LOI CAM ON

Dé c6 thé hoan thién duoc luan vin thac s§¥ cia minh, trude tién em xin dugc guri
161 cam on sdu sic dén thay PGS.TS Hoang Xuan Huin. Thay d3 tan tinh dinh hudng,
diu dit, chi bao cho em trong nhitng budc dau nghién ctiru khoa hoc. Trong qué trinh 4y
thay luon quan tam, lo lang, dong vién, nhiing diéu dang quy 4y em xin dugc ghi nhé
mai trong long.

Em ciing xin dugc giri 101 chan thanh cam on dén cac thay c¢6 gido trong bo mén
Hé thdng thong tin, bd mén Khoa hoc may tinh — Khoa Cong nghé thong tin — Trudng
bai hoc Cong nghé — Dai hoc Quéc gia Ha N§1 va céc thay co da tan tinh day dd, nd
Iirc, tam huyét day timg mon hoc giup em c6 duoc kién thic vé cude song, vé chuyén
mon va hoan thanh khéa hoc tai truong.

Dong thoi em ciing xin duoc gui 16 cam on dén cac ban hoc, nguoi than trong
gia dinh, dong nghiép da gitip d&, dong vién, tao diéu kién cho em trong sudt khoa hoc
tai Truong Pai hoc Cong nghé — Pai hoc Qubc gia Ha Noi.

Ha Noi, thang 11 nam 2016
Hoc vién
Nguyén Thi Thanh TAm
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LOI CAM DOAN

Em xin cam doan nhiing ndi dung kién thirc ma em trinh bay trong quyén luan
van nay 1a do em tu tim hiéu, nghién ctru, trinh by dudi sy huéng dan truc tiép cua thay
PGS. TS Hoang Xuin Huén. T4t c4 nhitng phan ndi dung ma em cé tham khao da dugc
trich din day du, ghi 16 ngudn gbc & phan Tai liéu tham khao.

Em xin chju trach nhiém véi 101 cam doan caa minh, néu ¢6 moi phat hién vé sao
chép khong hop 18, vi pham quy ché dao tao em xin dugc hoan toan chiu trach nhiém.

Ha Noi, thang 11 nam 2016
Hoc vién

Nguyén Thi Thanh T4m
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LOI NOI PAU

Budc sang thé ky hai muoi mét, ca thé gidi da cuing nhau chtng kién su bung nd
ctia cong nghé thong tin. Ngay nay, vat dung khong thé thiéu ddi véi phan déng con
ngudi 1a chiée dién thoai théng minh, may tinh bang... C6 thé thiy cung véi su phat trién
ctia cong nghé phan ctng, phan mém thi dung luong dit liéu sé do ngudi dung tao ra
dang 12 mot van dé dang duoc chu . Bén canh d6 tat ca cac linh vuc trong doi sdng xa
hoi déu duoc tin hoc hoa cling tao nén mot luong dir li€u khéng 16. Tt d6 co thé théy
nhu céu cap thiét 1a phai c6 nhitg cong cu va ki thuat méi dé co thé chuyén khéi dir
liéu khong 16 Ay thanh nhiing tri thirc ¢6 ich. Do d6, linh vic Khai ph4 dir liéu ra doi da
dap Uing dugc tinh thoi sy cua nganh Cong nghé thong tin khong chi ¢ Viét Nam ma
trén toan thé gi6i.

Linh vuc khai pha dir li¢u va phat hién tri thirc trong co s¢ dir liu 1a mdt linh
vuc rong 16n, di cudn hat cac nha nghién ciu. Cac cong trinh nghién ctru tir nhidu
chuyén nganh khac nhau nhu hoc may, thu nhan mau, co sé dit liéu (CSDL), thong ke,
tri tué nhan tao, thu nhan tri thirc trong hé chuyén gia, cung hudng dén mot muc tiéu
théng nhat 1a trich loc ra duoc cac “tri thirc” tir dit liéu trong cac kho chira khong 16 [2].
Va hién nay nhiéu nguoi hiéu khai pha dit liéu va mot thuat ngir khac - phat hién tri thirc
trong co s¢ dir liéu (Knowlegde Discovery in Databases — KDD) - 1a nhu nhau. Tuy
nhién, thuc té cho thay khai pha dit liéu chi 1a mot budc trong phat hién tri thire tir co so
dir ligu.

Ngay tir khi méi xuat hién, khai phé dit liéu da tro thanh mot trong nhimg hudng
nghién ctru c¢6 tiém ning trong linh vue hoc may va co sd tri thirc. Mot trong nhiing bai
toan khai pha dir liéu dién hinh 1a phan cum dit liéu (Data clustering). Phan cum
(Clustering) thuc hién viéc nhom dit liéu thanh cac "cum" (co thé coi 1a cac 16p méi) dé
c6 thé phat hién dugc cac mau phan bé dit liéu trong mién tmg dung. Trong nhiéu trudng
hop, phan cum con dugc goi 1a hoc may khong giam sét (unsupervised learning).

Trong thuc té, dir liéu ludn c6 tinh nhap nhang, ranh gidi giira cac cum doi khi
khong r0 rang, khi d6 phuong phap phan cum rd lam viéc khong hiéu qua va khong mo
ta duoc cAu tric ty nhién cua tap dir ligu. Do do, 1y thuyét tap mo da dugc ap dung nham
1am cho viéc phan cum dit liéu duoc tot hon tir d6 xay dung nén phwong phap phan cum
dir liéu mo (goi tat 1a phan cum mo) [fuzzy clustering].

Tuy nhién, khong phai phuong phap phan cum md nao ciing c6 thé ap dung cho
moi bd dir li¢u. Béi cac gia tri thudc tinh trong dir liéu dinh danh 1a khong c6 thir tu do
d6 khong 4p dung dugc cac d6 do khoang cach co ban nhu Euclide dé tim khoang cach
gitra hai véc to dac trung trong dir li¢u dinh danh. Vi vay phai st dung mot phuong phap
khac cho dit liéu nay nhu K-mode mo, K -medoid mo, giai thuét di truyén, ...

Hi¢n nay, ly thuyét toan hoc vé t61 vu héa da muc ti€u ngay cang dugc st dung
rong rai trong cudc song cling nhu trong khoa hoc, vi du mgt ca nhan, mdt t6 chirc, mot
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phuong phap, mot ki thuat, ... co thé s& c6 luc phai quyét dinh viéc lwa chon phwong an
t6i wu dé giai quyét mot van dé nao d6. Tuy thudc vao ting tinh hudng cu thé ma cac
phuong an dua ra c6 thé giai quyét mot hay nhiéu van dé cting mot lac. Khi d6 ching ta
phai nghién ctru, phan tich, trich chon thong tin nhim muc dich cudi cing 1a dua ra giai
phap dé giai quyét van dé.

Ti wu héa da muc tiéu 1a viéc di tim phuong an tot nhit theo mot nghia nhét
dinh nao dé dé dat duoc nhiéu muc tiéu cung mot lic va mot phuong an nhu vay goi la
mot phuong 4n 1y tudng. Trong mot bai toan t6i uu da muc tiéu, viéc c6 hay khong co
phuong 4n 1y tudng 13 viéc ma ching ta can phai quan tim, xem xét vi trong bai toan
nay cac muc tiéu thudng xung dot voi nhau nén viée chung ta ¢b ging lam ting gid tri
cuc dai hay cuc tiéu ctia mot muc tiéu s& co thé dan dén lam giam gia tri cuc dai hodc
cuc tiéu ctia mot muc tiéu khac. Do d6 cach tot nhat ¢ thé 1a tim ra mot phuong an
nhdm théa man tat ca cac yéu cau da muc tiéu trong mdt muc do chép nhan duogc va
phuong 4n ma ching ta tim ra d6 dugc goi 1a phuong 4n thoéa hiép cua cic ham muc
tiéu. Hién nay c6 rat nhiéu dinh nghia khac nhau dé cap dén phuong an hay nghiém tdi
wu. Cac dinh nghia ndy thuong c6 sy twong quan nhét dinh v6i nhau va thudng duoc
biéu dién qua cac dinh 1y, cac ménh dé va céac tinh chat nhu t6i uu Pareto [7]. Nho vao
nhimg wu diém va hiéu qua thyuc té ma t6i wu hoa da myc tiéu mang lai, né dang trd
thanh mot trong nhiing 1y thuyét toan hoc dugc tmg dung rong rai trong nhiéu linh vuc
khoa hoc nhu: cong ngh¢, tai chinh, hang khong, kinh té, ...

B cuc cta quyén luan van chia 1am 3 chuong nhu sau:
CHUONG 1. Nén tang 1y thuyét

Chuong nay trinh bay tong quan vé phan cum dit liéu: khai niém va y nghia cia
viéc phan cum. Dé hiéu rd hon vé phan cum da muc ti€u ndi dung di tr khai niém co
ban dén su khac nhau gilta phan cum mdt muyc ti€u va phan cum da muc tiéu. Déng thot
cling dé cap va phan tich phan cum r6 va phan cum mo, giai thuat GA st dung dé toi wu
hoa cum.

CHUONG 2. Phdn cum da muc tiéu mo cho dir liéu dinh danh

Chuong nay trinh bay nd1 dung chinh cia luan van. Chuong nay trinh bay phuong
phép phan cum da muyc ti€éu mo cho dir li¢u dinh danh st dung giai thuat di truyén.

CHUONG 3. Thir nghiém

Chuong nay sé& tap trung trinh bay két qua thuc nghiém phuong phap d trinh bay
& CHUONG 2. Thuét toan duoc cai dat va thir nghiém trén cac bo dit liéu, tir do rit ra
duge mot sb binh ludn, nhan xét va két luan.

Cubi cing, phan Két luan trinh bay tom tat nhitng két qua da dat dugc trong luan
van va dé xuat huéng nghién ciru tiép theo trong tuong lai.
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CHUONG 1. NEN TANG LY THUYET
1.1. Phan cum dir liéu la gi?

Phan cum 1 mot viéc 1am hét sirc ty nhién, né duoc hiéu twong ty nhu viée ngudi
ta phan dong, thyc vat thanh céc loai, cac ho... khac nhau (hay cic nhom c6 cung mot
s6 dic diém nao d6 va cac dic diém nay lai rat khac véi cac loai dong, thuc vat khac),
hay nhu trong mét 16p hoc ngudi ta c6 thé phan ra cac nhdm hoc sinh hoc tét, hoc kha,
hoc kém, ...

Phan cum dugc sir dung rong rai trong rat nhiéu linh vuc (hay bai toan) nhu nghién
ctru thi truong, nhan dang mau, phan tich dir liéu, xur 1y anh, ... Vi du trong linh vuc
kinh doanh, phan cum c6 thé gitip phan khach hang thanh cac nhém khac nhau dong
thoi ciing c6 thé cho biét cac dic trung cta cac nhém ngudi dung nay, tir d6 cong ty s&
co cac chinh sach khac nhau danh cho cac nhom khach hang nay.

Vay phan cum dir liéu la gi?

“Phan cum (Clustering) thuc hién viéc nhém dir li€u thanh cac "cum" (c6 thé coi
1a cac 16p moéi) dé c6 thé phat hién dugc cidc mau phan bé dit liéu trong mién tmg dung.
Phan cym la mdgt bai toan mo ta hudng té1 viéc nhan biét mot tap hiru han cac cum hoac
cac 16p dé mo ta dit liéu. Cac cum (16p) cé thé tach roi nhau va toan phan (tao nén mot
phan hoach cho tap dit li¢u) hodc duogc trinh bay dep hon nhu phan 16p co6 thir bac hoac
c6 thé chong 1én nhau (giao nhau)” [2].

Do d6, qué trinh phin cum dit liéu 13 qu4 trinh phan chia mot tap dit liéu ban dau
thanh cac cum dit liéu dé sao cho cac phﬁn tur trong cung mét cum thi “twong tu” nhau
va cac phén tur trong cac cum khac nhau thi “kém tuong tu” nhau. Viéc xac dinh sb cac
cum dit liéu co thé thuc hién xac dinh trude theo kinh nghi¢m hodc xac dinh ty dong
theo cac phuong phap phan cum.

@0
o® %
® . Phin cum
®g0 J—
®ge ® \
' I V

/ °% /
Hinh 1.1. Vi du véphdn cum dir liéu

Trong vi du & Hinh 1.1, ta co thé dé dang xac dinh dugc 3 cum dua vao dir li¢u
da cho, tiéu chi “twong tu” duoc nhic dén & trén dé xac dinh s6 cum trong truong hop
nay 1a “khoang cach”: hai hoac nhiéu doi tugng thudc cung mot nhdm duoc nhom lai
theo mdt khoang cach nhét dinh. Vi du trén con duge goi la phan cum dua trén khoang
cach.
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Con c6 mot kiéu phan cum dit li¢u khac nhu phan cum dir liéu dua vao khai niém:
hai hay nhiéu d6i tuong s€ thudc vao cung mot nhom néu c6 mot dinh nghia khai niém
chung cho tat ca cac d6i tuong trong d6. Hay, ddi tuong ctia mot nhom phai phu hop
v61 nhau theo miéu ta cia khai ni¢ém da dugc dinh nghia, khong phai theo nhirng bién
phap don gian tuong tu.

Muc ti€u dinh hudng bai todn phan cum dat ra 1a cuc dai tinh tuong déng gitra
cac phan tir trong mdi cum va cuc tiéu tinh twong dong gitra cac phan tir thudc cac cum
khac nhau (Hinh 1.2).

Cuc tleu hoa tinh Cuc dai tinh twong
tuong dong gitra cac ®ee®) | dong giita cc phin
phan tr thudc cung b, b tir thudc cac cum
mot cum khac nhau

[ $ %)
A2

Hinh 1.2. Tiéu chi @é phan cum

Trong hoc may, phan cum dit liéu con dugc coi 1a hoc may khong co6 gidm sat
(unsupervised learning), vi van dé ma né phai giai quyét 1a tim mot cdu trac trong tap
hop dit liéu chua biét trude cac thong tin vé cum, cac théng tin vé tap huin luyén hay
cac thong tin nhén cta cac 16p. Trong nhiéu trudng hop, néu phan 16p duogce coi 13 hoc
may cd gidm sat thi phan cym dit liéu 1a mdt budce trong phan 16p dir li€u, no6 khoi tao
cac 16p dé phan 16p bang cach xac dinh cac nhan cho cac nhom dit liéu. [10]

1.2. Cdc khdi ni¢m can thiét khi tiép can phin cum di ligu
1.2.1. Ciu truc dir liéu

Cac thuat toan phan cum dir liéu thuong st dung hai loai cAu trac dir lidu
dién hinh sau [6].

Ma tran dir liéu (cach biéu dién ciu tric ddi twong theo bién): ma tran nay
biéu dién n d6i twongva p bién (hay con goi d6 1a cac phép do/ cac thude tinh) cia ddi
tuong, c6 dang ma tran » hang va p c¢gt. Trong d6, cac hang biéu dién cho cac dodi tuong,
céc phan tir trong mdi hang dung dé chi gi tri thudc tinh twong g ctia ddi twong do.
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X1 X7 Xip
X, Xy X,
_xnl xnf xnp

Ma tran phi twong tu (cich biéu dién cu tric ddi twong theo ddi twong): ma
tran nay luu trit khoang céach cua tat ca cac cap dbi tuong duoc thé hién bﬁng mot ma
tran vudng gém n hang va n cot. Trong do, ky hiéu d(i,j): biéu dién cho khoang cach
hay do khac biét gitra d6i twong i va d6i tuong j va d(i,j) 1a mot s khong am, d(i,j) gan
t61 0 khi hai d6i twong i va j “gan” nhau hon hay giira ching c6 d6 twong dong cao, d(i,j)
cang 16n nghia 13 hai ddi tugng i va j cang “xa” nhau hay giita chiing c6 do twong dong
thap. Do d(i,0)=0 va d(i,j) = d(j,i), nén ma tran phi twong tu duoc biéu dién nhu sau:

0
d2l) 0
d(3,)) d(32) 0

dnl) dn2) ... .. 0]

Thong thudng ma tran dit liéu con duoc goi 1a ma tran 2 kiéu (two-mode matrix),
con ma tran phi tuong tu dugc goi la ma tran 1 kiéu (one-mode matrix). Trong thuc té
hau hét cac thuét toan phan cum thudng sir dung cdu triic ma tran phi twong ty. Do do,
can dua vé dang ma tran phi twong ty trude khi tién hanh phan cym néu dit liéu dau vao
can phan cum duogc td churc dudi dang ma tran dir li¢u.

1.2.2. Cac kiéu dir liéu

Cho CSDL D ¢6 chtra n dbi tuong trong khong gian k chiéu, trong d6 x, y, z 1a
cac ddi twong thude D: x=(X1, X2,...,Xx); Y=(Y1, Y2,...,yk); z=(z1, 22,...,zx).Trong d6: x;,
y;, z; (i=1.k) 1a cac dic trung hodc thudc tinh twong tng cua cac doi tuong x, y, z.

C6 hai dic trung co ban dé phan loai kiéu dir liéu 1a kich thuéc mién va hé do [13]:
1.2.2.1. Kiéu dir liéu dya trén kich thwéc mién
- Thuéc tinh lién tuc (Continuous Attribute): néu mién gia tri ciia n6 1a vo han,

khong dém dugc, nghia la gitra hai gia tri c6 ton tai vo so cac gia tri khéc, vi du nhu cac
thudc tinh v€ mau sac, cuong do am thanh,...
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- Thugc tinh roi rac (Discrete Attribute): néu mién gié tri ciia nd 1a tap hitu han,
dém duoc, vi du nhu 16p hoc 1a mGt thudc tinh ro1 rac voi tap cac gia tri la: {16p 1, 16p
2,16p 3, 16p 4, 16p 5}.

- Thugc tinh nhi phan (Binary Attribute): dugc coi 1a truong hop dac biét cua
thudc tinh roi rac vi mién gia tri cua no chi ¢6 hai phﬁn tr duoc biéu dién, vi du nhu:
Yes/ No hoac True/ False,...

1.2.2.2. Kiéu dir liéu dva trén hé do

- Thugc tinh dinh danh (Nominal Scale): 1a dang thuQc tinh khai quat ho4 ctia thugc
tinh nhi phén, trong d6 mién gia trj 1a roi rac khong phan biét thir tur va c6 nhiéu hon hai
phﬁn tu, tre 1a cho x va y 1a hai dbi tuong thudc tinh thi chi cé thé xac dinh 1a x = y hoac
x =Y. Vi dy nhu thude tinh vé mau téc, mau da...

- Thuoc tinh co thir ty (Ordinal Scale): 1a thudc tinh dinh danh c6 thém tinh thi tu,
nhung chiing khong dugc dinh luong, tirc 1a cho x va y 1a hai thudc tinh thtr tu thi ta co6
thé xac dinh 1a x = y hodc x =y hoac x > y hodc x <y. Vi du nhu thudc tinh vé tht tu
ctia cudc thi hoc sinh gioi qubc gia.

- Thudc tinh khoang (Interval Scale): thudc tinh khoang dung dé xac dinh mot
thudc tinh la ding trude hoac ding sau thudc tinh khac voi mdt khoang 1a bao nhiéu.
Néu x; > y; thi ta n6i x cach y mot khoang xi — yi tuong ing v6i thude tinh thir i. Mot vi
du vé thudc tinh khoang nhu thudc tinh s6 serial ciia mot dau ma thé dién thoai. Thudc
tinh nay thuong dung dé do cac gia tri theo xap xi tuyén tinh.

- Thuoc tinh ti Ié (Ratio Scale): 1a thudc tinh khoang nhung duogc xac dinh mot
cach twong ddi so voi diém mdc, vi du nhu thudc tinh chiéu cao/ can ning lay diém 0
1am méc.

Trong céac thudc tinh dir liéu da dugc nhéc dén & phia trén, thudc tinh dinh danh
(Categorical Scale) 14 thuat ngir diung dé goi chung cho thudc tinh dinh danh va thudc
tinh c6 th ty, con thuat ngit thudc tinh s6 (Numeric Scale) thi dung dé goi chung cho
thudc tinh khodng va thudc tinh ti 1¢.

1.2.3. b6 do twong tw va phi twong tuw

Ngudi ta phai di tim cach thich hop dé xac dinh “khoang cach” giira cac d6i tugng
(hay la phép do tuong tu gitra cac dir li¢u) dé thuc hién viée phan cum. B¢ 1a cac ham
dé do sy gidng nhau giita cac cap d6i twong dit lidu va giira cac d6i twong dit liéu thudng
thi cac ham nay hodc 1a dé tinh do twong ty (similar) hodc 1a dé tinh do phi tuong tu
(dissimilar).
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1.2.3.1. Khong gian metric

Mot khong gian metric 1a mQt tap ma trong do thuc hién viéc x4c dinh cac “khoang
cach” giita tirng cip phan tir, v6i nhitng tinh chit thong thudng cta khoang cach hinh
hoc. Tirc 14, mot tip X (cac phan tir ciia X c6 thé 1a nhitng ddi twong bat ky) cac ddi
tugng dir liéu trong CSDL D nhu da dé cap ¢ trén duoc goi 1a mot khong gian metric
néu:

- Véimdi cap phan tir x, y thude X déu co xac dinh, theo mét quy tic nao do, mot
sd thue 8(x,y), duoc goi 1a khoang cach giita x va y.
- Quy tic ndi trén thoa man hé tinh chat sau :
(1) 8(x,y) > 0néux#vy;
(i)  8(x, y)=0 néu x =y;
(111)  do(x,y) = d(y,x) v&1 moi Xx,y;

(iv)  3(x,y) <0(x,2)+d(2,y)
Ham 8(x,y) dugc goi 1a mot metric cua khong gian, trong dé cac phan tir ciia X

g0i 14 cac diém cua khong gian nay.
1.2.3.2. Thugc tinh khodng cach

Sau khi chuén hoa, d6 do phi tuong tu cua hai ddi tuong dir liéu x, y duoc xac dinh

bang cac metric khoang cach nhu sau:
Khodng cdach Minskowski: d(x,y) = Qi lx; — yilr)l/r ,q=>1 (1.1)
Ba khoang cach pho bién sir dung khoang cach Minskowski duoc dinh nghia:
- Khoang cach Euclide: d(x,y) = Q1= |x; — yi|2)1/2 ,(@=2)
- Khoang cach Manhattan: d(x,y) = Xi-ilx; — vl ,(@=1) (lé)
- Khoang cach cuc dai: d(x,y) = Max]-,|x; — yi|, (q = ©). (1.4)

Trong d6 khoang cach Euclide 14 chuan khoang cach duoc dung phd bién nhat
trong cac chuan theo khoang cach Minskowski.

1.2.3.3. Thugc tinh nhi phan
Xay dung Bang 1.1 sir dung dé tim d6 do:
Badng 1.1. Bang gid tri tham s6

Déi tuong y
o y:1 y:0 Téng
en
g x:1 a B a+p
=
- Tong aty pto T
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Véi Bang 1.1 ta c6 céac thong tin sau:

a 13 tong sb cac thudc tinh co gia tri 1a 1 trong ca hai d6i tuong x,y;

5 1 tong s6 céc gia tri thudc tinh ¢ gi tri 1a 1 trong x va 0 trong y;

» 1aténg sb cac gid tri thudc tinh c6 gid tri 1a 0 trong x va 1 trong y;

51a téng sb cac gia tri thudc tinh ¢ gi tri 1a 0 trong x va y.

Trong do: r=a+y+p3+0
Khi dé d6 do tuwong tu dugc do nhu sau:

a+o

H¢ s6 doi sanh don gidn: d(x,y) = , ¢4 thé thay hai ddi twong x va y ¢o vai tro

nhu nhau, trc 1a chiing d6i xing va cé cung trong so.

Hé s6 Jacard: d(x,y) = %, (tham s6 nay bo qua s6 cac d6i sanh giita 0 —0). Cong
a+f+y

thire tinh ndy duoc st dung trong truong hop ma trong sb ciia cac thude tinh c6 gié tri 1
cua d6i tuong dir 1i€u co6 cao hon nhiéu so véi cac thude tinh ¢ gia tr1 0, nhu vay cac
thudc tinh nhi phan & day 1a khong d6i xtng.

1.2.3.4. Thuéc tinh dinh danh

Do do phi twong ty giita hai dbi tuong x va y duoc dinh nghia nhu sau:

d(x,y)=L"" (1.5)
p

Trong d6: p 14 tong s6 cac thudc tinh,
m 1a sb thudc tinh d6i sanh twong Gmg tring nhau.
1.2.3.5. Thudc tinh cé thir tw
Phép do do phi tuong tu gitra cac ddi tuong dir li€u voi thudc tinh thur tu duoc

thyc hién nhu sau: gia st i 1a thudce tinh thu ty c6 M; gid tri (M; 14 kich thudce mién gia
tri)

Céc trang thai M; duoc sap tha tu: [1...Mi] va co thé thay thé mdi gia tri cia
thudc tinh bang gi tri cung loai ;, v&i r; €{1.. Mi}.

M&i mét thude tinh 6 thir tu co cac mién gia tri khic nhau, vi vay c6 thé chuyén
d6i chiing vé cuing mién gia trji [0,1] bang cach thuc hién phép bién ddi sau cho mdi
thudc tinh:

" _ ¥ (1.6)
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Str dung cong thirc tinh d6 phi twong tw cua thudc tinh khodng d6i véi cac gia tri

z, day ciing chinh 1a d§ phi twong ty ciia thudc tinh c6 thi ty.
1.2.3.6. Thugc tinh ty 1€

C6 nhiéu cach khac nhau dé tinh d6 twong tu giita cac thudc tinh ti 16. Mot trong
doé 1a str dung cong thirc tinh logarit cho mdi thude tinh hodc 1a loai bo don vi do cua
cac thudc tinh dir liéu b'fmg cach chuan hoa ching hoac gan trong s6 cho mdi thudc tinh
gia tri trung binh, do 1éch chuan. Do tuong déng dit liéu v&i moi thudc tinh dir licu da
dugc gan trong sb tuong g wi (1<=1 <=k ), dugc xac dinh nhu sau:

d(XaY):\/ZWi(Xi_Yi)z (1.7)
i=1
1.3. Phan cum dir liéu mo

Phén cum di liéu rd (phan cum r3) 12 phuong phép chia tap dit liéu ban dau thanh
cac cum dit liéu va moi phﬁn ttr dir liéu chi thudc vé mot cum dir liéu. Cac k¥ thuat nay
thuong phu hgp véi viée phat hién ra cdc cym c6 mat dd cao va roi nhau, duong bién
gifta cac cum duoc xac dinh tét. Nhung trén thuc té hién nay rd rang c6 rat nhiéu dir liéu
c6 tinh nhap nhang, dudng bién giira cac cum khong rd rang tic 14, mot phan tir dit lidu
c6 thé thudc nhiéu cum khac nhau [10]. Vi du nhu trong phan cum tai li€u, mot tai liéu
c6 xu hudng cé nhiéu hon mot cha dé chira trong tai li¢u do, nhu mot tai li€u cod thé
chura thong tin vé may tinh, phan cting, phan mém, mang may tinh. Vi vay chuong nay
s& d& cap, phan tich va 1am rd vé phan cum mo. Pong thdi cling trinh bay 1y thuyét vé
t6i vu hoa don muc tiéu va da muc tiéu.

1.3.1. Tong quan vé tip mo

boi voi nhiing dir li¢u nhu da néi ¢ trén cac ky thuat phan cum dir li€u 1o lam
viéc khong hiéu qua va khong mé ta duge ciu tric thuc cua dit lidu. Dé c6 thé giai quyét
duoc thi ngudi ta st dung dén 1y thuyét tip mo vao viéc phan cum dir lidu.

Lotfi A. Zadeh - ngudi sang lap ra 1y thuyét tap mo [15], y tudng trong 1y thuyét
tap mo cua 6ng 13 tir nhitng khai niém mang tinh triru twong, khong chic chin cia théng
tin mang lai nhung “md&” nhu: gia — tré, 1n — bé, cao — thap, xinh — xau, ... éng di chi
ra cach biéu dién cac thong tin “mo” do bﬁng mot khai niém toan hoc duoc goi la tap
mo (Fuzzy set), nhu 1a mot sy khai quat cua khai niém tap hop.

1.3.1.1. Pinh nghia tip ro

Dinh nghia 2.1 [15]: Cho tap nén X va x 1a phan tir thudc tap X. Mot tap C trén tap X
la mot tap hop 1o, voi x 1a phﬁn tur cua tap hop C, chi co thé c6 x e C hodc x ¢ C. C
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thé sir dung ham p(x) dé mé ta khai niém thudc vé. Ham p(x) dugc goi 1a ham thudc
hay ham dic trung cua tap hop C.
1 ifxeC
”(X):{o if x ¢ C (1.8)
Vi du:

Néu chiéu cao mot ngudi nao dé trén 1.65cm thi 1a cao, nguoc lai 1a khong cao.
Hinh bén dudi minh hoa tap hop “Cao” gdm tat ca nhitng ngudi cé chibu cao tir 1.65cm
tro 1én.

Cao= {x ER|x = 1.65}

Heao (X)
Dung

Sai

/

[

1.65cm X (cm)

Hinh 1.3. Hinh minh hoa cho tdp chiéu cao ciia con nguwoi.

Tu Hinh 1.3 cho théy ly thuyét tap 10 khong thé hién duoc su khac biét gifra cac
phan tr trong ciing mot tap hop. Giita hai ngudi c6 chiéu cao 1.70cm va 1.75c¢cm khong
thé hién dugc ngudi ndo cao hon ngudi ndo.

Bén canh d6 con mot van dé nita ma 1y thuyét tap rd khong giai quyét dugc, ma
van dé no6 khong giai quyét duoc trong thuc té lai dién ra kha phd bién nhu né khong
thé biéu dién duoc dit liéu mang tinh mo hd, dai khai nhu: Hoa trong khong cao 13m,
Ta thi thap thp thoi. Cau hoi dit ra la: Hoa nhu vy thi ¢6 thudc tap hop nhitng ngudi
cao hay khong? C6 thé hiéu nhu thé nao 1a “thap thap™?

1.3.1.2. Dinh nghia tip m&

Dinh nghia 2.2 [15]: Cho tap nén X va x 1a phan tir cta tap X. Mot tip mo F trén tap X
dugc dinh nghia béi mot ham thanh vién hay con goi 1a ham thudc pr(x) (degree of
membership), do “mirc d6” ma phan tir x thudc vé tap F thoa man diéu kién voi VxeX,
0 < pr(x) <I.

F={(x up() |x X} (19)

Khi pr(x) = 0 thi x¢ F hoan toan. Khi pr(x) = 1 thi x € F hoan toan.
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Tap mo F rong néu va chi néu pr(x) = 0 véi VxeX.

Tap mo F toan phan néu va chi néu pr(x) = 1 v6i VxeX.

Nhu vay, khai niém tap mo 1a sy téng quat hoa khai niém tip ro bd1 ham thude
ctia no c6 thé 1y gid tri bt ky trong khoang [0, 1], tap rd chi 13 mot tdp md dic biét vi
ham thudc pr(x) chi nhan hai gia tr1 0 hoac 1.

Vi du: Cho céac tap mo: “Cao ”, “Trung binh”, “Thip”

Cac tap mo
A
H - T
Thép Trung binh Cao

v

145 1.50 17-55 1.60 1.65 Chidu cao

Hinh 1.4. Vi du minh hoa cdc tdp mo “Thdp”, “Trung binh”, “Cao”

Tt Hinh 1.4, ta nhan thiy néu cho biét chiéu cao ctia mot nguoi thi co thé xac
dinh mirc d6 nguoi d6 thude vé 16p nguoi thap, trung binh hay cao. Vi du cy thé nhu
sau:

- Ta1.45cm— “Thép(Tﬁ) - 1: :uTrung binh(Tﬁ) - 09 .uCao(Tﬁ) - O;
- Hoa 1.55cm— .uTha‘ip(Hoa) =0.4, HTrung binh(Hoa) =0.6, :uCao(Hoa) =0.

1.3.2. Phan cum ro va phan cum mo

Phuong phap phin cum dit liéu & duoc hiéu 1a khi phan cum sé& thyc hién phan
chia cac doi tuong dir li¢u thanh cac cum loai trir 14n nhau, mdi d6i tuong chi thude Ve
duy nhat mét cum. Vi du nhu khi phan cum céc hoc sinh tiéu hoc thanh céc lop 1, 2, 3,
4, 5, khi ¢6 mdi hoc sinh chi ¢6 thé thudc vé mét 16p.

Nhung c6 nhitng truong hop khac, cac cum dir li¢u khong thé tach biét nhau mot
cach 1o rang, mot dbi tuong dir liéu co thé thudc vé nhiéu hon mot cum. Vi du, khi phan
cum séach, tai liéu tham khao thanh cac chu dé thi mot tai liéu c6 thé lién quan t6i nhiéu
chu dé khac nhau. Khi d6 dé giai quyét vin dé vira néu ¢ trén nguoi ta thuong dung
phuong phap phan cum dir liéu mo.
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1.3.2.1. Phan cum rd

Nhu di noi ¢ trén, trong phuong phap phan cum rd thi mdi ddi twong dit liéu chi
thudc vé chinh xac mot cum. Myc tiéu ctia qué trinh phan cum 14 phan chia tap dit liéu
X gdbm n d6i twong X={xy, X, ... X, } € RS thanh ¢ cum. Trong phan hoach 3 tip X ¢
thé dugc x4c dinh nhu 1 mét ho céc tap con {C;| 1 < i < ¢} thoa man:

.G =X (1.10a)
CGnC =0, 1<i#j<c (1.10b)
P+CcX 1<i<c (1.10c¢)

Ham lién thudc c6 thé duge viét dudi dang ma tran phan hoach U = [U; ilexn-

Trong do:
Uij={1 n(i::uX]-ECi <i<cl<j<n (1.11)
0 néux; & C;
Dit My, 1a tap tat ca phan hoach rd cia X:
My = {U € R%" | U;; € (0,1}, Vi, j; 26, Uy = 1,Vj;0 < X%, Uy; < n,Vi}.
(1.12)

R*"1a khong gian cua tat ca cac ma tran thuc cap cxa.

Trong d6, mot sb thuat toan phan cum rd da duogc nhéic dén & chuong 1 nhu: thuat
toan k-means, thuat toan k-Medoids, DBSCAN, STING, ...

1.3.2.2. Phian cum mo¢

Trong khi do, d61 véi phan cum dir liéu mo cac doi twong dir 1i€u co6 the thudce vé
nhi€u hon mot cum, twong tng véi cac muc do lién thude khac nhau, dac trung cho mirc
do ma cac diém dir liéu do thudc vé cac cum.

Cho tap dir liéu X gdm n ddi twong X={x;, x5, ... X, } C RS t6 chtc thanh ¢ cym
thé hién qua cac ham lién thudc U;; mo ta mirc do ddi tuong dir liéu x; thude vé cum i,

voi moix; € X.

- Mt d6 lién thudc nhan gia tri giita 0 va 1 (Cong thirc 1.13a). D6i tugng dir
liéu gém trung tdm cum c¢6 murc d thudc cao hon so voi nhitng ddi tuong nam
& gan bién cua cym.
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e Ddi tugng X; cang xa tdm cum i thi gia tri ham lién thudc U;; cang dan
vé 0;
e Tuong ty nhu vy dbi tuong x; cang gan tdm cum i thi gid tri ham lién
thudc U;; cang dan t6i 1;
e Néu ddi twong X; nam xa tit ca cac cym thi gia tri ham lién thudc U; i dan
toi 1/c.
- Téng muc do lién thudc cua mot ddi tuong to1 tAt ca cac cum 1a 1 (Cong thuc
1.13b)
- Diéu kién (cong thirc 1.13¢) dam bao rang khong ton tai mot cum nao ma
khong chira bat ky ddi tuong nao.

0< U <1, (I1<i<c, 1<j<n) (1.13a)
i-1Ui;j = 1, (1<j<n) (1.13b)
0<¥™,U; <n, (I<i<c) (1.13¢)

bat Mg, 1a tap tat ca phan hoach mo cia X:
M. ={U € R®"|U;; € [0,1],Vi,/; X6, Uy; = 1,Vj;0 < X7, Uy <n, Vil (L.14)

R*"1a khong gian cua tat cd cac ma tran thyuc cap c x n.

Dé 1am rd hon su khac nhau giita phan cum rd va phan cum mo ta xét vi dy minh
hoa véi tap dir liéu hinh canh buém (Butterfly) gom 15 diém (Hinh 1.5).

6
5.5 -
5| 4
45f o o -
4 N
3.5F o o o o o -
3t 4
251 o o -
2« —
1.5 4

1 r r r r r r r
0 1 2 3 4 5 6 7 8

Hinh 1.5. Tap dir lieu hinh canh buom

St dung phuong phap phan cum rd dé phan cum nhitng diém dir liéu trén, két
qua thu dugc hai cum (xem Hinh 1.6). C6 thé thay két qua nay khong cho thiy céu tric
tu nhién cua tap dir liéu. V4i diém dir liéu (4, 3.5) nam & giira ¢6 kha niang thudc vé ca
2 cym la nhu nhau, nhung phuong phap phan cum rd danh dau diém nay thudc vé cum
A v6i @6 thude bang 1.
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Hinh 1.6. Két qud phdn cum ré véi tdp dir liéu hinh canh budm

Doi voéi tap dit liéu hinh canh budm trén phan cum ré khong cho thay su khac
biét gitra cac diém dit liéu trong cung mgt cum — nhirng phén tr dix liéu nam & trung tam
clia cum va nhimng phan tir dit liéu nim & gan bién cua cum. Nguoc lai trong phan cum
md mdi diém dit liéu duge mo ta boi mot gia tri lién thudc, tuy vao viéc chung co nam
gan cac trung tim cum hay khong ma chi ra mirc d6 thudc cta ching v6i cum do.

Van véi tap dit liéu hinh canh buém & trén, v6i phuong phap phan cum mo, diém

dir lidu (4, 3.5) c6 gia tri mic do lién thudc vé hai cum A va B déu 12 0.5, phan anh ding
vi trf ndm gifra hai cum cua diém dit liéu nay (Hinh 1.7. Hai cum mo cua tap dir licu

hinh canh budém)

5

]

7

e

5.8+
r. A
5k | "“-H
| S
-~
458+ | @ ™
I -~
~
4+ | e
| ~
38+ | & o u} )
I -~
f,-"
ar | -
| /.f"'
28+ | < -
| -~
2r 1 -~
-
1.6+
-1 1 I 1 |
0 1 2 3 4

Hinh 1.7. Hai cum mo cua tap dir liéu hinh canh buom

2
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Bang 1.2. Gia tri ham lién thudc cua tap dit liéu hinh canh buém st dung thuat
toan k-means va c-means mo.

Phan cum ro Phan cum mo
Dir liéu Thuat toan k-means Thuat toan C-means mo
U, U, U, U,
1.0 2.5 1 0 0.0G7 0.9453
1.0 3.5 1 0 0.0226 0.9774
1.0 4.5 1 0 0.0547 0.9453
2.0 3.0 1 0 0.0161 0.9839
2.0 3.5 1 0 0.0024 0.9976
2.0 4.0 1 0 0.0161 0.9839
3.0 3.5 1 0 0.1242 0.8758
40 3.5 1 0 0.5000 0.5000
5.0 35 0 1 0.8759 0.1241
6.0 3.0 0 1 0.9839 0.0161
6.0 3.5 0 1 0.9976 0.0024
6.0 4.0 0 1 0.9839 0.0161
7.0 2.5 0 1 0.9453 0.0547
7.0 3.5 0 1 0.9774 0.0226
7.0 4.5 0 1 0.9453 0.0547

1.4. Téi wu da muc tiéu [1]
1.4.1. Bai toan tdi wu tong quat

F(X) => max (min) véi X € D goi 12 mién rang budc.
Trong do:
- F(X) c6 thé 1a mot ham v6 huéng hay ham véc to, tuyén tinh hay phi tuyén.
+ Néu F 1a ham v6 hudng thi ta c6 m6 hinh quy hoach (t6i vu) don muc tiéu,
+ Néu F 1a vecto thi c6 mé hinh quy hoach (t6i vu) da muyc tiéu.

- X ¢6 thé 12 mot bién don 1¢ hay mdt tip hop nhiéu bién tao thanh mét vecto hay
tham chi 1a mot ham cua nhiéu bién khac. Bién c6 thé nhan cac gia tri lién tuc hay roi
rac.

- D 1a mién rang budc cua X, thuong duoc biéu dién boi cac ding thirc, bit dang
thire va duoc goi 13 mién phuong an kha thi hay phuong an chip nhéan duoc.

1.4.2. T6i wu don muc tiéu

Dang chinh tac cta bai todn t61 wu toan cuc mot muc ti€u dugce biéu dién nhu sau:
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Max (Min) f(X) X = (X1, X2y v00y Xn)

voi(i) g(X) <0,  j=L2, ..,k

(ii) g(X) = 0, j=k+1, k+2, ..., m,

Trong céac bai toan thyc té co thé bd sung cc rang budc dang:

(iii) ainiSbi, i= 1,2,...,n

Ham muc tiéu f(x) va cic ham rang budc gj(x) véi j=1, 2, ..., m co thé 1a tuyén
tinh hay phi tuyén. Vécto X c6 thé bao gdm cac thanh phan roi rac hay lién tuc hodc 1a
su két hop gitra cac thanh phan rdi rac va cac thanh phan lién tuc. Cac dang khac cia

bai toan tdi vu mot muyc tiéu déu co thé dwa vé dang chinh tic theo nhiing quy tic nhit
dinh.

Néu ky hiéu D 1a mién cic phuong 4n (mién rang budc) cho boi cac rang budc
(i), (i) hodc (iii) thi bai toan trén ddy c6 thé viét gon hon nhu sau: f(x) —max (min)
v6i x € D. Lic nay, x* € D dugc goi 1a phuong an tdi uu toan cyc néu Vx€ D ta ludn
co: f(x*) < f(x). Trong truong hop f(x*) < f(x) chi dung véi V x € D trong mét 1an céan
ctia x* thi x* dugc goi 1a phuong an tdi vu dia phuong.

1.4.3. T6i wu da muc tiéu

1.4.3.1. Bai toan toi vu da muc tiéu
Bai toan toi vu da myc tiéu tong quat c6 thé xem xét dudi dang sau
Cuc dai1 hoa cac ham loi ich :
£,(x) > max, (i =1k) (1.15)

Vi xeX cR"

N6i chung khong ¢6 10i giai dong thoi dat cuc dai ciia ca k ham f; (i = 1k ). Lot

giai cia nd dugc tim theo nghia to61 uu Pareto nhu sau:

Dinh nghia: Diém x"eX goi 1a toi wu Pareto ctia bai toan da muc tiéu trén tip X néu

khong ton tai diém y €X sao cho c6 it nhat i<k ma

5> fx) (1.16)

va F0)>£&) vizi i<k
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1.4.3.2. Xir ly bai toian da muc tiéu

Bai toan tbi wu da muc tiéu hién nay dang duoc rat nhidu ngudi quan tim nghién
ctru va c6 nhiéu phuong phap dé tim tap 10i giai Pareto. Trong qua trinh d6, viéc lua
chon 161 giai thuong theo hudng “hd trg quyét dinh” va c6 thé xur Iy dugce nhd dua vé
cac bai toan don muc tiéu.

a. Pwa cac muc tiéu thir yéu vao diéu ki€én rang bugc

Theo phuong phap niy, ta chon ham muc tiéu f; ma ta cho 1a quan trong nhét va
x€t bai toan:

f(x) > max (1.17)
Véi diéu kién

{fi(x)ZCi (izl, /\i;tj) (1.18)

xeX

Trong d6 céc ¢; thay d6i theo y mudn ctia nguoi ra quyét dinh.

b. Chon trong sé wu tién
Ta chon cac trong s6 p; >0 (i = I,_k) sao cho
pr+py+tp =1

D0 16n cua p; phu thudc vao mirc do quan trong ciia ham muc tiéu fi. Vi cac p; (i = l,k)

da c¢ ta giai bai toan
k
maX{Zpifi(x)/xeX} (1.19)
i=l

Nguoi ta quyét dinh tily theo su thay d6i khi chon cac trong s6 pr dé Iiwa chon 1o giai.
1.4.4. Chon phwong an trong bai toan don muc tiéu va bai toin da muc tiéu

Trong bai toan don muc tiéu thi cac phuong 4n so sanh dwgc véi nhau. Néu 2
phuong an x va y c6 hai gia tri ham muc tiéu f(y) < f(x) thi chip nhan phuong 4n x.

Trong bai toan da muc tiéu mot nghiém x* cua bai toan (P1) dugc goi 1a nghiém
ly tudng néu: fi(x*) < fi(x) voi Vx € X, i={l,...k}. N6i mot cach khac mot nghiém 1y
tuéng 13 mot nghiém ma nd phai thoa man tat ca cac ham muc tiéu can tdi vu ing voi
mién chap nhan duoc 1a X. Thyc té thi nhitng nghiém nhu vay rat it khi ton tai. Nén ta
dua ra mot sd khai niém khac vé tdi uu c6 vé “mém déo” hon dé 1a nghiém tdi uu Pareto.
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- Mot diém x* e X duoc goi la mot nghiém t6i uu Pareto néu khong tdn tai mot nghi¢m
x #x* € X sao cho x tro1 hon x*. Nghia la f(x) < f(x*).

- M6t nghiém x= (x1, X2, ..., Xn) dugc goi la troi hon nghi€ém y= (y1, y2, ..., yn) ky hiéu
la: x < vy, néu:

{fi(x) <fi(y) i€(l,..k}
3j €{1,..,n}i(0) < fi(y)

- X = (X1, X2, ..., Xn) dugc goi la nghiém khong tr¢i hon nghiém y = (y1, y2, ..., ¥n)
néuVx € X, Ay € X sao cho:y >y x.

1.5. Gidi thudt di truyén sir dung dé toi wu héa da muc tiéu

1.5.1. Gidi thi¢u

Giai thuat di truyén (GA-Genetic Algorithms) [6] do D.E. Goldberg d¢ xuat, sau
d6 duoc L. Davis va Z. Michalevicz tiép tuc phat trién. GA dugc hinh thanh dya trén
quan niém: qud trinh tién héa tw nhién la qud trinh hoan hdo va hop Iy nhat, tw qud
trinh nay dd mang tinh t6i wu. Quan niém nay l1a mot tién dé dung, khong chting minh
dugc nhung phu hop véi thyuc té khach quan.

GA 14 giai thuat tim kiém, chon lya cac phuong 4n t6i uu dé giai quyét cac bai
toan thuc té khac nhau, dua trén co ché chon loc cua tu nhién: tir tap 1o1 giai ban dau,
thong qua nhiéu budc tién hoa, hinh thanh tap 151 giai méi phut hop hon va cudi cung

.....

Cac gia thuyét thuong dugce mé ta bang cac chudi bit, viéc hiéu cac chudi bit nay
ty thudc vao tmg dung, ¥ tudng cac gia thuyét ciing c6 thé dugc mo ta bang cac biéu
thire ki hiéu hodc ngay ca cac chuong trinh may tinh. Tim kiém gia thuyét thich hop bt
dau véi mot quan thé, hay mot tip hop co chon loc ban dau cua cac gia thuyét. Cac ca
thé ctia quan thé hién tai khoi ngudn cho quan thé thé hé ké tiép bang cac hoat dong
chon loc, lai ghép va dot bién ngau nhién — duoc léy mau sau cac qua trinh tién hoa sinh
hoc.

GA d3 duoc tng dung rong rii cho nhiing bai toan cu thé khac nhau va cho céac
van dé lién quan t6i toi wu héa. Vi du, ching di duoc dung dé hoc tap luat didu khién
robot, dé t6i uu hoa cac bai toan da muc tiéu va topd cho mang noron nhan tao.
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1.5.2. Cac quy luiat co ban

1.5.2.1. Qua trinh chon lgc

Céc c4 thé s& dugc chon loc theo d6 thich nghi dé tham gia vao qua trinh tién hoa
tiép theo. Céc cé thé c6 d6 thich nghi cao s& c6 co hoi sdng sot nhiéu hon va co thé co
nhiéu con trong thé hé tiép theo.

Phép chon loc céc cé thé trong mdi quan thé dugc thuc hién bdi banh xe x0 s0.

Qua trinh chon loc dugc thuc hién nhu sau: quay banh xe x0 s6 n lan, trong do:
n 13 sé nghiém cta bai toan. Mbi 1an banh xe dung lai, mot ca thé twong tng s& bj roi
xuéng ranh, tirc 1 dd dugc chon. Ca thé da dugc chon s& ¢6 co hoi song sot va di truyén
lai cho thé hé sau. V&i cach thuc hién nay, mot s6 ca thé tdt s& dugc chon nhiéu 1an va
cac c4 thé xau s& bi loai bo dan.

M&i quan thé P(t-1) gdm n nhiém séic thé P(t-1) = {viva,...va}. Khi d6 xay
dung banh xe x6 sb st dung céc tinh toan:

e Dé danh gia 46 thich nghi cta quan thé, goi 13 tong d6 thich nghi cta quan thé,

st dung:
F= ZEval(vl.) (1.20)
i=1
e Tinh x4c xuat chon loc cua mdi ca thé vi:
_ Eval(v,) (1.21)
p: = F
e Tinh xac suét tich lily ¢; cho mdi ca thé v;:
q; :ij,izl,Z,...n (1.22)
i=1

e Thyc hién qua trinh chon loc bang cac thyc hién chon quan thé Q(t) tir quan thé
p(t-1) dya vao banh xe x0 so:
- Véi mdi s6 ty nhién k = 1, 2..., n. Ta sinh mot sd thuc ngﬁu nhién ry trong
doan [0,1].
- Néu < qi thi chon ca thé v;, nguoc lai, chon ca thé v; sao cho qii1< 1< qi
2 <i<n.

Xac suét chon loc cao nhét 38% 1a ca thé 1, tirc 1a khi banh xe x6 sb quay,
kha ndng duoc chon cua n6 1a 0,38. Ca thé 2 ¢6 xéac sut chon loc 1a 5%. Tuong tu cac
ca thé 3, 4, 5 ciing ¢ xac suat dugc xac dinh nhu trén (Hinh 1.8).
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Piém chon

Ca thé c6 xac suat
chon nhiéu nhat

p Ca thé co6 xac suat

chon it nhat

Hinh 1.8. Minh hoa cho bdnh xe xé sé véi quan thé gom 5 cd thé

1.5.2.2. Qua trinh lai ghép

Qua trinh nay thé hién bang cach ghép 1 hay nhiéu doan gen tir hai nhiém sic thé
(NST) cha va me dé hinh thanh nén mot NST méi mang ddc tinh cua ca cha va me. Cu
thé nhu sau: Chon ngau nhién hai hay nhiéu ca thé trong quan thé. Gia str chudi NST
ctia cha va me déu c6 chiéu dai 13 n. Ta s& tim diém lai béng cach tao ngau nhién mot
con sb tir 1 dén n-1, tic 13, diém lai vira chon sé& chia hai chudi NST cha - me thanh hai
nhém NST con 14 n,va n,, Hai chudi NST con ltc nay sé& 1a m,;+ m,, va m,, + m;,. Sau

d6 lai tiép tuc dua hai NST con vao quan thé dé tiép tuc tham gia qua trinh tién hoa.

Vi du: cho hai nhiém sac thé cha - me nhu sau:

Chromosomel 1011100100 110011
Chromosome 2 10101 | 11001 | 010110

Thuc hién lai ghép & cac doan nhu sau sé tao ra hai con:

Offspring 1 10101 | 00100 | 010110
Offspring 2 10111 ] 11001 | 110011

Luu v rang, hai ca thé cha — me vdi cac dic tinh tét cling chua chic da cho hai
con c6 dic tinh tot hon so v6i cha — me. Nhung c6 thé thiy kha ning tao ra cac ca thé
con tbt 1a rat cao. Néu hai ca thé con khong phai 1a mot 10i giai tot thi cé thé n6 sé bi
dao thai & thé hé tiép theo.

1.5.2.3. Qua trinh dot bién

Pua nhiém sic thé con vao quan thé dé tham gia tiép vao qu4 trinh tién hoa. Qua
trinh dot bién 1a su thay d6i mot vai gen cia mot NST. Toan tir 4ot bién lam tang nhanh
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qua trinh héi ty, nhung c6 thé su tang dot ngdt khong co tdc dung hoac lam hdi tu sém
dan dén mot 101 giai kém t6i wu.

Trong GA c6 dién, mdi c4 thé biéu dién boi mot chudi nhi phan. Do d6 phép dot
bién tai mot vi tri nao do 1a viée dao bit tuong Ung tai dung vi tri do.
Vi du:

Offspring 11101 10110 001100
Mutated Offspring 11111 10110 001000

1.5.2.4. Thu tuc GA

GA v6i muc dich giai quyét bai toan t6i wu nhu sau:

f(x) {x € D < R"} -> max (min). Trong d6 D 1a hinh hop trong khong gian s thyuc n-
chiéu R", f(x) > 0 v6i Vx € D.

MGdi x trong D duoc ma héa bang mot chudi nhi phan (x1, Xa,..., Xm) v6i m 13 do
dai cuia chuoi. Mot chudi biéu dién mot NST va moi x; 1a mot gen. D€ danh gid kha ndng
thich nghi ciia moi ca thé, xay dung ham :

Eval(x1,x2,...xm) = f(X), v&i x 1a m0t vecto twong tng voi (X1,X2,....Xm)
Thu tuc GA bao gém cac bude cu thé:

Buéc 1. Thé hé T = 0; Khai tao ngiu nhién quan thé ban dau P(0) gom n ca thé;
Buée 2: Panh gia d6 thich nghi ciia quan thé ;

Buéc 3: Lap qua trinh tién hoa cho thé hé T = T+1;

Burée 4: Chon céc ca thé tot dé sinh san cho thé hé (bdi banh xe s6 sb);

Buéc 5: Tai tao quan thé vdi cac ca thé da chon bang cac toan tir di truyén;
Buoc 6: BDanh gia quén thé vira dugc tai tao;
Bude 7: Két thuc khi diéu kién duogc thoa man.

Procedure GA
Begin
t=20;
Khoi tao P(t);
banh gia (P(t));
While (not E) do
Begin
t=t+1;
Chon Q(t) tir P(t-1) {bang banh xe s6 sd}
Tai tao P(t) tir Q(t) {bang cac toan tir di truyén}
Danh gia P(t)
End;
End;
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CHUONG 2. PHAN CUM PA MUC TIEU MO CHO DU LIEU PINH DANH

Nhu d3 gi6i thiéu, gan ddy, vin dé vé phan cum dit liéu dinh danh da thu hat sy
quan tim 16n cta cac nha nghién ctru. Mot sd thuat toan phan cum véi trong tam 1 phan
cum trén dir liéu dinh danh dd duoc phat trién gan day. Tuy nhién, hau hét nhitng phuong
phap nay thudng chi tdi wu hoa mot muyc tiéu cta thuit toan phan cum. Tur Iy do nay, [3,
4] da dé xuat sir dung thuat toan NSGA-II (Non-dominated Sorting Genetic Algorithm)
dua trén co s6 tdi wvu hoa da muc tiéu. Hai muc tiéu la 7 va Sep [7] tuong Gng 1a do
thuan nhat cum md va do phan tach cum md cung dugc tdi wu hoa. Trong phuong phap
nay dé xuat mot phuong phap méi dé Iya chon mét giai phap phan cum tir tap gan tdi
vu Pareto & thé hé cudi cung. Phuong phap chon ndy dwa trén dua trén k§y thuit voting
bdi cac phuong an gan tdi wu Pareto sau d6 thuc hién phan 16p k-NN.

2.1. Gioi thi¢u

Nhu di trinh bay, phan cum 1a hudng tiép can phan 16p khong giam sat pho bién
trong d6 mot tap dit liéu cho trudc dugc phan thanh cac cum khéac nhau dyua trén mot $6
do do mirc do giéng nhau hodc d6 do mutc d6 khac nhau. Néu mdi diém dir liéu duoc
gan vao mot cum duy nhét, thi d6 duoc goi 1a phan cum r6. Con néu mot diém dir liéu
6 d6 thudc nhét dinh véao tung cum thi do6 1a phan cum mo.

HAu hét cac thuat toan phan cum duogc thiét ké cho cac tap dir li¢u trong do
khoang cach gitra hai diém dir liéu bat ky co thé duoc tinh béng cach st dung cac do do
khoang cach chuén vi du nhu do do Euclidean. Tuy nhién nhiéu bo dir liéu trong tu
nhién chira thudc tinh dinh danh. Véi dit liéu dinh danh, cac phﬁn tu trong mién gia tri
cua thudc tinh khong c6 thtr ty. Trong truong hop do, cac thuat toan phan cym nhu K-
means [5], C-means mo (fuzzy C-means - FCM) [8], ... khong thé 4p dung duoc. Thuat
toan K-means tinh trung tim ctia mot cum bang cach tinh gia tri trung binh cta tap cac
vecto thudc cum dé. Tuy nhién, véi co so dir li¢u danh, viéc toan gia tri trung binh ctia
mot tap cac vecto 1a khong cd ¥ nghia. Mot bién thé cta thuét toan K -means, cu thé 1a
thuat toan PAM — phdn viing quanh trong tdm hoic K - medoids da duoc dé xuat cho
loai dir li¢u nay. Trong gidi thuat PAM, thay vi xac dinh cac trung tdm cum (cluster
center), ngudi ta di xac dinh cac trong tAm cum (cluster medoid) 14 cac diém nam & vi
tri trung tdm nhét trong mot cum. Khong gidng nhu cac cluster center, mot cluster
medoid phai la mot diém dir liéu thue té thudc cum. Mot mo rong khéc cua K -means la
K - mode [11]. O day, cluster center duoc thay thé bang cluster mode (duoc md ta trong
phan 2.2). Mot phién ban mo cia thuat toan K — mode 12 K — mode mo, ciing duoc dé
xuit. Gan day, mot thuat toan phan cum dir li¢u dinh danh dya trén khodng cach
Hamming (HD) d& duoc phat trién. Tuy nhién, tat ca cac thudt toan néi trén déu dua trén
t6i ru don muc tiéu dé phan ving. Mot ham don muc tiéu c6 thé khong mang lai két qua
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tot va on dinh trén cac loai dir liéu dinh danh khac nhau. Do d6, mot nhu cau tu nhién la
to1 vu cung lic nhiéu muc ticu.

Giai thuat di truyén (GAs) [6] 1a mot chién luoc tim kiém phuong an t6i wu trén
toan cuc dua trén thuyét tién hoa ciia Darwin. Mic du céc thuat toan di truyén trudc do
da duogc st dung trong viéc phan cum dir li€u, nhung hau hét chi tdi uvu hoa mot muc
tiéu duy nhit do d6 kho ap dung cho tat ca cac loai dit liéu. Dé giai quyét nhiéu van dé
thuc té, viéc can thiét 14 phai téi uu hoa nhidu hon mét muc tiéu cung lic. Phan cym 14
mot van dé thuc té rat co y nghia va cac thuat toan phan cum thuong ¢ ging ti wu hoa
mot chi s6 quan trong nao d6 nhu do thuan nhit cum, do tach cum hodc két hop ca hai.
(Van d& phan cym dit liéu thém phirc tap boi khong thé xac dinh duwoc trung binh cia
céc phan tir trong mot cum). Tuy nhién, khi coi tAm quan trong ciia cAc tiéu chi phan
cum c6 y nghia nhu nhau, vi¢c tdi wu hoa déng thoi d6 thudn nhat va do tach cum mot
cach riéng ré& s& t6t hon viéc két hop ching lai thanh mot ham muyc tiéu duy nhat. T 1y
do trén, bai toan phan cum mo dit liéu dinh danh dugc mo hinh héa nhu mot trong nhiing
bai toan t6i vu hoa da muc tiéu trong do vi¢c tim kiém dugc thuc hién trén mot sé ham
c6 muc tiéu thuong 13 xung dot nhau. Vé van dé nay, cac giai thuat di truyén da muc
tiéu dugc dung dé xac dinh cac cluster centers (modes) va cac ma tran do thudc. Giai
thuat di truyén dya trén thuat toan sap xép khong vuot trdi (Non-dominated sorting GA-
II - NSGA-II) [12], 1a mot giai thuat tot dugc dung rat phd bién 13 mot phuwong phap tbi
wu héa co ban. Hai ham muc tiéu 1a do thudn nhit va d6 tach cum duoc tdi wu hoa déng
thoi.

2.2. Thudt toan phan cum mo cho dit liéu dinh danh [4]

Phan nay mo ta thuat todn phan cum K — mode mo cho bd dit liéu dinh danh.
Thuat toan K — mode md [14] 12 mé rdng cua thuat toan ndi tiéng FCM cho dir
liéu dinh danh. Goi X={x;, x,, ..., x,} 1a mot tap n dbi tuong c6 thude tinh dinh
danh. Mbi ddi tuong x;, i = 1, 2, ..., n dugc mo ta béi mot tap gém p thudc tinh
Aj, A, ..., Ay. Goi DOM(4,), 1 < j < p, 12 mién gia tri ctia thudc tinh thir j va né
chura g; gié tri dinh danh khéac nhau: DOM(AJ)Z{ajl, ajz ) e aj.lj }. Khi do, ddi tuong
dinh danh th(r / dugc xac dinh 1a x;=/x;;, xi2, ..., x;»/ trong d6 x;; € DOM(4,), 1 <
J=<p.

Céc cluster centers trong thuat toan FCM duoc thay thé béi cac cluster modes
trong phan cum mo K-modes. Mot cluster mode dugc dinh nghia nhu sau: Goi C; 1a mot
tap cac doi tugng dinh danh thudc cum thir i, mdi d6i twong duoc mo ta béi cac thude
tinh 45, 4>, ..., Ap. Mode cua cum C; 1a mot vecto m; = [mi1, mp, . . ., mijp],m;€ DOM(4;),

1 < j < p sao cho dai lugng sau dugc tdi thiéu hoa:
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D(m;, C) = erci D(m;, x) (2.1)

O day, D(m, x) 1a khoang cach giira m; va x. Luu ¥ rang m; khong nhat thiét phai
13 mot phan tir cua tap C;. Thuat toan K-mode mo phan ving bo dir liéu X thanh K cum
dé cuc tiéu hoa ham:

1L,(U.Z:X) =3 > urD(z,.x,) 2.2)

k=1 i=l

Vi cac rang budc:

O<u,<1 1<i<Kl<k<n (2.3)
Yl ux=1 1<k<n (2.4)
va
n
0<zuik<n, 1<i<k (2.5)

trong d6 m 1 s6 mii mo, U = [ulk] la ma tran do thudc K x n,; ux 13 do thudc cua ddi
tugng dinh danh thi k vao cum i. Z= {z1, z, . . . , zx} biéu dién tap cdc modes.

Thuét toan K-mode mé dya trén mot chién luge toi wu hoa & dd 1ap di 1ap lai viéc
udc luong ma tran do thuoc o lan lap tiép theo va tinh toan lai mode ctia cac cum moi.
Bit dau bang cach 1iy ngu nhién K modes. Sau d6, trong mdi 1an 1dp ta tinh céc gia tri
d6 thudc cua tirng diém dir liéu toi ting cum bang cach st dung cong thiic sau day:

Uy = L Wil<i<K1l<k<n (26)

& D(z,x, ) |
JZ:[D(ZJ,XI()]

Luu ¥ rang khi tinh gia tri ux st dung cong thic (2.6), néu D(z;, xi) bang 0 ddi

v&i mot sb gia tri cua j thi uy dugc gan béng 0 cho tit ca cac giatrii=1,2, ..., K, i #
j, con lai thi uj duoc gan bang 1.

Dua trén cac gia tri d§ thudc, cac modes dugc tinh lai nhu sau [14]: zi= [z, zi2, .
, Zip], trong d6 z;= aj € DOM(4;) va

m m
Zk,xkaa}” Uik = Zk,xkj=a]’5 uik, 1st=q;, r#t

Thuat toan két thuc khi khong cai thién thém duoc gia tri Jm (c¢  (2:7)
Cudi cung, moi doi tuong dugc gan vao cum ma n6 cé do thude 16n nhét. Nhuoc diém
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chinh cua thuat toan phan cum mo K-modes 1a: (i) phu thude rat 16n vao viéc lua chon
gia tri khoi tao cac mode va (ii) thudng bi roi vao téi wu dia phuong.

2.3. Toi wu hoa da muc tiéu va cdc giai thudt toi wu hoa da muc tiéu
2.3.1. Toi wu hoa da muc tiéu

Bai toan t61 vu hoa da muc ti€u co6 thé phat biéu nhu sau. Tim vecto x* =
[x],x3, ..., x3]Tcia cac bién quyét dinh thoéa méan m rang budc bat dang thirc:

g.(x)>0,i=1,2,...m (2.8)
va p rang budc dang thirc:
h(x)=0,i=12,..,p (2.9)
va toi rvu héa vecto ham:
£(x) =[£,(x), £,(X),.... £, (O]" (2.10)

Céc rang budc (2.8) va (2.9) xac dinh mién kha thi F chua tat ca cac phuong an
c6 thé chap nhan dugc. Bat ki phuong an nao nam ngoai mién nay sé khong dugc chip
nhan do n6 vi pham mot hoac nhiéu rang budc. Vector x* biéu dién mot phuong an tbi
uu trong F.

Khéi niém ti vu Pareto rét quen thudc trong linh vuc tdi uu hoéa da muc tiéu.
Mot dinh nghia hinh thtrc vé tbi wu Pareto tir g6c nhin cua bai toan cuc tiéu hoa c6 thé
duoc phat biéu nhu sau: Mot vector quyét dinh X* duoc goi 13 tdi wu Pareto khi va chi
khi khong co6 vector X vuot troi x*, tirc 1a, khong c6'x ma

Vie{(1.2..kLEO)SE(X) va
3i € {12,k ()<E, (x )

Noéi cach khac, x* 1a to61 uu Pareto néu khong ton tai phuong an chap nhan dugc
X nao lam giam gia tri mot s6 ham muc tiéu ma khong lam tang gia tri mot ham muc
ti€u nao khac. Ta cling n61 x* khong bi vuot trdi trong mién F.

Tap tat ca céc phuong an chép nhan dugc khong bi vuot troi trong mién F duoc
g0i 13 tdp 16i wu Pareto (Pareto optimal set). Véi tip toi wu Pareto da cho, cac gia tri
ham muyc ti€u twong tng trong khong gian muc ti€u dugc goi la Pareto Front.

Muc tiéu cua céc giai thuat toi wu da muc tiéu la xac dinh cac 101 giai trong tap
toi wu Pareto. Thuc te, viéc chirng minh mot 101 giai 1a toi wu thuong khong kha thi ve
mat tinh toan. Vi vay, mot ti€p can thuc té voi bai toan té1 wu da muc tiéu la tim ki€ém
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tap cac 11 giai 1a thé hién tot nhit c6 thé cua tap tdi uu Pareto, mot tip cac 161 giai nhu
vay duogc goi la tdp Pareto-dwoc-biét-tot-nhat (Best-known Pareto set).

2.3.2. Viéc sir dung giai thuét di truyén giai quyét bai toan téi wu da muc tiéu

Kho khin chinh trong tdi uu da muc tiéu 1 khong ton tai mot mot phwong an toi
vu duy nhat va rat khé so sanh phuong 4n nay véi phuong an khac. Cac bai toan nay
thudng chip nhan nhiéu phuong 4n ma mdi phuong an 13 chip nhan duge ddi voi mdi
ham muc tiéu dong thoi dat dugc su can ddi gitta cac muc tiéu. Giai thuat di truyén 1a
phuong phéap dyua vao quan the, do d6 no c6 thé dé duoc mo rong dé xir 1y nhiéu muc
tiéu. Céac giai thuat tién hoa truyén thdng co thé dugc cai tién dé tim kiém tip Pareto-
duogc-biét-tdt-nhat trong bai toan t6i wu da muc tiéu. Giai thuat tién héa 1a cach tiép can
meta-heuristic dugc wa chudng nhat dé giai bai toan tdi wu hoa da muyc tiéu. Trong sb
cac phuong phap téi vu hoa da muc tiéu dwa vao meta-heuristic, 70% cac phuong phap
1a dya vao giai thuat di truyén [6].

Diém khéc biét gitta cac giai thuat GA da muc tiéu nam & cach gan dg thich nghi
(fitness assignment), cach duy tri quan thé wu tii (elitism) va cach tiép cdn nham da dang
héa quan thé [6).

Phuong phap thuong dung dé gan do thich nghi 1a xép hang Pareto (Pareto
ranking) dwgc mé ta nhu sau: Phuong phap ndy lam viéc bang cach gan thtr hang 1 cho
céc ca thé khong bi vuot troi trong quan thé va dua chiing ra ngoai vong xem xét; roi
tim tap c4 thé khong bi vuot troi méi dé gan thir hang 2 va qua trinh ct tiép tuc nhu vay.

Phuong phap thuong dung dé da dang hoéa quan thé 13 chia sé do thich nghi
(fitness sharing). Phuong phép chia s¢ d6 thich nghi khuyén khich tim kiém trén nhiing
ving chua duoc thim do cua Pareto front bang cach giam bot do thich nghi cua cac 10i
giai & nhitng ving c4 thé mat do cao. Ky thuat chia s¢ do thich nghi v6i sé dém viing
ldn cdn (niche count) va dung khodng cdach mdt do (crowding distance) ma dugc mo ta
nhu sau:

e Chia sé d0 thich nghi dya vao s6 dém vung lan can.

Phuong phap nay doi hoi phai giam bét do thich nghi f; cia mot ca thé i bang
céch chia n6 cho sd dém vung lan can m; dugc tinh cho ca thé do. Tuc 1a do thich nghi
dung chung dugc tinh bang fi/m;. S6 dém ving lan can m; 1a gia tri udc lugng ving lan
can cuia ca thé i dong diic nhu thé ndo. N6 duoc tinh cho ting ca thé trong quan thé hién
hanh theo cong thirc: m; = 2jcpopSh[d][i, j]], v6i d[i, j] 1a khoang cach Euclid gitra hai ca
thé i va j va Sh[d] 1a ham chia sé (sharing function). Sh[d] 12 mot ham cia d[i, /] sao cho
Sh[0] =1 va Sh{d=0Oshare] = 0. Thong thuong Sh[d] = I-d/ oshare V61 d <Oshareva Sh[d] =0
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V61 d>0share. O QAy Oshare 18 ban kinh viing lan cdn, dugc nguoi dung xac dinh dé udc
lugng do cach biét to1 thi€u mong muon gitra hai 101 giai cudi cung. Cac ca thé co khoang
cach trong pham vi Gyare bi gidm bt do thich nghi vi chung ¢ trong cuing vung lan can.

e Phuong phap dung khoang cach mat do

Phuong phap nay doi hoi tinh khoang cach mat do la gia tri udc luong mat do 161
giai bao quanh mot diém dugc xét i trong quan thé. Pai lugng nay 1a gia tri trung binh
ctia hai diém léy hai bén cua diém duge xét i doc theo mdi truc muc tiéu. Pai lugng nay
duge dung trong co ché chon cha me nhu sau: 1y ngiu nhién hai 101 giai x va y; néu
ching c6 cung murc khong vuwot troi (non-domination rank) thi 161 gidi nao c6 khoang
cach mat do cao hon s& dugc chon; ngugc lai 161 gidi c6 mirc khong vuot tro thép hon
s€ duoc chon.

Bén canh d6, viéc duy tri quan thé vu ta 12 mot vin dé quan trong trong toi uu
hoa da muc tiéu bang giai thuat GA da muc tiéu. Trong ngit canh cta giai thuat GA da
muc tiéu, tat ca nhiing 101 gidi khong bi vuot troi dugc phat hién boi giai thuat GA da
muc tiéu dugc coi nhu 1a nhiing /67 gidi wu tii. C6 hai chién lugc thudong dung dé hién
thue viée duy tri quan thé wu ta: (i) luu trit cac 101 giai vu ta trong chinh quan thé va (ii)
Iuu trit cac 101 giai wu ti trong mot danh sach thit cip bén ngoai quan thé va dua chung
tré lai quan thé.

NSGA-II (Non-dominated sorting GA-II) 1a mgt trong nhirng giai thuat GA da
muc tiéu duoc phat trién gan day va duoc sir dung rong rai. Pic diém cua giai thuat
NSGA-II [12] dugc mo ta so lugc nhu sau:

Gdn dg thich nghi: xép hang dira vao sip tht ty mirc d6 khong vuot troi (non-domination
sorting).

Co ché da dang héa: phuong phap dung khoang cach mat do (crowding distance).
Cdch duy tri quan thé wu tii: co.

2.4. Phan cum da muc tiéu mo cho dir ligu dinh danh sir dung gidi thudt di truyén
Phan nay trinh bay viéc st dung thuat toan t6i wu da muc tiéu dya trén giai thuat
di truyén NSGA - 11 dé tién hoa mot tip cac phuwong 4n gan tdi wru Pareto (near-Pareto-

optimal) nham giai quyét bai toan phan cum mo cho dir liéu dinh danh [4].

2.4.1. Thuat todn NSGA-II

Cac budc chinh cua thuat toan NSGA-II:
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1. Procedure NSGA-II

2. Begin

3. t=0;

4. Khoi tao P(t);

5. Sap xép khong vuot trdi va tinh toan crowding distance cho P(t);

6. While (t<gen) do

7. Begin

8. t=1t+1;

0. Chon Q(t) tir P(t-1) dua vao rank va crowding distance;

10. Q(t)=Lai ghép trén Q(t);

11. Q(t)=Dot bién trén Q(t);

12. Offspring=P(t-1) + Q(t);

13. Sap xép khong vuot troi va tinh toan crowding distance cho
Offspring;

14. P(t)=Chon N ca thé tot nhat tir Offspring dua vao rank va crowding
distance;

15. End;

16. Trich lo1 gias;

17.End;

Trong do:

- Khi 4p dung vao bai todn phan cum da muc ti€éu mo cho dit li¢u dinh danh, ta
can xac dinh cach thirc biéu dién nhiém sic thé twong tmg. Noi dung nay duoc
trinh bay trong Phan 2.4.2.

- Céch khoi tao quan thé (dong 4) duoc trinh bay trong Phan 2.4.3.

- Thu tuc sap xép khong vuot troi va tinh toan crowding distance (sir dung &
dong 5 va dong 13) dugc trinh bay & Phan 2.4.5. Viéc sap xép khong vuot
tr0i va tinh toan crowding distance dua trén gia tri cdc ham muc ti€u. Viéc
tinh toan gia tri cac ham muc tiéu duogc trinh bay trong Phan 2.4.4.

- Toan tir chon loc (dong 9), lai ghép (dong 10), va dot bién (dong 11) duoc
trinh bay trong Phan 2.4.6.

- O dong 9, Q(t) c6 kich thude dung bang kich thudc quan thé (V). Do do, ¢
dong 12, Offspring c6 kich thudc bang 2N (1a gop cua P(t-1) va Q(t)). Cach
lam nay nham dam bao thé hé sau chic chin thu duoc cac ca thé tdt hon (duoc
chon tir Offspring, thyc hién ¢ dong 14).

- Céch chon mot ca thé tir thé hé cudi cung (& dong 16) duoc trinh bay ¢ Phan
2.4.7.
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2.4.2. Biéu dién nhiém sac thé

MJdi nhiém séc thé 14 mot chudi cac gia tri thudc tinh biéu dién cac diém trung
tam (mode) ctia K cum. Nhu vay, mdi nhiém sic thé biéu dién mot 16i giai cho bai toan
phan cum. Néu mdi dbi twong dinh danh c6 p thudc tinh {4, A, ..., A,) thi chiéu dai
ctia mot nhidm sic thé s& 1a K x p. Trong d6, p vi tri (gen) dau tién biéu dién mode cia
cum dau tién (1a mot véc to p—chiéu); p vi tri tiép theo biéu dién mode cta cum thit hai.
Ct nhu thé, tung veéc to p—chiéu ctia cac mode cuia cac cum lan luot duoc ndi lai dé tao
nén mot nhiém sic thé. D& minh hoa, xét vi du sau day. Cho p = 3va K = 3. Khi do,
nhiém sic thé

Cili  Ci2 €13 € €2 €23 €31 C32 €33
biéu dien mdt phuong an phan cum, la ghép ctia 3 véc to bi€u dién 3 mode cua 3 cum.
Ba véc to do 1a (ci1, ci2, €13), (C21, €22, €23) va (c31, €32, €33), trong do cij bi€u dicén gia tri
thudc tinh thtr j cia mode ctia cum thtr 1; ¢c;;€ DOM(A)), 1S i < K,1 <j <p.

2.4.3. Khéi tao quin thé

M3di ca thé trong quan thé dau tién (quan thé khai tao) dugc sinh ra bang cach
chon ngau nhién K dbi tuong thudc co sd dir li¢u dinh danh dau vao can phan cum. Mbi
cé thé dugc biéu dién boi mot NST nhu trinh bay trong phan 2.4.2. Néu kich thudc quan
thé 1a P thi viéc chon ngiu nhién ra K ddi twong dé hinh thanh mot phuong an phan
cum, tirc 13 hinh thanh mot nhiém sic thé, duoc lap lai P lan.

2.4.4. Tinh toan gia tri cia cac ham muc tiéu

Do thuan nhat téng thé cua cac cum 7 va do phan tach cum Sep duogc coi 1a hai
muc tiéu can phai duoc t6i wu hoa déng thoi. Nhu vay, $6 lugng ham muc tiéu trong bai
toan tdi vu da muc tiéu & day la 2. Vi¢c tinh toan gié tri ciia cdc ham muc ti€éu dugc thyc
hién nhu mo ta dudi day:

Gia str ta 6 mot NST biéu dién mot phwong an phan cum voi K mode cua céc
cum la z;, z,, ..., zg. Khi d6, cac gia tri 46 thudc uy, i=1, 2,..., Kva k=1, 2,..., n, dugc
tinh nhu sau:

1
U, = — vhil<i<K1<k<n (2.11)

& D(z,X,) m-l
Z:(D(ZJ,XkJ

=1

trong d6 D(z;xi) 1a khoang céach gitta z; va xx, D(z;,xi) 1a khoang cach gitra z; va xx (su
dung khoang cach Hamming d duoc mo ta phia trudc). m 1a trong s6. Luu y rang khi
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tinh toan ui (cong thirc 3.11), néu ton tai j ma D(z;, xk) = 0 thi ta gan ux bang 0 cho tat
cacac giatri i=1,..., K, i # j, con uy duoc gan bang 1. Sau d6, mode dugc cp nhat: z;
= [zi1, zi2, ...,Zip], trong 40 zjj= ar € DOM(A-) sao cho:

Z ulk_ Z uk , ISt<gqjr#+t (2.12)

k xkj—a k xk|—a

Diéu nay c6 nghia 14 gia tri thudc tinh dinh danh A; cua trung tim cum z; duoc
thiét lap dé cac gia tri dinh danh dat gia tri tdi da cta téng ujj (mure do thudc vao cum
thir 7) trén tat ca cac dinh danh. Theo d6, cac mirc d6 thudc vao cum duoc tinh toan lai
theo cong thurc (3.16).

Céc bién §; va ban s6 mo n; cia cum tha i, i=1, 2,..., K dugc tinh toan bang cach
st dung phuong trinh sau:

& => uyD(z,x,) ,1<i<K (2.13)
va _
n; :Zuik ,1<i<K (2.14)
k=1

Do thuan nhat téng thé n dugc dai dién boi NST, dugce tinh nhu sau:

" u™D(z.
_ Zi‘ izk_lulE (%) 215)

i=1 i=1 el u]-k

Pé tinh toan cac ham tach cum mo phi hop Sep, gia dinh z; ciia cum thtr i 13 trung
tam cua tap mo {z;|1 < j < K,j # i}. Do d6 muc do thanh vién cia mdi z; dé j # i
duoc tinh nhu sau:

1 .
uij:ZK (D(Zjazi) ﬁjli] (2.16)
1141 Dz, 2,)

Chi s6 tach cum mé& duoce dinh nghia:

Sep = Z Z ni'D(z;,z;) (2.17)
i=1 j=1,ji
Luuy rﬁng dé thu duoc cum nhé gon, chi sb6 7 nén dugc tbi thiéu. Nguoc lai, dé
tach cum duoc t6t, chi sb tach cum md Sep nén duge tdi da. Van dé trong luan vin nay
nghién ctru thi van dé t6i wu da muc tiéu duoc datra la giam thiéu ca hai muc tiéu tic
la giam ca w va 1/Sep cung mot luc.
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Tuong tu nhu viy viéc phan nhom da muc tiéu véi viée tdi vu hoa dong thoi
nhiéu muc tiéu, hiéu qua phan cum phu thude rat 16n vao viée lya chon cdc muc tiéu
nay. Do d6 phai rat can than khi lya chon cac muc tiéu dé c6 thé tao ra két qua kha quan,
néu tuy ti€n hoac khong tinh toan céac lya chon cé thé dan dén cac tinh huéng XAu.

Nén lua chon cac muc ti€u sao cho can bﬁng vé ¢6 thé din dén mau thudn mot
cach tu nhién. Mau thuan trong cac ham muc tiéu 1a c6 loi vi né dan dén mot phuong
an t6i wu tong quat. N6 ciing dam bao rang khong c6 phan cum don myc tiéu nao duogc
t6i wru hda ma cac muc tiéu quan trong lai khong duogc chi .

Mic du ton tai mot vai gia tri chi s6 cum nhung dé t6t hon nén xem xét d6 thuan
nhét cum va dd tach cum trong cac mau. Do dé, trong nghién ciru nay da lua chon dé
t6i wu hoa cac do thuan nhat cum mo tong quéat © (phan xa ciia cum dong nhat) va do
tach cum mo Sep (phan xa cum tach). Muc dich cua luan van la thiét 1ap tinh hi¢u qua
cho nguyén tdc co ban thuc hién viéc phan cum da muc ti€u mo cho dit 1iéu dinh danh.
Tuy nhién hudng phat trién tiép theo ctia luan vin 1a mot nghién ciru sau hon lién quan
dén hai hodc nhiéu gia tri chi s6 cum mo.

2.4.5. Thi tuc sap xép khong vwot tri va tinh toan khoang cach mat do
Sip xép khong khong vt troi:

V61 mot quén thé P, thu tuc sép xép khong vuot trdi dugce thuc hién nhu sau:

e Buwdéc I: Vi mbi ca thé p trong quan thé P ban dau, 1am nhu sau:
- Khéi tao Sp= @ 1a tap chira tit ca cac ca thé khong vuot troi hon p.
- Khéi tao np, = 0 12 s6 lwong ca thé vuot trdi hon p.
- V6i mdi ca thé q thuodce P:
* Néu p vuot trdi hon q thi thém p vao tap S, tirc 13 S, =5,Uq
* Nguoc lai, néu q vuot troi hon p thi ting sb luong ca thé vuot trdi hon
ptaclan, =n, +1
- Néu np= 0 tirc 1a khong c6 c4 thé nao vuot troi hon p thi p thudc vé front
dau tién. Dt xép hang ctia ca thé p 13 1 tirc 13 pram = 1. Cap nhat front dau
tién, thiét 1ap bang cach thém p vao front 1 tirc 1a Fi=F; U p.
e Buwdrc 2: Khoi tao bién dém front bang 1,i=1.
e Buwéc 3: Néu front thtr i khac rdng, tirc 13 Fi#@, thuc hién:
- Q=0 (khdi tao tap chira cic ca thé cia front thir i+1)
- V&i mdi céa thé p trong front F;
* v&i mdi ca thé q trong Sy (S 14 tap céc ca thé khong vuot trdi hon p):
.ng=ny— 1, giam gia tri bién dém vuot trdi ctia ca thé q;
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. sau khi giam, kiém tra néu n, = 0 thi khong c6 c4 thé nao trong
front tiép theo vugt tro1 hon q, do do dat gruw =1 + 1; cap nhat
cathé qvaotap Qtic 1aQ=Q U g.
e Buwdc 4: Ting bién dém front 1én 1 don vi, i = i + 1. Ghi nhan front tiép
theo, F; = Q; Quay lai Bwdc 3.

Tinh khodng cach mat do:

Sau khi viéc sép xép khong vuot troi dugc hoan thanh thi khoang cach mat dg sé
duoc tinh toan. Thong tin xép hang va khoang cach mat do s€ dugc dung dé phuc vu
cho viéc lua chon cé thé. Khi cAn chon mét c4 thé tot, trude hét ta can cr vao thong tin
xép hang. Néu c6 nhiéu hon 1 ca thé c6 cing hang c6 thé chon thi xét dén khoang cach
mat do. Khoang cach mat d§ duoc tinh nhu sau:

e V4i mdi front Fi gdm n ca thé

- Khoi tao khoang cach bang 0 cho tat ca cac cé thé tirc 1a Fi(d)) = 0, trong
d6 j trong g véi cac thé thir j trong front Fi.

- V6&i m6i ham muc tiéu m
* Sap xép cac ca thé trong front F; dya trén muc tiéu m, tic 1a I=sort(Fi,m)
* Gan khoang cach bang oo cho cac gié tri bién ciia mdi ca thé trong Fi,
tuc 1a I(d1) = oo va I(dy) = oo.
*Voik=2dén (n-1)

I(k+1).m—I(k—1).m

"rlnax — fmmin

1(d) = 1(d,) + (2.18)

I(k).m 1a gia tri cia ham muc tiéu thir m cta cé thé tht k trong I

Y tudng co ban cua khoang cdch mat dd 1a tim khoang cach euclidian cua ting
c4 thé trong mdi front co ban dua trén m muc tiéu trong khong gian da chiéu m. Cac c4
thé ¢ gan bién luén duoc lya chon vi khoang céach ctia chung 1a vo han.

2.4.6. Chon loc, lai ghép va dot bién

Chon loc: Cac cha — me dugc chon tir quan thé bang cach sir dung toan tir chon
loc mat do nhi phan dya trén xép hang va khoang cach mat do (khoang cach mat dg la
mot d6 do do khoang cach ciia mot ca thé dén lan can cta nd). Tung ca thé duoc chon
loc dua trén viéc Xép hang cua né thép hon so v&i ca thé khac hodc khoang cach mat do
16n hon so véi ca thé khac. Sau khi di tim ra cac c4 thé cho chung vao hd giao phdi
(matting pool) chuan bi cho lai ghép.
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Lai ghép: sau qua trinh chon loc, nhiing c4 thé duoc chon cho qua trinh lai ghép
duogc tién hanh lai ghép don diém (1 point) dé sinh ra cac ca thé mai. S6 luong ca thé
tham gia vao lai ghép phu thudc tham sé p,.

Dot bién: x4c suat xay ra dot bién 1a Ui - Néu mot ca thé duoc lya chon dé tién
hanh dot bién thi qué trinh d6t bién s& xay ra nhu sau: (i) chon vi tri d6t bién trong ca
thé 6, (ii) tai vi tri dot bién, gia tri cta vi tri d6 s& duoc thay thé boi 1 gia tri ngiu nhién
trong mién gia tri (mién gia tri & day 1a gia tri ma mdi gen c6 thé nhan duoc).

Quan thé ban dau cliing véi quan thé hién tai dugc sap xép lai dua trén tap khong
vuot troi va chi co ca thé ton tai tdt nhat méi duoc lua chon trong do N la kich thudce
cua quﬁn thé. Viéc lua chon dua trén viée Xép hang va khoang cach mat dé duogc thuc
hién cubi clng.

Diém dic trung nhét cia giai thuat NGSA-II 1a cach duy tri quan thé wu ta (elitism
operation). Trong dé, nhirg ca thé trong quan thé hién tai c6 kha ning dugc lya chon
vao thé hé tiép theo. Dung tap Pareto & thé hé cudi cing sé& cho ra nhitng phuong an
khac nhau trong cac bai toan vé phan cum.

2.4.7. Chon m¢t phwong an tir cac tap khong vuot troi

Hi¢u qua ctia mot giai thuat di truyén da muc tiéu la mot tap dai dién cac phuong
an khong vuot trdi trong thé hé cudi cing can bang giita cic muyc tiéu khac nhau voi
ham t6i uu héa. Do d6 can c6 mot phuong phap dé xac dinh mot phuong an cubi cing
tur cac tap khong vuot trdi. Van dé nay da dugc dé cap dén trong nhiéu cong trinh nghién
clru, trong do6 tap trung vao cac phuong 4n nim & mién “knee” cua front khong vuot
troi.

Céc k¥ thuat dua ra trong luan van dugc st dung dé tim kiém Pareto front xap xi
hoan chinh va duoc dung dé xac dinh cic phuong an tot nhat d6 1a phuwong an c6 nhiéu
diém chung nhét trong cac phuong an & thé hé cudi cung. Trong phuong phap nay, tat
ca cac phuong an dugc dua ra c6 tim quan trong nhu nhau va y tuéng 1a tim ra phuong
an duya trén viéc két hop thong tin tir tt ca cac phuong an. Vé van dé nay, mot ky thuat
biéu quyét da sd boi ky thuat phan 16p k-nn di dugc dua ra dé chon mot phwong an duy
nht tir tap cic phuong an khong vuot troi.

Dau tién cac vecto nhin phan cum duoc tinh tir phuong an khong vuot troi dua
ra boi k thuat da myc tiéu. Thyc hién diéu nay bang cach gan mdi diém dir lidu vao cac
cum c6 d6 thudc cao nhat. Sau d6, mot k¥ thuat biéu quyét da s6 duoc dung dé gan nhan.
Trude khi 4p dung biéu quyét da sd, phai dam bao su thdng nhat giita cac vecto nhin
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cua cac phuong an khéc nhau, vi du cum i cia phuong an dau tién phai phu hop véi cum
i cua tat ca cac phuong an khac. Cach thuc hién nhu sau:

Dit X = {1;, L. . ., 1,} 12 vector nhén cta phuong an dau tién, trong d6 mdi L€
{1, 2, ..., K} 12 nhin cum cua diém x,. Pau tién, X dugc gan nhin nhu vay bit dau tir 1
va cac diém tiép theo s& duoc gan cac gid tri tiép theo. Pé gan lai nhin cho X, dau tién
1 vecto L c6 do dai K dugc tao ra ma cac nhan 16p xuat hién duy nhét theo thir tu. Vecto
L duoc tinh nhu sau:

k=1, L=, lab={L1}
fori=2,...,n
if /; /€., then
k=k+1.
Li= 1.
lav= lapVU {1;}.
end if
end for
Sau d6 mét anh xa M: L — {1, . .., K} duoc xac dinh nhu sau:
Vi=1,..., KM[L]=i (2.19)
Tiép theo mot vecto T tam thoi c6 d dai # thu duogc br?mg ap dung cac anh xa
trén X nhu sau:
Vi=1,2,...,n Ti=M|[L] (2.20)
Tiép theo, X dugc thay thé boi T, bay la cach X dugc dan nhan. Vi dy, khéi tao dat X =
{33111442}. Sau khi dan nhan lai n6 s¢€ 1a {11222334}.

Khi d6 cac vecto nhén cua timg phuong an khong vuot trdi dugc sta lai bang
cach so sanh nd véi cac vecto nhin cua phuwong an dau tién nhu sau: Pat N 1a tap céac
phuong an khong vuot trdi (vecto nhan) dugc dua ra bdi ki thuat phan cum da muc tiéu
va X 1a vecto nhin cum cta phuong an dau tién. Gia stir Y € NLX (tirc 13, Y 13 mot vecto
nhan trong N khac X) 12 vecto nhin khic dugc dan nhin phu hop voi X. Diéu nay duoc
thuc hién nhu sau: dau tién, trong mdi nhan 16p 1 trong X, tat ca cac diém P; duge danh
dau nhan 16p [ trong X duoc tim thdy. Sau d6, quan sat cac nhin 16p cta cac diém tir ¥,
ching ta c6 dugc nhitng nhan 16p b tir ¥, danh dau sb diém tbi da trong Pi. Sau d6 mot
anh xa Map, dugc dinh Maps: b — I. Qua trinh nay duoc lip di lip lai cho mdi nhan 16p
I€ {1,...,K} trong X. Sau khi da nhan dugc tat ca cac anh xa Mapy cho tit ca cac nhin
16p b € {1,...,K} trong Y, ching duoc ap dung trén Y dé dan nhin Y theo X. Tat ca cac
phuong &n khong vuot tr1 ¥ € N\X duge dan nhan phu hop vé1 X nhu da noéi & trén.
Luu ¥ rang 4nh xa Map nén 1a anh xa 1-1 dé dam bao rang sau khi dan nhan lai Y chira
tat ca cac nhan 16p K. Rang budc ndy co thé bi vi pham trong khi tim b. Tinh trang nay
dugc khac phuc nhu sau: Néu mot 4nh xa 1-1 khong thé cé dugc thi sé ¢ ging duyét
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tat ca cac kha nang gan nhan, tirc 12 K/ kha ning cua Y va tim ra dugc ¥ phu hop nhat
v6i X. Nhin phu hop nhét cia ¥ duoc luu gii.

Xét vi du sau: Dat X 1a {11222334} va hai vecto nhan Y = {22444113} va Z
={42333221}. Néu Y va Z duoc gan nhan phu hop v6i X, thi nhan Y tré thanh
{11222334}va nhan Z tré thanh {13222334}.

Sau khi gan nhén lai tit ca cic vecto nhin, k¥ thudt biéu quyét da sb duoc ap
dung cho tiiy ting diém. Cac diém duogc chon bai it nhat 50% cac phuong an thi nhin
dugc xac dinh. Nhitng diém nay dugc st dung lam tap huin luyén cho k¥ thuat k-nn dé
gan nhin cho cac diém con lai. Cac diém con lai duoc gan nhin 16p theo phan 16p k-nn.
Déi voi mbi diém chua dugc xac dinh k-nearest neighbords duge tinh va cac diém duoc
gan mot nhan 16p thu dugc bang biéu quyét da sb k-nearest neighbords. Gia tri k duoc
chon la 5.

Ap dung biéu quyét da s6 theo phan 16p k-nn tao ra mot nhan cum vecto X moi
tir viée két hop thong tin phan cum cua tit ca cac phuong an khong vuot troi. Sau do,
mdi phuong 4n duoc tinh mot gia tri ti 18 pht hop voéi X. Phuong an pht hop nhét véi X
1a phuong an dugc chon.
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CHUONG 3. THU NGHIEM

3.1. Gioi thi¢u

Trong qué trinh thyc hién dé tai, ludn vin da tién hanh cai dit phuong phap duoc
trinh bay trong [3, 4]. Chuong trinh dugc thir nghiém véi mot co sé dit lidu trong [4] dé
kiém chimg viéc cai dit chuong trinh. Sau d6, chuong trinh da xay dung duoc ap dung
cho 2 co s¢ dir liéu khac, d6 1a: dir liéu dinh danh SPECT heart va Hayes-Roth dé danh
gi hiéu qua phan cum cua phuong phap [3, 4] d6i vdi cac co so dit liéu ndy. Dya trén
viéc quan sat két qua thtr nghiém, luan van da dua ra mot s6 nhan xét, két luan va mot
s6 van dé ton tai can giai quyét.

3.2. Chwong trinh

Chuong trinh dugc cai dat trén moi truong Matlab 2013. Cac thir nghiém duoc
thuc hién trén may tinh Intel Core 152.5 GHz, 8 GB RAM, hé diéu hanh Windows 7 64
bit. Chuong trinh dugc xay dung dua trén viéc ké thira c6 chinh stra tir mot ma nguff)n
Matlab cai dit thuat toan NSGA-2 [16] dé cai dat phuong phap [3, 4].

3.3. Dir liéu thur nghiém

Ba co so dir liéu danh duoc dung dé thir nghiém trong chuong trinh gom dir liéu
dinh danh vé dau twong, SPECT heart va Hayes-Roth duoc lay tir UCI Machine
Learning Repository (www.ics.uci.edu/ ~mlearn/MLRepository.html).

Link thong tin vé co sé dir liéu dd twong:
http://archive.ics.uci.edu/ml/datasets/Soybean+%28Small%29
http://archive.ics.uci.edu/ml/machine-learning-databases/soybean/soybean-

small.names

Link thong tin vé co sé¢ dir liéu SPECT heart:
http://archive.ics.uci.edu/ml/datasets/SPECT+Heart
http://archive.ics.uci.edu/ml/machine-learning-databases/spect/SPECTF.names
Link thong tin vé co sé¢ dir liéu SPECT heart:
http://archive.ics.uci.edu/ml/datasets/Hayes-Roth

http://archive.ics.uci.edu/ml/machine-learning-databases/hayes-roth/hayes-

roth.names
Down dit liéu chuin vé CSDL nay theo dia chi:
http://archive.ics.uci.edu/ml/machine-learning-databases/soybean/soybean-small.data

http://archive.ics.uci.edu/ml/machine-learning-databases/spect/SPECT .train

http://archive.ics.uci.edu/ml/machine-learning-databases/hayes-roth/hayes-roth.data



http://archive.ics.uci.edu/ml/datasets/Soybean+%28Small%29
http://archive.ics.uci.edu/ml/machine-learning-databases/soybean/soybean-small.names
http://archive.ics.uci.edu/ml/machine-learning-databases/soybean/soybean-small.names
http://archive.ics.uci.edu/ml/datasets/SPECT+Heart
http://archive.ics.uci.edu/ml/machine-learning-databases/spect/SPECTF.names
http://archive.ics.uci.edu/ml/datasets/Hayes-Roth
http://archive.ics.uci.edu/ml/machine-learning-databases/hayes-roth/hayes-roth.names
http://archive.ics.uci.edu/ml/machine-learning-databases/hayes-roth/hayes-roth.names
http://archive.ics.uci.edu/ml/machine-learning-databases/soybean/soybean-small.data
http://archive.ics.uci.edu/ml/machine-learning-databases/spect/SPECT.train
http://archive.ics.uci.edu/ml/machine-learning-databases/hayes-roth/hayes-roth.data
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3.3.1. Co s6 dir liéu Soybean

B0 dit lidu nay chira 47 diém dir liéu vé bénh cua dau nanh [xem Hinh 3.1]. Mdi

diém dir liéu ¢6 35 thudc tinh dinh danh va duge phan loai vao 1 trong 4 bénh: Diaporthe

Stem, Charcoal, Rhizoctonia Root va Phytophthora, tc 13, s6 cum trong tap dit liéu 1a

4,

Moi loai bénh c6 10 ban ghi trir bénh Phytophthora c¢6 17 ban ghi.

Cac thugc tinh ctia va mién gia tri:

O 00 3 O U B W N —

—_
— O

W W LW W W W KN NN DN DN NDDNDNNDDN = /= /= = = = = =
DN A W~ O O 0 32N i W~ O WV O I N K W

. date: april,may,june,july,august,september,october.

. plant-stand: normal,lt-normal.

. precip: It-norm,norm,gt-norm.

. temp: It-norm,norm,gt-norm.

. hail: yes,no.

. crop-hist: diff-Ist-year,same-Ist-yr,same-Ist-two-yrs, same-Ist-sev-yrs.
. area-damaged: scattered,low-areas,upper-areas,whole-field.

. severity: minor,pot-severe,severe.

. seed-tmt: none,fungicide,other.

. germination: 90-100%,80-89%,1t-80%.

. plant-growth: norm,abnorm.

. leaves: norm,abnorm.

. leafspots-halo: absent,yellow-halos,no-yellow-halos.
. leafspots-marg: w-s-marg,no-w-s-marg,dna.

. leafspot-size: 1t-1/8,gt-1/8,dna.

. leaf-shread: absent,present.

. leaf-malf: absent,present.

. leaf-mild: absent,upper-surf,lower-surf.

. stem: norm,abnorm.

. lodging: yes,no.

. stem-cankers: absent,below-soil,above-soil,above-sec-nde.
. canker-lesion: dna,brown,dk-brown-blk,tan.

. fruiting-bodies: absent,present.

. external decay: absent,firm-and-dry,watery.

. mycelium: absent,present.

. int-discolor: none,brown,black.

. sclerotia: absent,present.

. fruit-pods: norm,diseased,few-present,dna.

. fruit spots: absent,colored,brown-w/blk-specks,distort,dna.
. seed: norm,abnorm.

. mold-growth: absent,present.

. seed-discolor: absent,present.

. seed-size: norm,lt-norm.

. shriveling: absent,present.

. roots: norm,rotted,galls-cysts.
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3.3.2. Co s6¢ dir liéu SPECT heart

Co s¢ dit liéu SPECT heart c6 80 ban ghi; mdi ban ghi c6 22 thudc tinh. Bo dit
liéu mo ta thong tin chan doan chup céit 16p hinh anh tim (Single Proton Emission
Computed Tomography - SPECT). Mdi bénh nhan duoc phan vao mdt trong hai loai:
binh thuong hodc bat thuong.

Cic thudc tinh va mién gia tri:

. OVERALL DIAGNOSIS: 0,1 (class attribute, binary)
. F1: 0,1 (the partial diagnosis 1, binary)

. F2: 0,1 (the partial diagnosis 2, binary)

. F3: 0,1 (the partial diagnosis 3, binary)

. F4: 0,1 (the partial diagnosis 4, binary)

. F5: 0,1 (the partial diagnosis 5, binary)

. F6: 0,1 (the partial diagnosis 6, binary)

. F7: 0,1 (the partial diagnosis 7, binary)

. F8: 0,1 (the partial diagnosis 8, binary)

O 0 3 N i A W N =

. F9: 0,1 (the partial diagnosis 9, binary)

. F10: 0,1 (the partial diagnosis 10, binary)
. F11: 0,1 (the partial diagnosis 11, binary)
. F12: 0,1 (the partial diagnosis 12, binary)
. F13: 0,1 (the partial diagnosis 13, binary)
. F14: 0,1 (the partial diagnosis 14, binary)
. F15: 0,1 (the partial diagnosis 15, binary)
. F16: 0,1 (the partial diagnosis 16, binary)
. F17: 0,1 (the partial diagnosis 17, binary)
. F18: 0,1 (the partial diagnosis 18, binary)
. F19: 0,1 (the partial diagnosis 19, binary)
. F20: 0,1 (the partial diagnosis 20, binary)
. F21: 0,1 (the partial diagnosis 21, binary)
23. F22: 0,1 (the partial diagnosis 22, binary)

p—
_ O

[\ N O R O T T s
N = O O 00 9 N KW

3.3.3. Co sé dir liéu Hayes — Roth

Co so dir liéu Hayes — Roth lién quan dén chu dé&: ddi twong nghién ctru: con
ngudi. Co sé dit liéu nay chira 160 ban ghi, mdi ban ghi c6 5 thudc tinh va duoc phan
vao 1 trong 3 nhém.

Cac thudc tinh bg dir liéu Hayes - Roth

Attribute Information:

-- 1. name: distinct for each instance and represented numerically
-- 2. hobby: nominal values ranging between 1 and 3
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-- 3. age: nominal values ranging between 1 and 4

-- 4. educational level: nominal values ranging between 1 and 4
-- 5. marital status: nominal values ranging between 1 and 4

-- 6. class: nominal value between 1 and 3

3.4. Phwong phdp biéu dién div liéu

Dé c6 cai nhin trire quan vé cac bo dit liéu, c6 mot phwong phap tét dung dé danh
gia truc quan vé cum 1a phuong phap VAT (visual assessment of cluster tendency
representation) [9]. Trong phuong phap nay, dir li¢u theo mot phuwong an phan cum dugc
biéu dién nhu sau: dau tién cac diém dugc sip xép lai theo cac nhan 16p/cum, sau d6 ma
tran khoang cach giira cac diém dir liéu duoc tinh toan. Cudi cling, vé biéu dd do hoa
ctia ma tran khoang cach. Trong biéu dd ndy, cac hinh hop nam trén dudng chéo chinh
cho thay céc ciu trac cum.

3.5. Pé do hiéu suit

Hiéu suit thuat toan phan cum dugc do boi d do Adjusted Rand Index (ARI)
[11]. Gia str T 1a phan cum dtng/thuc té cia mot tap dit lidu va C 1a két qua phan cum
cho boi mot s thuét toan phan cum khac. bat a,b,cvad biéu thi tuong ung ) luong
cac cap diém thudc cung mot cum trong ca T va C, s6 luong cac cap diém thudc vao
cung mot cum trong T nhung khac cum trong C, s6 luong cac cap thudc cac cum khac
nhau trong T nhung thudc cung mot cum trong C va sb luong cac cdp thudc cac cum
khac nhau trong ca T va C. Khi d6 chi s (7;) duoc xac dinh nhu sau:

2(ad — bc) (4.1)

ARI(T,C) = (a+b)(b+d) + (a+c)(c+d)

Gia tri cua AR/(7, €) nam giita 0 va 1 va gia tri ARI cao cho thay rang d6
twong tu gitta 7va Ccao hon. Khi 7va Cgiong hét nhau thi ARK7, ) = 1.

3.6. Thu tuc thuc nghiém

Thuc hién 1ap lai /' 1an, mdi lan lap lai chay 7 lan thuét toan dé tinh Avg4RIB

nhu sau:

fori=1to NV

forj=1to /
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ARI[ j ] = gia tri ARI giita két qua cta lan chay (i) so véi phan cum thuc té;
end for
ARIB[i ] = max {4RI[1], . .., ARI[ []}.
end for

AvgARIB = avg{ARIB[1], . . ., ARIB[M]}.
3.7. Cdc théng sé dau vao
Trong phan thir nghiém, cac théng sé dau vao dugc sir dung twong tu [4]:

- S thé hé (sd 1an lap cua giai thuat di truyén): 100;

- Kich thudc quan thé: 50;

- X4c sudt lai ghép: 0.8;

- Xac suét dot bién: 1/chiéu dai NST;

- S6 mii m: 2;

bay la cac gia tri dugc chon sau mat s6 thur nghi¢m [4]. NV va / dugc chon 1a 50 va 100.

3.8. Két qud thir nghiém

Hinh 3.1. Phdn cum thuc té cia ciia bé dir liéu Soybean s dung biéu dién VAT,
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Hinh 3.2. Két qua phdn cum thwe nghiém lai phirong phdp [4] trén dir liéu Soybean.
Fareto-optimal fronts
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Hinh 3.3. Lwoc dé moi quan hé Pi-1/Sep tu tdp gc”in 16i wu Pareto thu dwoc & thé hé
cuoi cung cua thudt toan NSGA-2 trén co so dir liéu dau twong. Biém dwoc danh dau
bang hinh tron mau xanh la phuong an dwoc lva chon cuoi cing.

Két qua thyc nghiém lai trén co s dit liéu Soybean phi hop v6i két qua trinh bay
trong [4] (A4vgARIB = ). Tuong Gng, Hinh 3.1 va Hinh 3.2 biéu dién mot 1an chay cho
két qua ARI = I cho théy cAu trac cum thu duoc tir chuong trinh va cAu trac cum thuc
té 1 giong nhau. Duéi day 1a két qua thuc nghiém trén cac co sé dit liu SPECT heart
va trén co s¢ dit liéu Hayes-Roth ctng voi mot s6 nhan xét dya trén quan sat cac két qua
thuc nghi¢m.
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Hinh 3.4. Co sé dir liéu SPECT heart véi cdu triic cum thuec té.
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Hinh 3.5. Két qua phdan cum thuc nghiém trén dit lieu SPECT heart.
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cuoi cung cua thudt toan NSGA-2 trén co so dir SPECT heart.

Hinh 3.7. Co so dir liéu Hayes-Roth voi cdu triie cum thuce té.
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Nhan xét:

Qua quan sat cac két qua ma luan van nay da thyc nghiém nhi€u lan dua ra mot
sO nhan xét nhu sau:

1. V6i mbi b dir liéu cu thé ing véi mdi bai toan thwe té, khi ap dung
phwong phap phan cum thi cn thiét ké/lwa chon ham khoang cich giira
cac diém dir litu phu hop. Nhu ta thdy trong Hinh 3.1, khoang céch
Hamming ma ta dang str dung phu hop véi co s¢ dit liéu dau tuong do do ta
c6 thé quan sat duoc rd cac cum thue té khi biéu dién bang phuong phap VAT.
Trong truong hop nay, phuong phép sir dung trong luan vin cho két qua tot
(AvrARIB = 1). Tuy nhién, d6i véi hai co s dit liéu SPECT heart (Hinh 3.4)
va Hayes-Roth (Hinh 3.7), ching ta khong thé quan sat duoc cau tric cac cum
thuc té trén luoc d6 VAT véi khoang cach Hamming. Piéu d6 co nghia 1a
khoang cach Hamming khong phu hop véi hai co sé dir li¢u ndy. Quan sat
lugc d6 VAT cua két qua phan cum (Hinh 3.5, Hinh 3.8), ching ta thiy cu
tric cac cum dé rd hon. Piéu d6 c6 nghia 1a cac cum két qua cua phuong phap
phan cum c6 d6 thuan nhat trong cac cum va do phan tach gitra cac cum theo
khoang cach Hamming 1a tot hon cac cum thyc té. Do d6 gia tri AvrARIB thu
duoc rat thép do c6 su sai khac gitra két qua phan cym va cac cum thuc té
(AVrARIB = 0.0244 d6i v&i co so dit liéu SPECT heart; AvrARIB = -0.0050
d6i voi co so dir liu Hayes-Roth).

2. Cén cdi thién phwong phdp chon phwong dn tét tiv thé hé cuéi cing. Mic
du phuong phap chon mot phuong an tt tir thé hé cudi ciing duoc bao céo 1a
mot trong nhitng dong gép quan trong cua [4], tuy nhién trong nhiéu trudng
hop, phuong an chon dugc khong phai 1a phuong 4n tét nhat. Quan sat cac
thir nghiém trén co s¢ dir li¢u dau tuong (1a co s& dir li¢u ma ham khoang
cach Hamming pht hop dé phan cum) ta thiy c6 nhiéu trudng hop trong 50
c4 thé & quan thé cubi cing, c6 nhiéu ca thé co ARI bang 1 nhung phuong
phép chon dua ra phuong an kém hon (c6 ARI < I).
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KET LUAN

Qua thdi gian nghién ctru, dudi su hudng dan truc tiép cua thay PGS.TS Hoang
Xuan Huin, em d3 hoan thanh luin van “Phan cum da muc tiéu mo cho dit liéu dinh
danh”. Luan van d3 dat duoc hai két qua chinh la:
1. Nghién ctru tai liéu va hé thong lai cac kién thirc c6 lién quan sau:
— Phan cum dir li¢u.
— Céc phuong phap chinh sir dung dé phan cum dir liéu.
— Phan cum ro, phan cum mo va giai thuat t6i wu hoa cum.
— Nghién ctru giai thuat t6i vu da muc tiéu thuc hién phan cum mo cho dir ligu
dinh danh.
2. Cai dat thuat toan toi vu da muc tiéu NSGA — 11 phan cum mo cho dir li¢u dinh
danh. Luan van da chay thu nghiém véi 3 b dir licu thuc té tir 46 dua ra nhirng binh
luan, nhan xét va rat ra mot sd van dé can tap trung nghién ctru, giai quyét.

Trong thoi gian téi, em dinh hudng tip trung nghién ciru, thyc hién nhitng van
dé sau day:

(i) Tim hiéu cic bai toan trong thuc té c6 lién quan dén co s& dir liéu danh dé ap
dung phuong phap ma ludn vin da nghién ctru, tim hiéu. Khi d6, mot trong
nhimg van dé quan trong can thuc hién 13 phén tich dic diém cua bai toan,
dic diém vé dir liéu cling nhu cac cum trong thuc té dé thiét ké/lya chon ham
khoang cach phu hop.

(ii) Nghién ctru dé cai thién hiéu qua ctia bude chon phuwong an tét tir thé hé cudi
cung, két qua cua thuat toan NSGA-IL

Thoi gian qua mic du ban than em ciing d nd lyc nhung luan vin ctia em khong
tranh khoi thi€u sot do ndng lyc cua ban than em con han ché, em rat mong nhan dugc
su dong gop cua cac Thay, Co, ban beé va nhitng ai c6 cung hudng quan tdm nghién ctru.

Em xin dugc gui 10i cam on chan thanh nhat dén Thay PGS. TS Hoang Xuan
Huan d4 tan tinh chi bao, nhan xét, gop y cho nghién ctru ciia em. Em ciing xin duoc
guri 101 cam on siu sic dén tit ca cac Thay, C6 da tan tinh giang day cho em trong subt
khoéa hoc tai Truong Dai hoc Cong nghé - Pai hoc Quéc Gia Ha Noi.
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