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PHAN MO PAU

Trong nhitng ndm gan ddy, vin dé hoc mdy tir dir liéu phan bd khong can bang la
mot thach thire 16n cho cac nha nghién ctu trong rt nhiéu mién tng dung thuc té: mang
internet, bao mat, vién thong, quan Iy tai chinh va tin sinh hoc... Viéc phan tich va hiéu
duoc dit liéu tho 1a myc dich cua cac hé thong xtr Iy hd tro ra quyét dinh ngay cang dong vai
trd quan trong va trd nén can thiét. Ching dugc ap dung va di dat duoc nhiéu thanh cong to
16n trong nhiéu tng dung cia cudc séng nhu khai pha tri thirc, k§ thuat xur 1y dir lidu, va
nhiéu img dung khac.

Tuy nhién, nhitng nim gan day véi su xuat hién cua dir liéu phan bd mat can bang
dang trd thanh nguyén nhan gdy ra nhiéu kho khan anh hudng dén céc thuat toan hoc may
chuan, nhitng thuat toan duoc thiét ké va ap dung vao tng dung cua dit liéu phan bd can
bang. Khi nhiing thuat toan chuan nay duoc ap dung vao dir liéu mat can bang, ching xtr 1y
dit liéu 1éch lac, dan dén khong dat dugc do chinh x4c cao gitta cac 16p cua dir liu.

Thém vao d6, van d¢ phan bd dit liéu mat can bang dang ngiy cang tré nén quan
trong trong thuc té, voi lwong 16n cac tng dung. Khi ap dung cac thuit toan phan 16p truyén
théng 1én cac tap dir liéu mat can bang, da sd cac phan tir thudc 16p da sd s& dugce phan 16p
dung va cac phan tir thudc 16p thiéu s cling s& duoc gan nhan 16p 13 nhan 16p cua 16p da sd.
Diéu nay dan dén két qua 1a d6 chinh xac (accuracy) cua viéc phan 16p co thé rat cao, trong
khi gi tri 6 nhay (sensitivity) lai rat thap.

Xuit phat tir thuc té va muc tiéu nhu trén, hoc vién chon thyc hién dé tai luan vian t6t
nghiép chuong trinh dao tao thac si c6 tén “Nghién ciu phan 16p trén dir liéu mat can
bang va &ng dung”.

Noi dung ctia ludn van ngoai phan mo dau, két luan gdm cac chuong chinh nhu sau.
Chuwong 1: Khdo sat tong quan vé phan I6p dir liéu, hoc mdy va cdc van dé lién quan.
Churong 2: Chirong Ny nghién ciru mét sé thudt todn dé gidi quyét bai toan phdn 16p dir
liéu madt cdn bang.

Chwong 3: Thir nghiém phdn I6p dir liéu mdt can bdng dya trén cdc thudt todn dd nghién
cuu trong chuong 2.
Phan két luan tom tét lai cac ndi dung da dat dugc cua luan van, va néu 1én mot sb

goi ¥ vé huéng phat trién tiép theo cua luan vin.
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CHUONG 1. TONG QUAN VE BAI TOAN PHAN LOP DU LIEU
TREN CAC DU LIEU MAT CAN BANG
1.1. Gi6i thiéu vé bai toan phan 16p dir liéu
1.1.1. Khdi niém vé phén I6p dit liéu va bai todn phén I6p dit liéu

o  Phan lop dir licu:

Phan 16p dir lidu(classification) la mot trong nhitng hudng nghién ciru chinh cua khai
pha dir lidu. Thyc té dat ra nhu cau 1a tr mot co so dit liéu voi nhiéu thong tin an con ngudi
c6 thé rut trich ra cac quyét dinh nghiép vu thong minh. Phan 16p 1a mot dang cta phan tich
dir liéu nham rat trich ra mot mo hinh mé ta cac 16p dit liéu quan trong hay dy dodn xu
hudng dir li¢u trong tuong lai.

Phéan 16p du doan gié tri ciia nhitng nhan xac dinh hay nhirng gié tri ro1 rac, c6 nghia
1a thao tac voi nhitng d6i twong dit liéu ma c6 bo gia tri 1a biét trude. Cu thé, phan 16p 1a qua
trinh nhdm céc d6i twong giéng nhau vao mot 16p dua trén cac dic trung dit liéu cua ching.

® Bai todn phan [6p dir liéu:

La qua trinh phan 16p mot ddi tuong dir liéu vao mot hay nhiéu 16p da cho trudc nhd
mot mo hinh phan 16p (model). M6 hinh nay dugc xay dung dua trén mdt tap dir liéu duoc
xay dung trudc d6 co gan nhan (con goi 1a tap huan luyén). Qua trinh phan 16p 1a qué trinh
gan nhin cho dbi twong dit lidu.

Bai toan phén 16p dif lidu co6 thé phat biéu tong quat nhu sau:

Cho U = {A1 A, ...., Am} la tap c6 m thudc tinh, Y = {y1, y2, ....., yn} 1a tdp cac nhan
ctia 16p: v6i D = A1x...x Amla tich Dé - cac cia cic mién caa m thudc tinh twong tng ¢ n
s6 16p va N 1a s6 mAu dir iéu. Mbi dir liéu di € D thudc mot 16p yi € Y twong tng tao thanh
tung cap (di, yi) € (D, ¥).

1.1.2. Quy trinh thwc hién phdn lop dii liéu:

Quy trinh thyc hién phan 16p dit li¢u thuong duoc thuc hién theo 2 budc: Budc thu
nhit (learning) qua trinh hoc va budc thtr hai phan 16p dit liéu méi.

e Budc thir nhat (learning)

Pau vao clia qué trinh nay 1a mot tap dir lidu c6 cau triic duge md ta bang cac thude
tinh va dugc tao ra tir tdp cac bd gia tri cia cac thudc tinh do. Mdi bod gia tri dugc goi chung
12 mot phan tir di liéu (data tuple), c6 thé 1a cac mau (sample), vi du (example)... Trong tap

dir liéu nay, mdi phan tir dir liéu dugc gia sir thude vé mot 16p dinh trude, 10p & day 1a gia tri
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cua mot thude tinh dugc chon lam thudc tinh gan nhan 16p hay thudc tinh phan 16p (class
lable attribute). Dau ra cta budc ndy thudng 1 cic quy tic phan 16p dudi dang luat dang if-
then, cdy quyét dinh, cong thirc logic, hay mang noron.

e Buoc thu hai (classification)

Budc tht hai dung mé hinh da xay dung & budc thir nhit dé phan 16p dir liéu méi.
Holdout 1a mot k¥ thuat don gian dé uée luong do chinh xac d6. K¥ thuat nay s dung mat
tap dir liéu kiém tra v6i cic mau di duoc gan nhén 16p. Cac mau nay duoc chon ngiu nhién
va doc lap vai cac mau trong tap dir licu dao tao. D) chinh xac cia mo hinh trén tap dit licu
kiém tra da dwa 14 ti 1é phan tram cac mau trong tap dir liéu kiém tra dugc mo hinh phéan 16p
ding (so véi thyc té). Néu do chinh x4c ctia mé hinh duoc ude lugng dua trén tap dir liéu
dao tao thi két qua thu duoc 1a rat kha quan vi mo hinh luén c6 xu hudng “qua vira” dit liéu.
Do vay can st dung mqt tap dir li€u ma gid tri cua thudc tinh phan 16p 1a chua biét.

1.1.3. Cac do do danh gia mo hinh phdn lop dir liéu

Qua trinh danh gia mé hinh phan Iép thuong chia 1am 2 phan hay hudng tiép can:
phan chia bg dir liéu d@é hudn luyén va kiém chizng mé hinh.

Mot sé tiéu chi mé ta do hiéu qua caa md hinh phan 16p:

- Accuracy: kha nang mo6 hinh phan 16p dy b&o, phén loai hay xac dinh dang class

cho dit liéu can phan loai.

- Speed: téc do hay kha niang mé hinh dua ra két qua phan tich nhanh chéng, né

con lién qua dén chi phi tinh toan khi xay dung, va sir dung mé hinh.

- Robustness: kha ning ctia mé hinh xir Iy nhidu hozc dit liéu véi céc gia tri bi thiéu

va dua ra du doan chinh xac.

- Scalability: Phuong phap hay kha nang xay dung m6 hinh phan 16p hiéu qua

trong Xt 1y, phan tich lugng 16n dir lidu.

- Interpreability: Ia kha nang giai thich, mra 46 phtrc tap cia mé hinh hay néi cach

kh&c ciu tric mé hinh, phuong phap xay dung mé hinh c6 d& hiéu hay khong.

C6 2 phuong phap danh gia pho bién Ia holdout va cross-validation.

e Holdout:

Holdout, 1a phwong phap phan chia ngau nhién tap dir liéu thanh 2 tap dix liéu doc lap
|a: tap dir liéu huan luyén va tap kiém dinh mé hinh. Cu thé trong phuong phap Holdout ta
sé 0 cac tap dir lieu:

- Training set: di liu phuc vu xay dung mé hinh, xac dinh cac thuat toan, bién dit liu



phu hop

- Validation set: 1a di liéu duoc sir dung dé danh gia hiéu suit cia mé hinh duoc xay
dung trong giai doan huan luyén, hd tro thir nghiém dé tinh chinh cac tham sé6 mo
hinh va chon mé hinh hoat dong tét nhat.

- Test set: & dit lidu duogc sir dung dé danh gia d6 hiéu qua caa md hinh, mtc d6 chinh
xac trong viéc phan loai dir liéu (khéng chira nhén phan loai).

Thudong ti 16 phan chia cho training data set 13 70% va test data set 1a 30%. Uu diém
cua Holdout 1a nhanh chéng, don gian va linh hoat.

e Cross - validation:

Cross - validation 1a mot ki thuat phan chia tap dit liéu ban dau thanh training data
duoc str dung dé huan luyén mé hinh va mét tap di liéu doc lap dugc s dung dé danh gia.
Phuong phéap nay 13p lai nhiéu lan cho dén khi c6 k sé md hinh khac nhau, sao cho mdi lan,
mat trong cac tap k duoc sir dung lam tap kiém thir cac tap con lai khac dugc ghép lai Voi
nhau tao thanh tap huan luyén. Viéc udc tinh d6 chinh xac hay 13i (accuracy hay error) duoc
tinh trung binh trén tat ca cac tha nghiém k dé danh gia mic do hiéu qua caa ca md hinh.

e Confusion Matrix

La mot phuong phap danh gia két qua ciia nhitng bai toan phan loai véi viéc xem xét
ca nhitng chi s vé do chinh x4c va do bao quat ciia cac du doan cho ting 16p. Mot
confusion matrix gdm 4 chi s6 sau vi mdi 16p phan loai:

Str dung bai toan vé chan doan ung thu dé giai thich 4 chi s6 nay. Trong bai toan
chan doan ung thu ta c6 2 16p: 16p bi ung thu dugc chan doan Positive va 16p khong bi ung
thu dugc chan doan 13 Negative:

- TP (True Positive): S6 lugng du doan chinh x4c. La khi mé hinh du doan ding

mot ngudi bi ung thu.

- TN (True Negative): S6 luong du doan chinh xac mot cach gian tiép. La khi mo
hinh du doan ding mdt ngudi khong bi ung thu, tic 1a viéc khong chon truong
hop bi ung thu 1a chinh xac.

- FP (False Positive - type 1 error): S6 luong cac du doan sai léch. La khi mo hinh
du dodan mdt ngudi bi ung thu va nguoi d6 hoan toan khée manh.

- FN (False Negative - type 2 error): S6 luong cac du doan sai 1éch mot cach gian
tiép. La khi mé hinh du doan mot nguoi khong bi ung thu nhung ngudi d6 bi ung

thu, tic 1a viéc khong chon trudng hop bi ung thu 1a sai.
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Tt 4 chi sd nay, ta c6 2 dai luong dé danh gid muc do tin cdy cia mot mo hinh:
- Precision: trong tat cac cac du doan Positive dugce dua ra, bao nhiéu du doan la
chinh xac? Chi sé nay duoc tinh theo cong thirc:

P

Precision= ——

TP + FP

- Recall: Trong tt ca cac trudong hop Positive, bao nhiéu trudng hop da duoc du
doan chinh x4c? Chi sé nay dugc tinh theo cong thuc:

P
TP + FN

Recall =

Gia st c6 1 tap dit liéu gdm 100 nguoi v6i 90 ngudi khoe manh (Negative) va 10
ngudi mic bénh ung thu (Positive) va mé hinh du doan dung 2/10 ngudi bi ung thu, tic 1a
dua ra dy doan 2 nguoi bi ung thu thi ca 2 dy doan déu chinh xac. Nhu vay, chi s6 Precision
khi du doan 16p ung thu 1a 1.

Tuy nhién, 8/10 ngudi con lai da bi bo qua, tir d6 chi s6 vé Recall chi 14 0.2 - con sb
rat thap. Dé danh gia do tin cdy chung ctia mo hinh, nguoi ta da két hop 2 chi s6 Precision
va Recall thanh 1 chi sb duy nhét: F - score, duoc tinh theo cong thirc:

_ 2*Re call *Pr ecision
F - measure =

Re call + Pr ecision
1.2. Dir li€éu mat can bang

1.2.1. Khdi niém vé di ligu mdét cin bing

Dt liéu thu thap duogc trong thuc té xuat hién nhiéu cac b dir liéu mat can béng,
nghia 13 trong tap dit lidu c6 su chénh 1éch 16n vé sb luong cac phan tir gitra cac 16p. Lop co
nhiéu phan tir hon ta goi 12 16p da sd, 16p c6 it phan tir hon ta goi 1a 16p thiéu sb. Cac bo dir
liéu trong nhiéu ung dung thuc té, chéng han nhu phat hién cac giao dich gian lan, phat hién
xam nhap mang, du doan rui ro trong quan 1y, chan doan y khoa, ...

1.2.2. Cic ddic diém phdn 16p div liéu mdt cin bang:

Su chénh 1éch vé sb luong giita 16p da sb va 16p thiéu sé 1am cho viéc phan 16p dung
cac mau thudc 16p thiéu s bi giam hi¢u qua. Muc do mét can b%lng ctia bo dit liéu duge biéu
thi bang ty 18 giita s6 lvgng miu cua hai 16p. Ty 1é mat can bang cua tap dir liéu cang cao thi
viéc phat hién dung cac mau cia 16p thiéu sé cang kho khin. Trong cac Gmg dung thuc té, ty

1¢ mit c4n bang co thé 1a 1:100, 1:1000, ... tham chi c6 thé hon.
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1.2.3. Cdc ieng dung ciia phan I6p dit liéu mit cén bang

Bai toan phan 16p dit liéu c6 rat nhiéu ing dung trong cac linh vic khoa hoc, cong
nghé va doi sdng xd hoi nhu: Trong nganh y té, phén tich thi trudng ban 1, trong nganh
gido duc, Quy trinh san xuét, Phat hién gian 1an, HJ trg diéu tra t6i pham, Nganh tai chinh -
ngan hang.....

1.3. Tong quan k¥ thuét xir 1y dir liéu mét cin bang

C6 thé phan chia cac k¥ thuat thanh hai hudng tiép can chinh: huéng tiép can & mirc
do dir li¢u va hudng tiép can & mic do thuat toan.
1.3.1. Huwéng tiép cdn 6 mirc dé dir ligu

Tiép can ¢ mac d6 dir liéu c6 muc tiéu diéu chinh ti 16 mat can b::ing gitra hai 16p
trong bo dit liéu. Cac phuong phap & hudng tiép can nay cé nhiéu hinh thic khac nhau cia
viéc 1dy mau nhu: sinh thém cac phan tir 16p thiéu sb (sinh ngau nhién, sinh thém phan tir
nhan tao, ...), loai bo cac phan tir 16p da sd, hoic két hop ca hai phwong phap trén.

e Sinh thém phan tir I6p thiéu sé

Hién nay, c6 nhiéu phuong phap sinh thém phan tir cho 16p 16p thiéu sé nhu: sinh
ngiu nhién phan tir 16p thiéu sd, Iya chon phan tir 16p thiéu s6, hay sinh thém mau nhan tao.

Sinh ngiu nhién cac phan tir & 16p thiéu sd (Random Over-sampling) 13 phuong phap
don gian nhat nham can bang phan 16p thong qua viéc nhan ban ngau nhién cdc mau 16p
thiéu s6. Y tudong ciia phuong phap nay 1a lya chon ngiu nhién cic miu thudc 16p thicu sd
va nhan ban chung tao ra miu méi gidng hét chiing.

e Loai b6 phan tir I6p da s6

Loai bo phan tir 16p da s6 1a phuong phap diéu chinh phan bd dit liéu bang cach giam
b6t s6 lwong phan tir 16p da s6.

Loai bo mét cach ngiu nhién cac mau thudc 16p da sé (Random under -sampling) 1a
cach don gian nhat. Phuong phap nay thyc hién loai bo ngiu nhién phan tir thudc 16p da sé
trong tip huan luyén cho t6i khi c6 duogc ty 1¢ phu hop giita hai 16p. Vi 1y do nay, sb luong
phan tir trong tap huan luyén giam dang ké.

1.3.2. Huéng tiép cin 6 mive dé thudt todn
Tiép can ¢ muc do thuat toan nghia la diéu chinh cac thuat toan phan 16p dé tang do

chinh xac khi phan 16p d6i véi dir liéu mat can bang. Chién luoc chung dé ddi phé véi van
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dé mat can bang trong cac bo dir liéu 1a lya chon mot khuynh huéng quy nap thich hop. Céc
k¥ thuit sau day c6 thé giup dao tao mot bd phan loai dé phat hién ra 16p bit thudng.
1.3.2.1. Sur dung cac chi sé danh gid phit hop

Céc chi s6 danh gia thay thé khac co thé dugc ap dung nhu:

- Do chinh xac / d§ dac hi¢u: bao nhiéu truong hgp dugc chon co lién quan. Nhé lai /
D0 nhay: bao nhiéu truong hop co6 lién quan dugc chon.

- Piém s6 F1: trung binh hai hoa ciia d6 chinh xac va thu hoi.

- MCC: hé sb twong quan giita phan loai nhi phan duoc quan sat va duoc du doan.

- AUC: mbi quan hé giira ty 1¢ thuc duong va ty 1¢ duong tinh gia.
1.3.2.2. Sur dung K - fold Cross - Validation dung cach

béang chu y 1a cross - validation phai dugc &p dung dung cach trong khi st dung
phuong phap over - sampling dé giai quyét cac van dé mat can doi.
1.3.2.3. Tdp hop cdc tap dir liéu dwoc ldy mau khédc nhau

Céch d& nhat dé khai quat hoa mo hinh thanh cong 1a sir dung nhiéu di liéu hon. Van
dé 1a cac bo phan loai out - of - the - box nhu hdi quy logistic hodc rimg ngiu nhién ¢ xu
huong téng quat hoa béng cach loai bé 16p hiém. Mot thuc hién tt nhat 1a xay dung n mo
hinh str dung tat ca cic mau clia cac mau hiém va n - khac biét caa 16p phong phd.
1.3.2.4. Ldy mdu véi cdc ty 1é khdc nhau

Céch tiép can trudc d6 c6 thé duoc tinh chinh bang cach thay doi ty 1¢ giira 16p hiém
va phong pht. Ty 1& tot nhit phy thudc nhiéu vao dir liéu va cac md hinh dugc st dung.
Nhung thay vi dao tao tit ca cac mo hinh voéi ty 18 twong tu nhau, c6 thé tong hop cac ty 1&
khac nhau. Vi vay, néu 10 md hinh duge dao tao, ¢ thé diéu chinh dé mot méd hinh ¢ ty 1€
1:1 (hiém: phong pht) va mét mé hinh khéac véi 1:3, hodc tham chi 2:1.
1.4. Két luén chwong 1

Chuong I cta luan vin da gidi thiéu vé bai toan phéan 16p dit liéu va quy trinh phan
16p dit liéu, cac dd do danh gia cac mé hinh phan 16p dit liéu va mot sb tng dung.

Chuong nay luan vian ciing trinh bay vé dit liéu mét can bang, cac dic diém cia phan

16p dir liéu mét can bang ciing nhu mot sé ki thuat xir 1y dir liéu mit cin bang.
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CHUONG 2. MOT SO THUAT TOAN PHAN LOP DU LIEU
MAT CAN BANG
2.1. Thuat toan DEC - SVM
2.1.1. Gioi thiéu thudt toan

Thuét toan may vector hd trg (Support Vector Machines - SVM) thuong duoc st
dung xay dung cac bd phan 16p dir liéu.

Pinh 1y 2.1 sau day dam bao co s¢ toan hoc cho SVM [7].

Pinh 1y 2.1: Cho tap hop gdom m diém trong khong gian R, Ta chon mét diém nao
d6 trong chung 1am diém gdc va tao thanh m-1 vector diém. Khi d6 m diém da cho c6 thé
duoc phan tach bdi mot siéu phang co6 huéng khi va chi khi tip hop cac vector diém 1a doc
1ap tuyén tinh.

Khoang cach cua diém dit liéu gan nhéat ciia mdi 16p dén siéu phang phan tach goi la
bién (hay 18). Trong sb céc siéu phang thoa mén dinh 1y 2.1, siéu phang tdi wu c6 bién 16n
nhat s& dugc lya dé phan tach cac diém. Cac k¥ thuat SVM nham nghién ctru xay dung cac
siéu phang toi uu nay mot cach hiéu qua nhat.

Uu diém nbi bat cua phuong phap SVM 1a thuc hién tdi vu toan cuc cho mé hinh
phan 16p. Do d6, m6 hinh SVM c¢6 chét luong cao, chiu dung dugc nhidu. Mit khac, SVM
12 mot phuong phap tét (phu hop) d6i voi nhimg bai toan phan 16p c6 khong gian biéu dién
thudc tinh 16n. Cac ddi tuong can phan 16p duoc biéu dién bai mot tap rat 16n cac thude
tinh.

Tuy nhién khi ap dung truc tiép thuat toan SVM cho phan 16p dit liéu mét can bang
c6 thé khong dat duoc két qua mong mudn. Ly do 12 SVM thudng c6 xu hudng thién vi dbi
v6i 16p da sb va bo qua 16p thiéu sb (xtr 1y chiing nhu 13 nhiéu) [8]. Viéc phan loai sai cac
mau thudc 16p thiéu sé co thé gdy nén nhing ton that 1én dbi voi cac bai toan thuec té.

Dé khic phuc van dé trén, phuong phap sinh thém phan tir nhan tao cho 16p thiéu sb
1a phuong phap kha pho bién thudng duoc sir dung. Tuy nhién, trong nhiéu trudng hop, viée
sinh thém mau c6 thé sé& tao ra nhimg mau du thira hoic nhidu 1am anh hudng téi hiéu qua
phan 16p.

Do do, trude khi st dung SVM can ap dung thuat toan DEC (a novel Differential
Evolution Clustering hybrid resampling- DEC) [9] dé diéu chinh dit liéu cho bai toan phan
16p dir liéu mat can bang. Thuat toan DEC 1a sy két hop gitta phwong phép sinh thém phan
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tir cho 16p thiéu s va sir dung k¥ thuat phian cum K-means dé loai bo b6t phan tir du thira,
nhiéu trong dit liéu. V&i mbi mau thude 16p thiéu sd, tao ra mot mau dot bién tir hai trong )
nhiing lang giéng gan no nhét, sau d6 sir dung thuat toan di truyén dé sinh thém phan tir cho
16p thiéu s tir mau thiéu sb ban ddu va mau dot bién mai tao ra. Sau khi diéu chinh dir liéu
bang thuat todan DEC, thuat todn SVM sé& duoc sir dung dé xdy dyng mé hinh phan 16p.

Nhu vay, thuat toan DEC-SVM co6 thé xem nhu sy két hop gitra hai thuat toan DEC
va SVM. Noi dung trinh bay trong muc nay tham khdao tir tai li¢u [4].

2.1.2. Khdo sat ndi dung thudt todn
2.1.2.1. Piéu chinh dit liéu bang thudt todn DE (Differential Evolution over-
sampling)

Vi thuat toan SMOTE, mau méi s& dugc sinh ra tr mot mau positive ban dau va
mot trong nhitng lang giéng cta nd. V4i nén tang 1 thuat toan SMOTE, tuy nhién, trong
thuat toan DE, tir hai trong s6 cic lang giéng gan nhit ciia mot mau positve s& tao ra mot
mau “dot bién”, va mau méi duge sinh ra bang cach lai ghép chéo mau dot bién nay va mau
positive ban dau.

o Dot bién

Trong tap dit liéu huan luyén, dau tién chon ngiu nhién mot mau positive x; va tim k
lang giéng gan nhét cua nd, sau d6 chon ngiu nhién hai lang giéng trong k lang giéng do: Xn1
VA Xn2 . MOt mau dot bién xmu s& duoc tao ra bang cach st dung cong thirc (1) véi rand(0,1)
1a hang s6 ngau nhién trong khoang [0,1]:

Xmu = Xi + rand(0,1) x (Xn1 - Xn2) (1)
e Crossover:

Qua budc dot bién, ta tao ra sé luong miu dot bién ding bang sd luong miu positive
ban diu trong tap dir li¢u huin luyén. O budc nay, ta s€ s dung cac mau dot bién cung voi
cac mau positive ban dau dé tao ra miu nhan tao moi.

Cu thé, cac mau moi s& duoc hinh thanh dua theo (2):

_ (x;  if rand(j) > CR) and j # rand(s)
xnew,j . (_)

Xmy,j Lf (rand(j) < CR) or j = rand(s)
Trong d6 Xij dai dién cho thudc tinh thir j cia mau thi i
CR 1a hang sb crossover dugc Iya chon ngau nhién trong [0, 1] va dugc xac dinh

trudce boi nguoi dung.
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rand(j) 1a gia tri duoc lya chon ngau nhién trong khoang [0, 1].

Gia tri cua bién rand(s) 1a chi sd cua cac thudc tinh duge 14y mot cach ngiu nhién,
dam bao rﬁng mau méi sinh ra s& co it nhat mot thudce tinh tir mau dot bién.

S6 mau nhan tao duoc tao ra ding béng s6 mau nhan tao ban dau. Tuy thudc vao sb
luong mau possitive can léy, 1ap lai cac budc dot bién va crossover cho dit liéu huén luyén.
2.1.2.2. Ky thudt lam sach dir lieu si dung phan cum

Sau khi thuc hién thuét toan DE, dit liéu thu dugce da duoc cai thién hon vé ti 1¢ gitra
hai 16p. Tuy nhién, khong loai trir kha ning sinh ra nhitng mau du thira hoic nhidu. Dé khac
phuc, ta s€ sir dung k¥ thuat phan cum dé phan cum cho tap dir liéu v6i muc dich loai bo
nhitng mau khong can thiét.

Néu nhu tit ca cac miu trong mot cum déu c6 ciing mot nhan 16p (tte 1a hodc cung 1a
positive hodc cung 1a negative), ta sé tién hanh loai bo nhitng mau du thira hodc nhidu. Vi
vu v6i cum F ¢6 chira tt ca cac miu negative, ta s€ thuc hién theo nhiing budc sau:

- Xéc dinh ngudng tuong dong trong [0,1]

- Tinh X theo cbng thirc (3)

= _ 1 on ‘
Ko 7lizf=1x’ 3)

- Tim mau trung tim Xc € F gan X nhat

- Tinh d¢ twong ddng Sic gitra mdi dau xi € F va X theo (4). Néu Sic 16n hon ngudng
tuong dong thi xi s& bi loai khoi F

Yh=1%ik* X jk

JE R 2 B #2500

Sic =

(4)

Ngudng twong déng cang nho thi cang nhiéu mau bi loai bo

Trong d6: ni 13 s6 luong mau trong cum thir i, xik 13 thudc tinh thir k ctia miu xi, Sijla
d6 twong dong gitra xi VA X;
2.1.2.3. Thudt toan DEC-SVM

Sau khi sir dung thuat toan DEC dé diéu chinh dit liéu, ta sir dung thuat toan SVM dé
phan 16p cho cho tap di liéu huan luyén tao nén mdt md hinh phan 16p.

Noi dung thuét toan DEC-SVM c6 thé trinh bay dudi dang gia ma ctia nhu sau:

DEC-SVM(N, m, K, s, T)
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Input: S6 mau 16p thiéu s6 N, sb thudc tinh m, s6 cum K, ngudng twong dong s,
s6 lwong cua DE 12 T%.
Output: M6 hinh huin luyén
Void DEC-SVM() {
[FExF%xk% Qinh thém mau bang DE **xx%xx*/
st=0;
G = int(N*T%); //s6 miu 16p thiéu s6 duoc tao ra
For (t = 0; t< ceil(T/100); t++) {
For (i=0; i<N; i++) {
/*Panh gia khoang cach giira tat ca cac mau thiéu sd*/
For (p=0; p<N; p++) {
For (j=0; j<m; j++){
Euclidean_distance[i][j] += pow((x[110] - x[p10D), 2);
¥
b
Tim hai mau x(n1) va x(n2) trong k lang giéng gan nhat ca x(i); For(j =
0; j < m; j++) {//Dot bién va crossover cia DE
If(rand_j > CR && j !=rand_s) {
x[N+st][j] = x[iI0T;
b
Else if(rand_j <=CR || j == rand_s){
x[N+st][j] = x[i]] + rand(0,1)(x[n1][] - x[n2][i]);
b
hy

St++;
If (st==G) break;

}
If (st==G) break;
}
[FFEFFIEEX] am sach dir licu bﬁng phan cym?*#k st/

Phan cum tap dir liéu thanh K cum;
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Dé lai nhitng cum c6 cac mau mang nhin hdn hop For(t = 0;

t<K; t++) {

/* Tinh trung binh ctia cdc cum ma tat ca cac mau co6 cung nhan*/

If (cum t c6 tit ca cac mAu clung nhén){
n=s6 mau trong cum t;
For(j=0; j<m;j++) {
For(i=0; i <n;i++) { Mean[j] +=
x[i0T;
by
Mean[j] = Mean][j] / n;
}
Tim mau trung tAm x[p] ctia cum t;
For (i=0;1i<n; i++) {//Loai bo cidc mau du thira
Tinh d6 twong dong s[i][p]; If
(s[i][p] >s) Loai bo x[i];

¥

}
[FFF*FFH**DHAD 1é’p béng VY R L LY

SVM training;
SVM prediction;
}

2.1.3. Danh gia thudt todan

Thuat toan DEC-SVM c6 thé chia lam hai pha: tién x 1y dit liéu va pha phan 16p dit liéu.

Pha tién xir 1y dit liéu gdm hai budec:
Budc 1: Biéu chinh dir liéu bang thuat toan DE.
Budce 2: Lam sach dir liéu st dung phéan cum.

Pha phéan 16p dit liéu st dung thuat todn SVM.

Thuat toan DEC-SVM so v6i thuit toan SVM chi bd sung thém phan tién xir Iy dir

liéu v4i d6 phirc tap tinh toan cong thém la O(N3*m).
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2.2. Thuat toan HMU
2.2.1. Gidi thi¢u thudt todn

Phuong phap sinh phan tir ngiu nhién (Random Oversampling) 1a phuwong phap sinh
thém phan tr don gian nhét bang cach ting sd lugng mot s6 phan tir duwoc chon ngiu nhién
thudc 16p thiéu sb dé can bang ty 16.

Phuong phép giam sb phan tir ngiu nhién (Random Undersampling) s& chon ngiu
nhién va loai bd mot sé phan tir thudc 16p da sé dé lam giam ty 1& mat can bang cua cac tap
dir liéu. Trong muc nay luan van s€ khao sat thuat toan HMU (Hypothesis Margin based
Undersampling - HMU).Y tudng cua thuat toan HMU 1a 1am giam sb phan tir thudc 16p da
s méi nham t6i xir 1y cac ddi tugng khéd phan 16p, khic phuc nhuoc diém di dé cap ¢ trén.
2.2.2. Khdo sat ngi dung thudt todn
2.2.2.1. Phén logi lé

Lé (margin), dong vai trd quan trong trong linh vuc hoc may, thé hién tinh hiéu qua
khi phan 16p cua bd phan 16p (classifier).

C6 hai cach xac dinh gi tri 1& cho mot phan tir dwa trén quy tic phan 16p [10]. Cach
thtr nhat 1a do khoang cach tur phﬁn tor dang xét tdi bién quyét dinh duoc xac dinh bdi bd
phan 16p va 1& trong trudng hop nay goi 1 18 phan tir (sample margin). D6i voi cach thi hai,
1¢ 12 khoang cach ma bd phan 16p co thé di chuyén sao cho khong lam thay doi nhin 16p cia
cac phan tir d3 duoc xac dinh, va dugc goi 13 18 gia thuyét (hypothesis margin).
2.2.2.2. Thudt toan HMU

Thuat todn HMU dugc mo ta dudi dang gia code nhu sau: HMU Algorithm

Input: I6p da sé N; s6 lwong phan tir can logi bé d; Output:
I6p da s6 sau khi dd lam giam s6 phan tir N*;
Begin
1. nos=|N|-d
2. N*=N
3. While (JN*| > nos)
4. Tinh gid tri 1é mar(x) cua tdt cd cdc phan tie x thuéc N* trén toan bé tdp dir
lieu va luu vao mang @margin
5. Sdp xép mang @margin

6. Loai bo phan tir ¢é gid tri Ié twong g bé nhadt trong mdng @margin
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7. Cdp nhat lai N*
8. End while

End

Ghi cha:

- Kich thudc cta 16p da sb sau khi 1am giam bét sd phan tir N* dugce xac dinh dua
vao s6 luong phﬁn ttr can loai bo d. Chi sb d nay phu thudc vao tung tap dir liéu cu thé.

- Khoang cach dugc str dung dé xac dinh 1¢ 13 khoang cach Euclidean.

Sau khi st dung HMU c6 thé st dung céc thut toan hoc may truyén théng nhu
SVM dé xay dung cac bd phan 16p dit liéu dbi vai cac dit liéu mat can bang.

C6 thé dé xuat thuat toan phan 16p dir liéu HMU-SVM nhu sau:

Void HMU-SVM() {
Thuc hién HMU tién xtr Iy dit lidu;
SVM training;
SVM prediction;
}
2.2.3. Danh gia thudt todn

Thuat toan HMU tng dung trong pha tién xir Iy dit liéu trong bai toan phéan 16p di
liéu mat can bang. Véi 16p da sé gdm N phan tir va sb luong phan tir can loai bo tir 16p da
s6 14 d thi do phtc tap tinh toan 1a O(N%*d).

So sanh voi thut toan DEC-SVM thi thuat toan HMU trong pha tién xur Iy dit liéu
c6 do phirc tap tinh toan nho hon. Tuy nhién, do HMU lam giam 16p da sé nén thudng chi
duoc ap dung khi tip dit liéu cdn mat can bang co 16p thiéu s da 16n dé dam bao hiéu suét
phan 16p. Trong truong hop 16p thiéu sé qué thua thi HMU sé& khong cho két qua tot.

2.3. Thuat toan HBU
2.3.1. Gidi thiéu thudt todn

Trong muc nay, ludn van khao sat thuat toan HBU (Hypothesis margin based
Borderline Under-sampling - HMU) nhiam khicc phuc nhitng nhugc diém cia HMU. Y
tudng cla thuat toan HBU 1a dya vao gia tri 1& gia thuyét va vu tién loai bo cic phan tir nim
& bién. Vi mdi phan tir 16p thiéu sé x, mdt s6 lugng n cac phan tir 16p da sé nam gan x nhat

s& dugc chon dé loai bé. Gid tri n thay d6i phu thudc vao gia tri 1& ctia mdi x khac nhau.
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2.3.2. Khdo sat ngi dung thudt todn
Thuat toan HBU c¢6 thé mé ta dudi dang gia code nhu sau: HBU Algorthim
Input: tdp cdc phan tir 16p thiéu sé P; tdp cdc phan tir I6p da s6 N; s6 lwong phan tir can
loai b6 N’ ; tham sé k

Output: tdp cdc phdan tir I6p da s6 méi N*;

1.  Begin
2. Tinh gid tri 16 mar(x) cia tat ca phan tir 16p thiéu sé x trén tdp dir liéu da cho
3. max = max mar (X)
X€eP
4, min = min mar (x)
X€eP
5. p=1P|
6. Foreach x in P
7. nos= int((N/p)*(k +(max-mar(x))/(max-min)));
8. Loai bé N0S phan tir I6p da s6 ma gan véi x nhat
9. N’ =N’-nos
10. p=p-1
11. End-for

12. End

Kich thuéc cua 16p da sb sau khi 1am giam bét ) phén tr N* duoc xac dinh dua vao
$6 lugng phﬁn ttr can loai bo N, gia tri nay phu thudc vao tung tap dir liéu cu thé.

Tuong ty HMU, trong pha tién xt 1y dit liéu c6 thé st dung HBU va sau d6 st
dung céac thuat toan hoc may truyén théng nhu SVM dé xdy dung cc bd phan 16p dit licu
d6i véi cac dir liéu mat can bang.

C6 thé dé xuat thuat toan phan 16p dit liéu HBU-SVM nhu sau:

Void HBU-SVM() {
Thuc hién HBU tién xtr 1y dit lidu;
SVM training;
SVM prediction;
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2.3.3. Danh gia thudt todn

Thuat toan HBU tng dung trong pha tién xir Iy dit liéu trong bai toan phan 16p dit
liéu mét can bang. Do phtc tap tinh toan ciia HBU tuong doéng voi HMU.

So voi thuat toan HMU, HBU khic phuc nhuogc diém cua HMU trong cac bai toan
phan 16p khi cac phéan tir thudc hai 16p da s6 va thiéu sé nam gan nhau.

So sanh voi thuat toan DEC-SVM thi thuat toan HBU ciing c6 cac dac diém tuong
tu da trinh bay trong muc 2.2.3 & trén.
2.4. Thuat toan RBU
2.4.1. Gidi thiéu thudt todan

Thuat toan RBU (Random Border Undersampling) cai tién tir thuat toan Random
undersampling c6 sin, str dung viéc giam ngiu nhién phan tir trén dudng bién. Pé xac dinh
cac phan tir trén duong bién, thuat toan xac dinh dua vao sé lang giéng 1a thudc 16p thiéu s6
m trong tong s6 k lang giéng gan nhat. Néu k/2 < m < k thi phén tir 46 13 phan tir bién.

Dué6i diy mo ta vé bo dit liéu mat can bang va qua trinh xac dinh phan tir 16p da s6
thudc dudng bién dé tién hanh giam bét cac phan tir d6 theo ti 16 phan tram.

Hinh 2.2 m6 ta mot ving cua bd dit liéu 16n. Co6 thé nhan thay ngay su chénh 1éch vé

sO phan tir gita hai 16p da s6 va 16p thiéu sé.

@ Positive
@ Negative
—J oe® o, o

Hinh 2.1 Phan bé dir ligu
Hinh 2.3 m6 ta qua trinh xac dinh k lang giéng cho ting phan tir 16p da s6. Gia sir
trong k lang giéng gan nhit c6 m lang giéng 1a thudc 16p thiéu s6. Néu m thoa min k/2 <m
< Kk thi phén tir thudc 16p da s6 dang xét 1a phan tir thudc dudng bién. Hinh 2.3, phan tir
dang xét 1a phan tir duoc danh dau mau vang, trong 7 lang giéng gan nhat ciia nd ¢ 6 phan

tir thudc 16p thiéu sb, 1 thude 16p da sd. Vay phan tir d6 thude bién.
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Hinh 2.2 Xac dinh k - lang giéng
Tuong tu, ta xac dinh duoc cac phan tir 16p da sé thudc dudng bién 1a cac phan tu

mau vang nhu trong hinh 2.4.

@ Positive
@ Negative
() Negtive bién

Hinh 2.3 Céc phan tir bién

@ Positive
@ nNegative
eg X ) [ J

Hinh 2.4 X6a phan tir bién

Tién hanh x6a n% sb phan tir bién thudc 16p da s6 da xac dinh. Hinh 2.5 1a cac phan
tor thudc bién da bi xoa toan bd. Tuy nhién, trong thut toan mai, sb phﬁn tir bién s€ bi x0a
theo ti 1€ phﬁn tram, phu thudc vao tham sb n.
2.4.2. Khdo sat ngi dung thudt todn

Thuat toan RBU c6 thé mé ta dudi dang gia code nhur sau: RBU Algorthim
Input: Bo dit liéu hudn luyén T gdm P positive 16p thiéu sb, N negative 16p da sb

n: ti 1¢ phan tram sd phan tir trén bién bi giam

k: s lang giéng gan nhat d6i voi mot phan tir 16p da s6

m- s& phén tir 16p da s6 trén duo ng bién

Output: Tap dit liéu da giam céc phan tir trén bién theo ti 1& phan trim n

Cac buéc thyc hién cia thuit toan:
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Buwéc 1: Tim cac phan tir bién thude 16p da sb

Véi mbi phan tir trong tap 16p da s6 N = {N1, N2, N 5. Ni} tinh k lang giéng gan
nhit cta né trong toan bo tap dit liéu huin luyén T. Goi s lang giéng thudc 16p thiéu sd
trong tong s6 k lang giéng gan nhét 1a m.

Budée 2: X4c dinh phan tir bién 16p da s6. Néu k/2 < m < k nghia 13 s6 lang giéng
ctia N thudc 16p thiéu sé 16n hon s6 lang giéng thude 16p da sd.

Buéc 3: Pua nhitng phan tir thudc N nay vao mot mang border (mang chira cac phan
tir trén dudng bién). Cac phan tir trong mang border 1 phan tir bién 16p da sb.

Buéc 4: Giam theo n phan trim sb phan tir trén duong bién dé lam giam tinh mat can
bang bo dit licu.

Ghi cha:

- Trong thuat toan RBU, thong thuong cho hai tham sé dau vao n chay tir 1 d&én 7 va
k chay tir 2 dén 10 dé thuat toan khach quan va tong quat hon.

Tuong tu cac thuat toan HMU va HBU, trong pha tién xtr 1y dit liéu c6 thé sir dung
RBU va sau d6 st dung cac thuat toan hoc may truyén thong nhu SVM dé xay dung cac
bd phén 16p dir liéu ddi véi cac dir liéu mat can bang.

C6 thé dé xuat thuat toan phan 16p dit liéu RBU-SVM nhu sau:

Void RBU-SVM() {
Thuc hién RBU tién xir 1y dir liéu;
SVM training;
SVM prediction;
}

2.4.3. Danh gia thudt todan

Tuong ty cac thuat toan HMU va HBU, thuét toan RBU tng dung trong pha tién xir
ly dir liéu trong bai toan phan 16p dir liéu mat can bing. Céac thuit toan HMU, HBU va
RBU déu nham giam s6 lugng phan tir cia 16p da s6. P9 phuc tap tinh toan cia RBU
trong dong véi HMU va HBU.

2.5. Két luén chwong 2

Trong chuong 2, luan van da khao sat mot s6 thuat toan: DEC - SVM, HMU, HBU,
RBU. Cac thuat toan déu thuc hién cac y tudng nham diéu chinh dir liéu cua tap dir licu mat
can bang trude khi tién hanh qua trinh phan 16p dir liéu. Pidu d6 s& giup cho cac mo hinh
phan 16p st dung céc thuat toan hoc may hiéu qua hon.

Trong chuong 3, luan van s€ irng dung céc thuat toan cho bai toan phan 16p dir li¢u
mat can bé‘mg ddi vai bd dir liéu thuce té.
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CHUONG 3. UNG DUNG
3.1. Khéo sat va lra chon bd dir liéu dé thir nghiém
3.1.1. Gioi thiéu

Bénh tiéu dudng trong thoi dai hién nay 1a mot trong nhitng cin bénh phd bién nhat.
O mét sb nudc, sd nguoi méc can bénh nay chiém ti 18 t&i 10% dan va sd nguoi méc bénh
ngay mot ting cao. Phan 16n bénh nhan mic chimg tiéu duong type 2 va ti 1& nguodi bénh
tang cao lién quan tryc tiép voi cach sdng cta cudc séng hién dai ngay nay.

Mot thi du dién hinh 1a sé phan ctia nhitng nguoi An Do Pima. Céc bac sy phat hién
ra rang & nhitng nguoi da do nay co gien tiém an bénh tiéu dudng type 2. Trong co thé
nhing ngudi da d6 nay cé loai gien lam cho cac té bao kém nhdy cam véi insulin ma hau
qua ctia no 1a cac té bao chuyén hoa lugng dudng rat it thanh ning luong.

Viéc kham pha kién thirc tir co s& dit liéu y té 1a rat quan trong dé giup chan doan y
té hiéu qua. Trong ludn van nay bo dir liéu dugc st dung la Bo dir li¢u bénh tiéu duodng ctua
ngudi An D9 Pima, thu thap thong tin ciia bénh nhan mic va khong mac bénh tiéu duong.
3.1.2. M6 ta bé dir liéu Pima-indians-diabetes

B dir liéu bénh tiéu dudng ctia nguoi An PO Pima, gdm 768 hd so bénh nhén nir it
nhat 21 tudi ctia ngudi An D6 Pima, mot dan sé song gan Phoenix, Arizona, Hoa Ky.

Céc thudc tinh cta b dir liéu Pima-indians-diabetes dugc mo ta dudi day.

Bang 3.1 C4c thugc tinh caa b dir liéu Pima-indians-diabetes

TT Tén thudc tinh Mo ta Tlrlh
) chat
1 | Pregnancies S6 1an mang thai
Nong d6 glucose huyét trong 2h
2 | Glucose trong xét nghiém dung nap glucose
duong udng
3 | BloodPressure Huyét 4p tim truong (mm Hg)
4 | Skinthickness Do day nép gap da (mm)
5 | Insulin Huyét thanh 2 gio (mu U / ml)
6 | BMI Chi 50 khoi co thé
7 | Diabetespedigree Chtrc ning pha hé tiéu duong
8 | Age Tubi (nam).
9 | Outcome Thudc tinh phan 16p (0,1)
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3.2. Xay dung Kich ban va lya chon cong cu thir nghiém
3.2.1. Xay dung kich ban thur nghiém:

Dir liéu diu vao:

(1) B9 dir li¢u pima-indians-diabetes

(2) Cac thuét toan thtr nghiém: DEC-SVM, HMU-SVM, HBU-SVM, RBU-SVM

Dir li€u ra:

Céc tiéu chi, két qua danh gia hiéu nang cta cac thuat todn nghién ctru trong chuong 2
ap dung vo bo dir liéu pima-indians-diabetes

Luan vin sé& tién hanh thir nghiém theo hai kich ban trinh bay duéi day.

Kich ban thir nhat: Kich ban nay, luan vin sir dung thuat toan SVM dé phan 16p dix
lidu voi bo dit lidu dd chon, khong sir dung cac thuat toan tién xir 1y dir liéu mat can bang.

Kich ban thir hai: Trong kich ban thtr hai, lun van s€ thuc hién phan 16p dir li¢u sau
khi xir 1y dit liéu mat can bang st dung thuat toan xir 1y dit liéu mat can bang.
3.2.2. M6 hinh thur nghiém

Mo hinh tién hanh thir nghiém dugc mo ta trong hinh 3.1 dudi day.

Tiphuin |
luyén mdi
N

Lop thiéu sé

Tap huin luyén

A A}
Thuit toan tién

xir 1y DL

Tip dit liéu mit
cin bing
(dd normalize)

\
I—) Tip kiém tra /’E@_I;‘Jhﬁ.n

lép DL

Hinh 3.1 M6 hinh thi nghiém
Céc thuat toan tién xu 1y dir liéu Iya chon lan luot 1a DEC-SVM, HMU, HBU va RBU.
3.2.3. Lwa chon cong cu thur nghiém
Weka la mot phr?m mém mién phi vé hoc may dugc viét bﬁng Java, luan van lua chon
cong cy thuc nghiém 1a phan mém Weka version 3.7.12 [19].
Cac tinh nang chinh cia Weka:
- Weka bao gom mét tap cac cong cu tién xt 1y dit lidu, cac thuat todn hoc may dé
khai pha dir liéu va cac phuong phap thir nghiém danh gia.

- Weka c6 giao dién d6 hoa (gdm c4 tinh ning hién thi hoa dit liéu)
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- Weka bao gém cac moéi trudng cho phép so sanh cac thudt todn hoc may trén bo di
li¢u do nguoi dung lya chon.

Cac moi truong chinh trong Weka:

(1) Simple CLI : giao dién don gian kiéu dong 1énh ( nhu MS-DOS).

(2) Explorer : moi truong cho phép str dung cac kha ning cia Weka dé kham pha dit liéu.
(3) Experimenter: moi truong cho phép tién hanh cac thi nghiém va thyc hién cac kiém tra
thong ké (statistical tests) giita cac mo hinh may hoc. Méi truong nay bao gdom:

(4) KnowledgerFlow: méi truong cho phép ban twong tac dd hoa kiéu kéo/ tha dé thiét ké
cac bude(cac thanh phan) cia mot thi nghiém.
3.3. Thir nghiém va danh gia két qua thir nghiém
3.3.1. M6 ta thir nghiém

Bo dir liéu thir nghiém 13 pima-indians-diabetes.csv gdm 768 ban ghi, 9 thudc tinh.

Céc thuat toan thir nghiém: DEC-SVM, HBU, HMU, RBU

Cac budc thuc hién nhu sau:

Bude 1; Chuan hoéa dir liéu bﬁng Filter standardize cua Weka. Dir liéu duoc xtr ly dé
c6 ky vong tai 0 va c6 do 1éch chuan bang 1. Viéc chuan héa gitip cac thuat toan khong bi
thién 1éch vé mot s6 ddc trung va hon nita gitip qua trinh hoc hoi tu nhanh hon.

Dai véi kich ban 2: thyc hién budc 2

Buéc 2: Can b:;ing dir liéu béng mot trong cac thuat toan dé xuat (RBU, HBU, HMU,
DEC-SVM)

Budc 3: Vo1 bo dit licu thu dugce, phan 16p béng thuat toan SVM trong Weka
3.3.2. Két qua thir nghiém

(1) Két qua phén 16p trwéc khi xir Iy dit liéu mét cin bing theo kich ban 1
Bang 3.2 Két qua phan Iép truéc khi xir Iy dir ligu mat can bing sir dung thust toan SVM

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0.866 0.448 0.783 0.866 0.822 0.709 0
0.552 0.134 0.688 0.552 0.613 0.709 1
0.757 0.338 0.75 0.757 0.749 0.709 Avg.
=== Confusion Matrix ===

a b <-- classified as
433 67 | a =20
120 148 | b=1

(2) Két qua phén 16p sau khi xir Iy dir liéu mét cin bang theo kich ban 2
Bang 3.3 Két qua phan Iép sau khi xir ly dir liéu mat can biang véi thuat toan DEC-SVM
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=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0.757 0.213 0.775 0.757 0.766 0.772 0
0.787 0.243 0.77 0.787 0.778 0.772 1
0.772 0.228 0.772 0.772 0.772 0.772 Avg.
=== Confusion Matrix ===

a b <-- classified as
355 114 | a =20
103 381 | b=1

Bang 3.4 Két qua phan 16p sau khi xi Iy dir liéu mat can bang véi thuat toan HMU

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure ROC Area Class

0.741 0.187 0.8 0.741 0.769 0.777 0
0.813 0.259 0.757 0.813 0.784 0.777 1
0.777 0.223 0.779 0.777 0.777 0.777 Avg.
=== Confusion Matrix ===

a b <-- classified as
200 70 | a =20

50 218 | b =1

Bang 3.5 Két qua phan 16p sau khi xir ly dir liéu mat can bang véi thuat toan HBU

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure ROC Area Class

0.866 0.1406 0.856 0.866 0.861 0.86 0
0.854 0.134 0.864 0.854 0.859 0.86 1
0.86 0.14 0.86 0.86 0.86 0.86 Avg.
=== Confusion Matrix ===

a b <-- classified as
232 36 | a =20

39 229 | b =1

Bang 3.6 Két qua phan I6p sau khi xir ly dir ligu mat can bang véi thuit toan RBU

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure ROC Area Class

0.9006 0.302 0.827 0.906 0.865 0.802 0
0.698 0.094 0.824 0.698 0.756 0.802 1
0.826 0.222 0.825 0.826 0.822 0.802 Avg.
=== Confusion Matrix ===
a b <-- classified as
386 40 | a =20
81 187 | b =1

3.3.3. Panh gid két qud thir nghiém
Dua vao két qua thir nghiém da trinh bay & muc trén, muc nay ludn van s thyc hién
phan tich va danh gia két qua. Két qua do chinh xac cua cac thuit toan thir nghiém theo hai

kich ban duoc biéu dién dudi dang biéu d6 nhu trong hinh 3.3.
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Hinh 3.2 Biéu d6 so sanh d$ chinh x&c phan 16p trén dir liéu trwéc va sau khi xir ly dir liéu.
Quan sét biéu do nhan thay rang, cac thuat toan thir nghiém déu cho két qua co ti 1¢

phan loai chinh xac cao hon so véi bo dit liéu ban dau khi chwa ap dung thuat toan.
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Hinh 3.3 Biéu dd két qua phan l6p lé6p Negative truéc va sau khi xir ly dir liéu mat can biang

100

90
80

70
60 -
= Pre

50 -
HRec

40
=F1
30
20

10

o -
ORIGINAL DEC-SVM HBU HMU RBU

Hinh 3.4 Biéu d6 két qua phan lép I6p Positive trudc va sau khi xir Iy dir liéu mat can bang

Tir cac két qua ¢ trén ta théy sau khi diéu chinh bo dit liéu boi cac thuat toan tién xir
1y dir liéu mét can bang DEC-SVM, HBU, HMU, RBU thi hiéu qua phén 16p cac bo dit liéu
cao hon han so vdi viée phan 16p cua bg dir liéu ban dau.
3.4. Két luan chwong 3

Trong chuong 3 luan vin da tién hanh thir nghiém cac thudt toan DEC-SVM, HMU,
HBU va RBU cho bai toan phan 16p dir liéu trén dit liéu mat can bang cho bo dit lidu vé
chung tiéu dudng cta nguoi Indian Pima.

Két qua thir nghiém budc dau cho thiy céc thuat toan phan 16p trén cé thé trién khai
trong thuc té va phu hop cac yéu cau dé ra cho bai toan phan 16p dit liéu trén dir liéu mét

can bang
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KET LUAN
Két qua dat dwoc ciia ludn vin

Véi muc tiéu nghién ctru mot sé k¥ thuat dé nang cao hiéu ning phan 16p dit liéu trén
tap dir liéu mat can béng va ing dung, luan van da dat dugc mat s6 két qué nhu sau:

- Nghién ctru tong quan vé bai toan phan 16p dir liéu va cac van dé lién quan.

- Khao sét tong quan vé dir liéu mat can bang.

- Khao sat huéng tiép can vé dit liéu va hudng tiép can vé thuit toan dé nang cao hiéu
ning phan 16p dir lidu trén dit liéu mat can bang.

- Khao sat chi tiét cac thuat toan: DEC-SVM, HMU, HBU va RBU.

- Khao sat bo dir lidu vé bénh tiéu dudng pima-indians-diabetes.

- Thuc hién thtr nghi¢m phan 16p dit liéu voi DEC-SVM, HMU, HBU va RBU trén bd
dir liéu pima-indians-diabetes. Két qua thir nghiém cho thay hiéu qua phan 16p dir liéu sau
khi sir dung thuat todn da dugc khao sat.

Tuy nhién, do han ché vé mat thoi gian, luan van chua tién hanh thu nghi¢m véi cac
bo dir licu 16n, Do do, hi¢u qua thtr nghiém chua cao.

Huéng phat trién tiép theo

Trén co sé nghién ctru va cac két qua dat duoc, dé tai luan van co thé phat trién tiép
theo nhu sau:

- Tiép tuc hoan thién cac két qua da c6 dé c6 thé xay dung cac mo hinh phén 16p trén
dit liéu mat can béng voi1 cac bo dir li¢u trong thuc té thuong co kich thudce 16n, cac thudc
tinh cta cac phan tir dit liéu thudng bao gdm ca dang s va dang phi sb.

- Nghién ctu thém vé cac k¥ thuat trich chon dac trung cho cac bd dir li¢u méat can

bang nham nang cao hi¢u qua cho cac md hinh phan 16p.



