho thé hé ké can) trong cic quan thé bang cach xay dung ham
Fitness. Fitness la mot ham wdc luong gid tri trong s6 mdi cac thé trong quan thé. Ca thé dugc chon theo mot diéu kién
trong s6 nao d6. Tir cac yéu td trén ching t6i dé xuat phwong phép cit tia nhur sau:

Thudt todn 3.2. Cit tia cdy quyét dinh mo
PruningFuzzyDecisionTree (input : T;Output: T )

Begin
1) Tao ngiu nhién h[P] gia thuyét; Khoi tao quan thé P
2) Tinh ham Fitness(h)=aN(T)+ BE(T), Véi N(T) 1a s nat cia cdy quyét dinh mo T; E(T) la s6 18i
clia cdy quyét dinh mo T; «, £ 14 hai trong s6 chi kich ¢& va s 161 cua cay quyét dinh mo
3) Tao mot thé hé méi Ps , o
a. Tinh xac suat Pr(h;) gia thuyét h; trong quan thé P theo cong thurc
Fitness (h,
pr(h)=—mess() (3.1)
> Fitness(h,)
j=1
b. Crossover: Chon cap gia thuyét co cung gia tri Pr(h;) tir P. Vi du chon cép (hy,hy)cé cung gid tri
xac xudt Pr(h1)=Pr(h2). Sau d6 tao ra cac con cdp (hy,h) bang cach ép dung toan tir Crossover.
Thém tat ca cac con vao Ps. ) ) y )
C.  Mutate: Chon m phén trdm so gia thuyét cua Ps cd cung mot xac suat. Moi mét gia thuyét chon
ngau nhién mot bit d€ nghich dao.
4) CapnhatPs=P
5) Lip lai budc 2 dén 4 cho toi khi Fitness(h) <5 (6 1a gi tri ngudng 6 truéce). Thu dugce cay T cb cée
canh dugc gan gia tri trong §6 1a 1 toi da}.
6) Loai bo cac canh cé trong s 1 ¢6 cay cat tia T’
End;

IV. THUC NGHIEM VA PANH GIA MO HINH PHAN LOP IFRF

Trong phin nay, ching toi tién hanh thir nghiém mo hinh phan 16p IFRF trén 8 bo dir liéu trong kho dit liéu
UCI[4] dugc mo ta chi tiét trong bang 4.1, v6i [E| 1a s6 mau, M 14 s6 thude tinh, I 1a s 16p va Abbr 1a tén viét tit cia
dir liéu. Thyc nghiém dugc thuc hién ddi v6i truong hop dir liéu mét gia tri va dir liéu mo, cho biét do chinh xac cua
mo hinh bang cach sir dung phuong phap kiém tra chéo Cross validation, sé nat ciia IFRF trude va sau khi cit tia.

Béng 4.1. Dit liéu thir nghiém UCI [4]

Data set Abbr (abbreviation) |E| M |
Appendicitis APE 106 7 2
Wisconsin breast C. BCW 683 9 2
German credit GER 1000 24 2
Glass GLA 214 9 7
lonosphere ION 351 34 2
Iris plants IRP 150 4 3
Pima Indian diabetes PIM 768 8 2
Wine WIN 178 13 3

Céc tham s6 duoc thiét 14p cho mo hinh phan 16p IFRF nhu sau: Sé cay la T(100,150); S6 thudc tinh dwgce chon
ngdu nhién log, (|M|+1)vei M| 1a 6 thuge tinh; M3i cay quyét dinh m cua IFRF duoe xdy dung tdi da (nit ¢ cac
méu cung thudc mot 16p hodc tap cac bién thude tinh 1a rdng) va khong cit tia; a% (5%, 15% va 30%) gia tri khong
chic chan (gia tri thiéu hodc gia tri mo); Dit liéu hudn luyén dugc 1y ngdu nhién bing a%>x|E|x|M| mau tir tap dix
lieu D (DataTraina = Randomsiz (D, a%x|E|x|M |)) va dit liéu hudn luyén 1a phin con lai sau khi da 14y dit liéu huén
luyén ra khoi tp dit ligu D (DataTest = D(|E|—|DataTrain])).

Dé thdy duoc tinh hi¢u qua clia phuong phap m rong IFRF ddi véi dit ligu khong chic chin (Dt ligu mat gia
tri va dir liéu mo). Chang t6i st dung dit lidu kiém tra (DataTest) dé danh gid md hinh phan 16p cia IFRF. Dit liéu



816 VE CAI TIEN PHUONG PHAP FUZZY RANDOM FOREST, UNG DUNG CHO PHAN LOP DU LIEU KHONG CHAC CHAN

kiém tra duoc chig lam hai truong hop: (1) Céc gia tri bi mat co ca trén thudc tinh lién tuc (thudc tinh sé) va thudc tinh
roi rac; (2) Chuyén cac thudc tinh s6 sang dang dit liéu mo s dung ham thudc hinh vudng [11] khac nhau cho cac

thudc tinh khac nhau.

. Phuong phap st dung dé danh gida mo hinh phan 16p IFRF la phuong phap kiém tra chéo (Cross Validation)
bang cach chia tap dir li¢u thanh 10 phan nhu nhau (10-fold cross validation) va thuc hién ldp 5 lan (5x10-fold cross
validation). D¢ chinh xac phan 16p va so nit cia md hinh bang trung binh cua 5 lan ldp. Két qua thuc nghiém dugc

miéu ta trong bang 4.2 va bang 4.3.

Bang 4.2. Két qua thir nghiém véi dit liéu thiéu

Khong cit tia Cit tia
Dir liéu £, Do chinh xac £ . D¢ chinh xac

SOmit o T 15% | 30% | 0™ [ | 15% | 30%
APE 12 90.31 90.1 9092 | 8 91.13 | 90.35 | 86.42
BCW 165 97.19 | 96.52 94.39 | 89 97.31 | 95.12 | 92.89
GER 274 75.98 | 72.82 7152 | 165 76.68 | 71.86 | 71.25
GLA 52 71.04 | 66.71 60.46 | 29 7766 | 71.05 | 70.01
ION 86 95.47 | 93.75 90.32 | 58 96.41 | 93.18 | 91.79
IRP 13 96.1 | 93.22 80.62 | 5 97.33 | 96.03 | 94.38
PIM 145 76.32 | 74.57 69.67 | 55 77.14 | 7555 | 73.58
WIN 9 93.46 91.6 83.66 | 7 97.87 | 96.01 | 93.47

Bang 4.3. Két qua thir nghiém vai dir liéu mo
Khong cit tia Cit tia
Dir liéu £, P§ chinh xac £, Do chinh xac

Somit oo T 15% | 30% | ™' [ 5% | 15% | 30%
APE 15 91.13 | 90.52 90.76 | 8 9092 | 91.34 | 91.97
BCW 150 97.31 | 96.61 9351 | 78 97.73 | 96.89 | 93.63
GER 254 76.68 | 76.89 76.62 | 145 76.76 76.6 | 76.36
GLA 48 7766 | 73.74 70.67 | 29 7658 | 73.74 | 71.98
ION 85 96.41 | 95.42 93.35 | 52 96.94 | 95.88 | 94.29
IRP 13 97.33 | 96.02 92.09 | 5 98.64 | 96.02 | 92.09
PIM 142 7714 | 76.45 73.57 | 53 7766 | 76.62 | 75.06
WIN 9 97.87 | 97.67 94.28 | 7 9758 | 97.16 | 95.03

Dé ching minh tinh hiéu qua phuong phap mé rong IFRF, chung t6i tién hanh thir nghiém so sanh d6 chinh xac
cua thuat toan IFRF v6i mot s6 thuat toan phan 16p mo FRF va mét s6 thuét toan phéan 16p khac do 1la RF va Boosting

¢6 cung tham s6 da thiét 1ap trén. Két qua cho bang 4.4.

Bing 4.4. Két qué thir nghiém véi dit liéu thiéu 5%

Trong bai bao nay, chung t6i da dé xuit mot phuong phap mo rong FRF duoc goi la IFRF béng cach cét tia cay
quyét dinh mo trude khi bd sung vao tap cay trong rung. Chién luoc cét tia ciy dua trén giai thuat di truyen Céch tiép
can nay cua ching t6i da cho thdy dwoc hiéu qua phan 16p, ma cu thé do chinh xac phan 16p tdt hon hin cac phuong
phap phan 16p quan thé khac nhu RF, Boosting va FRF hinh 5.2 Diéu nay da dugc chimg minh qua thir nghiém trén
cac bo dir liéu thibu gia tri va dir liéu mo. Dac biét thue nghiém cho thiy s6 nit st dung cho cay giam tir 20% dén 60%

$0 v6i trude khi thue hién cét tia hinh 5.1.

Data Set NoTree RF Boosting FRF IFRF
APE 140 89.15 87.35 90.31 | 91.13
BCW 125 97.07 9451 97.30 | 97.73
GER 200 72.68 65.79 7297 | 76.68
GLA 120 78.85 74.89 78.38 | 77.66
ION 175 93.45 94.09 94.66 | 95.79
IRP 120 95.33 96.67 97.33 | 98.38
PIM 150 75.26 66.18 76.53 | 76.58
WIN 150 98.03 97.20 97.48 | 98.47

V. TONG KET
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Hinh 5.1. Biéu dd so sanh sb nit trong cay giita FRF va IFRF

Biéu dd hinh 5.1 cho thy sb nat phuong phip m¢ rong cua ching t6i sir dung it hon rt nhiéu so voi phuong

phap FRE. Piéu nay ching to bd nhé can sir dung dé Iuu trit cic nut trong cay ciia phuong phap mé rong IFRF it hon
phuong phap FRF.
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Hinh 5.2. Biéu d6 so sanh do chinh xac phan 16p
Két qua hinh 5.1 va hinh 5.2. cho thiy phuong phap m¢ rong IFRF cua chung t6i c6 do chinh xac t6t hon cac

phuong phap phan 16p khac, va dung lugng str dung dé luu trir cdy thip hon hin so véi cac phuong phap phan 16p khac
nhu FRF, RF va Boosting d6i véi dit liéu khong chic chian. Tuy nhién, d6 chinh xac chua dugc cai thién nhiéu, day
cling 12 mot khia canh ma ching t6i quan tim trong tuong lai. Trong thyc nghiém nay ching t6i méi thyc hién thir
nghiém trén dit li¢u thiéu va dit liéu mo. Mot khia canh nita cia dir liéu khong chic chin dit liéu nhiéu va dir liéu ngoai
lai cling ludn ludn xuét hién trong qua trinh thu thap va xir 1y dit liéu thyc té. Day ciing 1a nhém dir liéu can quan tam
Xt ly trong twong lai.
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ABOUT IMPROVE FUZZY RANDOM FOREST METHODS,
APPLICATIONS FOR CLASSIFICATIN UNCERTAIN DATA
Nguyen Anh Tho, Nguyen Long Giang, Cao Chinh Nghia

ABSTRACT— The algorithms of data mining and machine learning to achieve classifiers with the data that has been processed to
remove noise data, data inaccuracies, incomplete data and uncertain data. We recognize that classification accuracy could be
improved with uncertain data when use random power of Fuzzy Random Forest method (FRF) to increase the diversity of plants and
the flexibility of fuzzy sets. We expand the method FRF to handle the set with missing values, the data is not sure with techniques of
tree pruning before adding into the forest, which can greatly improve the accuracy of classification and size of storage memory of
FRF trees.



