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LOI CAM DOAN

To61 cam doan day la cong trinh nghién ctru cta t6i. Noi dung cua luan van co
tham khéo va st dung cac tai li¢u, thong tin dugc dang tai trén nhiing tap chi va cac
trang web theo danh muc tai li¢u tham khao. TAt ca céc tai liéu tham khao déu co
xuat xr 1d rang va duoc trich dan hop phap.

To1 xin hoan toan chiu trach nhi€ém va chiu moi hinh thirc ky luat theo quy

dinh cho 161 cam doan ctiia minh.

Ha noi, ngay  thang nam 2020

Nguoi cam doan

Nguyén Minh Ha
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Trong thoi gian thuc hién luan van nay, Hoc vién luén nhan duogc sy huéng
dan, chi bao rat tan tinh ciia Thay gido - TS. Vii Vin Théa, giang vién Khoa Cong
nghé thong tin 1 1 can bo truc tiép huéng dan khoa hoc. Thiy dd danh nhiéu thoi
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MO DAU

Trong nhitng ndm gan day, vn d& hoc may tir dit liéu phan bd khong can
bang 1a mot thach thirc 16n cho cac nha nghién ctru trong rat nhiéu mién tmg dung
thuc té: mang internet, bao mat, vién thong, quan 1y tai chinh va tin sinh hoc... Viéc
phan tich va hiéu duoc dit liéu thd 12 muc dich cia cic hé théng xtr 1y ho tro ra
quyét dinh ngay cang dong vai tro quan trong va trd nén can thiét. Ching dugc ap
dung va da dat dugc nhiéu thanh cong to 16n trong nhiéu Gng dung ciia cudc sdng
nhu khai pha tri thire, ky thuat xu ly dir 1iéu, va nhiéu ung dung khac. Tuy nhién,
nhiig nam gan day voi sy xuat hién cua dir liéu phan bé mat can bang dang trd
thanh nguyén nhan giy ra nhiéu kho khan anh huong dén cac thuat toan hoc may
chuan, nhitng thuat toan dugc thiét ké va 4p dung vao tmg dung ciia dir liéu phan bd
can bang . Khi nhiing thuat toan chuan nay duoc ap dung vao dit liéu mat can bang,
ching xu 1y dir liéu mot cach 1éch lac, din dén khong dat dugc do chinh xac cao
gitra cac 16p cua dir liéu. Thém vao d6, van dé phan b dir liéu mat can bang dang
ngay cang tré nén quan trong trong thyc té, voi lwong 16n céc tmg dung. Do d6 van
dé nay dang nhan duoc su quan tdm tir cdc quy tai trg cia chinh phu, cac vién
nghién ciru, cac co s¢ cong nghiép.... Khi ap dung cac thuit toan phan 16p truyén
thong 18n céc tap dir liéu mét can bang, hau hét cac phan tir thudc 16p da sb s& duge
phan 16p ding va cac phan tir thudc 16p thiéu s cling s& dugc gan nhin 16p 13 nhan
16p cua 16p da sb. Diéu nay dan dén két qua 1a do chinh xac (accuracy) cua viéc

phan 16p c6 thé rat cao, trong khi gia tri d6 nhay (sensitivity) lai rat thap.

Xuit phat tir thuc té va muc tiéu nhu trén, hoc vién chon thyuc hién dé tai luan
van tot nghiép chuong trinh dio tao thac si c6 tén “Nghién ciu phan lép trén dir
liéu mat can bang va @ing dung”.

Muc tiéu cta luan van 1a nghién ciru mot s6 ki thuat dé nang cao hiéu ning
phan Iép di lidu trén tap dir liu mat can bang va ang dung.

Péi twong nghién ctu cua luan van 1a bai toan phan 16p dir lidu trén dit lidu

mat can bang va cac van dé lién quan.



Pham vi nghién ciru cua luan van 1a cac thuat toan, phuong phap dé phan 16p
dir liéu mat can bang va ang dung.

Noi dung cua luan van dugc trinh bay trong ba chuong ndi dung chinh nhu
sau:

Chuwong 1: Téng quan vé bai toan phan Iép dir liéu trén cac dix liéu mat
can bang

Noi dung chinh caa chuong 1 13 khao st tong quan vé bai toan phan 16p dir
liéu trén cac tap dit liéu mét can bang va céac van deé lién quan.

Chuwong 2: Mot so thuat toan phan I6p dir liéu mat can bing

Noi dung chinh cua chuong 2 1a khao sat mot sé ki thuat dé nang cao hiéu
nang phan 16p dir liéu cho cac dir liéu mat can bang va mot s6 van dé lién quan,

Chuwong 3: Ung dung

Noi dung chinh cua chuong 3 1a thyc hién thar nghiém va danh gia mot sé

thuat toan phan 16p di lidu cho tap dit liéu mat can bang duoc lva chon.



CHUONG 1. TONG QUAN VE BAI TOAN PHAN LOP DU
LIEU TREN CAC DU LIEU MAT CAN BANG

Néi dung ciia chwong ndy sé khdo st vé bai todn phdn I6p dit liéu, hoc may,

dir liéu mdt cdn bdng va cdc van dé lién quan.
1.1. Gi6i thiéu vé bai toan phéan 16p dir liéu
1.1.1. Khai ni¢m vé phén lop dir liéu va bai toan phan lop dir liéu

o  Phan lop dir liéu:

Phan 16p dir li¢u(classification) 1a mét trong nhitng huéng nghién ctru chinh
cua khai pha dir li¢u. Thuc té dit ra nhu cau 1a tir mot co so dir liéu véi nhiéu thong
tin 4n con ngudi ¢ thé rit trich ra cac quyét dinh nghiép vu thong minh. Phéan 16p
la mét dang cua phan tich dir liéu nham rat trich ra mot mé hinh mo ta cac lop dir
liéu quan trong hay du dodn xu hudng dir liéu trong twong lai.

Phan 16p du doédn gia tri ciia nhitng nhan x4c dinh hay nhiing gié tri roi rac,
c6 nghia 1 phéan 16p thao tac v&i nhitng d6i twong dir liéu ma co bo gia tri 1a biét
trude. Tom lai, phan 16p 14 qué trinh nhoém céac ddi twong giéng nhau vao mot 16p
dua trén cac dac trung dir li€u ctia chung. Trong nhiing ndm qua, phan 16p dir li¢u
d3 thu hut s quan tdm cac nha nghién ciru trong nhiéu linh vire khac nhau nhu: hoc
may(machine learning), hé chuyén gia (expert system), thong ké (statistics) Cong
nghé nay ciing tmg dung trong nhiéu linh vuc khac nhau nhu: thuong mai, ngan
hang, maketing, nghién ctru thi truong, bao hiém, y té, giao duc...

e Bai todan phan 16p dir liu:

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

phan 16p 13 can tim mdt mo hinh phan 16p dé khi c6 dit 1iéu mdi thi c6 thé xac dinh



dugc dir 1iéu dé thudc vao phan 16p nao. Bai toan phan 16p dir liéu co thé duoc mo

ta nhu hinh 1.1 duéi day [7].

Lép 1
|
[ /
W3 hinh AN Lop2
phén lop ? Lép ..
Lépn

Hinh 1.1 M6 hinh mo ta bai toan phan lép dir liéu
Bai toan phan 16p dir liéu co thé phat biéu tong quat nhu sau:
Cho U ={Ay A, ...., An} la tdp c6 m thudc tinh, Y = {y1, Yo, ....., yn} la tap cac
nhan cua 16p: véi D = A1x...x Amla tich P& - cac ctia cic mién ciia m thudc tinh
tuong tng c6 n sd 16p va N 1 s6 mau dir iéu. Mdi dir liéu di € D thudc mot 16p yi €Y

tuong ung tao thanh tung cap (di, yi) € (D, ¥).
1.1.2. Quy trinh thwc hién phan lop dii liéu:

Quy trinh thyc hién phan 16p dir liéu thuong duogc thuc hi¢n theo 2 budc:
Budc thir nhat (learning) qué trinh hoc dé xay dung mé hinh phén 16p va budc thir

hai ap dung mé hinh phén 16p & budc thi nhat dé phan 16p dit liéu méi.
e Budéc thir nhat (learning)

Qua trinh hoc nham x4y dung mdt moé hinh mé ta mot tap cac 16p dit liéu hay
céc khai niém dinh trude. Pau vao cua qua trinh nay 1a mot tap dir li¢u co cAu tric
duoc mo ta bﬁng cac thudc tinh va dugc tao ra tur tap cac bg gia tri ciia cac thudc
tinh d6. Mdi b gia tri dugc goi chung 13 mot phan tir dir lidu (data tuple), co thé 1a
cac mau (sample), vi du (example), d6i tugng (object), ban ghi (record) hay truong
hop (case). Trong tap di liéu nay, mdi phan tir dit liéu duoc gia st thude vé mot 16p

dinh trudce, 16p & day la gia tri cua mot thudc tinh duge chon lam thudc tinh gan



nhan 16p hay thudc tinh phan 16p (class lable attribute). Dau ra ctia budc nay thudng
1a cac quy tic phan 10p dudi dang luat dang if-then, cdy quyét dinh, cong thirc logic,

hay mang noron. Qua trinh nay dugc mo ta nhu hinh 1.2 [7].

a) Classification
h//’ algorithm
Training data 7
u

Age |CarType| Risk Classifier (model)
20 Combi High

18 Sports High

40 Sports High

50 Family Low iz

35 | Minivan | Low if age <31

30 Combi High o .

= =5 e or Car Type =Sports
40 Combi Low then Risk = High

Hinh 1.2 Qué trinh phén Iép dir li¢u - (a) Bwéc xay dwng mo hinh phan lop
e Buoc thw hai (classification)

Budc tht hai ding mé hinh da x4y dung & budc thi nhat dé phan 16p dir liéu
méi. Trudc tién d6 chinh xac mang tinh chit du doan ctia mé hinh phén 16p vira tao
ra dugc udc lugng. Holdout 1a mdt k¥ thuat don gian dé ude lugng d6 chinh xac do.
K¥ thuat nay st dung mot tap dir li€u kiém tra v6i cdc mau di duoc gan nhan 16p.
Céac mau nay dugc chon ngﬁu nhién va ddc 1ap voi cac mau trong tap dir liu dao
tao. PO chinh xac cia mo hinh trén tap dir liéu kiém tra d3 dua la ti 18 phﬁn tram cac
mAu trong tap dit liéu kiém tra dugc mé hinh phéan 16p ding (so véi thuc té). Néu do
chinh xac cua mé hinh dugc udc luong dua trén tap dir licu dao tao thi két qua thu
duogc 1a rat kha quan vi mo hinh luén ¢6 xu huéng “qua vira” dir liéu. Qua vira dir

lidu 12 hién twong két qua phan 16p trung khit véi dir liéu thuc té vi qué trinh xay



dung mé hinh phan 16p tir tap dit liéu dao tao c6 thé dd két hop nhiing dic diém

riéng bi¢t cua tap dit liu do. Do vay can st dung mot tap dir liéu ma gia tri cia

Classifier (moIel)/‘

thudc tinh phan 16p 1a chua biét.

bl)

Test data

Age |CarType| Risk
27 Sports High 3

y

34 Family Low Risk
44 Sports High o
Low
High

Hinh 1.3 Qua trinh phan I6p dir ligu - (b1) Uéc lwgng dd chinh xac cia md hinh

b2)
New data a!\Classdier (mom

Age CarType Risk

27 Sports -
34 Minivan Ris k
55 Family High
34 Sports Low
Low
High

Hinh 1.4 Qué trinh phéan lop dir li¢u - (b2) Phan lop dir ligu moi



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 vay chia khéa cia van dé phan 16p
dir li¢u 1a tim ra dugc mot thuat toan phan 16p nhanh, hiéu qua, c6 do chinh xac cao
va c6 kha nang mé rong duoc. Trong dé kha nang mo rong cua thuat toan duoc dac

biét chu trong va phat trién.
1.1.3. Cac dj do danh gia mé hinh phén [op dii liéu

Pé danh gia mot mé hinh phan 16p dir liéu, viéc dau tién, va thong thuong
nhat ma cac chuyén gia thuong thuc hién d6 1a chia tap dit liéu thanh cac phan phuc
vu cho viéc huan luyén mé hinh (Training Data) va kiém ching md hinh (Testing
Data). Xay dung model théng qua viéc lra chon thuat toan, xac dinh cac bién dit
liéu, hay diéu chinh c&c tham sb... sao cho phu hop sé& dua trén dit liéu training. Sau
khi hoan thanh co ban md hinh, tién hanh sir dung dir liéu test dé tha nghiém md
hinh bang cach két hop nhiéu céng thtc, chi s6 khac nhau dé danh gia mirc do chinh
xé&c vai input 1a cac két qua co duogc khi chay mé hinh véi dir liéu test.

Vay qué trinh danh gia mo hinh phéan 16p thudng chia lam 2 phan hay huéng
tiép can: phan chia bg dir lidu dé hudn luyén va kiém chizng mé hinh; sir dung céc
chi s6 dé danh gia do hiéu qua.

Mot s6 tiéu chi mé ta do hiéu qua cua mé hinh phan 16p [7]:

- Accuracy: kha nang mo hinh phan 16p du bao, phan loai hay xac dinh

dung class cho di liéu can phan loai.

- Speed: tbc d6 hay kha ning mo hinh dua ra két qua phan tich nhanh
chong, n6 con lién qua dén chi phi tinh toan khi xay dung, va st dung mo
hinh.

- Robustness: kha ning ctia md hinh xtr Iy nhiéu hoic dir liéu voi cac gia tri
bi thiéu va dua ra du doan chinh xac.

- Scalability: Phuong phap hay kha nang xay dung mo hinh phan 16p hiéu
qua trong xtr 1y, phan tich Iugng lon di ligu.

- Interpreability: lién quan dén kha ning giai thich, ma d6 phic tap cua



md hinh hay néi cach khéc céu tric mé hinh, phuong phap xay dung md
hinh c6 dé& hiéu hay khong.

Dénh gia mé hinh 12 mot phan khong thé thiéu trong qua trinh phat trién md
hinh, gitp tim ra md hinh tét nhat, pht hop nhat véi muc tiéu nghién ctu, va loai di
licu. C6 2 phuong phap danh gia pho bién 1a holdout va cross-validation.

e Holdout:

Phuong phap Holdout, 1a phuong phap phan chia ngau nhién tap dir liéu
thanh 2 tap dir liéu doc 1ap 1a: tap dix liéu huan luyén va tap kiém dinh mé hinh.
Muc dich ctia phuong phap Holdout 1a kiém tra do hiéu qua cia md hinh khi sir
dung nhiéu tap dir liéu khac nhau. Cu thé trong phuwong phap Holdout ta s& cO cac
tap dir liéu:

- Training set: dir liéu phuc vy xay dung mé hinh, xac dinh cac thuat toan, bién
dir liéu phu hop

- Validation set: I dir liéu duoc sir dung dé danh gia hiéu suit caa md hinh
duoc xay dung trong giai doan huan luyén, hd tro thir nghiém dé tinh chinh
cac tham s6 mé hinh va chon mé hinh hoat dong tot nhat. Tuy nhién khong
phai moi thuat toan phan 16p nao ciing can Validation set, nén phuong phap
Holdout thong thudng chi can 2 tap dit liéu training va test data ma thoi.

- Test set: 1a dit liéu duoc st dung dé danh gia d6 hiéu qua caa mé hinh, muc
do6 chinh xac trong viéc phan loai dit liéu (khéng chira nhén phan loai).
Thuong ti 1€ phéan chia cho training data set 1a 70% va test data set 1a 30%.

Uu diém cua Holdout 1a nhanh chéng, don gian va linh hoat. Tuy nhién, phuong
phap nay thuong dan dén do bién thién cao do su khéac biét 16n trong 2 tap dit liéu,
dan dén su khéc biét trong viéc phan 16p hay du doan. Do d6 viéc 4p dung Holdout
can két hop cac phurong phap dé kiém tra mic do khac biét cua 2 tap dir lieu.

e Cross - validation:

Cross - validation 1a mot k§ thuat phan chia tap dit liéu ban dau thanh
training data duoc str dung dé huan luyén mé hinh va mot tap di liéu doc lap duoc

sir dung dé danh gia. Phuong phap phd bién nhét 12 K - fold, trong d6 b dix liéu ban



dau duoc phan chia thanh céc tap con co kich thudc bang nhau, duoc goi 1a “fold”.
Gia tri k 1 s6 tap dit liéu dugc phan chia. Phuong phap nay duoc 1ap lai nhiéu lan
cho dén khi c6 k sé mé hinh khac nhau, sao cho mdi lan, mét trong cac tap k dugc
sir dung 1am tap kiém thir va céac tap con lai khac duoc ghép lai v6i nhau dé tao
thanh tap huan luyén. Viéc uéc tinh d6 chinh xéac hay 13i (accuracy hay error) duoc
tinh trung binh trén tit ca cac thir nghiém k dé danh gia mae do hiéu qua cua ca mo
hinh.

e Confusion Matrix

La mot phuong phap danh gid két qua cia nhitng bai toan phan loai véi viée
xem x¢€t ¢4 nhitng chi sb6 vé do chinh xac va do bao quat cua cac dy doan cho ting

16p. M6t confusion matrix gom 4 chi s6 sau véi mdi 16p phan loai [16]:

Actual Values

Positive (1) Negative (0)

Positive (1) TP FP

Negative (0) FN TN

Predicted Values

Hinh 1.5 Céc chi s6 danh gia mé hinh phén 16p
Sau day, ta str dung bai toan vé chan doan ung thu dé giai thich 4 chi s6 nay.
Trong bai toan chin doan ung thu ta c6 2 16p: 16p bi ung thu dugc chan doan
Positive va 16p khong bi ung thu duoc chan doan 1a Negative:
- TP (True Positive): S6 lugng du doan chinh xac. La khi m6 hinh dy doan

ding mét nguoi bi ung thu.
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- TN (True Negative): S6 lugng du doan chinh xac mot cach gian tiép. La
khi m6 hinh dy doan dung mot nguoi khong bi ung thu, tie 1a viéc khong
chon trudng hop bi ung thu 1a chinh xéac.

- FP (False Positive - type 1 error): S6 luong cac du doan sai 1éch. La khi
mo hinh dy dodn mot nguodi bi ung thu va nguoi d6 hoan toan khoe
manh.

- FN (False Negative - type 2 error): S luong cac du doan sai 1éch mot
cach gian tiép. La khi mo hinh du dodn mot nguoi khong bi ung thu
nhung ngudi do bi ung thu, tirc 1a viéc khong chon truong hop bi ung thu
14 sai.

Ttr 4 chi s6 nay, ta c6 2 dai luong dé danh gida mirc do tin cdy ctia mot mo hinh:

- Precision: trong tat cac cac du doan Positive duoc dua ra, bao nhiéu du
doan 1a chinh xac? Chi s6 nay dugc tinh theo cong thic:

P
TP + FP

Precision =

- Recall: Trong tat ca cac truong hop Positive, bao nhiéu trudong hop da
duoc du doan chinh xac? Chi sb nay duoc tinh theo cong thurc:

P

Recall = ———
TP + FN

Gia sir ¢o 1 tap dir liéu gdm 100 ngudi v6i 90 ngudi khoe manh (Negative)
va 10 nguoi mac bénh ung thu (Positive) va mo hinh dy doan diing 2/10 nguoi bi
ung thu, tuc 1a dua ra du doan 2 ngudi bi ung thu thi ca 2 du doan déu chinh xac.
Nhu vay, chi sb Precision khi dy doan 16p ung thu 1a 1.

Tuy nhién, 8/10 ngudi con lai da bi bo qua, tir d6 chi s6 vé Recall chi 12 0.2 -
con sb rat thap. Dé danh gia do tin ciy chung ctia md hinh, ngudi ta di két hop 2 chi
sO Precision va Recall thanh 1 chi s6 duy nhét: F - score, dugc tinh theo cong thirc:

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

Re call + Pr ecision
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Mot mo hinh ¢6 chi sb F - score cao khi ca 2 chi sd Precision va Recall déu
cao. Truong hop xau nhat khi 1 trong 2 chi s6 Precision hodc Recall bang 0 sé& kéo
F- score vé 0, tot nhat khi ca 2 déu bang 1 va F - score 1a 1.

Viéc st dung chi s6 F - score, cho biét mot thude do dang tin cay vé hiéu
nang cua mo hinh trong cic bai toan phan loai, dic biét khi dir li¢u vé mot 16p 16n

hon gap nhiéu lan so véi dir li¢u 16p con lai.

1.2. Dir liéu méat cin béng
1.2.1. Khdi niém vé dir ligu mdt can bing

Ngay nay, v6i sy anh hudng cia cong nghé thong tin dén cac linh vuc trong
cudc sdng, khai thac va xtr 1y thong tin 13 mot van dé rat can thiét phai chi trong, nd
dong vai tro quyét dinh sy thanh cong trong mot sb linh vue.

Nhung dir liéu thu thap duoc trong thuc té xuat hién nhiéu cac bo dir liéu mat
can bang, nghia 1a trong tap dit lidu co su chénh léch 16n vé sé lugng cac phan tir
giita cac 16p. Lp co nhiéu phan tir hon ta goi 1a 16p da s6, 10p ¢6 it phan tir hon ta
goi 14 16p thiéu sb. Cac bo dir liéu trong nhiéu tmg dung thyc té, chang han nhu phat
hién cac giao dich gian lan, phat hi¢n xam nhép mang, du doan rui ro trong quan 1y,
chan doan y khoa, ..., déu 1a cac bo dir liéu mat can bang ma trong do, 16p nguoi ta

can quan tam lai chiém ti 18 rit nho so v&i 16p con lai [4].
1.2.2. Céc dic diém phaén I6p di ligu mdt cén bang:

Su chénh 1éch vé s6 luong gitra 16p da sb va 16p thiéu sé 1am cho viéc phan
16p dung cac mau thudc 16p thiéu sb bi giam hi¢u qua. Muc do mét can béng cua bo
dir liéu dugc biéu thi bang ty 18 giita s6 lwong mau cia hai 16p. Ty 1é mat can bang
ctia tap dir liéu cang cao thi viéc phat hién ding cdc miu cia 16p thiéu so cang kho
khin. Trong cic ung dung thyc té, ty 1& mat can bang c6 thé 1a 1:100, 1:1000, ...
tham chi c6 thé hon [14]. Vi thé, phan 16p dit liéu mat can bang da va dang 1a bai

toan duogc cac nha khoa hoc dac biét quan tam.
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Bang sau thé hién ti 16 mat can bang cua mot sd bd dit liéu dugc 1ay tir kho
dir liéu UCI, trong d6 Positive dai dién cho cac phan tir thudc 16p thiéu sb, va
Negative dai dién cho cac phan tir thudc 16p da sb.

Bang 1.1 Mot s6 b¢ dir liéu mat can bang

B¢ dit liéu Positive | Negative Ti 1é mat cin bing
balance-scale 49 576 1:11,75
breast-w 241 458 1:1,9
cleanl 207 269 1:1,3
glass 9 205 1:22,78
heart-statlog 120 150 1:1,25
ionosphere 126 225 1:1,79
page-blocks 28 5445 1:194,45

Ta c6 the thay dugc su chénh 1éch 10 rét vé so lugng gitra 16p thiéu s6 va 16p
da s0 ciia mot s0 bd dir li¢u trong bi€u do6 hinh dudi day.
800
700
600 |

500 +

400 -+
300 +——+= | | Positive

200+ = L e E o= L L Negative

100

Hinh 1.6 Biéu dd mo ta ty 1& chénh léch giira l6p thiéu sé va da sb
Ddi v6i cac bd dir liu mat can bﬁng, cac bd phan lop chuin thuong cé xu
huéng thién vi dbi vé6i 16p da sb va bo qua 16p thiéu sb [5]. Vi vay, khi ap dung céac
giai thuat phan 16p truyén théng chua thé xay dung duge mot bo phan 16p tot.
Viéc phan loai sai cac mau thudc 16p thiéu sé c6 thé gay nén nhitng ton that

16n do6i véi cac linh vuc thuc té.
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1.2.3. Cdc irng dung ciia phén I6p dit liéu mdt cin bang

Bai toan phan 16p dir licu c6 rat nhiéu ung dung trong cac linh vyc khoa hoc,
cong nghé va doi séng xa hoi. Duéi day, luan van liét ké mot sb tng dung chu yéu
cua phan 16p dir li¢u.

Trong nganh y té

Viéc tmg dung phan 16p dit lidu trong y hoc ngay cang phd bién trong viée
tim ra moi lién hé gilta cac triéu ching bénh, gitta cac bénh véi nhau dé hd tro chan
doan, diéu tri va tién luong bénh. Trong chan doan, phan 16p dit liéu dung dé nhan
dang va phén loai mau trong cac thudc tinh da bién ctia bénh nhan. Trong diéu tri,
phan loai dit liéu dung dé chon lya phuong phap diéu tri phu hop hiéu qua nhat va
trong tién luong 13 du doan két qua diéu tri, phiu thuat dua trén nhimg két qua diéu
tri trudc do va tinh trang hién tai ciia ngudi bénh. Ngoai ra co thé hd trg canh bao
dich bénh.

Phan tich thi treong ban 1é:

K§ thudt nay c6 thé cho phép nha ban 1¢ hiéu hanh vi mua cta ngudi mua.
Thong tin nay ¢ thé gitp nha ban 1¢ biét nhu ciu clia nguoi mua va thay doi bd cuc
ctia cira hang cho phu hop. Sir dung phan tich phan tich so sanh két qua giita cac
ctra hang khac nhau, giita cac khach hang trong cac nhém nhan khau hoc khac nhau
c6 thé duoc thuc hién.

Trong nganh giao duc: Dy doan hanh vi hoc tap trong tuong lai ctia hoc
sinh, nghién ctru anh hudng ctuia hd tro gido duc va nang cao kién thtrc khoa hoc vé
hoc tap. Khai pha dir liéu co thé duoc su dung boi mét td chtrc dé dua ra quyét dinh
chinh xac va ciing dé du doan két qua cta hoc sinh. Vi két qua, co so gido duc cd
thé tap trung vao nhiing gi dé day va cach giang day.

Quy trinh san xuit:

Linh vyc ndy sir dung trong thiét ké mirc hé théng dé trich xuat cac mdi quan
hé gitra kién tric san phém, danh muc san phém va dit liéu nhu cau cta khach hang.
N6 ciing ¢ thé duoc st dung dé du doan thoi gian phat trién san pham, chi phi va

phu thudc gitra cac nhi¢m vu khéc.
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Phat hién gian lan:

Phuong phap duoc gidm sat bao gdm thu thap cac hd so mau. Nhing hd so
nay duoc phan loai 1a gian 1an hodc khong gian lan. Mot mé hinh dugc xay dung
béng cach st dung dir li€u nay va thuat toan dugc thuc hién dé xac dinh xem ho so
c6 gian lan hay khong.

HG tro diéu tra tdi pham:

Thuat toan phén 16p dit lidu giup diéu tra t6i pham, giam sat thong tin lién lac
ctia nhitng ké khiing b bi nghi ngo.

Nganh tai chinh - ngan hang:

Phan 16p dit liéu c6 thé gop phan giai quyét cac van dé kinh doanh trong linh
vuc ngan hang va tai chinh bang cach tim cic mau, quan hé nhan qua va twong quan
trong thong tin kinh doanh va gia thi truong ma khong rd rang v4i nguodi quan 1y vi

dit liéu khéi luong qua 16n hodc dugc tao ra qua nhanh.

1.3. Tong quan k¥ thuét xir 1y dir liéu mat cAn biang

Hién nay c6 nhiéu k¥ thuat khac nhau dé giai quyét van dé vé phan 16p doi
v6i cac bo dir 1iéu mat can bang,. Tuy nhién, ¢ thé phan chia cac k¥ thuat thanh hai
huéng tiép can chinh: hudng tiép can & mic do dit liéu va hudng tiép can & muc do
thuat toan [16].

1.3.1. Hudng tiép cén 6 mive dp dir ligu

Tiép can & mirc d6 dir liéu c6 muc tiéu diéu chinh ti 16 mat can béng gifra hai
16p trong bo dit lidu. Cac phuong phap & hudng tiép can nay cd nhiéu hinh thirc
khac nhau cua viéc ldy mau nhu: sinh thém cac phan tir 16p thiéu s (sinh ngiu
nhién, sinh thém phan tir nhan tao, ...), loai bo cac phan tir 16p da sd, hodc két hop
ca hai phuong phap trén.

e Sinh thém phan it I6p thiéu s6

Hién nay, c6 nhiéu phuong phép sinh thém phan tir cho 16p 16p thiéu s6 nhu:
sinh ngau nhién phan tir 16p thiéu s6, lya chon phan tir 16p thiéu sb, hay sinh thém

mau nhan tao.
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Sinh ngiu nhién cic phan tr & 16p thiéu sé (Random Over-sampling) 1a
phuong phap don gian nhat nhim can bang phan 16p thong qua viéc nhan ban ngiu
nhién cac mau 16p thiéu sb. Y tuéng cua phuong phap nay 1a Iya chon ngau nhién

cac mau thugc 16p thi€u s va nhan ban chung tao ra mau maéi giong hét chiing.

Miu da so
Miu thiéu so

*  Miu nhéin ban

Hinh 1.7 Phwong phap sinh ngiu nhién phan tir I6p thiéu s6

Véi phuong phép sinh thém mau nhan tao 16p thiéu s6, SMOTE (Synthetic
Minority Over-sampling Technique) 1a thut toan kha phd bién. Y tudng cua thuat
toan SMOTE 1a&: v6i mdi mau thudc 16p thiéu sd tim lang giéng gan nhat cua nd
trong 16p thiéu s, lua chon ngdu nhién cic lang giéng gin nhét (hodc tt ca lang
giéng) tiy theo sd luong mau can sinh thém. MAu nhan tao s& dugc sinh ra theo
cach sau: ldy do 1éch giira vector thudc tinh ciia mau dang xét va lang giéng ctia nd
nhan voi mot s ngiu nhién trong khoang rdi cong két qua thu dugce véi vector
thudc tinh ciia mau dang xét. Két qua cudi cung chinh 13 vecto thudc tinh ctia mau
nhan tao, nhin cia mAu nhan tao s& duoc gan 1a nhén cua 16p thiéu s [10].

Hinh 1.4 dudi diy mo td quéa trinh sinh thém thém phan tir nhan tao bang

thuat toan SMOTE [10].
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Hinh 1.8 Sinh thém phan tir nhan tao bing thuat toan SMOTE

Ngoai ra con c6 mot sb thuat toan duoc cai tién tir thuat toan SMOTE nhu:

Borderline-SMOTE [13], Safe-level SMOTE[11] ciing dem lai nhitng hiéu qua nhat

dinh hd trg qua trinh phan 16p cho cac bo dir liéu mat can bang.

e Loagi bé phan tir I6p da sé

Loai bo phan tir 16p da sé 12 phuong phap diéu chinh phan b dir liéu bang

cach giam bét sb luong phan tir 16p da sb.

Loai bo mot cach ngiu nhién cac mau thudc 16p da sé (Random under -
sampling) 14 cach don gian nhat. Phuong phap nay thuc hién loai bo ngiu nhién

phan ttr thudc 16p da sb trong tap huan luyén cho t&i khi c¢6 duoc ty 16 phu hop gitta

hai 16p. Vi 1y do nay, sé lwong phan tir trong tap huan luyén giam dang ké.
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Hinh 1.9 Loai bé phan tir I6p da s6
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Tuy nhién, viéc loai bé6 mau c6 thé s& lam hao hyt thong tin va c6 kha ning
lam mat di nhitng miu mang thong tin hitu ich hodc thong tin quan trong cho qua
trinh xay dung mo6 hinh phan 16p.

Khic phuc han ché cua phuwong phap trén, mot s phwong phap loai bé mau
theo muc tiéu dugc dé xuat nhu: Tomek links, One - side Selection, Neighborhood
Cleaning Rule [14].

Vi du trong thuat toan Tomek links, cho hai mau Ejva Ej thuoc hai 16p khac
nhau, va d(Ei, Ej) 1a khoang cach gitra Ei va Ej. Mot cap (Ei, Ej) duoc goi la Tomek
link néu nhur khdng c6 mau Ex ma d(E;, Ez) < d(E;j, E1) hodc d(Ej, E1) < d(ij, Ej). Néu
hai mau tao thanh mot Tomek links thi mot trong hai mau 13 nhiéu hodc ca hai 1a
phan tir bién. Tomek links c6 thé dugc st dung nhu mot phuong phép loai bé miu
khi chi cac mau 16p da s6 bi loai bo, hodc nhu mot phuong phap lam sach dir li¢u
khi mau bi loai bd thudc ca hai 16p.

Ngoai viéc str dung cic tiéu chi danh gia khac nhau, ngudi ta ciing ¢ thé lam
viéc dé c6 duge tap dir liéu khac nhau. Hai cach tiép can dé tao ra mot tap dir licu
can bang trong mot tap dir liéu khong can bang 1a under - sampling va over -
sampling [12].

* Under - sampling

Viéc ldy mau 1am can bang tap dir liéu bang cach giam kich thudc cua 16p
troi. Phuong phap nay duoc sir dung khi s6 luong dit liéu 1a du. Bang cach giir tat ca
cac mau trong 16p hiém va chon ngﬁu nhién mot sd trong 16p trd1, mot tap dir licu
can bang méi c6 thé duoc ldy ra dé 1ap mo hinh tiép theo.

* QOver - sampling

Nguoc lai, over - sampling dugc sir dung khi $6 luong dir li¢u khong du. No
¢ gang can bang s liéu bang cach ting kich thudc ciia cic mau hiém. Thay vi loai
b6 cac mau phong phu, cac miu hiém méi duoc tao ra bang cach str dung vi du: lip
lai, bootstrapping hoac SMOTE (Synthetic Minority Over - Sampling Technique).

Luu ¥ rang khong c6 loi thé tuyét d6i cia mot phuong phap resampling hon mot
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phuong phap khac. Ap dung hai phuong thirc nay phu thudc vao trudng hop st

dung ma n6 ap dung cho va tap dir liu chinh no.
1.3.2. Huéng tiép cdn 6 mirc dp thudt todn

Nhu di biét, dé xay dung cac bo phan 16p dir liéu giai quyét cac bai toan tmg
dung, thuong s€ sir dung cac thuat toan hoc may [15] . Cac phuong phap phan 16p
dir liéu tiéu biéu dya trén k¥ thuat hoc may c6 thé ké dén bao gom:

- Phuong phap Cay quyét dinh.

- Phuong phép Bayes (Suy luan Bayes, mang bayes).

- Phuong phap May vecto hd trg (SVM).

- Phuong phap Mang no-ron nhén tao (Artificial Neural Network - ANN).

Tuy nhién, khi ap dung truc tiép cac thuat todn hoc may trong phan 16p dir
liéu mat can bang thuong cho két qua khong nhu mong mudn. Vi vy, can co cai
tién cac thuat todn hoc may phu hop cho bai toan phén 16p dir liéu ddi véi cac dir
liéu mat can bang.

Tiép can 0 muc do thuat toan nghia la diéu chinh cac thuat toan phan 16p dé
ting cudng d6 chinh xac khi phan 16p d6i voi dir liéu mat can bang. Chién lugc
chung dé d6i pho véi van dé mat can bang trong cac bo dir lidu 1a Iya chon mot
khuynh huéng quy nap thich hop.

Vi du nhu d6i v6i phuong phap cdy quyét dinh, cach tiép can c6 thé 1a diéu
chinh dy doan xac xuit & 14, hodc phét trién phuong phap cit tia méi. Hay dbi véi
phuong phéap phan 16p SVM, c¢6 thé sir dung hang s6 phat khac nhau cho cac 16p
hodc diéu chinh ranh gidi 16p dua trén y tuong lién hét hat nhan [14].

Dbi v6i phuong phap phan 16p K-NN, c6 thé dé xudt mot ham khoang cach
c6 trong s6. Y tuong dang sau khoang cach ¢ trong s6 nham bu dip cho su mat can
bang trong mau huin luyén ma khong thue sy 1am thay doi su phan 16p.

DPé minh hoa cho cach tiép cdn & mirc d6 thuit toan. co thé xem xét bo dir
lidu trong céc linh vyc nhu: phat hién gian 1an trong ngan hang, ddu thau thoi gian

thue trong tiép thi, phat hién xdm nhdp trong mang... Dir liéu duoc sir dung trong
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cac linh vyc nay thuong c6 dudi 1% cac su kién hiém hoi, nhung "thu vi" (vi du:
nhimg ké Itra ddo st dung thé tin dung, nguoi ding nhip vao quang cao hodc may
chu bi hong quét mang cta nd). Khi d6, hau hét cac thuat toan hoc may khéng hoat
dong tot voi cac bo dir liéu khong can bang nay. Can phai ¢ cac ki thuit bd sung
dé phan loai tdt cac dit liéu mat can béng.

Céc k¥ thuat sau day c6 thé gitp dao tao mot bo phan loai dé phat hién ra 16p
bat thuong.
1.3.2.1. St dung cac chi s¢ danh gid phit hop

Target Distribution

Hinh 1.10 Biéu d6 mo ta dir liu mat can bang

Ap dung céc chi sé danh gia khong phut hop cho mé hinh duoc tao bang cach
str dung dir liéu mat can bang c6 thé nguy hiém. Vi du dir liéu dao tao 1a dir liéu
dugc minh hoa trong biéu dd & trén. Néu do chinh xac duge su dung dé do luong do
tdt cia md hinh, mo hinh phan loai tat ca cac mau thir thanh “0” s& ¢6 d6 chinh xac
tuyét voi (99,8%), nhung rd rang, mo hinh nay sé& khong cung cap bat ky thong tin
gia tri nao cho ching ta. Trong truong hop nay, cac chi sé danh gia thay thé khac c6
thé duogc ap dung nhu:

- b6 chinh xac / d§ dac hi€u: bao nhiéu truong hop duoc chon cé li€n quan.
Nhé lai / B nhay: bao nhiéu truong hgp c6 li€n quan dugc chon.

- Piém s6 F1: trung binh hai hoa ctia d6 chinh x4c va thu hdi.

- MCC: hé¢ s6 twong quan gitra phan loai nhi phan duoc quan sat va duge du
doan.

- AUC: mdi quan h¢ giira ty 1é thuc duong va ty 1é duong tinh gia.

1.3.2.2. Sur dung K - fold Cross - Validation dung cdch

béng chu y 1a cross - validation phai dugc dap dung ding cach trong khi su

dung phuong phép over - sampling dé giai quyét cac van dé mat can d6i. Hiy ghi
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nhé rang over - sampling phai quan sat cac mau hiém va ap dung bootstrapping dé
tao ra dit liéu ngAu nhién méi dua trén mot ham phan phdi. Néu cross - validation
dugc ap dung sau khi over - sampling, vé co ban nhiing gi chiing ta dang lam 1a dua
mo hinh cta chung ta bi overfitting trén mot két qua bootstrapping dic biét. P6 1a ly
do tai sao cross - validation phai luén dugc thyc hién trude khi over - sampling,
cling giébng nhu cach lya chon tinh ning dwoc thuc hién. Chi bang cach resampling
dit liéu nhiéu lan, ngau nhién c6 thé dugce dua vao tap dir li€u dé dam bao réng s€
khong bi van d¢ overfitting.
1.3.2.3. Tdp hop cdc tdp dir liéu dwoc ldy mdu khdc nhau

Cach d& nhat dé khai quat héa mo hinh thanh cong 13 sir dung nhiéu dit liéu
hon. Van dé 1a cac bo phan loai out - of - the - box nhu hdi quy logistic hodc rimg
ngau nhién c6 xu hudng tong quat hoa bang cach loai bo 16p hiém. Mot thyc hién
t6t nhat 1a xay dung n mé hinh sir dung tit ca cdc mau ctia cac mau hiém va n - khéc
biét cua 16p phong phi. Do ban mudn tdp hop 10 mé hinh, ban s& giir nguyén vi du:
1.000 truong hop 16p hiém va 14y mau ngau nhién 10.000 trudng hop cua 16p phong
phl. Sau d6, ban chi can chia 10.000 trudng hop trong 10 khdi va dao tao 10 mod
hinh khac nhau.

r.. samples of rare class

s.. samples of abundant class
m.. classifier model

t.. test samples

o

Hinh 1.11 Minh hea tap hop céc tap dir ligu dwoc ldy miu

Céch tiép can nay don gian va hoan toan cé thé m¢ rong theo chiéu ngang

néu ban cd nhi€u dir li€u, vi ban chi c6 thé dao tao va chay cac mo hinh cia minh
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trén cac nit cum khac nhau. Cac mé hinh két hop ciing ¢6 xu hudng khai quat hoa
t6t hon, khién cho phuong phap nay dé xiur ly.
1.3.2.4. Ldy mau véi cdc ty 1¢ khdc nhau

Cach tiép can trudc d6 c6 thé dugc tinh chinh bang cach thay doi ty 1¢ giira
16p hiém va phong phu. Ty 1¢ tét nhit phu thudc nhiéu vao dir liéu va cac mé hinh
dugc st dung. Nhung thay vi dao tao tAt ca cac mo hinh voi ty I¢ twong tu nhau, co
thé tong hop céc ty 1& khac nhau. Vi vay, néu 10 mé hinh dugc dio tao, co thé dicu
chinh dé mot mé hinh ¢6 ty 1& 1:1 (hiém: phong pht) va mot md hinh khéac véi 1:3,
hodc tham chi 2:1. Tuy thudéc vao mé hinh dugc st dung nay cé thé anh huong dén

trong luong ma mot 16p duoc.

1.4. Két luan chwong 1

Chuong | cia luan vin di gidi thiéu vé bai toan phan 16p dir liéu ndi chung
va phéan 16p dit liéu mét can bang noi riéng cung cac van dé lién quan. Luan vin
cling khao sat tong quan vé dir liéu mat can bang, cac dic diém cta phan 16p dit lidu
mat can bang.

Tir @6, ludn vian da khao sat hai hudng tiép can giai quyét bai toan phan 16p
dit liéu mat can béng la tiép can 6 muc do dir liéu va tiép can 6 muc do thuat toan.

Trong chuong tiép theo luan vin s& nghién ciru mot sé thuat toan phan 16p

trén dir liéu mat can bang..
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CHUONG 2. MOT SO THUAT TOAN PHAN LOP DU LIEU

MAT CAN BANG
Trong chwong 2 ludn vin sé khdo sdt mét so thudt todn d@é gidi quyét bai todn
phan 16p dir liéu mat can bang. Cdc thudt todn dwoc khdo sdt bao gom: thudt todn

DEC - SVM, thuat toan HMU, thuat toan HBU va thuat toan RBU.

2.1. Thuat toan DEC - SVM
2.1.1. Gidi thiéu thudt todn

Thuit toan mday vector hd trg (Support Vector Machines - SVM) thuong
duoc su dung xay dung cac bo phan 16p dir ligu.

Thuat toan SVM duogc Cortes va Vapnik gidi thi€u vao nam 1995 trén co so
mo rong tir chuyén dé 1y thuyét hoc thong ké (Vapnik 1982), dua trén nguyén tic tbi
thiéu rii ro cau tric (structural risk minimization). Y tudng chinh ciia SVM dé giai
quyét bai toan phan 16p dir liéu 12 anh xa tdp dit liéu miu thanh cac vector diém
trong khong gian vector RY va tim cac siéu phang c6 huéng dé chia tach chung
thanh cac 16p khac nhau.

Dinh 1y 2.1 sau day ddm bdo co sé toan hoc cho SVM [7].

Pinh Iy 2.1: Cho tap hop gdom m diém trong khdng gian RY. Ta chon mot
diém nao do6 trong chung lam diém gbc va tao thanh m-1 vector diém. Khi d6 m
diém da cho c6 thé duoc phan tach boi mot siéu phiang c6 hudng khi va chi khi tap
hop cac vector diém 13 doc 1ap tuyén tinh.

Khoang cach cua diém dir liéu gan nhat cia mdi 16p dén siéu phang phan
tach goi 1a bién (hay 18). Trong s6 cac siéu phang théa mén dinh 1y 2.1, siéu phang
t6i wu c6 bién 16n nhét s& dugc lya dé phan tach cac diém. Cac ky thuat SVM nham
nghién ctru xay dung cac siéu phang tdi vu ndy mot cach hiéu qua nhat.

Uu diém ndi bat ctia phuong phap SVM 1a thyc hién t6i vu toan cuc cho mé
hinh phéan 16p. Do d6, m6é hinh SVM c6 chét luong cao, chiu dung duoc nhidu. Mit
khac, SVM 1a mét phuong phap tot (pht hop) ddi voi nhirng bai toan phan 16p c6
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khong gian biéu dién thudc tinh 1én. Cac ddi tuong can phan 16p duge biéu dién boi
mot tap rat 1én cac thudc tinh.

Tuy nhién khi 4p dung truc tiép thudt toan SVM cho phén 16p dit liéu mat
can bang co thé khong dat dugc két qua mong mudn. Ly do 1a SVM thudng c6 xu
huéng thién vi d6i v6i 16p da sd va bo qua 16p thiéu sd (xtr 1y ching nhu 14 nhiéu)
[8]. Viéc phan loai sai cic mau thudc 16p thiéu sb c6 thé gdy nén nhing ton that 16n
ddi véi cac bai toan thyc té.

Pé khic phuc van dé trén, phuong phéap sinh thém phén tir nhan tao cho 16p
thiéu s 1a phuong phap kha phd bién thudng duogc sir dung. Tuy nhién, trong nhiéu
truong hop, viéc sinh thém mau c6 thé s& tao ra nhitng mau du thira hodc nhiu lam
anh hudng téi hi€u qua phan 16p.

Do d6, trwéc khi st dung SVM can ap dung thuit toan DEC (a novel
Differential Evolution Clustering hybrid resampling- DEC) [9] dé diéu chinh di
lidu cho bai toan phan 16p dit liéu mét can bang. Thuat toan DEC 14 su két hop giita
phuong phap sinh thém phan tir cho 16p thiéu sd va st dung ki thuat phan cum K-
means dé loai bo bét phﬁn tir du thira, nhiéu trong dir li¢u. Voi mdi mau thudc 16p
thiéu sd, tao ra mot mau dot bién tir hai trong sd nhing lang giéng gan no nhat, sau
d6 str dung thuat toan di truyén dé sinh thém phan tir cho 16p thiéu sd tir mau thiéu
sO ban dau va miu dot bién mai tao ra. Sau khi diéu chinh dit liéu bang thuat toan
DEC, thuat toan SVM sé& duoc str dung dé xdy dung mo hinh phén 16p.

Nhu vay, thuat toan DEC-SVM co6 thé xem nhu su két hop gitra hai thuat
toan DEC va SVM. Néi dung trinh bay trong muc nay tham khao tir tai liéu [4].

2.1.2. Khdo sat ndi dung thudt todn

2.1.2.1. Piéu chinh dir liéu bang thudt todn DE (Differential Evolution over-
sampling)

Vi thuat toan SMOTE, mau moéi sé dugc sinh ra tir mot mau positive ban
dau va mot trong nhiing lang giéng ctia nd. V&i nén tang 1a thuat toan SMOTE, tuy

nhién, trong thudt toan DE, tir hai trong sb céc lang giéng gan nhit cia mot miu
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positve s& tao ra mot mau “dot bién”, va mau méi dugc sinh ra bang cach lai ghép
chéo mau dot bién nay va mau positive ban dau.
o Dot bién

Trong tap dir licu huin luyén, dau tién chon ngﬁu nhién mot mau positive Xi
va tim k lang giéng gan nhit ciia né, sau d6 chon ngu nhién hai lang giéng trong k
lang giéng dd: Xn1 VA Xn2 . MOt mau dot bién Xmu s& duoc tao ra b@ing cach st dung
cong thirc (1) voi rand(0,1) 1 hang s6 ngiu nhién trong khoang [0,1]:

Xmu = Xi + rand(0,1) x (X1 - Xn2) (1)
e Crossover:

Qua budc dot bién, ta tao ra sb lugng mau dot bién ding béng $6 lugng mau
positive ban dau trong tap dir liéu huan luyén. O budc nay, ta s& sit dung cac miu
d6t bién cung véi cic mau positive ban dau dé tao ra mau nhan tao méi.

Cu thé, cac mau m&i s& duge hinh thanh dya theo (2):

_ (xy; i (rand(j) > CR) and j # rand(s)
Xnew,j = Xmnu,j if (rand(j) < CR) or j = rand(s)

Trong do Xij dai dién cho thudc tinh thir j cia mau tht i

CR 13 hang s6 crossover dugc lura chon ngau nhién trong [0, 1] va dugc xac
dinh trudc boi nguoi dung.

rand(j) 1a gi4 tri duoc lya chon ngau nhién trong khoang [0, 1].

Gia tri cua bién rand(s) la chi sb clia cac thude tinh duoc léy mot cach ngau
nhién, dam bao réng mau m&i sinh ra s& ¢6 it nhdt mot thude tinh tir mau dot bién.

S6 miu nhan tao duoc tao ra dang bﬁng s6 mau nhan tao ban dau. Tuy thudc
vao sb lugng miu possitive can lay, ta sé lap lai cac budc dot bién va crossover cho
dir liéu huén luyén.

2.1.2.2. Ky thudt lam sach dir liéu sw dung phan cum

Sau khi thuc hién thuét toan DE, dit liéu thu duge da duoc cai thién hon ve ti

1¢ gifta hai 16p. Tuy nhién, khong loai trir kha ning sinh ra nhitng mau du thira hodc
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nhiéu. Bé khic phuc, ta s€ st dung k¥ thuat phan cum dé phan cum cho tap dir liéu
v6i muc dich loai bé nhitng mau khong can thiét.

Chéng han ta thu dugc cac cum va gia st dugc dat tén la A, B, C, D, E, F
nhu Hinh 2.. Trong d6, mot s cum chua tit ca cac miu c6 cung nhin 16p (cac cum
C, D, E va F), nhitng cum khac chtra cac mau c6 nhin 16p khac nhau (cum A va B),

du doan rang c6 thé si€u phang cua SVM s¢€ di qua cac cum nay.

Hinh 2.1 Minh hea phan cum tap dir liéu mat can bing

Néu nhu tat ca cac mau trong mot cum déu cd cung mdt nhan 16p (tic 1a
hodc cung 1a positive hodc cing 14 negative), ta s& tién hanh loai bé nhiing mau du
thira hodc nhiéu. Vi vu véi cum F ¢ chira tat ca cac mau negative, ta s€ thuc hién
theo nhiing budc sau:

- Xac dinh ngudng twong dong trong [0,1]

- Tinh X theo cong thirc (3)

s 1 on
x=—Z.‘ X 3)
n
- Tim mAu trung tdm Xc € F gan X nhét

- Tinh d6 twong dong Sic gitta mdi dau x; € F va X theo (4). Néu Sic 16n hon

ngudng twong dong thi xi s& bi loai khoi F
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n ,
Lk=1Xik* X jk

Vu' Ch=122ik) Bk=1%%jk)

Sic =

(4)

Ngudng tuong déng cang nho thi cang nhiéu mau bi loai bd
Trong do: ni la $6 lugng mau trong cum thur 1, xik 1a thudc tinh thur k cua mau
Xi, Sij1a d6 trong dong gitra xi Va X;
2.1.2.3. Thudt toan DEC-SVM
Sau khi str dung thuat toan DEC dé diéu chinh dir liéu, ta sir dung thuat toan
SVM dé phan 16p cho cho tap dir liéu huan luyén tao nén mot mé hinh phan 16p.
Noi dung thuat toan DEC-SVM c¢6 thé trinh bay dudi dang gia ma cua nhu
sau [4]:
DEC-SVM(N, m, K, s, T)
Input: S6 mau 16p thiéu s6 N, s6 thudc tinh m, s6 cum K, ngudng tuong
dong s, s6 luong cua DE 1a T%.
Output: M6 hinh huan luyén
Void DEC-SVM() {
[FExxREE% Qinh thém miu bang DE ***x**xx]
st=0;
G = int(N*T%); //sb mau 16p thiéu sé duoc tao ra
For (t = 0; t< ceil(T/100); t++) {
For (i=0; i<N; i++) {
/*Péanh gia khoang cach giira tit ca cic mau thicu s6*/
For (p=0; p<N; p++) {
For (j=0; j<m; j++){
Euclidean_distance[i][j] += pow((X[i1[j] - X[p1[i]), 2);
}
}
Tim hai mau x(n1) va x(n2) trong k lang giéng gan nhat cua x(i);

For(j = 0; j < m; j++) {//Dot bién va crossover ciia DE
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If(rand_j > CR && j '=rand_s) {
X[N-+st][i] = x[i10];
}
Else if(rand_j <=CR || j == rand_s){
X[N+st][i] = x[i][i] + rand(0,1)(x[n1][i] - x[n2][i]);
}
}

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

¥
If (st==G) break;
¥
[rFFFREEER] am sach dir liéu bﬁng phan cym####kkx/
Phan cum tap dir li¢u thanh K cum;
Dé lai nhitng cum c6 cac mau mang nhin hdn hop
For(t=0;t<K;t++) {
/* Tinh trung binh ciia cac cum ma tit ca cac mau ¢ ciing nhin*/
If (cum t co tit ca cac miu cung nhén){
n = sd miu trong cum t;
For(j=0;j<m;j++) {
For(i=0;i<n;i++){
Mean[j] += x[1][];
}
Mean[j] = Mean[j] / n;
b
Tim mAu trung tam x[p] cta cum t;
For (i =0;i<n; i++) {//Loai bo cdc mau du thira
Tinh d6 twong ddng s[i][p];
If (s[i][p] >s) Loai bo Xx[i];
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¥

k

SVM training;
SVM prediction;

}

2.1.3. Danh gia thudt todn

Thuat toan DEC-SVM c6 thé chia lam hai pha: pha tién xir Iy dit liéu va pha
phan 16p dir liu.

Pha tién xtr Iy dit liéu gom hai buéec:

Budc 1: Piéu chinh dit liéu bang thuat toan DE.

Budc 2: Lam sach dir li¢u st dung phan cum.

Pha phan 16p dir li€u str dung thuét toan SVM.

Véi s6 luong mau 16p thiéu 12 N, sb thudc tinh m, s6 cum K, ngudng twong
dong s, s6 lugng ciia DE 12 T% thi do phtc tap tinh toan cua budc diéu chinh dir
lidu bang thuat toan DE 12 O(N3*m).

Véin 13 s mau cua cum thir t trong K cum can phan cum thi d¢ phuc tap
tinh toan ctia budc lam sach dit liéu sit dung phan cum la O(N?*m*K) vi n khong

thé vuot qua N.

Nhu vay, thuat toan DEC-SVM so véi thuat toan SVM chi bod sung thém

phan tién xur 1y dir liéu voi do phirc tap tinh toan cong thém 1a O(N3*m).

So sanh véi mot so thuat toan cuing hudng tiép can nhu thuat toan sinh thém
mau nhan tao 1p thiéu sé (SMOTE) bang cach két hop thuat toan nhiing tuyén tinh
cuc bo (locally linear embedding - LLE) rdi st dung SVM c6 d6 phure tap tinh toan
tuong dong [8].
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2.2. Thuat toan HMU
2.2.1. Gidi thiéu thudt todn

Phuong phap sinh phan tir ngiu nhién (Random Oversampling) 1a phuong
phap sinh thém phan tir don gian nhit bang cach ting sb lugng mot sé phan tir duoc
chon ngiu nhién thudc 16p thiéu sb dé can bang ty 16. Tuy nhién, k¥ thuit nay c6
nhuge diém 13 d& din dén tinh trang quéa khép voi dir liéu huan luyén (overfitting).
Ngoai ra, néu tap dir lidu c6 kich thudc 16n thi chi phi thoi gian va bd nhé cho giai

doan phan 16p s& gia ting dang ké.

Trai lai, phuong phap giam s phan tir ngau nhién (Random Undersampling)
s& chon ngau nhién va loai bé mot sé phan tir thudc 16p da s6 dé 1am giam ty 18 mat
can bang cua céc tap dir liéu. Phuong phap nay tuy tén it chi phi vé thoi gian ciing
nhu bo nhé cho qua trinh phan 16p nhung lai d& lam mét cac thong tin quan trong

cua 16p da so.

bé giai quyét cac van dé trén trong muc nay luan van sé khao sat thuat toan

HMU (Hypothesis Margin based Undersampling - HMU) dya trén tai liéu [1].

Y tudng cua thuat toan HMU la 1am giam s6 phan tir thudc 16p da s6 moi
nhiam t6i xtr Iy cac dbi twong kho phan 16p va khic phuc nhuoc diém da dé cap o
trén. Trudc hét, can phan tich thém mot s6 d6 do danh gia hiéu suat phan 1op da

trinh bay ¢ chuong 1.

Do cac tap dir liéu la khong can béng, viéc st dung do do accuracy lam co s¢
dé danh gia hiéu suat phan 16p s& khong thé hién dugc hét yéu cau dit ra 1a du doan
cd hai nhan 16p can dat duoc do chinh xac cao. Vi vay, cac do do khéc thich hop
hon thuong duge st dung 1am d6 do hiéu suat cta viéc phan 16p, nhu: Sensitivity,

specificity, precision, F-measure, G-mean
TP

Sensitivity = Recal = ——— 2.1
y TP + FN (2.1)
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cpe - TN
Specificity = —— 2.2
P y TN + FP ( )
Precision = — (2.3)
TP + FP
F - measure = (1+ B°).Precision. Recall (2.4)

B .Precision + Recall

Trong d6, B 1a hé s6 didu chinh mdi quan hé gitra Precision v6i Recall va
thong thudng B =1. F-measure thé hién sy twong quan hai hoa giita Precision va

Recall. Gia tri cia F- measure cao khi ca Precision va Recall déu cao.

G-mean la su két hop cua Sensitivity va Specificity, dugc tinh boi cong thirc:

G - mean = ,/Sensitivit y x Specificit y (2.5)

TP va TN lan luot 12 s6 phén tir thudc 16p thiéu sb va 16p da s6 dugce du doan
dung véi nhan 16p thuc sy cua ching; FN va FP lan luot 1 s6 phan tir thudc 16p

thiéu s6 va 16p da sb bi du doan sai nhan 16p so v6i nhin 16p thuc su ciia chung.

Trong thuat toan HMU sir dung F-measure va G-mean 1am d¢ do chinh dé

diéu chinh qua trinh huan luyén cho mé hinh phan 16p dit liéu mat can bang.
2.2.2. Khdo sdt ngi dung thudt todn
2.2.2.1. Phén logi lé

Lé (margin), dong vai trd quan trong trong linh vuc hoc mdy, thé hién tinh

hiéu qua khi phan 16p cua bd phan 16p (classifier).

C6 hai cach xac dinh gia tri 18 cho mot phan tir dya trén quy tac phan 16p
[10]. Cach thtr nhit 13 do khoang cach tir phan tir dang xét t6i bién quyét dinh duoc
xac dinh bdi bo phan 16p va 1é trong trudng hop nay goi la 1& phan tir (sample
margin). D6i véi cach thir hai, 1¢ 12 khoang cach ma bd phan 16p co thé di chuyén
sao cho khong lam thay ddi nhin 16p cia cac phan tir dd dugc xac dinh, va duoc goi

1a 1& gia thuyét (hypothesis margin).
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Trong truong hop st dung bd phan 16p lang giéng gin nhét, cac két qua sau
day duoc cong nhan [7]:

- Lé gia thuyét 1a giéi han dudi cua 18 phan tu.

- Lé gia thuyét cua phan tir x trong tip dit liéu A duoc tinh béi cong thirc:

B, = %(HX — nearestmiss, (X)|| — ||x — nearesthit,(x)||) (2.6)

trong d6: nearesthita(x) 1a phan tir gan nhat c¢6 cung nhin 16p véi x trong A.
nearestmissa(x) 1 phan tr gan nhat khac nhan 16p vdi x trong A.
Tir d6 c6 thé suy ra, néu mot tip cac phan tir c6 gia tri 1 gia thuyét 16n thi

gia trj 18 phan tir twong Gmg cua no cling 16n.

Do d6, chung ta c6 thé ap dung két luan nay vao bai toan xir 1y dir liéu mat
can bang bang phuong phap 1am giam bét phan tu.

Gia str phan tir x thudc 16p da sé N duge chon dé loai bo, luc do, 1& gia thuyét

clia cac phan tir y trong tap dit liéu A sé la:

1
Oavi(y) = 5 (Hy — nearestmiss\ i () H - Hy — nearesthitA\{X}(y)‘ ) Vy # X

O day, nearestmissa(y), nearesthita(y) 1an luogt 12 phan tir gan nhat khac nhan

16p va phan tir gan nhat cung nhén 16p cua y trén tap A.

Néu yp thude vao 16p thiéu sé P, thi:
Hyp — nearesthitﬁ\{x}(yp) H = Hyp — nearesthitA(yp)H

Va Hyp - nearestmissA\{X}(yp) H = Hyp - nearestmissA(yp)H

Do dé: Bave(Vp) = 84(p)-

Tuong tu, voi ynla phan tir thudc 16p da s6 N, yn# X, ta co:
Hyn — nearesthit 4\ 3 (yn)H > ||y, — nearesthit, (y,)||

Hyn - nearestmissA\{X}(yn)H = ||y, — nearestmiss, (y,) ||
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GA\{X}(Yn) = BA (yn) .

Piéu nay c6 nghia rang viéc loai bé di mot phan tir thudc 16p da sb lam ting
gia tri 18 ctia cac phan tir 16p thiéu sd va giam gia tri 1& ctia phan tir thude 16p da sb.
Do do, néu cac phén tir duoc chon dé loai bo ¢6 1 16n hon cac phén tir con lai sé
lam tang kha nang phan 16p sai ctia bd phan 16p. Hay ndi cach khéc, viéc chon cac
phan tir co gia tri 1& gia thuyét bé nhét thay vi chon mot cach ngiu nhién dé loai bo

s& lam ting hiéu suat ciia viéc phan 16p.
2.2.2.2. Thudt toan HMU

Thuat todan HMU duya vao gia tri 18 gia thuyét dé lam giam phan tir ciia 16p da
s6. HMU uu tién chon cac phan tir ¢ gia tri 18 bé nhat dé loai bo trude tién nhim
tao ra mot tap dit liéu dé phan 16p hon. Thuat toan HMU duoc mo ta dudi dang gia
code nhu sau [1]:

HMU Algorithm
Input: [6p da sé N; s6 lwong phan tir can logi b6 d;

output: I6p da s6 sau khi dd lam giam sé phdn tir N*;

Begin

1. nos =|N| -d

2. N*=N

3. While (JN*] > nos)

4. Tinh gid tri 1é mar(x) cia tdt ca cdc phdn tir x thuéc N* trén toan
bo tap dir liéu va luu vao mang (@margin

5. Sdp xép mang @margin

6. Loai bé phan tir ¢6 gid tri lé twong vmg bé nhdt trong mdng
@margin

7. Cdp nhat lai N*

8. End while

End
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Ghi cha:

- L& ctia cac phan tir 16p da sb dugc tinh dua vao cong thic (2.6)

- Kich thuéc cua 16p da sé sau khi lam giam bét sé phan tir N* dugc xac dinh
dua vao sb luong ph'?m ttr can loai bo d. Chisd d nay phu thudc vao tirng tap dir liéu
cu thé.

- Khoang cach duoc str dung dé xac dinh 18 trong thuit toan nay 1a khoang
cach Euclidean.

Sau khi sir dung HMU c¢6 thé sir dung cac thuat toan hoc may truyén thong
nhu SVM dé xay dung cac bo phan 16p dit liéu d6i voi cac dit 1iéu mat can bang.

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

Void HMU-SVM() {
Thue hién HMU tién xi 1y dit liéu;
SVM training;
SVM prediction;

2.2.3. Danh gida thudt todn

Thuat toan HMU tng dung trong pha tién xt 1y dir liéu trong bai toan phan
16p dir liéu mat can bang.

Vi 16p da s6 gom N phan tir va s6 lugng phan tir can loai bo tir 16p da s6 1a
d thi do phirc tap tinh toan 1a O(N?*d).

So sanh véi thuat toan DEC-SVM thi thuét toan HMU trong pha tién xtr 1y
dir liéu c6 do phuc tap tinh toan nhé hon. Tuy nhién, do HMU lam giam 16p da so
nén thudng chi duoc ap dung khi tap dir liéu cAn mat cin bang c6 16p thiéu sb du
16n d& dam bao hiéu suat phan 16p. Trong trudng hop 16p thiéu sé qua thua thi
HMU s& khong cho két qua tdt.
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2.3. Thuat toan HBU

2.3.1. Gidi thiéu thudt todn

Trong muc 2.2 ludn van da khao sat thuat toan HMU. HMU da lam tang dang
ké hiéu qua cua viéc phan 16p. Tuy nhién, trong mot s6 truong hop, khi cac phan tir
thudc hai 16p da sé va thiéu s6 ndm gin nhau, dic biét 1a khi cac phan tir 16p da sb
phan tan xen giira cac phan tir 16p thiéu s, cac phan tir ndy s& dé bi phan 16p nhim

va thuit toan HMU s& khong hoat dong tdt.

Trong muc nay, luan van khao sat thuat toan HBU (Hypothesis margin based
Borderline Under-sampling - HMU) nhiam khac phuc nhitng nhuoc diém cia HMU.
Y tudng cua thuat toan HBU 14 dua vao gié tri 1& gia thuyét va wu tién loai bo céac
phan tir nam & bién. Véi mbi phan tir 16p thiéu sé x, mot s6 luong n cac phan tir 16p
da sb nim gﬁn x nhat s& duoc chon dé loai bo. Gia tri n thay doi phu thudc vao gia

trj 1 ctia mdi x khac nhau [2].
2.3.2. Khao sat ngi dung thudt toan

Dua vao nhitng phdn tich ¢ phan trén, thuit toan HBU c6 thé mo ta dudi

dang gia code nhu sau [2]:

HBU Algorthim

Input: tdp cdc phan tir 6p thiéu sé P; tdp cdc phan tir 16p da s6 N; s6 long
phcin tir can loai bé N’ ; tham sé K

Output: tdp cdc phan ti 16p da s6 méi N*;

1. Begin

2. Tinh gid tri 1é mar(x) ciia tdt cd cdc phan tir I6p thiéu so x trén tdp di

lieu da cho

3. max = max mar (x)
XeP

4, min = min mar (X)
xeP

S, p=1P|
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6 Foreach x in P
7 nos= int((N /p)*(k +(max-mar(x))/(max-min)));
8. Loai b6 N0S phan tir 16p da s6 ma gan véi x nhat
9 N’ =N’-nos
10. p=p-1
11. End-for
12. End
Ghi chu:

Lé cta cac phan tir 16p da sb duoc tinh dua vao cong thic (2.6). Trong phan

nay, sir dung khoang cach Euclide dé xac dinh gia tri 1& cho cac ddi tugng.

Kich thudc cta 16p da s6 sau khi lam giam bét s6 phan tir N* duoc xac dinh
dya vao s luong phﬁn ttr can loai bo N, gia tri nay phu thudc vao ting tap dir li¢u
cu thé.

Tuong ty HMU, trong pha tién xir 1y dit liéu c6 thé sir dung HBU va sau d6
sit dung céc thuat toan hoc may truyén thong nhu SVM dé xay dung cac bd phan
16p dir liéu 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 xur 1y dit lidu;
SVM training;
SVM prediction;

by
2.3.3. Danh gia thudt toan

Tuong ty HMU, thuit toan HBU tng dung trong pha tién xt ly dit liu
trong bai toan phan 16p dit liéu mat can bang. Do phirc tap tinh toan cia HBU
tuong dong véi HMU.

So véi thuat toan HMU, HBU khic phuc nhuoc diém cia HMU trong cac

bai toan phan 16p khi cac phan tir thudc hai 16p da sé va thiéu s nim gin nhau.
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So sanh voi thuat toan DEC-SVM thi thuat toan HBU ciing ¢6 cac dac diém

tuong tu da trinh bay trong muc 2.2.3 ¢ trén.

2.4. Thuat toan RBU

2.4.1. Gioi thiéu thudt toan

Thuat toan RBU (Random Border Undersampling - RBU) duoc cai tién tir
thuat toan Random undersampling da c6 sén, st dung viéc giam ngiu nhién phan tir
trén duong bién. Pé xac dinh dugc cac phﬁn t trén duong bién, thuat toan xac dinh
dua vao s lang giéng 1a thudc 16p thiéu sé m trong tong sd k lang giéng gan nhat.
Néu k/2 < m <k thi phan tir d6 12 phan tir bién [6].

Duéi day luan van mo ta vé bo dir liéu mat can béng va qud trinh xac dinh
phan tir 16p da s6 thudc dudng bién dé tién hanh giam bét cac phan tir d6 theo ti 16
phan trim dua theo tai liéu [6].

Hinh 2.2 mé ta mét ving cua bd dir liéu 16n. Co thé nhan thy ngay su chénh

1éch vé s phan tir gita hai 16p da s6 va 16p thiéu s6.

@ Positive
.Negative (&)
® e ®
(@) S ......’ &
©%%g00°, 0% 4 o
0o ®000 0 "0, ® o
@
o ©® 0o © 0% ® 0o
e 00300 o O, oo o
0 ®0e% %o o ©
© ®0 ® o0, o,
(&)

Hinh 2.2 Phan bé dir ligu
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Trong Hinh 2.2, phan tir hinh tron mau dé 1a thudc 16p da sb, dugc gan nhan
negative. Phan tir hinh tron mau xanh da troi 1a thuge 16p thiéu s6 va dwoc gan nhan
positive.

Hinh 2.3 mé ta qua trinh xac dinh k lang giéng cho ting phan tir 16p da sb.
Gia str trong k lang giéng gan nhét c6 m lang giéng 13 thudc 16p thiéu sb. Néu m
thoa méan diéu kién k/2 < m < K thi ta n6i phan tir thudc 16p da sé dang xét 1a phan
tr thudc dudng bién. Vi du trén hinh 2.3, phan tir dang xét 1a phan tir duoc danh
dau mau vang, trong s6 7 lang giéng gan nhat ctia nod thi co 6 phan tir thude 16p

thiéu s6, 1 phan tir thudc 16p da s6. Vay phan tir 6 thudc bién.

@ Positive
‘Negative ®
0 S,%e 0 ®
&) @ @
® eoe. O o PY @
e % ¢ o0 L P
y @
e ®0 / ®090 o oy ® °.
00 000 ¢g,%4_0o
o ©@ o ® ©®© o0 o
© ...Q ® 0‘ ®e ®
o %o 000'0‘

Hinh 2.3 Xac dinh k - lang giéng
Tuong tu, ta xac dinh dugc cac phan tir 16p da sd thude duong bién 1a cac

phan tir mau vang nhu trong hinh 2.4,
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(@) Positive
@  Negative
() Negtive bién
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Hinh 2.4 Cac phan tir bién
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@ Negative ®
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Hinh 2.5 X6a phan tir bién
Tién hanh x6a n% sb phan tir bién thudc 16p da s6 da xac dinh. Hinh 2.5 14
cac phan tir thudc bién di bi x6a toan bo. Tuy nhién, trong thudt toan moi, sb phan
tr bién sé& bi x6a theo ti 18 phan trim, phy thudc vao tham s n.
2.4.2. Khdo sdt ngi dung thudt todn
Duya vao nhitng phdn tich ¢ phan trén, thuat toan RBU c6 thé mé ta dudi
dang gia code nhu sau [2]:

RBU Algorthim
Input: Bo dit liéu hudn luyén T gdm P positive 16p thiéu s, N negative 16p da sb
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n: ti 1& phan trim s6 phan tir trén bién bi giam

k: s6 lang giéng gan nhat doi v&i mot phan tir 16p da s6

m- s& phan tir 16p da s trén dud ng bién
Output: Tap dir liéu da giam cac phan tir trén bién theo ti 16 phan trim n

Cac buée thue hién cia thuat toan:

Bwéc 1: Tim céc phan tir bién thudc 16p da sb

V&i mdi phan tir trong tap 16p da sd N = {N1, N2, N5 N} tinh k lang giéng
gan nhat clia nd trong toan bo tap dir liéu huan luyén T. Goi sb lang giéng thudc 16p
thiéu sd trong téng s6 k lang giéng gan nhat 13 m.

Buwéc 2: Xac dinh phan tir bién 16p da s6. Néu k/2 < m < Kk nghia 1a s6 lang
giéng cua N thudc 16p thiéu s 16n hon sb lang giéng thude 16p da sd.

Buwéc 3: Pua nhitng phan tir thudc N nay vao mot mang border (méang chia
cac phan tir trén duong bién). Cac phan tir trong mang border 13 phan tir bién 16p da
50.

Buéc 4: Giam theo n phan tram s6 phan tir trén duong bién dé 1am giam tinh
mét can béng bo dir liéu.

Ghi chu:

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

Tuong tu cac thuat toan HMU va HBU, trong pha tién xur 1y dit liéu c6 thé
stt dung RBU va sau d6 str dung cac thuat toan hoc may truyén thong nhu SVM dé
xay dung cac bd phan 16p dir liéu dbi voi cac dir liéu mat can bang.

C6 thé d& xudt thuat toan phan 16p dir liéu RBU-SVM nhu sau:

Void RBU-SVM() {
Thuc hién RBU tién xur 1y dit liéu;
SVM training;
SVM prediction;
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2.4.3. Danh gid thudt todn

Tuong tu cac thuat toan HMU va HBU, thuat toan RBU tng dung trong
pha tién xtr 1y dir liéu trong bai toan phan 16p dit liéu mat can bang. Céc thuit toan
HMU, HBU va RBU déu nham giam s6 lugng phan tir ctia 16p da s6. Do phuc tap
tinh toan ctia RBU twong dong véi HMU va HBU.

So sanh v1 thuat toan DEC-SVM thi thuat toan RBU cling c6 cac dac diém

tuong ty da trinh bay trong muc 2.2.3 & trén.

2.5. Két luan chwong 2

Trong chuong 2, luan van da khao sat mot s6 thuét toan: DEC - SVM, HMU,
HBU, RBU. Cac thuat toan déu thuc hién cac y tuong nham diéu chinh dit liéu cua
tap dir liéu mat can bang trude khi tién hanh qué trinh phan 16p dit liéu. Piéu d6 s&
gitp cho cac mo hinh phan 16p st dung cac thuat toan hoc may hi¢u qua hon.

Trong chuong 3, luan van s€ ung dung cac thuat toan cho bai todn phan 16p

dir liéu mat can bang doi véi bo dit liéu thuec té.
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CHUONG 3. UNG DUNG

Trong chuong 3 ludn van sé nghién cuu vng dung cac thudt toan da khao sat

0 chwong 2 dé thuc hién thir nghiém phan lop cho bo dir liéu vé bénh tiéu duong.

3.1. Khéo sat va lwa chon bd dir liéu dé thir nghiém
3.1.1. Gioi thiéu

Bénh tiéu dudng trong thoi dai hién nay 1a mot trong nhimg cin bénh thudng
gip ¢ nhiéu nude trén thé gidi. O mot s6 nudc, sé ngudi mic can bénh nay chiém ti
1¢ t61 10% dan sb va s6 nguoi mic bénh ngdy mot ting cao. Phan 16n bénh nhin
mic chimg tiéu duong type 2 va ti 1& ngudi bénh ting cao lién quan truc tiép voi
cach séng trong cudc song hién dai ngay nay.

Mot thi du dién hinh 13 s6 phan cta nhitng ngudi An D6 Pima. Cac bac sy
phat hién ra rang ¢ nhimg ngudi da d6 nay c6 gien tiém an bénh tiéu duong type 2.
Hién nay nhiing nguoi Pima nay séng & hai ving khac biét. Nhom phia nam séng &
Mexic, ho van giit nhiéu tip tuc sdng co xwa. Ho phai hoat dong rat nhiéu dé thu
hai duoc luong thirc dn hiém hoi trén sa mac, séng bang nghé néng, danh cé rat vat
va. Nhém phia bic séng & My, thudc bang Arizona. Nhom nay sdng ding theo
phong cach M¥: ho di lam béng 6 t6, mua do6 trong siéu thi, hoat dong it, an uéng
qua day du. Khi nhin vao tinh trang sttc khoe cua hai nhom bo toc ndy moi thay
duoc phong cach sdng anh huong tdi sttc khoe con ngudi 16n nhu thé ndo. Trong
khi nhitng ngudi thude nhoém phia nam c¢é voc dang nho nhan, khoe manh, nhimg
ngudi thudc nhom phia bac gitr ky luc thé gidi vé béo phi va bénh tiéu duong, ti 18
mic bénh tiéu duong trong nhirng ngudi truong thanh dat trén 50 %, ti 1& ndy cho
nguoi trén 60 tudi 1a 80%.

Trong co thé nhiing ngudi da d6 nay cé loai gien lam cho cic té bao kém
nhay cam véi insulin (hién tugng nhon nhe vai insulin) ma hau qua cua né 1a cac té

bao chuyén hoa lugng dudng rat it thanh ning luong. Trong thoi ky thiéu thic an,
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kha ning d6 1a wu diém: n6 1am cho co thé phai thich nghi voi mot luong ning
luong nhé va khong khong chuyén hoa nhiing té bao co thanh ning luong dé hoat
dong.

Viéc kham pha kién thtrc tir co so dit lidu y té 13 rat quan trong dé giup chan
doan y té hiéu qua. Muc dich cta khai thac dit liéu 14 trich xuat kién thirc tir thong
tin duoc luu trit trong co so dit lidu va tao ra cac md ta rd rang va dé hiéu vé cac
mau. Trong phén nay, luan van lya chon B dit liéu bénh tiéu dudng cua nguoi
Indian Pima (Pima Indians Diabetes dataset) [18] dé thuc hién Gng dung cac thuat
toan da khéao sat trong chuong 2 cho bai toan phan 16p dit 1iéu nhi phan: 16p bénh

nhan mac va khong mac bénh tiéu duong.
3.1.2. Mo td bé dir liéu Pima-indians-diabetes

Bo dir liéu bénh tiéu dudng ciia ngudi Indian Pima, do Vincent Sigillito tai
trg, 1a mot tdp hop cac bao cao chan doan y té tir 768 hd so bénh nhan nix it nhat 21
tudi ctia ngudi Indian Pima, mot dan sé sdng gan Phoenix, Arizona, Hoa K.

Trong s6 chin thudc tinh, sau thudc tinh mo ta két qua kiém tra thé chat, phén
con lai cua cac thudc tinh 13 kiém tra héa hoc. Bién phan 16p (tiéu duong = 1 (cO
méc bénh), tiéu duong = 0 (khong méc bénh)), duoc biéu thi béng bién thir 9. Muc
dich 1a str dung 8 bién dau tién dé du doan gia tri cua bién thir 9.

Cac thudc tinh cua bd dit lidu Pima-indians-diabetes dugc mé ta chi tiét
trong Bang 3.1 dudi day [18].

Bang 3.1 Cé&c thugc tinh caa b dir liu Pima-indians-diabetes

Tinh

TT Tén thudc tinh Mo ta i
chat

1 | Pregnancies S6 1an mang thai

Nong d6 glucose huyét tuong 2h
2 | Glucose trong xét nghiém dung nap glucose

duong udng
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TT Tén thudc tinh Mo ta Tin’h
chat
3 | BloodPressure Huyét 4p tdm truong (mm Hg)
4 | Skinthickness Do day nép gap da (mm)
5 | Insulin Huyét thanh 2 gio (mu U / ml)
6 | BMI Chi s6 khdi co thé
7 | Diabetespedigree Chtrc nang pha hé tiéu duong
8 | Age Tuoi (nam).
9 | Outcome Thudc tinh phan 16p (0,1)

Céc ky thuat xu 1y dit 1iéu, khi dugc ap dung trude khi khai théc, co thé cai
thién dang ké chat luong tong thé ctia cac mau duoc khai thac hodc thoi gian can
thiét cho khai thac thyc té. Tién xir Iy dir lidu 12 mot budc quan trong, vi cac quyét
dinh chét lugng phai dya trén dir ligu chét lugng. Trong 768 truong hop, 5 bénh
nhan c6 glucose 1a 0, 11 bénh nhan c6 chi s6 khéi co thé 1a 0, 28 nguoi khac ¢o
huyét ap tdm truong 13 0, 192 nguoi khac c6 chi s6 d6 day nép gap da 0, va 140
ngudi khac c6 ndng do insulin huyét thanh bang 0 13 diéu khong thé. Sau khi x6a
cac truong hop nay, co 392 trudng hop khong cé gia tri thiéu (130 truong hop

duong tinh duoc kiém tra va 262 truong hop am tinh).

3.2. Xay dung kich ban va lga chon cong cu thir nghiém
3.2.1. Xdy dung kich ban thu nghiém

Trong muc nay, ludn van s€ thyc hién thir nghém véi bai todn sau:
Dir liéu dau vao:

(1) Bo dtr li¢u pima-indians-diabetes

(2) Céc thuat toan thtr nghiém:

- Thuéat toan DEC-SVM

- Thuat toan HMU-SVM
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- Thuat toan HBU-SVM

- Thuat toan RBU-SVM

Dir liéu ra:

Céc tiu chi, két qua danh gia hiéu ning cua cac thuit toan nghién ctru trong
chuong 2 4p dung v bo dir li¢u pima-indians-diabetes

Lu4n vin sé tién hanh thir nghiém theo hai kich ban trinh bay duéi day.

Kich ban thir nhat:

Trong kich ban thu nhat, luan vin s& thuc hién st dung thuat toan SVM dé
phan 16p dir liu véi bd dir liu da chon ma khong str dung céc thuat toan tién xur Iy
dir liéu mat can bang.

Kich ban thir hai:

Trong kich ban thir hai, luan van s& thuc hién phan 16p dir li¢u sau khi xur 1y

dir liéu mat can bang st dung thuat toan xtr Iy dit 1iéu mét cn bang.
3.2.2. M6 hinh thu nghiém

Mo hinh tién hanh thtr nghiém dwgc mé ta trong hinh 3.1 dudi day.

Tip huin
luvén méi
N

—  Lop thidu sé

Tip huin luvén |

/

Thuit toan tién

xir [y DL

9 Lapdasa

Tip dit liéu mit
cin bing

(d3 normalize)

\
| Tap kiém ma /Ec}_];.:hﬁ.n

lép DL

Hinh 3.1 M6 hinh thi nghiém

Trong md hinh trén, cac thuat toan tién xur 1y dit liéu s& dugc lya chon lan luot

la DEC-SVM, HMU, HBU va RBU.
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3.2.3. Lwa chon cong cu thir nghiém

Weka 12 mot phan mém mién phi vé hoc may duoc viét bang Java, phat trién
boi University of Wekato. Weka co thé coi nhu 12 bd suu tap cac thuat toan vé hoc
may dung trong phan tich va khai pha dir liéu. Cac thuat toan da duoc xay dung san
va nguoi dung chi viéc Iya chon dé su dung. Do d6 Weka rat thich hop cho viéc thir
nghiém cic moé hinh ma khéng mét thoi gian dé xay dung chiing. Weka c6 giao dién
su dung dd hoa truc quan va ca ché 36 command line. Ngoai cac thuat toan vé hoc

may nhu dy doéan, phan loai, phan cum, Weka con ¢d cac cong cu dé truc quan hda

dir liéu rat hitu ich trong qua trinh nghién ctru, phan tich dir liéu 16n.

Tu nhitng 1y do trén, ludn van lya chon cong cu thuc nghiém la phﬁn mém

Weka version 3.7.12 [19].

B3 Weka GUI Chooser

Program Visualization Tools Help

'WEKA

The University
of Waikato

Waikato Environment for Knowledge Anabysis
Version 3.7.12

() 1955 - 2014

The University of Waikato

Hamilton, Mew Zsaland

Applications

Explorer

Experimenter

KnowledgeFlow

Simple CLI

Hinh 3.2 Man hinh khéi dong Weka

Cac tinh nang chinh cia Weka:

- Weka bao gém mot tap cac cong cu tién xir 1y dir liéu, cac thuat toan hoc

may dé khai pha dit liéu va cac phuong phap thir nghiém danh gia.

- Weka ¢6 giao dién d6 hoa (gom ca tinh ning hién thi hoa dit li¢u)

- Weka bao gébm cac méi trudng cho phép so sanh cac thuit toan hoc may

trén bd dir liéu do ngudi dung lya chon.

Cac moi truong chinh trong Weka:




46

(1) Simple CLI : giao dién don gian kiéu dong 1énh ( nhu MS-DOS).
(2) Explorer : mdi trudng cho phép sir dung tit ca cic kha ning ctia Weka dé kham
pha dir liéu.
(3) Experimenter: mdi trudng cho phép tién hanh cac thi nghiém va thuc hién céc
kiém tra thong ké (statistical tests) gitta cac md hinh mdy hoc. Méi truong nay bao
gom:
e Preprocess: Dé chon va thay d6i (xir 1y) dit liéu lam viéc.
e Classify: Pé huan luyén va kiém tra cac mo hinh hoc mdy (phén loai, hoic
hoéi quy/du doan).
e Cluster: Dé hoc cac nhom tir dit liéu (phan cum).
e Associate: DBé kham pha cac luat két hop tir dit licu.
e Select attributes: Dé xac dinh va lwa chon céc thudc tinh lién quan (quan
trong) nhat cta dir liéu.

Visualize: Dé xem (hién thi) biéu d6 twong tac 2 chiéu dbi véi dit lidu.

(4) KnowledgerFlow: mdi truong cho phép ban twong tac do hoa kiéu kéo/ tha dé
thiét ké cac budce(cac thanh phan) cia mot thi nghiém.

Dé tién hanh thir nghiém, can lua chon “Explorer”: giao dién cho phép sir
dung tat ca cac chirc ning co so ciia Weka bang cach lua chon menu.

bé danh gia hi¢u nang cac bd phan loai can lya chon céc tuy chon cho viéc
kiém tra trong (test options) bao gom:

- Use training set: B phan loai hoc dugc sé dugc danh gia trén tap hoc.

- Supplied test set: Str dung mét tap dir liéu khac (véi tap huan luyén) dé cho
viéc danh gia.

- Cross-validation: Tap dit liéu s& dugc chia déu thanh k tap (folds) c6 kich
thudc xap xi nhau, va bd phan loai hoc duoc s& duge danh gia boi phuong phap
cross-validation.

- Percentage split. Chi dinh ty 1€ phan chia tap dir li¢u.
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3.3. Thir nghiém va danh gia két qua thir nghiém
3.3.1. Mo td thir nghiém

May tinh st dung cho qua trinh chay Weka dé danh gia hiéu ning cac thuat
toan 12 laptop c6 c4u hinh:

- Bo xur 1y Intel -Core i3 4005U,

- RAM: 4GB.

B0 cong cu weka phién ban 3.7.12.

Bo dir liéu thir nghiém 1a pima-indians-diabetes.csv gdm 768 ban ghi, 9
thudc tinh.

Céc thuat toan thir nghiém:

- Thuat toan DEC-SVM

- Thuat toan HBU

- Thuat toan HMU

- Thuat toan RBU

Thuc hi¢n thir nghi¢ém theo hai kich ban néu & muc 3.2.1.

Cac budc thuc hién nhu sau:

Buéc 1: Chuan hoéa dir liéu bﬁng Filter standardize cua Weka. Dir liéu duoc
xu ly dé co ky vong tai 0 va c6 do 1éch chuin bing 1. Viéc chuén hoéa gitp céc thuat
toan khong bi thién Iéch vé mot sb dic trung va hon nira gitip qua trinh hoc héi tu
nhanh hon.

Doi véi kich ban 2: thyc hién budc 2

Bwéc 2: Can bang dir liéu bang mot trong cac thuat toan dé xuit (RBU,
HBU, HMU, DEC-SVM)

Budée 3: Véi bo dir lidu thu duge, thyc hién phan 16p bang thuat toan SVM
trong Weka

3.3.2. Két qua thir nghiém

Trong muyc nay luan vin trinh bay mot sé két qua chinh khi chay trén Weka.

Do gidi han vé s6 trang ctia ludn vin nén khong thé néu chi tiét cac thao tac.
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(1) Két qua phan 16p trudée khi xir Iy dir liéu mat can bang theo kich ban 1
Két qua phan I6p truéc khi xt ly dit liéu mat can bing sir dung thuat toan
SVM duoc trinh bay trong bang 3.2
Bang 3.2 Két qua phan 16p trwéc khi xir ly dir liéu mét can bing

st dung thuat 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=2=0
120 148 | b =1

(2) Két qua phén 16p sau khi xir Iy dir liéu mat cin bang theo kich ban 2
Két qua phan 16p sau khi xt ly dir liéu mat can bang véi thuat toan DEC-SVM
dugc trinh bay trong bang 3.3

Bang 3.3 Két qua phan I6p sau khi xir ly dir liéu mat can bang véi thuat toan
DEC-SVM

=== 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=2=0
103 381 | b =1

Két qua phan 16p sau khi xtr Iy dir liéu mat can bang véi thuat toan HMU duoc
trinh bay trong bang 3.4
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Bang 3.4 Két qua phan 16p sau khi xir Iy dir ligu 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=2=0
50 218 | b=1

Két qua phan 16p sau khi xir ly dit liéu mat can bang véi thuat toan HBU duoc
trinh bay trong bang 3.5
Bang 3.5 Két qua phan lép sau khi xir Iy dir liéu mét can bang véi thuat toan
HBU

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area Class

0.866 0.146 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=2=0
39 229 | b =1

Két qua phan 16p sau khi xir ly dit liu mat can bang véi thuat toan RBU duoc

trinh bay trong bang 3.6
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Bang 3.6 Két qua phan 16p sau khi xir Iy dir ligu mat can bang véi thuat toan

RBU
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure ROC Area Class
0.906 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=2=0
81 187 | b=1

Két qua phan 16p trudc va sau khi xu 1y dir liéu mat cAn bang voi cac thuat
toan DEC-SVM, HBU, HMU, RBU dugc tong hop theo bang 3.7
Bang 3.7 Bang tong hop két qua phan 16p trwéc va sau khi xi ly dir liéu

mat can bing

accuracy Negative Positive
Thuat toan
(%) Pre Rec F1 Pre Rec F1

ORIGINAL | 75.65 78.3 86.6 82.2 68.8 55.2 61.3
DEC-SVM 77.23 77.5 75.7 76.6 77.0 78.7 77.8
HBU-SVM 86.01 85.6 86.6 86.1 86.4 85.4 85.9
HMU-SVM | 77.70 80 74.1 76.9 75.7 81.3 78.4
RBU 82.56 82.7 90.6 86.5 82.4 69.8 75.6

3.3.3. Panh gid két qua thir nghiém

Duya vao két qua thir nghiém da trinh bay & muc trén, muc nay luan van sé

thuc hién phan tich va danh gia két qua.

Két qua dd chinh x4c cua cac thuat toan thir nghiém theo hai kich ban duoc

biéu dién dudi dang biéu d6 nhu trong hinh 3.3.
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Hinh 3.3 Biéu dd so sanh d9 chinh x&c ciia phan I6p trén dit liéu trwéc va sau khi xir
ly dix ligu mét can bang.

Quan sat biéu do trén hinh 3.3 nhan thay rang, cac thuat toan thir nghiém

déu cho két qua co ti 1¢ phan loai chinh x&c cao hon so véi bo dir liéu ban dau khi

chua ap dung thuat toan.
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Hinh 3.4 Biéu dé két qua phan l6p lép Negative truéc va sau khi xir ly dir ligu mat

can bang
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ORIGINAL DEC-SVM HBU HMU RBU

Hinh 3.5 Biéu d6 két qua phan Iép 16p Positive trwéc va sau khi xir ly dir liéu mat can
bang
Tur cac két qua & trén ta thdy sau khi diéu chinh bo dit liéu boi cac thuat toan
tién xur 1y dir liéu mat can bﬁng DEC-SVM, HBU, HMU, RBU thi hiéu qua phan
16p céc bo dir liéu cao hon han so vdi viée phan 16p cta bo dir liéu ban dau.
Céc thuét toan di khao sat co thé két hop voi mot ) k¥ thuat nhu trich chon
dic trung pht hop co thé cho két qua tot hon, dic biét 1a v6i cac tap dit liéu co kich

thudce 16n.

3.4. Két luan chwong 3

Trong chwong 3 luan vin di tién hanh thir nghiém céc thuat toan DEC-SVM,
HMU, HBU va RBU cho bai toan phan 16p di liéu trén dit liéu mat can bing cho b
dir liéu vé chimg tiéu duong ctia ngudi Indian Pima.

Két qua thr nghiém budc dau cho thay cac thuat toan phan 16p trén co thé
trién khai trong thuc t& va phu hop véi cac yéu cau dé ra cho bai toan phan 16p di

li¢u trén dir liéu mat can bang
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KET LUAN

Két qua dat dwgce ciia ludn vin

Vé6i muc tiéu nghién ciru mot s6 k¥ thuat dé nang cao hiéu ning phan 16p dir
li¢u trén tap dir licu mét can béng va ung dung, luan van da dat duoc mot s6 két qua
nhu sau:

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

- Khéo sat tong quan vé dir liéu mat can bang.

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

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

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

- Thuc hién thir nghiém phan 16p dir liéu véi DEC-SVM, HMU, HBU va
RBU trén bo dir liéu pima-indians-diabetes. Két qua thtr nghiém cho thay hiéu qua
phan 16p dir liéu sau khi st dung thuat toan da dugc khao sat.

Tuy nhién, do han ché vé& mat thoi gian, luan van chua tién hanh thu nghi¢m
voi cac bd dir liéu 16n, Do do, hiéu qua thir nghiém chua cao.

Huwéng phat trién tiép theo

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

- Tiép tuc hoan thién cac két qua da co dé c6 thé xay dung cdc md hinh phan
16p trén dit liéu mat can bang véi cac bo dir lidu trong thuc té thuong co kich thudce
16n, cac thudc tinh ciia cac phan tir dit liéu thudng bao gdm ca dang sb va dang phi
s0.

- Nghién ctru thém vé cac k¥ thuat trich chon dic trung cho cac bo dir liéu

mat can bang nham nang cao hi¢u qua cho cdc mo hinh phan 16p.
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