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LOT CAM ON

Toi mudn bay to sy cam on sau sdc ctiia minh t6i th?iy Hoang Xuan Huén, thudc bo
mon Khoa hoc may tinh, khoa Cong ngh¢ thong tin, truong Dai hoc Cong nghé,
PHQGHN. Trong thdi gian thuc hién khoa luan, thdy da nhiét tinh hudng dan va gitp d&
t6i rat nhiéu. Ngoai thoi gian tim hiéu va cung cip tai liéu, thay ciing chi ra nhitng vudng
méc trong qua trinh lam, gitp d& t6i khic phuc dé dat hiéu qua cao hon. Ngoai ra t6i con
mudn gti 161 cam on t&i thay dong huéng dan DS Puirc Pong, thay ciing da nhiét tinh gitp

dd toi trong viée tim hi€u gidi quyét nhiing khtic mac sai lam khi lam khoa luédn nay.

T6i cling mudn bay tdé su cam on cua minh tdi cac cac thay, cac cd trong bd mon,
cling nhu céc thay, cac co trong khoa, truong da hét suc tao diéu kién tot va giap dd cho
to1 hoan thanh khoa luan ciia minh.



TOM TAT NOI DUNG

Mic du da dugc nghién ctru tir rat lau, nhung dén nay bai phan 16p mau van con c6
rat it cong cu toan hoc dé giai quyét va hiéu qua chwa cao. Mang Neural nhan tao 1a mot
phuong phap hay dé giai quyét bai toan phan 16p mau. Nam 1987, Kohonen gidi thiéu
phuong phap ban d6 tu to chirc 14 mot loai mang neural don gian va hiéu qua dé giai
quyét bai toan phan cum va phan 16p. Nam 1991, Dorigo giéi thiéu phuong phap hé kién
dé giai quyét cac bai toan t6i wu to hop rat hiéu qua. Tir d6, cac mé hinh giai quyét cac bai
toan phirc tap ma tu tudng dwa trén sy md phong hanh vi loai kién da dat dugc nhiéu
budc tién dang ké. Pién hinh 1 hé kién ctia Chialvo va Millonas.

Noi dung chinh ctia khoa luan 1a trinh bay khao ctru vé thuit toan KANT (mdt su
két hop) dé giai quyét bai toan phan 16p sau d6 tng dung co s& Iy thuyét trén dé xay dung
chuong trinh kiém tra d6 chinh xéc cua thuat toan so v6i k lang giéng gan nhét va cai tién
mdt phan thuat toan bang hoc tap hop (Ensembler learning) dé thu dugc két qua tt hon.
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MO PAU

Su phat trén manh mé cia cong nghé cao néi chung va khoa hoc may tinh néi riéng
ngiy cang thu hat nhiéu nha khoa hoc va cong nghé quan tdm nghién ctru bai toan nhan
dang mau. Thoat tién, bai toan nhan dang mau xuit phat tor nhu cau tao nén cac thanh
phan may c6 kha ning quan sat moi trudng. Cung véi sy phat trién cia cac tmg dung
cong nghé thong tin, dic biét trong linh vuc hoc may, ngudi ta phai di sdu phat trién cac
hé nhan dang mau c6 kha ning tim cdc miu moi trong cac co sd dit lidu 16n hay con goi
la kham pha tri thue tur dir liu.

Phén 16p miu 1a bai toan thuong gip nhat trong nhan dang miu va phan thanh hai
loai c6 gidm sat va khong cod giam sat. Trong bai toan phan 16p cé gidm sat, dua trén mot
tap dir liéu da dugc gan nhan, ngudi ta xay dung mot bo phan 16p dé gan nhan cho cac dix
liéu chua biét. Con trong bai toan khong giam sat, ngudi ta phan mot tap dir liéu chua
dugc gan nhin thanh cac cac tap con sao cho cac d6i tuong dir lidu trong mdi tap con thi

c6 dac tinh giong nhau hon so voi doi tugng ¢ cac tap con khéac.

Trong cac bai toan nhan dang mau, bai todn phan 16p c6 giam sat 1 bai toan duoc
mg dung rong rii nhat. Viéc xay dung bd phan 1p trong bai toan nay duoc thuc hién boi
cac thuat toan hoc may (hoc co giam sat). Vi hoc ¢6 gidm sat truyén théng, con ngudi
thudng phai bo ra rat nhiéu cong strc dé gan nhén cho tap dir liéu dao tao néu mubn c6

mot bd hoc tdt.

Phuong phap don gian va thong dung hién nay dé giai bai toan phan 16p 1a k lang
giéng gan nhat. Gan day, phuong phap KANTS mé phong hanh vi loai kién két hop véi
ban db tu t6 chirc (SOM) cuia Kohonen. Noi dung ctia khoa luan nay 14 trinh bay khai quat
vé phuong phap phan 16p KANTS, trén co s& d6 xay dung chuong trinh thtr nghiém thuat
toan bang C++ danh gia hiéu qua vai cac k khac nhau. Ngoai ra, ching t6i xay dung bo
phan 16p méi nhd phuong phap hoc tap hop ciia cac bd hoc véi k khac nhau da co. Két
qua thyc nghiém cho théy, chét luong bd hoc mdi duoc cai tién dang ké so v6i tung bd

hoc thanh phan

Trong cac phwong phap kinh dién dé giai bai toan phan 16p c6 giam sat, mo hinh

mang neural nhan tao va phuong phap k-lang giéng gan nhét di chimg to dugc tinh hiéu



qua. Xong, hiéu suat va do chinh xac ctia cic phuwong phap/mé hinh nay chua cao nhu ki
vong. Khoéa luan ndy xin duoc trinh bay thuat toan KANTS: mot su két hop giita ban dd
tu to chirc (modt loai mang neural nhan tao) ciia Kohonen va phwong phap hé kién cua

Chialvo va Milonas.
B0 cuc cua khoa luan géom cac phan sau:

Chuong 1: Giéi thidu vé bai toan phan 16p va hai phuong phap kinh dién dé giai bai
toan ndy la: mang neural nhén tao va phuong phéap k-lang giéng gan nhat

Chwong 2: Gidi thiéu vé ban dd tu td chirc ciia Kohonen bao g6m kién trac va luat
hoc

Chuwong 3: Phuong phéap hé kién va thuat toan KANTS
Chuwong 4: Két qua thyc nghiém va sy mé rong caa KANTS.

Chuwong 5: Két luan



CHUONG 1:
BAI TOAN PHAN LOP VA MOT SO PHUONG PHAP TIEP CAN

Chirong nay trinh bay vé khdi niém bai todn phdn I6p trong hoc mdy va hai phwong phdp
kinh dién dé gidi bai todn ndy hién nay: mang neural va k-ldng giéng gdn nhat.

1.1. PHAT BIEU BAI TOAN PHAN LOP
1.1.1. MAu (pattern/sample):

Co thé phan lam hai hoai: mau triru twong va mau cu thé. Cac y tudng, lap luan va
khai niém... 1a nhitng vi du vé miu triru twong, nhan dang cac mau nhu vay thudc vé linh
vuc nhan dang khai niém.

Céac mau cy thé bao gdm cac d6i tugng co tinh khong gian, thoi gian va hinh anh,
hodc cac dbi tugng vat 1y, chit ky, chit viét, ky hi¢u, anh, doan séng am thanh, dién nio
d6 hodc dién tam d6, ham s6...1a nhimg vi du vé miu cu thé.

1.1.2. Nhén dang miu la gi?

Khong c6 médt dinh nghia théng nhat nao vé nhan dang mau (Pattern recognition
viét tat 1a PR) nhung diéu nay ciing khong gay ra tranh cai gi trong gi6i nghién ctru. Sau
day 1a mot s6 dinh nghia theo ngit canh nghién ctru:

- Duda et al: Nhan dang miu 1a viéc quy nhitng ddi twong vat 1i hay su kién vao mot loai
(nhém) nao do6 da xac dinh tur trudce.
- Jiirgen Schiirmann: Nhan dang mau 13 viéc gan nhdn w cho mdt quan sat x.
- Selim Aksoy: Nhan dang mau 1a viéc nghién ctru cach lam cho mdt may co thé thuc
hién:

+ Quan sat moi truong.

+ Hoc cach phan biét duoc cac mau can quan tam.

+ Pua ra cac quyét dinh dung dan ve loai (nhom) cia cac mau.



Nhu vay thay cho viéc tim dinh nghia chinh xac cho khai niém nhan dang mau ta

s€ liét ké cac bai toan chinh trong linh vyc nay.
1.1.3. Céc bai toan nhin dang miu thuong gip

Céc bai toan nhan dang mau thudng gip c6 thé quy vé cac dang sau.

e Phan 16p c6 giam sat hay phan loai (categorize): Dua trén mét tdp con (tap dao

tao) da biét nhan, dua ra mot cach gan nhan cho cac d6i twong mdi dé phan tap
cac dbi tuong thanh cac 16p. Vi du: nhan dang chir viét tay nho cac chir da biét,

nhan dang loai hoa nh¢ cac thong tin vé do dai, d0 rong, mau sac.

e Phan 16p khong giam sat hay phan cum (cluster): Chia tap d6i twong thanh nhom
sao cho cac ddi tuong trong mdi nhom twong ddi gidng nhau con cac ddi tugng
khéc nhom thi khéac nhau.

e Phan tich hdi quy (regression) hay nhan dang ham: Xac dinh mot bién (ham) qua
tap cac bién khac.

e Nhan thuc (Identify): Xac dinh d6i twong trong tip da cho c6 1a ddi tugng dang
quan tam hay khong. Ch?mg han nhu nhan thyc van tay, nhan thyc mat nguoi...

o M5 ta: Mo ta cac ddi tuong dudi hinh thirc dé phan tich. Chang han mé ta dién
tam do dudi dang biéu dd dic trung hodc xau ma.
Khoa luan nay s& dé cap dén bai toan dau tién: Phan 16p cé giam sat hay phan loai
(categorize). Dé hiéu 1& hon yéu cau cta bai, xem vi du ¢ phan 1.3 phuong phép k lang

giéng gan nhat.

1.2. MANG NEURAL NHAN TAO

Bo ndo con nguoi chira dung nhitng bi mat ma dén bay gio khoa hoc van chua giai
dap dugc, chinh nhd ¢6 by ndo hoan chinh ma con nguoi da tr¢ thanh dong vat bac cao
théng tri mudn loai. Pa tir lau con nguodi da nghién ctiru cAu trac dic biét cta bd néo tir d6
mg dung dé giai quyét nhitng bai toan khoa hoc ky thuat. Nguoi ta d phét hién ra rang
bd ndo con nguoi 1a mang ludi chang chit cac Neural lién két voi nhau, day 1a co sé hinh

thanh nén cau truc cia mang Neural nhan tao.



Vé ban chat toan hoc thi mang Neural nhan tao nhu 12 mot mat trong khong gian da
chiéu dé xap xi mot ham chua biét ndo ddy. Nhung mang Neural nhén tao lai giéng mang
Neural sinh hoc ¢ chd d6 1a kha nang co6 thé huan luyén(hoc), day 1a dic diém quan trong
nhét cua mang Neural nhan tao. Chinh vi dac diém nay ma mang Neural nhan tao cé kha
nang thuc hién tbt cac cong viéc sau khi da dugc hudn luyén, va dén khi méi truong thay

ddi ta lai c6 thé hun luyén lai mang Neural nhan tao dé no6 thich nghi voi diéu kién moi.

1.2.1. Mang Neural sinh hgc

Mang Neural sinh hoc 1a mdt mang ludi (plexus) cac Neuron ¢ két ndi hodc c6 lién
quan vé mit chirc nang tryc thudc hé than kinh ngoai bién (peripheral nervous system)

hay hé than kinh trung uwong (central nervous system).

Axon hillock
Soma A
L~ Axon
Dendrite Nucleus

Terminal buttons

=

Schematic of biological neuron.

Hinh 1: Minh hoa mét Neuron than kinh sinh hgc

Trén day 1a hinh anh cia mot té bao than kinh(Neural than kinh), ta cht y thdy rang mot
té bao than kinh c6 ba phan quan trong;

-Phan dau ciing c¢6 nhiéu xtc tu (Dendrite) 12 noi tiép xtc voi cac vdi cac diém két
nbi(Axon Terminal) ctia cac té bao than kinh khac

-Nhan cua té bao than kinh (Nucleus) 1a noi tiép nhan cac tin hiéu dién truyén tr xuc tu.
Sau khi tong hop va xur 1y cac tin hiéu nhan duge no truyén tin hidu két qua qua tryc cam

mg (Axon) dén cac diém két nbi (Axon Terminal) ¢ dudi.



-Phan dudi c6 nhiéu diém két néi (Axon Terminal) dé két ndi vdi cac té bao than kinh
khac.

Khi tin hi¢u vao ¢ xuc tu kich hoat nhan nhan Neuron c6 tin hi¢u ra ¢ truc cam Gng
thi Neuron dugc goi 13 chay. Miac do W. Mculloch va W Pitts (1940) d& xuit mo hinh
mang neural nhan tao kha sém nhung dinh dé Heb (1949) moi la nén tang ly luan cho

mang neural nhan tao.

Pinh dé Heb: Khi mot neuron(than kinh) A ¢ gan neuron B, kich hoat thudng xuyén hoic
lap lai viéc lam chay né thi phat trién mot qua trinh sinh hoa & cic neuron lam ting tac

dong nay.
1.2.2. Mang Neural nhin tao

Mang Neural nhan tao duogc thiét ké dé mo hinh mot sd tinh chat cua mang Neural
sinh hoc, tuy nhién, khic véi cdc md hinh nhén thuec, ph?m 16n céc tmg dung lai c6 ban
chat k¥ thuat. Mang Neural nhan tao (ANN) la may mo phong cach bo ndo hoat dong
thuc hién cac nhiém vu cua n6. Mot mang Neural 1a by x1r 1y song song phan tan 16n n6

giong bo nao nguoi vé 2 mat:

-Tri thirc duoc nam bat bai Neural thong qua qué trinh hoc.
-Do 16n cua trong sb két ndi Neural dong vai trd khop ndi cét giir thong tin.

a) Cdu tao mét Neuron trong mang Neural nhan tao

X1 Wi Wo
X2 W»

I

Xn /
—> W3

Céu tao mdt Neural nhan tao

Mot neuron bao gom céc lién két nhan tin hi¢u vao bang so c6 cac trong so két noi

w; tuong tng vdi tin hi¢u x;, ham F goi 1a ham kich hoat dé tao tin hiéu ra dya trén gia tri



ham tong c6 trong so cua cac gia tri dau vao, Y 1a gid tri dau ra ciia Neural. Ta c6 thé bicu

dién mot Neural nhan tao theo cong thirc todn hoc nhu sau: ¥ = F (WO + Zx[w[j
i=1

Tuy vao thyc té bai toan ham F 1 mot ham cy thé nao day, trong qué trinh huin
luyén(hoc) thi cac tham s6 w; duoc xac dinh. Trén thuc thé F thuong dugc chon trong
nhting ham sau:
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Hinh 4: P thi ham sigmoid
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Hinh 5: Do thi ham tanh

4) Ham tanh F(x)=

=3
u

5) Ham ban kinh

(Gauss) Flx)=e”

6 4 2 0 2 4 6
Hinh 6: Po thi ham Gauss

Trén thuc té thi cac ho ham sigmoid thudng dung cho mang Neural truyén thang nhiéu
tang MLP vi cdc ham nay dé& tinh dao ham: f'(x)= f(x)(1- f(x)), trong khi d6 mang
Neural RBF lai dung ham kich hoat 1a ham ban kinh.

b) Kién tric cua mang Neural nhan tao



Kién triic ctia mang Neural nhan tao
liy tu twdong chinh ctia mang Neural sinh
hoc d6 1a su két ndi cta cac Neural. Tuy
nhién, mang Neural nhan tao c6 kién tric HIDDEN
don gian hon nhiéu, vé ca sé luong
Neuron va cé kién triic mang, trong khi &
mang Neural ty nhién mot Neuron cd thé
két ndi véi mot Neuron khac bat ky &
trong mang thi & mang Neural nhin tao

cac Neuron dugc két noi sao cho nd cod

thé dé dang dugc biéu dién boi mot mod
hinh toan hoc nao day. Vi du trong mang
Neural truyén t&i cac Neuron dugc phan Hinh 7: Kién tric mang neural truyén téi
thanh nhiéu 16p, cac Neuron & 16p trudc
chi duoc két ndi véi cac Neuron & 16p

Sau.

¢) Qua trinh hoc

Nhu da néi ¢ trén mang Neural nhan tao c6 kha nang huin luyén dugc(hoc), qua
trinh huan luyén 14 qué trinh ma mang Neural nhan tao ty thay d6i minh dudi su kich
thich cia mdi truong(bo dir liéu huan luyén) dé phu hop véi diéu kién cua méi trudng.
Qua trinh huin luyén chi co thé duoc thuc hién khi mang Neural nhan tao da xay dung
duoc kién tric cu thé, va ham kich hoat F da dugc xac dinh. V& ban chét qua trinh hoc 1a
qua trinh xac dinh cic tham sé w; cua cac Neuron trong mang Neural. C6 ba kiéu hoc
chinh, mdi kiéu miu twong tng véi mot nhiém vu hoc triru tuong. D6 14 hoc ¢6 giam sat,
hoc khong c6 giam sat va hoc tang cuong. Dudi day xin néu ra phuong phép hoc c6 giam
sat, cac phuong phap khac xem thém phin phu luc.

Hoc co giam sat
Trong hoc c6 gidm sat, ta dugc cho truéc mot tap vi du gom céc cdp

(xi,yi,izﬁ),xeX,er va muc ti€u la tim mot ham f: X —» Y (trong l6p cac ham



dugc phép) khép véi cac vi du. Trén thyc té ngudi ta thuong tim ham f'sao cho tong binh

phuong sai s6 dat gia tri nho nhét trén tap vi du: E = Z( f(xH—y' )2
i=1

Chirong 2 xin dwoc trinh bay vé ban do tir t6 chire (con goi la ban dé Kohonen) — mét logi

mang neural diing dé phdn cum.

1.3. PHUONG PHAP K LANG GIENG GAN NHAT

1.3.1 Thuit toan k lang giéng gin nhat 1a gi?
Phuong phép k lang giéng gan nhat ( K nearest neibours — KNN) 1a mot trong nhimng
phuong phap phan loai don gian va co ban nhat, 1a lya chon dau tién ma ta nghi dén khi

can hoc phan 16p ma khong biét rd v€ phan bo cua dir li¢u.

K lang giéng gan nhat 1a mot thuat todn hoc cé giam sat voi két qua ciia mot truy
van duoc phan loai chu yéu dua trén nhan cua cac lan cén canh no. Chuc nang cua thuat
toan nay 1a dé phan 16p mot ddi twgng dua trén cac thudc tinh va cic mau huan luyén. Bo
phan loai khong st dung mot mé hinh nao dé phan loai ma chi dya trén bd nhd. Cho mot
d6i tuong O can can 16p, trude hét tim k sé cac ddi twong (hay cac diém huan luyén) gin
nhat v&i ddi tuong ndy. Sy “gan” ¢ ddy duoc hiéu 1a gin vé khoang cach Oclit cua cac

vector dir liéu (vector thé hién dic trung sb da dugc chuan hoa).

Su phan 16p duoc thyuc hién theo quy tic sau: mdi ddi tuong trong k cac ddi tugng
dugc tim thiy & trén mang mot nhan 16p (vi 1a hoc ¢ giam sat) va s& duoc “bo phiéu”. La
phiéu nay chinh 1a nhin 16p cta ching. Pém sd “phiéu” dugc bo, ta s& tim dugc nhan
dugc bo phiéu nhiéu nhat, nhan 16p cta O sau d6 sé dugc gan nhan nay. Pay 1a cach gan
nhin dua trén x4c suét va su gﬁn vé mat dit liéu. Viéc chon dic trung s6 dé biéu dién dic
diém cua dit liéu duédi dang vector dir li¢u c6 anh hudng 16n dén chat lugng cua thuat toan
phan lop. Céac dac trung dugc chon phai tao ra sy phan bd du tot dé giam thiéu toi da

nhi€u, vi¢c chon déc trung cling phu thudc nhiéu vao dac diém cua tung bai toan.

Dé hiéu rd hon KNN, ta hay xét vi du sau:
Vi du:
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Ta c6 cac dir lidu 1a nhiing cau hoi khao sat y kién mot s6 nguoi va trac nghiém khach

quan voi hai thudc tinh: d bén axit va d§ déo dai, d€ phan loai xem mdt loai gidy nao do

1a t6t hay khong:
X, = d6 bén axit X, = d¢ déo dai Phan 16p
(gidy) (kg/m”
7 7 Kém
7 4 Kém
3 4 Tot
1 4 T6t

Tir ddy, khi cac nha mdy san xuét gidy, néu ho thu dugc 1 mau gidy co6 X1 =3 va X2
=7, s& rat kho dé xac dinh chét lugng gidy néu phai tién hanh diéu tra 1y y kién nguoi
tiéu dung. Nhung KNN 1a mot phuong phap du t6t dé xac dinh chat lugng ma khong can
khao sat ton kém ma chi dya vao mot sd két qua khao sat tin cay di tién hanh.

1.3.2 Thuét toan KNN

Ta c6 thé biéu dién mdi d6i twgng huan luyén va cic d6i twgng can phan 16p bang 1

vector n nhicu. Khi d6 moi vector lai c¢6 thé dat trong khong gian n chiéu.

Thuét toan KNN rat don gian. N6 lam vi¢c dua trén khoang cach nho nhét tir diém can
phan 16p t6i cac dir liéu huan luyén dé xac dinh k 14n can gan nhét. Sau khi tim duoc k 1an
can nay, ta thuc hién bo phiéu dé tim ra nhén 16p duoc bo nhiéu nhat lam két qua.

Dit liéu cho thuat toan KNN gdm nhiéu thudc tinh da chidu X; dé phan cac dbi tuong vao
cac nhan trong tap Y. Cac dit liéu cia KNN 1a nhitng vector thé hién dic trung sé cua doi

tuong.
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X1 X2

training
data

IR IR IR AR IR AR AR A

DO~V NORER-LNON-NNPEEOWAHRR-WW=S A
NOPLONENO0ONNVORLAN~NNDN =B~ WWW
I

prediction

) ) Hinh 8: Méu dir li¢u vi du cho KNN
Dong cuoi cung la doi tugng véi X; = 6 va X, =5 1a doi tuong ma ta can biét nd thude

phén 16p + hay 16p —
Ta coi 2 thudc tinh X; va X, cta cac mau nhu la nhiing toa do trén khong gian 2 chiéu,
khi d6 ¢6 thé tryc quan cac mau nhu sau:
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Computation
Distance Nearest Neighbor sign
8
29
13
13
2 +
20
0 +
2 +
13
9
5
5
10
10
2 -
16
2 -
29
13
2 -
4
1 =
2 =
13

Hinh 10: B6 phiéu cic miu dir liéu trong KNN
Trong bang trén, nhan + dugc bd phiéu 3 lan con nhan — dugc bd phicu 5 lan, ta 1ay nhan

dugc bo nhiéu hon, do d6 q duge gan nhan 1a —.

Uu diém:

+) Phan 16p tdt véi cac dir lidu dao tao c6 nhidu (dac biét néu str dung nghich dao binh
phuong ciia khoang cach trong sd.

+) Hiéu qua voi dir liéu dao tao 16n.

Nhuwoc diém:

+) Can phai xac dinh gia tri ciia tham s6 K (s lang giéng gan nhat)

+) Hoc dua khoang cach khong noi rd néd st dung loai khoang cach nao va voi nhitng
thudc tinh ndo thi cho két qua tot nhat. Va sir dung tat ca cac thudc tinh hay chi mot s6
thudc tinh ma thoi.

+) Chi phi tinh toan 1a kha cao vi ching ta can phai tinh khoang cac cua timg mau dén tat

ca cac mau huan luyén.
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CHUONG 2: BAN PO TU TO CHUC

Chirong nay trinh bay vé ban dé tir té chire (Self-organizing map - SOM). Ban do tw to
chiie la co s¢ d@é thuc hién KANTS.

2.1. Giéi thiéu:

Mot ban do tu t6 chuc (self-organizing map - hay self-organizing feature map
(SOFM) 1a mot loai mang neural nhan tao dugc huin luyén st dung hoc khong gidm sat
dé sinh ra mot khong gian ¢ s6 chiéu nho hon (thong thudng 13 hai chiéu), biéu dién roi
rac cua khong gian dau va cta céc dir liéu hudn luyén, dugc goi 1a mdt ban dd. Ban do tu
t6 chic khac voi nhitng mang neural nhan tao khéc theo nghia la chiung sir dung mot ham

lan can dé bao toan tinh quan hé hinh hoc cua khong gian dau vao.

SOM rat c6 lgi trong viéc truc quan hda cach nhin cua cach dir li€u nhi€u chiéu,
giong nhu viéc chia cac dir li¢u nhiéu chi€u thanh cac mic (hodc cac cum). M6 hinh nay
lan dau tién dugc miéu ta nhu mdt mang neural nhan tao bdi mot giao su nguoi Phan Lan

1a Teuvo Kohonen, va d6i khi con duoc goi 1a ban dd Kohonen[19].

Gidng nhu hau hét cic mang neural nhan tao, cac SOM hoat dong & hai ché d6 huan
luyén (training) va anh xa (mapping) hay thuc hién phan 16p. Qua trinh huan luyén s& xay
dung ban dod sir dung cac mau dir liéu dau vao. D6 1a mot qué trinh canh tranh, cting dugc

goi 1a luong tur vector. Viéc anh xa ty dong phan 16p mot vector dau vao mdi.

Mot ban d6 tu to chirc chia cac thanh phan goi 1a cac dinh (node) hay neural. Két
hop véi mdi dinh 13 mot vector trong s6 co sb chidu bang sb chiéu vdi cac vector dit liéu
vao va mot vi tri trong khong gian ban d6. Thong thuong, cac dinh duge sap xép dang
ludi tir giac hodc luc giac. Ban d6 tu to chirc s& md phong mot anh xa tir mot khong gian
dir liéu dau vao véi sb chiéu 16n thanh mot khong gian c6 sé chiéu nho hon (thong thuong

dé cho truc quan, ngudi ta thudng dé 2 chiéu dé dit liéu phan bd trén mot mat phang).

Thu tyc dit mdi vector tir khong gian dir liéu dau vao vao ban do 1a viéc tim ra dinh
v&i vector trong sO gan nhat voi vector dugce lay tir khong gian dir li¢u va gan cac toa do
trong ban do6 cua dinh nay bang vector ciia dau vao cua ta.

Thong thudong cau trac cua loai mang nay giong voi cac mang truyén thang — ta s¢

thdy rang trong mot mang SOM, chi c6 mét ting vao ma mot ting ra.
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Nhitng mé rong quan trong bao gém viée sir dung cac ludi cé hinh xuyén (luc giac
hodc tir giac), trong loai ludi nay cac cung ddi dién duoc két ndi st dung sd cac dinh 16n
hon. Piéu nay chi ra rang, vdi cac ban do tu td chic véi s cac dinh nho lam viéc theo
cach giéng nhu K-means, cac ban dd tu to chic 16n hon sép xép lai dir li€u theo cac dac

tinh hinh hoc cua dir liéu vao.

Thong thuong, trong SOM nguoi ta su dung ma tran U. Céc gid tri cua ma tran U la
khoang cach gitta mot dinh va cac lan can gﬁn nd nhét. Vi du, trong cac ludi tir giac, ta sé&
chon duoc 4 hoic 8 dinh gin nhét tly theo cach dinh nghia hoic trong cac ludi luc giac 1a
6 dinh.

Nhitng ban d6 ty to chirc 16n hon thé hién cac thudc tinh rat rd nét. Trong nhitng ban

d6 chira t6i hang nghin dinh, ta c6 thé thuc hién cac phép phan cum trén chinh ban do.
2.2. Thuat toan:

Muc dich cua viéc hoc trong ban dd tu to chirc 1a dan dén viée tao ra su phan chia
thanh cac phan khac nhau cua cac neural trong mang dé thoa man gidng nhu cac miu vao.
Pay 1a mot phan thuc ddy bai cach truc quan, thinh gidc hay cac gidc quan thong tin khéac

dugc diéu khién boi cac phan khac nhau, tach biét nhau cua vo ndo nguoi.

Cac trong so cua cac vector dugce khoi tao 1a nhitng gia tri ngau nhién nhé hay cac

mau tuong tu nhau tir khong gian con...

Mang sau d6 phai dugc huan luyén bdi mot s6 lon cac vector mau vao, gan nhau

nhat c6 thé ... Nhitng mau nay thudng dugc thuc hién nhiéu lan twong ty mdi lan lap.

Viéc huin luyén sir dung hoc canh tranh. Khi mot mau huin luyén dugc dua vao
mang, n6 tinh khoang cach Oclit (Euclidean distance) cho tit ca cac vector trong so.
Neural véi vector trong sé gidng vdi vector trong sd ctia mau vao nhat duge goi 1a best
matching unit (BMU). Cac trong s6 ctia BMU va cac neural gan v6i né trong luéi SOM
dugc kéo gan vé phia vector dau vao. Bién do ciia thay doi sé giam theo thoi gian va theo

khoang cach voi BMU. Cong thirc cap nhat cho mot neural v6i vector trong s6 Wv(t) 1a:

Wy(t+1)=Wv(t) + O (v, t) a(t)(D(t) - Wv(t))
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Vé6i oft) 1a mot hé sé hoc giam don diéu va D(t) 1a vector dau vao. Ham lan can ©
(v, t) phu thudc va khoang cach giita BMU va neural v. O dang don gian nhit né 1a mot
cho tat ca cac neural di gan voi BMU va 0 véi cac neural khac, nhung thong thuong ta
hay chon mot ham gaussian. Bat ké v6i dang cia ham nay, ham lan can giam theo thoi
gian. Tai thoi diém dau khi 1an cén 1a rong, ban dd tu to chirc & cap nhat téng thé toan
mang, ttrc 13 coi nhu toan bd mang thudc vao 1an can, sau d6 ban kinh 1an can giam dan.
Khi lan cén co lai chi con mot doi neural, cac trong s6 duoc hoi tu vé udc lugng dia

phuong.

Qua trinh nay duoc lip di lip lai cho mdi vector dau vao v&i mot sb (thuong 1a 16m)
cho ki A. Mang két thuc viéc két hop cac dinh ra v6i cac nhom hodc mau trong tap dir liéu
vao. Néu nhitng mau nay duoc gan nhin, cac nhan co thé dugc gin dé két hop véi cac

dinh trong mang luéi da duoc huan luyén nay.

Trong qua trinh anh xa, s€ c6 mdt neural duy nhat goi 1a neural thang: neural co
vector trong sO nam gan nhat véi vector dau vao. B¢ xac dinh dugc vector nay chi can
don gian tinh khoang cach Oclit ctia vector dau vao va cac vector trong so cua cac neural,

neural nao cho khoang cach Oclit nho nhat 13 neural thang.

Viéc biéu dién dit liéu dau vao thanh cac vector duge dugc nhin manh trong khoa
luan nay, ta ciing cha ¥ rang moi dbi tugng déu c6 thé biéu dién sb hoa roi rac va c6 mot
khoang cach thich hop dé xac dinh dugc két hop khi can thyc hién huan luyén c6 thé
dugc st dung dé tao ban do tu to chuc. bao gém: cac ma tran, cac ham lién tuc hoac tham

chi cac ban do tu to chirc khac.
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Hinh 11: M6 hinh mang SOM

Pé dé hiéu hon, ta xét vi du sau:
Vi du:

Gia st c6 mdt mang nxm cac dinh, moi dinh chua mot vector trong s6 va biét vi tri
cua nd trong mang. Mai vector trong s0 cd s chiéu bang véi chiéu cua vector dau vao.

Céc trong sb ¢6 thé duoc dat 1a nhiing gié tri ngau nhién.

Bay gio ta can dua cac dir liéu vao dé huan luyén mang nay. (Ban do sinh ra va dix
liéu vao da cho & trong nhitng khong gian con khac nhau). Ching ta sé& tao 3 vector dé
biéu dién mau. Cac mau cé thé duoc bicu dién bai cac thanh phan d6, xanh, va xanh da
troi. Cac vector ddu vao ciia chung ta s& tuan tu c6 3 thanh phan nay, mdi vector tuong

ung voi mot khong gian mau. Céc vector dau vao sé¢ la:

R =<255, 0, 0>
G =<0, 255, 0>
B =<0, 0, 255>

Céc tap dir ligu huin luyén mau dugc st dung trong SOM:

threeColors = [[255, 0, 0], [0, 255, 0], [0, 0, 255]]
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eightColors = [[0, 0, 0], [255, 0, 0], [0, 255, 0], [0, 0, 255], [255, 255, 0], [0, 255,
255], [255, 0, 255], [255, 255, 255]]

Céc dir 1i€u vao can dugc chuan hoa (do dai cua vector 1a mot) trude khi huan luyén
SOM.

Céc neural ( ludi ti giac 40x40) duoc huan luyén 250 lugt véi mot toc d6 hoc 14 0.1
su dung tap dir liéu hoa Iris da duogc chuan hoéa (tap di li¢u nay la cac vector dir li€u 4
chiéu). M&bt hinh mau duoc tao ra bai ba chiéu dau tién cua cac vector SOM 4 chiéu (hinh
trén trai), hinh mau gia ctia d6 16n cia cac vector trong s6 SOM (hinh trén phai), ma tran
U (khoang cac O clit giita cac vector trong s6 ctia cac 6 1an can) caa SOM (trai dudi) va
phu cta cac diém dir liéu (do: L setosa, xanh: L. versicolor va xanh da troi: I. verginica)
trén ma tran U dua trén khoang cach O clit nho nhat giita cac vector dit liéu va cac vector
trong s6 SOM (phai dudi)

Hinh 12: Cic mang SOM thé hi¢n phan bd cac dir li¢u tip IRIS
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Cac bién:

Cac vector dugc boi dam:

t = luot hién tai

A = gidi han s6 luot duyét
Wy = vector trong s0 hi¢n tai

D = dau vao dich

@(t) = ham 1an cén, tac dong dén khoang cach gitta vector hién tai va BMU
a(t) = ham toc do hoc phu thudc thoi gian

Thuét toan:

5.

. Khoi tao cac vector trong so cho cac dinh ctia ban do mdt cach ngau

nhién

Lay mot vector dau vao

. Duyét mdi dinh trong ban d6

3.1 Sir dung cong thirc tinh khoang cach khoang cach O clit dé tim su
gidng nhau giita vector dau vao va vector trong so ciia cac dinh cta
ban d6

3.2 Pinh cho khoang cach nhé nhat 13 best matching unit (BMU)

Cap nhat cic dinh trong 1an cau cia BMU bang cach kéo chung gan hon
v6i vector dau vao

4.1 Wv(t+ 1) = Wy(t) + ©0)at)(D(t) - Wv(1))

Tangtvalap tor 2 khit <A

Vi viéc khdi dau céc trong so6 1a ngau nhién thi ta s€ cd dang cua ban d6 mot cach truc

quan tuong tu nhu sau:
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Hinh 13: Dang ngiu nhién ban diu ciia SOM

Do lay ngiu nhién cic trong s6 nén cic mau ciing 1a ngiu nhién, ta chua thay sy
xuét hién cia mdt cum nao ca. Mdi 1an dua vao mot dir liéu huin luyén, ta dat n6 vao vi
tri thich hop nhat (vi tri cho khoang cach O clit nho nhat hay BMU), tai vi tri nay, ta diéu
chinh céac vector xung quanh dé no gidng véi vector dir liéu hudn luyén (gidng theo nghia
1a khoang cach gan nhét). Muc d6 diéu chinh ciing thay dbi theo khoang cach trén ban d6
va theo thoi gian huan luyén. Diém cang cach xa BMU thi diéu chinh cang it. Thoi gian

huan luyén cang 16n thi muc d§ di€u chinh cang it d€ ludi 6n dinh va min hon.
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Hinh 14: Trang thai lwéi SOM sau mét s6 buée hudn luyén

Nhin vao hinh ta c6 thé thay rang viéc phan cum cac mau da rd rang hon. Ta co6 the

nhan ra ngay cac cum mot cach truc quan.

Mang SOM sau khi huin luyén 13 mot cong cu dé phan 16p. Cac dit liéu huan luyén
da biét nhin, do do ta c6 thé xac dinh dugce nhin cac neural trong ludi dya vao cac nhan
nay va khoang cac O clit vector giita di liéu va cac neural. Bay gid gia st ta c6 ddi twong
I can phéan 16p. Ddi tuong I ciing c6 vector c¢6 sd chidu bang sb chiéu cua cac dinh trong
SOM, ta mudn biét I thudc 16p nao, trude hét tim k dinh gan I nhét (tic 12 ¢6 khoang cach
Oclit vector nho nhat), tir k dinh nay ta xac dinh tip cic nhan 16p va liy nhin dugc bo
phiéu nhiéu nhat. Phuong phap nay giong nhur phuong phap KNN d trinh bay & trén.

2.3. Phan tich

C6 2 cach dé giai thich mot SOM. Béi trong qua trinh hoc cac vector trong sb cua
toan b 1an can duoc di chuyén theo nhitng hudng gidng nhau, cac mau gidng nhau c6 xu
huéng kich thich cac neural gan ké. Vi vy, SOM hinh thanh 1én mot ban d6 cac mau
giong nhau dugc 4nh xa dé gan nhau va cic mau khac nhau dugc kéo xa nhau ra. Diéu
nay c6 thé dugc tryc quan hoa bang mot ma tran U ( Khoang cach O clit gitta cac vector
trong sb cua céac 6 lan l1an) cia SOM. Tai nhitng dinh ma ma trdn U cho khoang cach nhé

s€ 1a noi tap trung cac vector gan nhau
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Céach khac dé giai thich 1a: coi cac trong sd neural nhu 13 nhitng con tré trd vao
khong gian dau vao. Chung hinh thanh nén mét x4p xi roi rac phan bd cia cac mau vi du
huan luyén. Cang nhiéu neural tré vao cac ving véi sy tip trung cao cac mau huan luyén
va thi cac neural cang bi tic dong dé tao khoang cach voi nhau. Qua trinh nay tao 1én mot

dang 6n dinh cua ludi ma nho do, cac dir li¢u giong nhau s€ dugc cum lai gan nhau.
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CHUONG 3: KANTS — HE KIEN NHAN TAO CHO PHAN LOP

Chirong nay sé gidi thiéu vé mé hinh nhén thire bay dan ciia Chialvo va Minonas. Sau dé
sé trinh bay sit két hop ciia mé hinh ndy véi ban do tw t6 chire va chi tiét vé KANTS.

3.1.  Giéi thigu:

Nhu da néi ¢ trén, KANTS 1a mot sy két hop wu diém gitta SOM va ACO dung
trong bai toan nhan dang va phan 16p mau. SOM la mot bai toan hoc mang neural khong
giam sat, sau qué trinh huin luyén mang, cac trong s6 va vét mui trén mdi dinh duoc gitr

lai dé dung trong bai toan phan 16p giéng nhu cac hé sb trong mang neural.

Trong cach tiép can ndy, moi d6i twong dit liéu duoc gan vao mot con kién. Sau do,
khi cac con kién di chuyén trén ludi KANTS, né s€ thay d61i moi truong nd di qua bang
cach nha mui ra trén duong di, tai nhitng duong di dugc cac con kién di nhiéu, vét mui s&

nang hon, con nhitng duong di con lai, vét mui s€ bi bay hoi do d6 giam néng do.

Thuét toan nay da duoc ap dung thanh cong trong nhitng bai toan va nhiing van dé
kinh dién va cho két qua tot hon nhiing thudt todn kinh dién khic nhu K-nearest

neibouhoods va Mang neural.

Viéc phan cum dugc thyc hién mot cach ty nhién béng mot s6 loai kién theo hai
con dudng khac nhau. Thir nhét, hé kién nhan dang bai mui ctia cac thanh vién khac trong
hé cua ching dan dén mot su phan cum ty nhién theo cac td giéng nhau;thtr 2, cac con
kién 1am viéc phan cum mot cach thi cong cac au tring ctia chung va cac con di chét, dat
nhimg thar d6 vao timg déng, vi tri va kich c& cila cac ddng nay 1a hoan toan doc lap.
Thuét toan kién dugc ding trong cac mé hinh nhu duoc dua ra trong [9] da dugc ap dung
vao viéc phan cum va phan l6p. Thong thudong, cac phuong phap nay di theo hanh dong
phan cum thu 2: dir li¢u cho viéc huin luyén cac cum dugc biéu dién 1a cac con chét,
nhing con nay da dugc nhimng con con song thu lai theo mot s6 quy tic nao d6 va sap xép
lai thanh déng. Trong khi cing véi viéc di chuyén dé mang cac con chét lai thanh ddng,
cac con kién nay da nha ra mui trén duong di cua chung va dong thoi, viée xac dinh
duong di cia né ciing dugc quyét dinh dua vao lwong mii ma nd ngui duge trén dudng
di, nhung cach tiép can khac c6 1a hoan toan co thé bai xem mdi dit liéu nhu 13 mot con

kién.
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Sau day khoa luan nay trinh biy KohonAnts (KANTS), mot thuat toan kién két
hop voi wu diém ctia mot thuat toan phan cum khac ctia Kohonen: Self-Organizing Map
v6i hé kién (Ant System) cua Chialvo va Millonas va gi6i thiéu mot vai y kién dé giai
quyét viéc phan loai, sau d6 s& dua ra cac cai tién bang cach thay KNN bang thuét toan
tuong ty hi€u qué hon. Pau tién, moi con kién biéu dién mot dbi tuong dir li¢u dau vao dé
huan luyén mang nhu truong hop véi mang SOM di ndi ¢ trén. Ban dau, ta cho nhiing
con kién di trong luéi va nha mui 1én cac duong di ma n6 di qua. Ludi nay khéi tao véi
tat ca cac vector la nhiing gia tri ngau nhién c6 cing sd chiéu véi s6 chiéu cia dir liéu
vao, va mdi 1an mdt con kién di qua dinh trén ludi, né thay doi mui theo mot phuwong thirc
giéng nhu phuong thic da dugc st dung bdi SOM, bfmg viéc "déy" mui gﬁn voi dir liéu
da dugc luu trong ban than con kién d6. Khi nhiing con kién di khip luéi, vi tri kién va
mui kién dong thoi thay doi, vi vay cac con kién véi dir lidu gidng nhu nhau s& duge co
lai gan nhau hon trong luéi d6, va ban than ludi d6 s& chua cic vector gidng nhur 1a cac
vector da dugc luu trong con kién...Ludi c¢6 thé duge sir dung dé phan 16p theo cach giéng
nhu SOM ¢ trén, trong khi cac con kién c6 thé duoc su dung dé xac dinh mot cach truc
quan cac vi tri cac cum. Phan hay ctia phuong phap nay 1a n6 sy tu to chirc ciia dan kién
qua cac vét mui: nhitng con kién thay doi méi truong ( bang cach thay doi mui trong ludi
trong ludi KANTS), va diéu d6 anh hudng téi hoat dong cta toan bo dan kién.

3.2. Cac khai niém mé dau:
3.2.1 M6 hinh nhan thirc by dan va hé kién nhin tao[9]:

Céc loai con trung trong ty nhi€n nhu ong, kién, mdi...thuc té khong c6 bd nao tbt
nhu con ngudi va cac dong vat c6 via khac song lai ¢ thé ghi nhd duoc dudng di rat dai,
hodc tim dugc dudng di tir to toi ngudn thirc dn ngin nhat dua vao dic diém tu nhién cia
chung: song theo bay dan va danh diu méi trudng bang mui. Trong khi cac dong vat co
va giao tiép thuong giao tiép truc tiép voi nhau va ghi nhé nhimng thir chiing hoc duge va
dudng di vao vo ndo thi cong trung giao tiép gian tiép thong qua moi truong va ghi nhé
cling dwa vao mui c¢6 trong moi truong. Cu thé 1a mdi khi di qua mot vi tri nao d6, cac con
kién nay lai nha ra mot hoa chit dic biét, co kha nang U dong va bay hoi. Dya vao dac
diém vé do nang mui cia moi truong, nhitng con kién ¢ thé biét dugc cac con kién khéc
d3 di qua moi trudng 4y hay chua va mic d6 di qua nhiéu hay it. Ngoai ra & mot sb loai
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kién, mui ma chung nha ra con déac trung cho hé gien ma dua vao do, cac con kién c6 the
xac dinh mui nay thudc con kién cua loai nao (hodc t6 nao). Pay chinh la cac truyén
thong gidn ti€p ma cac con kién tao ra, ching dua vao mdi truong deé biét trang thai ctua
cac con kién khac. Qua d6 chung ty t6 chic dé tim dugc nhiing dudng di du tot (t61 vu
hodc gan t61 uu). Thi nghi€m sau s€ gitp hi€u rd hon vé su tu to chirc nay.
Thi nghiém:

Cho mét so lugng kién va au trung du 16n vao trong mdt chiéc dia, dia c6 mép
nghiéng du dé cac con kién di chuyén tu do trong dia nhung khong di ra ngoai. Cac con

kién s& c6 xu hudng thu thap cac 4u trung lai thanh ting dong, quan sat trang thai cia dia
theo thoi gian, nguoi ta thdy nhu sau:

t=0h t=3h

t=6h

Hinh 15: Thi nghi¢m cho thiy sy phin cum cic 4u triung ciia kién
+ Tai t = Oh: bat dau quan sat, cic con kién va au trung duoc phan b ngau nhién trén dia,
chua c6 gi dac biét.

+ Tai t = 3h: mot s vi tri trén dia c6 tap trung nhiéu du tring hon cac ving con lai do cac

con kién gom lai, nhung su phan cym chua 0 rang.
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+ Tai t = 6h: su phan cum cac au trung da rd rang hon, nhung cac cum van chua “gon”

+ Tai t = 36h: sy phan cum d4 thiy rat r rang, cac con kién xép céc 4u trung lai thanh 3

dong riéng biét, cac cum duoc tao ra la gan toi uu, tic 1a khodng cach gitra cac tam cum

v6i cac diém con lai 1a nho theo thuét toan k-means[xem thém k-means).
3.2.2 Nhic lai SOM — ban dd tu t6 chic:

Nhu d3 néi & trén, ban dd tu té chuc duge gidi thiéu boi Teuvo Kohonen 1a mot
mang neural khéng giam sat, cd gang 1am gia su tu to chirc cta gidc quan vo ndo ctia ndo
ngudi, co thé dugc str dung nhu mot cong cu phan cum/phan 16p hay nhu mot phuong
thirc dé tim ra mdi quan hé¢ chua rd trong mot tap cac bién mo ta van dé. SOM thuyc hién
mot phép chiéu khong tuyén tinh tir mot khong gian dir liéu chiéu cao(mdi chiéu 1 bién)
trén mot 1én mot ludi neural thong thudng, thap chiéu hon (thuong 14 2). Tir day, véi kicu
mang nay thi cac ddi tuong dir liéu s& duogc phan bd trong mot mit phang (néu 1a 2 chiéu),
nhin vao mit phing ndy ta c6 thé két luan rang phép chiéu bao toan quan hé hinh hoc
trong khi dong thoi tao ra mot biéu dién khong gian vector ¢ sé chiéu giam di. SOM xir
1i mot tap cac vector vao, chiing duoc dua vao trong cac bién ( cac dic trung) 1a dién hinh
ciia mdi mau, va tao ra mdt mang hinh hoc dau ra v6i mdi neural cling dugc két hop voi
mot vector cac bién (vector mo hinh) né 1a su biéu dién cho nhom cac vector dau vao. Su
lap di lap lai lién tiép cia phuong thirc(hanh dong) c6 hiéu ung lam "di chuyén" cac
vector mo hinh tir neural thing téi vector dau vao: vectors s& c6 xu hudng theo phan bd
ctia cac vector dau vao. Do d6, thuit toan dan t&i mot sy sép xép lai ban dd hinh hoc céc
dic tinh/tinh chat ctia khong gian vao, theo nghia rang neural gan ké trong mang dé c6 xu
huéng gan giéng v6i vector anh hudng nhit (vector trong sd). Tir d6, nhin vao két qua
hién ra ctia SOM, ta c6 thé nhan ra mot sd cum nhu 13 mbi qua hé hinh hoc ctia cac muc
dir liéu va cac bién d6. Nhitng dinh gan nhau cé vector trong s6 gan giong nhau s& cling

mot 16p. ..
3.2.3 Ant System

Ant System[9] 1a mdt thuét todn kién ma cac vét mui va cac mang duodng di cua kién
hién 1€n khong can phai c6 mdt dicu kién nao v€ bi€n, mang hinh hoc, hay thém quy tac
hoat dong nao. Trang thai cia mot con kién c6 thé duoc biu dién béi vi tri  ciia nd va

hudng 6. Cac quy tic di chuyén dugc ké thira tir cac hdm ddp teng nhiéu, ching dugc tao
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ra dé tai sinh mot s6 két qua thuc nghiém véi nhitng con kién that. Ham tra vé c¢6 thé duoc
chuyén mot cach hiéu qua thanh quy tic di chuyén hai tham sb giita cac 6 bang sir dung

ham d§ nang mui:

8

; )

ham nay xéac dinh mbi quan hé cua cac xac suat cua viéc di chuyén tr 1 6 » vo1 mat do
mui o( r). Tham sb S (két hop véi mat do tinh theo ap suat thAm thau) diéu khién d6 ngiu
nhién voi mdi con kién theo bdi mot hudng mui. Kha ning ciia gidc quan 1/ J cho biét
kha ning ctia mdi con kién phat hién ra mui giam tai noi c¢6 sy tip trung cao. ( Nhitng
phuong trinh trudc day ctia Chialvo ma Millonas, c6 mot nhan tir trong $6 w(46), 40 1a
su thanh d6i hudng tryc tiép tai mdi bude di. Nhan tir nay dam bao rang, viéc di thang so
v6i hudng di hién tai cua con kién s& c6 xac sudt cao hon di 1éch, va xéac suét di 1énh lai
cao hon so v&i xac suat di nguoc trd lai. Khi kiém tra mot sb gia thiét, can mot mo hinh
riéng biét va vi d6 can mot ludi tir gidc dé cac con kién c6 thé di vong quanh, di mdi budc

tai mdi lan lap.

Quyét dinh budc tiép theo 1a dinh nao duoc tao ra theo néng dd mui tai cac 0 lang
giéng (1an can Von Neumanm). Nhu mét diéu kién tit yéu, mdi con riéng dé lai mot
luong cb dinh # mui tai 6 ma n6 di qua. Mui nay bi bay hoi tai mdi budc cua thuat toan
v6i tbe do k. Chu ¥ tang khong co6 mot sy giao tiép truc tiép nao giira cac con kién nhung
c6 mot kiéu truyén thong gian tiép théng qua mui, cac con kién cin cir vao nong d6 mui
trén mot duong di dé xac dinh xem truéc d6 cac con kién khac di di nhiéu hay it qua
duong di do.
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Algorithm 1. KANTS Algorithm

initialize_randomly_grid_vectors

place_randomly_ants_in_grid
for N_iterations do

for each ant a at cell (z,y) do

j = decide_where_to_go(a,(z,vy))

end for

update_grid //

evaporate_grid //

update_neighbourhood_radio // decreases radio
end for

Hinh 16: Ma gia thuit toain KA NTS

3.3. Mo hinh kién ty té chic

Mo hinh di dua ra & trén c6 mot sé dic diém giéng voi hé kién cua Chialvo va
Millonas va ban do tu to chtrc ctia Kohonen. Do dé né duge dit tén 1a KohonAnts (hoac
goi tat 1a KANTS). KANTS duoc thiét ké dé chay 1a mot thuat toan phan cym giéng nhu
SOM, dé nhém mot tap cac mau dau vao ( cac mau hudn luyén) thanh cac cum véi nhimng
dic diém gidng nhau. Sau d6, né hoat dong gidng nhu mot thuat toan phan cum, hoat
dong theo cach hoc khong giam sat, khong dé cap dén nhan 16p cta cac dir lidu dau vao

trong sudt qua trinh hoc do.

Y tudng chinh cua thuat toan 13 gan méi mau dau vao (mdt vector) vao modt con
kién, va sau d6 dit nd vao mét lugi da duge tao trudce (giéng nhu ludi SOM 6 trén). Sau
d6, khi cac con kién mang theo cac vector di chuyén trén luéi va thay d6i méi truong. Tai
mdi 6 trén ludi ciing chira mot vector c¢6 cung sd chidu va cung mién voi vector huin
luyén ma con kién d6 mang theo.

Khi mdi con kién di chuyén dén mot mién nao d6 trong ludi, né kéo cac vector dir
liéu trén cac dinh ma né di qua lai gﬁn vdi vector ma n6 mang theo, tirc 1a diéu chinh lai
hé s6 cua cac vector ndy bang mot ham hoc ting cuong twong tu nhu trong SOM, dong

thoi mui va vi tri cling dugc thay doi theo. Piéu nay khién cho nhiing con kién vdi nhitng
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dr li€u giong nhau s€ c6 xu hudng tién lai gan nhau trén ludi, va nhitng vung do6 sé chira

cac vector giong voi nhitng vector dugc cac con kién mang theo kia.

Vay, sau quéd trinh hudn luyén du 16n, ludi dugc hinh thanh voi nhitng mién xac
dinh, né c6 thé duoc st dung nhu mot cong cu phan 16p nhu mdt ludi SOM sau qua trinh
huén luyén vdy. Tuy nhién & ddy, cac con kién dugc kéo lai gan nhau, nhom thanh nhirng
cum riéng véi nhitng vector cua ching tuong tu nhau. Ma gia cua thuat todn duoc chi ra

trong Thuat toan 1.

O day, ta s& xem xét ki ham DecideWheretoGo, ham nay diung dé xac dinh xem

budc tiép theo mot con kién s€ di dau:

Algorithm 2. Decide_Where_To_Go (a,(z, 7))
for all cells (z,y) in neighbourhood of (i, 7) do
Oijzy = Ep((%,7),centroid((z,y)))
compute W (oijzy) //
end for
q = random(0,1)
if g < qo then
(k,1) = MAX(P;j,zy) // selected cell = the one with maximum probability
else
(k,l) = roulette_wheel(P;; y) // selected cell = roulette_wheel
end if

Hinh 17: M gia ham quyét dinh buéc di tiép theo

Xéc suat di chuyén dén mét dinh j trong ludi cia mot con kién tai dinh i 1a P;; dugc

tinh theo cong thuc:

¢ H.'(Uij) If_] e Nt
> W(ow)
Pi_)‘ — { uEJ\";
[ 0 otherwise

Hinh 18: Cong thirc xac suit di chuyén
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Vi N; 1a lan can cia dinh 1. Ngoai ra con c¢6 ban kinh cia lan can ( neighbourhood
radius - nr) ban kinh ndy giam trong qua trinh chay thuat toan, nghia 1a ban kinh thay doi

theo thoi gian thuc hién t. Cac gid tri o dugc dinh nghia la:

oij = \/"’:‘(l')") — CTR;(v)? Vv = 1l..nvars

Véi V; 1a vector két hop véi dinh I va CT. R; 1a trong tim cua mot ving ma trong tam
1a dinh j. Cong thirc nay bang v6i cong thirc tinh khoang cac Oclit giita vector cta dinh i
va vector trong tAm voi trung tdm 13 dinh j, ca 2 vector nay c¢6 mot s6 cac chiéu (bién) 1a

nvars.

. Hinh 19: Lan cin kha di
Cudi cung, trong ludt DecideWheretoGo, W(s) 1la ham d9 nang mui trong Ant

System. Luat nay lam viéc nhu sau: khi mot con kién dang xay dung 10i giai va dugc dat
vao mot dinh I, mot sd ngau nhién q trong doan [0, 1] dugc sinh ra; néu q < qp thi l1an can
t6t nhat j dugc chon 1a dinh di tiép theo trén duong di. Néu khong, con kién s& chon trong
1an can bang cach st dung mot vong quay so x6 dé xac dinh P 1a xac sudt di cho mdi lan
can j.

Ham UpdateGrid giong nhu cic ham tuong tu trong cic thuat toan kién, no ting
cuong mui 1én duong di ma con kién di qua. Tai mdi budc di, mdi con kién k cap nhat
dinh I ctia n6 sir dung ham hoc cia SOM [xem lai chuong 2: bdan do tw t6 chirc]. Va véi
mdi mau dir liéu vao ctia mdi vector kién mang theo ta co nvars bién, do vay cong thuc s&

la:

"",'t(l’) — 1“':_1(1‘) + R [ar(v) — \';-t_l(v)] Vv = 1..nvars
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Vi V; 1a vector cua dinh i, t 1a budc 1dp hién tai, va a; 1a vector két hop vdi con kién

k. R 1a mot loai toc d6 hoc ting cuong:

R=a-(1—- D(ax,CTR:))

Vé&i a 1a nhan tir toc do hoc thudng thdy trong SOM (14 hang s6 trong thudt toan
nay), CTRi lai 14 trong tim ctia mot ving ma co6 tam 14 i. Cudi cung D 13 khoang cac O
clit trung binh gitra vector cua kién va vector tong tam:

D Z \/ak(z')~ — Ci(v)*

nvars
v=1

Nhu tit ca cac thuat toan kién khac, mot diéu rat quan trong do6 1a viéc moi truong
quay lai trang thai trudc d6 (trang thai khoi dau). Viéc bay hoi trong KANTS dugce thyuc
hién tai mdi dinh cho tit ca cac con kién di di chuyén vao cap nhat méi truong.

Vi(v) = Vi(v) — p - Vio(v) Yv = l..nvars

V6i p 1a tham sé bay hoi thong thudng va Vi0 1a vector khdi tao twong tmg voi dinh
i. Ham nay thay d6i vector d6 dé né gan hon véi cac gia tri khai tao cia nd. Ham nay ¢

thé dugc hiéu nhu mét sy mo phong su bay hoi cua cac vét mui trong moi trudong.

Sau khi lu6i da duogc tao, thong thuong ta st dung cac phuong phap tim kién dia
phuong dé phan 16p. Trong khéa ludn nay s& dung thuét toan k lang giéng gan nhat dé tim
nhan cho cac 6 trén ludi. Sau d6, s& tién hanh test ciing bang thuat toan k lang giéng gan
nhét. Cu thé nhu sau:

Pha 1: Véi mdi 6 trén ludi, ta tim k con kién huan luyén c6 khoang cach O clit véi
n6 nho nhit, sau do, dwa vao nhan cta cac con kién huan luyén ta tién hanh bo phiéu dé
ldy nhan 16p dugc bo nhiéu nhat, gan nhin nay cho 6 hién tai. Lam nhu vay cho tat ca cac
0 trén ludi.

Pha 2: V&i mdi dir liéu mudn test, ta dwa nd vao mét con kién, lai tinh khoang cach

O clit cta con kién nay véi tat ca cac 6 trong ludi. Tim k 6 ¢6 khoang cach O clit gan nhat
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vdi vector cua con kién nay. Dya vao nhan cua céc 6 tim dugc, tim nhan xuat hién nhi¢u
nhat va so sanh nhan d6 v&i nhan thyc cta con kién. Néu hai nhan nay giong nhau tic ta

da phan lop dung.
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Chwong 4: KET QUA VA THUC NGHIEM

Chirong nay trinh bay cdc xdy dung phan mém va kiém tra két qud ciia KANTS, so sdnh

v6i KNN, dong thoi chi ra sw phu thudc két qud vao cdc tham so.
Cudi chirong sé trinh bay thudt todn méi dé cdi tién KNN
4.1. Xay dung chwong trinh kiém thir:

Trong khéa luan ndy, ching t6i viét mot chuong trinh dé tinh toan va kiém tra do
chinh xac cia thuat toan phan loai KANTS, dong thoi ciing viét chwong trinh cho thuat
toan k lang giéng gan nhat dé tién so sanh. Chuong trinh dugc viét bang ngon ngir C++

trén nén Microsoft Windows bang bd cong cu Visual Studio.

Phan mém gom 3 class chinh: Cell, Ant va Kants. Mdi d6i tugng Cell 13 biéu dién
mot 6 trén lugi. Mdi ddi tuong Ant biéu dién mot con kién. Kants 12 mot ddi tuong g@)m

mdt mang 2 chiéu cac 6 (Cell) va mot mang cac con kién (Ant).

Mbi 6 duge xac dinh bﬁng mot toa do (x, y). Mdi 6 duoc dic trung bﬁng 1 vector
trong s6. SO chiéu cua 6 duge xac dinh bﬁng sb chiéu cua dir liéu dau vao. Ngoai ra trong
6 con co bién dé xac dinh class twong tmg va mot cd dé xac dinh da c6 con kién nao trong
6 chua (trudng hop chi cho mot con kién trong mot o).

Mbi con kién duge dic trung boi vector trong s6 ma né mang theo dé huan luyén
mang, Vi tri (x, y) chi ra toa d ciia 6 ma n6 dang dung, class tuong ing véi vector trong

sO ma n6 mang theo.

Ma tran trong tim dugc xac dinh 13 ma tran c6 kich thuéc bang véi kich thudce ludi.
Vi tri (X, y) trong ma tran la trong tam cua vung c6 tdm 1a 6 (x, y) trén ludi, dugce tinh
bang trung binh cong cua cac vector trong sb. Tham sd ban kinh tim dugc tiy chon trong

chuong trinh, thong thuong ban kinh tim xap xi ban kinh mot cym 14 tdi wu.

Ham quyét dinh Decide where to_go: Ham nay xac dinh xem tai mdi budc 1ap, mbi
con kién s& di ddu. Theo KANTS d4 néi ¢ trén: chuong trinh s& sinh ra mot s6 ngéu nhién
q, néu q < q0. Chuong trinh s& chon mét diém (x, y) trén ludi sao cho khoang cach O clit
vector gitta vector ctia con kién vdi vector trén ma tran trong tdm (x, y) cho ham xéac xuat

nho nhit.
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Ham updateVector: cap nhat cac vector xung quanh con kién theo vector ciia no.
Ham centroid_calculate: tinh lai ma trin trong tAm sau mdi budc lip.

Ham vote_cell: gan nhan cho mdi 6 trén ludi dwa vao khoang cach O clit

Ham read_patterns: doc cac mau vao

Ham main: trudc hét chuong trinh doc céc tham s6 vao, doc file mau vao, khoi tao
lu6i véi cac trong sd ngau nhién. Pat cac con kién ngiu nhién trén ludi. Sau 46, tai mdi
budc 1ap, chuong trinh tinh ma tran trong tdm, xac dinh céac budc di tiép theo cho mdi con
kién, cap nhat cac moi truong xung quanh, bay hoi mui dén khi thuat toan dat diéu kién
dung.

Chuong trinh cho thuat toan k lang giéng gan nhat don gian hon vi chi ¢6 ham doc

dir liéu vao va ham vote dé tinh toan d6 chinh xac phan 16p.
4.2. Chuan bi dir liéu kiém tra
Céc tap dir liéu duoc sir dung dé kiém tra va kiém chimg mé hinh 13 nhiing co s

dit liéu thé gidi thuc quen thudc dugc lfiy tr UCI Machine Learning repository

(http://archive.ics.uci.edu/ml/). IRIS chtra cac dir li€u g@)m 3 loai hoa iris( Iris Setosa,

Versicolo va Virginica), 50 mau mdi loai va 4 thudc tinh sb hoc ( d6 dai va d6 rong cia 14
va canh duoc do b?mg cm). GLASS chua cac dir liéu tur cac loai 6ng nhom khac nhau
trong nghanh t6i pham hoc. C6 6 16p v6i 214 mau (dugc phan bd khong déu nhau trong
cac 16p) va 9 dic tinh s6 hoc lién quan dén thanh phan héa hoc cia thity tinh. PIMA (co
s¢ dit liéu bénh dai duong cua An dd) chura cac dir liéu lién quan dén mot sb bénh nhan va
mdt nhin 16p biéu dién cac chuan doan bénh dai dudng theo tiéu chuan cua t6 chic y té
thé gidi. C6 768 mau vé6i 8 thudc tinh sb hoc (dit liéu thanh phan héa hoc).

Véi mdi co so dit licu, 3 tap duoc dung 1én bﬁng viéc chuyén dir liéu géc thanh 3
tap roi nhau c6 cung kich ¢&. Phan bd cia 16p gbe van dugc bao toan trong mdi tap hop.
Vay 3 cap cac tap dir li€u traning-test duoc tao ra b?mg cach chia mdi tap thanh 2; chung
dugc dat tén 13 50tran-50tst (nghia 13 mot nira dé huan luyén va mot nira dé kiém tra). Va,
3 cdp khac duoc tao ra nhung phan bd gdbm 90% mau cho huan luyén va 10 % dé kiém
tra. Nhitng tap ndy dugc dit tén 1a 90tra-10tst. Dé phan 16p voi KANTS, mét than sb nita

can la: s céc 1an can can so sanh voi mau ki€m tra. Theo cach nay, thuat todn tim kiém K
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vector gan nhat trong luéi (sit dung khoang cach Oclit) téi vector tuong tng véi mau
mudn phan 16p. N6 gan 16p cho miu nay 1a 16p ctia phan 16p cac vector kia tim dugc.

Noi cach khac ta dang sir dung phuong phap K-Nearest Neihbours (KNN — hay K lang
giéng gan nhat), nhung trong truong hop nay ta st dung dong thoi cho ca viéc gan nhan
neural va tim nhin 16p cta dit liéu kiém tra va nhiéu lan thuét toan 1am viéc t6t tham chi
véi K = 1. Voi K =10, ta c6 bang so sanh gitta KANTS va KNN voi cac tap dir liéu khac

nhau nhu sau:

Tap dit lidu KANTS KNN
IRIS (9-1) 86.6666% 86.6666%
PIMA(9-1) 72.7272% 71.4286%
GLASS(9-1) 54.5454% 50.00%
IRIS(5-5) 89.3333% 94.6667%
PIMA(5-5) 70.833332% 73.4375%
GLASS(5-5) 59.090908% 51.4019%

St dung cach tiép can thong ké, chay 10 1an véi cac cip céac tap dit liéu (huin luyén
va test). Thu duoc cac két qua phan loai tot nhat va lam phép thong ké. Khi so sanh véi
phuong phap kinh dién ta thdy KANTS nbi troi hon han néu chon cac hé sé tot.

4.3. Sw phu thudc chat lwgng thuit toin vao cac tham so:

Cac tham sb c6 anh hudng rat 16n dén chat lugng cua thuat toan, viéc chon tham $6
sao cho dung thuong rat kho, phu thudc vao dac diém ctia mau dit liéu huin luyén: $6
mau, sb 16p. ..

Sau day ta s& xét tién hanh thi nghiém dé xem cac tham sb anh hudng dén két qua

nhu thé nao
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4.3.1. f-0 — P$ ngiu nhién theo mii:

Trong [9] céc tac gia da thuc hién so sanh phan b cia cac con kién trong AS, véi
cac cip f-0 trong khong gian tham sb khac nhau. Ba loai hanh vi dd quan duoc quan sat
khi nhin vao buc anh chup cta h¢ théng sau khi 1ap lai 1000 lan: rdi hoan, va 15 héng va
tao duong mon. Réi loan 1a trang thai ma cac cum chua dugc phan, day la trang thai cua
hé théng khi bat dau hoc, ta khong thé nhin dugc ra cum trong trang thai niy. V4 16 hong
la giai doan cac cum duoc hinh thanh chua 1 rang (chua tron), con c6 nhimg “16 hong”
trong cum, day 13 trang thai ctia hé thong khi né dang hoc sau mét sé budc nao do. Tao
duong mon la giai doan ma cac vét mui da dugc hinh thanh rd nét, cac cum da duogc phan

bo twong doi rd, cac con kién di theo “dudng mon” nay dé cum lai voi nhau.

Duéi day 1a biéu d6 thé hién sy phan bd phu thudc vao hai tham sé -6 . Cac tham

sd a (nr) va (cr) dugc 13y lan luot 1a: 1, 1 va 3.

Nhin vio biéu d6 ta c6 thé thay duoc 1a: tham sd 1y tuéng dé viéc phan cum dién ra
nhanh 13: f ~ 32-64 va J gan nhu phu thudc tuyén tinh vao S véi 6 ~ 0 — 0.4

Qua trinh 1am thi nghiém dé rat ra diéu kién dé cac tham sé t6i uu, chung t6i thu

dugc bang thé hién su phan bd cta kién nhu sau 0:
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Hinh 20: Sy phan cum ciia kién theo tham sb

Nhin vao biéu d6 trén ta c6 thé thiy dugc 3 qué trinh nhu da miéu ta & trén.

Dua vao két qua nay, KANTS da chi ra mot cong cu phan cum hiéu qua diy hira
hen. Vi cac tham s S-0 dugc khdi tao hop i, cac dir li¢u dugc biéu dién béng cac con
kién tao nén cac cum, cac cum nay c6 thé dé dang phan biét trong ludi. Trong thuc té ta
can st dung mot s loai tim kiém dia phuong dé xtr 1i gan nhan cho mét 6 trong ludi dua

vao khoang cach O clit va gan tim k 6 trén ludi gan v6i mot mau dir liéu test nhat.
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Phuong phap k lang giéng gn nhat da du tét do qua trinh huan luyén di “lam min” céc
dir lidu vao, xong chua hoan toan “min” han, & cudi chuong nay ching t6i c6 gidi thiéu
phuong phap hoc tap hop dé cai thién hiéu qua cua thuat toan khi cac qua trinh huan
luyén khong thé 1am min va ting thém do chinh xéac

4.3.2. Tham sd k trong thuit toan k ling giéng gan nhit:

K la héng s6 x4ac dinh s cac 1an can dugc dung trong thuat toan KNN, thuc té sau
khi ludi KANTS d3 duoc huan luyén, k = 1 van cho két qua du t6t. Nguyén nhén 1a do su
phan cum ciia cac neural da 1am giam dang ké nhiéu. Tuy nhién, néu s6 neural trén ludi
nho ma s6 cum (s6 nhin 16p cua dit liéu huin luyén) lai 16n thi ban kinh cac cum lai nho,
do d6 néu chon k 16n s& ¢ nhiéu, do do sai s616n dang Kké.

Ta c6 bang thong ké sau:

k 1 2 3 4 5
Iris(9-1) 86.6666 % | 86.666664% | 93.333336% | 93.333336% | 93.333336%
Pima 65.62500% | 64.843750% | 69.791672% | 69.010422% | 70.833328%
Glass 36.363636% | 63.636364% | 59.090908% | 59.090908% | 54.545456%
4.3.3. Kich thwdc luoi:
Bang thdng ké khao sao su thay ddi theo kich thudc luéi:
Kich thudc 30x50 35x50 50x50 80x50 100x100
Iris 80.000000% | 80.000000% | 86.666664% | 86.666664% | 80.000000%
Pima 67.968750% | 67.447922% | 63.541668% | 68.489578% | 66.666672%
Glass 40.909092% | 54.545456% | 59.090908% | 63.636364% | 59.090908%
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4.3.4. Ban kinh lan c4n:

Bang thong ké v6i ban kinh 1an can thay doi:

nr 2 3 4
Iris(9-1) 86.666664% | 80.000000% | 86.666664% | 86.666664%
Pima(9-1) | 68.831169% | 68.831169% | 66.233765% | 67.532471%
Glass(9-1) | 31.818182% | 45.454548% | 50.000000% | 59.090908%

4.3.5. Tham

s0 q0:

Tham sb nay diéu khién sy can bang giita khai thac va kham pha. Nghia 1 kha ning

mot con kién s€ chon duong di méi dé tim ra cum méi hay tiép tuc di duong di c6 nong

d6 mui cao hon. Nhin chung tham s6 q0 khong dnh hudng nhiéu lam dén két qua phan

loai v6i cac tap dir liéu nhé nhu trong chuong trinh

4.3.6. Tham s6 ban kinh trong tim cr:

Ban kinh trong tam, 4nh hudng rat nhiéu dén thoi gian chay cua thuét toan, néu cr

nhd, thoi gian chay thuat toadn s€ nho nhung cac cum ciing s€ nhd, kha nang con kién di xa

s€ thap, dieu nay lam ludi xuat hi¢n nhiéu cum bé va cho két qua phan 16p kém chinh xac.

Tuy nhién cr khong dugc qua 16n, n€u cr 16n, thoi gian chay thuét toan s€ 16n ma cac cum

vura duoc hinh thanh da bi xé ra...

Cr 1 2 3 4 5

Iris(9-1) 86.666664% | 86.666664% | 86.666664% | 86.666664% | 86.666664%
Pima(9-1) | 63.636364% | 63.636364% | 63.636364% | 63.636364% | 63.636364%
Glass(9-1) | 59.090908% | 59.090908% | 59.090908% | 59.090908% | 59.090908%
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4.3.7. Tham s6 bay hoi

Tham s6 thé hién téc d¢ bay hoi mui, néu téc do bay hoi lon, vector cua cac 6 trén
lugi s& dé tién vé (0,..0), tic 12 gan véi class cé vector trong s6 nhod ma cac con kién chua
kip cap nhat. Néu téc d bay hoi nhd, cac vét mui kho dugc hinh thanh, khong c6 nhicu

thong tin hoc tang cuong.
4.3.8. S0 lan lip toi thiéu va cach xac dinh diéu kién dirng ciia thuit toan:

Diéu kién dung thuat todn tai budc 1ap t dugce xac dinh 1a khi hinh dang cua ludi
khong thay d6i sau budc lip t + 1. Nghia 1a c¢6 13p thém nita ciing khong thay d6i dang
ctia ludi, thyc té diéu nay rat kho xay ra vi dong thoi trén ludi xay ra hai hanh dong trai
ngugc nhau: bay hoi mui va cap nhat mui. Hai hanh dong ndy bu trir nhau va khién ludi
ludn khong 6n dinh. Tuy nhién khi sy thay dbi 1a di nho, ta co thé xem nhu ludi du 6n
dinh, xac dinh sy 6n dinh nay bang cach tinh khoang cach O clit vector giira vector ciia

con kién va vector ma con kién dang 6.
4.4. Mé rong cia KANTS:

Trong thuc té khi thyc hién gan nhén cho cic 6 va cho cac dir liéu test, ta da thuc
hién thuat toan k lang giéng gin nhat (KNN), tuy nhién k lang giéng gan nhit co6 nhuoc
diém 1a trong mot s6 trudng hop cac dit liéu nhidu lam sai két qua. Dé lam giam su anh
huéng cia nhiéu, ta sir dung Emsembler learning cho KNN, tuc 14 tién hanh bo phiéu véi
cac k thay d6i va dua trén két qua nay, tim nhan 16p duoc bo nhiéu nhat sau mdi gia tri

ctia k, r0i gan cho nhén 16p nay.
4.4.1. Giéithiéu Ensembler learning:

Ensembler learning 1a qua trinh hoc tap hgp ma nhiéu mé hinh hodc nhiéu bo dir liéu
huén luyén dugc sir dung trong phan loai, 1a chién lugc két hop dé sinh ra mot bd cac két
qua, két hop cac két qua nay dé sinh ra két qua cudi cung. Ensembler learning chu yéu
dugc su dung dé cai thién (phan loai, du bao, x?ip xi...) hiéu suét ctia mot mé hinh, hoic

lam gidm kha nang lya chon khong may cua mot mé hinh kém chinh xac.

Mo hinh truc quan nhw sau:
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Hinh 21: M6 hinh true quan giai thich hoc tap hop

Giai thich so db: voi mdi md hinh (phuong phéap) cho ta mot 101 giai (dudng bién

phan 16p) khac nhau, tit ca déu c6 chung mot nhuge diém 1 c6 sai s6, ta can giam thiéu
t6i da cac sai sd nay, 1& di nhién cac phuong phap trén déu khong thé cai thién thém nira,
tuy nhién néu két hop cac két qua cia cac phuong phap trén thi theo tu tudong théng ké,
101 giai két hop cho két qua dang tin cay hon. Tuc 13, trong so d6 trén, duong bién 1a gop
chung cac dudng bién cho két qua tin cay hon ca.

So d6 thuat toan:
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Hinh 22: M6 hinh nguyén ly hoc tip hop

Viéc két hop cac bo hoc Ci cho ta két qua cudi cliing

Ngoai ra con ¢ hoc tap hop két hgp mo hinh chuyén gia, nghia 1a v6i mdi mé hinh duoc
két hop v6i mot trong sé thé hién d6 chinh xac dé ting cudng cac bo tot. Do tinh phirc tap

nén khoa ludn nay chi dua ra m6 hinh. M6 hinh nhu sau:
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Hinh 23: Ensembler learning véi hd trg' mé hinh chuyén gia

4.4.2. Ap dung ensembler learning vao bai toan phan 16p véi KANTS:

C6 hai gian doan ma ta c6 thé ap dung hoc tap hop ensembler learning vao bai toan
nay.

Thit nhit: giai doan gan nhin cho 6: viéc gan nhan cho mét 6 i trong ludi 1 viée ap
dung phuong phap k lang giéng gan nhat dé tim ra nhan 16p dugc bo phiéu nhiéu nhét, két
qua cta nhin 16p nay sé& dugc gan cho 6 d6. Ap dung hoc tap hop, thay vi gan ludn cho 6
d6, ta chon N bo két qua, tirc 1a chon cho k = 1,N. Ap dung phuong phap k lang giéng gan
nhat v&i mdi k dé tim ra K nhin dugc bo phiéu, chon nhin duoc bao phiéu nhiéu nhat
trong N bo ndy va gan nhin ndy cho 6 d6. Vay viéc gan nhan nay 13 hai 1an bo phiéu,

nhan dugc gan chinh la nhan da qua vong hai.
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Thir hai: giai doan tim nhan cho mot mau dit lidu (phan 16p): Viéc gan nhin ciing
dugc tién hanh twong ty nhu giai doan mot nhung thay vi gan nhén cho 6, ta gan nhin cho
mau dir liéu va thay vi tinh khoang cach véi cac con kién, ta tinh khoang cach véi cac 6.
Do chinh xac cta thudt todn ciling dugc tinh tuong tu.

Két qua so sanh gitra thuat toan cli va moi:

Kiéu hoc KANTS KANTS véi
thudt toan V&i KNN Ensembler learning
Iris(9-1) 86.666664% 93.333336%
Pima(9-1) 72.727272% 74.025978%
Glass(9-1) 45.454548% 54.545456%

Nhéan xét:

Nhin chung ensembler learning co cai thién thuat toan va cho két qua t6t hon
KANTS thong thuong, viéc cai thién nhiéu hay it phu thugc vao viéc chon tham s6 va bd
dir liéu huan luyén. Tuy nhién trong trudng hop lugi KANTS du “min” thi viéc N qua 16n
s& 1am sai s6 tang 1én. Néu N = 1 thi thuét toan trd vé dang ban dau voi k = 1.
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CHUONG 5: KET LUAN

Khoéa ludn nay da trinh bay thuat todn KohonAnts (hay con goi la KANTS), mot
phuong phap méi cho viéc phan 16p dit liéu, dua trén su két hop gitra cac thuat toan kién
va ban d6 tu t6 chirc ciia Kohonen. M6 hinh nay dwa cic mau dif liéu n-bién vio trong cac
con kién nhén tao trong ludi xuyén 2D voi cic vector n-chiéu. Dir lidw/kién duge di
chuyén trén ludi dé tao ra su khac biét vé mat dit liéu, tir d6 cac cum duge hinh thanh.
Qua trinh di chuyén cua cac con kién dan dan sé tao ra d6 min cta ludi. Khi ludi da 6n

dinh, cac con kién c6 thé dimg va ta tién hanh gan nhin cho cac 6 trén ludi.

Ludi sau khi da gan nhan giéng nhu lugi SOM di huin luyén, 1a mot cong cu dé
phan 16p tot hon rat nhiéu cac cong cu thong thuong khac.

Khoéa luan ciing dong thoi chi ra viée két hop KANTS véi phuong phap hoc tap hop
cho két qua rat kha quan.

Tuy nhién hi¢u qua cia KANTS khi phan 16p cac dir li¢u phuc tap, nhiéu bién, nhiéu
16p mac du tdt hon KNN Xong van con nhiéu han ché. Viéc chon cac hé sb thich hop 1a
kha kho khan nhung chic chan cho két qua t6t hon KNN.
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