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ADLINE
ANN

BP
BPTT
LDDN
LMS
NNs
RTRL
SDBP

OBP

VLBP

MLP
GA

CAC TU VIET TAT
ADAptive Linear Neural, mang tuyén tinh thich nghi don 16p
Artificial Neural Network, mang noron nhan tao
BackPropagation, lan truyén nguoc
BackPropagation -Through-Time, lan truyén nguoc xuyén tim
Layered Digital Dynamic Network, mang noron dong
Least Mean Square, trung binh binh phuong nho nhét
Neural NetworkS, mang noron
Real-Time Recurrent Learning, thuat hoc hoi qui thot gian thyc

Steepest Descent BackPropagation, k¥ thuét lan truyén nguoc
giam dbc nhat

Optical BackPropagation, k¥ thuat lan truyén nguoc “toc do
anh sang”

Variable Learning rate BackPropagation algorithm, k¥ thuat
lan truyén nguoc véi tée do hoc thay doi.

MultiLayer Perceptron, mang truyén thang nhiéu 16p

Genetic Algorithms, giai thuat di truyén
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LOI CAM DOAN

T61 xin cam doan luidn &n nay 1a cong trinh nghién ctru khoa hoc cua t61 va khong
tring 13p voi bat cir cong trinh khoa hoc nao khac. Cac sd liéu trinh bay trong luin
an da dugc kiém tra k¥ va phan anh hoan toan trung thuc. Céc két qua nghién ctru
do tac gia dé xuat chua tirng dugc cong bd trén bat ky tap chi ndo dén thoi diém nay
ngoai nhiing cong trinh cua tac gia.

Ngay 14 thang 10 nam 2013

Tac gia luan an

Nguyén Thi Thanh Nga
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MO DPAU
Trong rat nhiéu linh vuc nhu diéu khién, tr dong hoa, cong nghé théng tin.. .,
nhan dang duoc dbi tuong la van dé mau chét quyét dinh sy thanh cong cua bai
toan. Phan 16n cic d6i twong trong thuc té déu 1a phi tuyén véi do phi tuyén khac

nhau.

Mang noron cé kha ning xap xi cac ham phi tuyén mot cach ddy da va chinh
xac, nd duoc sir dung tot cho cac mé hinh dong hoc phi tuyén. Piéu quan trong 1a
thuat lan truyén nguoc tinh va dong cua mang noron dugc st dung dé hiéu chinh
cac tham so trong qua trinh nhan dang. Co so toan hoc cia viéc khang dinh ring
mang noron la cong cu Xép xi van nang cac ham s6 lién tuc dua trén cac dinh ly

Stone — Weierstrass va Kolmogorov[15].

Viéc sit dung dinh 1y Stone — Weierstrass dé chimg minh kha ning xap xi
cua mang noron da dugc cac tac gia Hornik et al., Funahashi, Cotter, Blum dua ra
tir nam 1989. Cac mang noron thoa man dinh 1y Stone — Weierstrass cé thé ké dén
la mang lugng giac, mang hai 16p véi ham kich hoat sigmoid, mang hai 16p v1 ham
kich hoat McCulloch — Pitts(MC - P) va mang véi ham co s¢ xuyén tam(RBF)[16],
[17], [18], [19].

Viéc sir dung dinh 1y Kolmogorov dé biéu dién chinh xac ham lién tuc va
dua ra so d0 mang noron tuwong ung di dugc Hecht - Nielsen va Lorentz cong
bd[20], [21], [22].

Mang noron la mdt trong nhitng cong cu nhan dang tdt nhat vi cac dic trung
sau: Kha nang hoc tir kinh nghiém (kha ning dugc huin luyén), kha ning xur 1y
song song voi toc do xir Iy nhanh, kha ning hoc thich nghi, kha nang khai quat hoa
cho cac dau vao khong duogc huén luyén, vi du dua vao cach hoc mang co thé s& tién

doan dau ra tir dau vao khong biét trude [23], [24].

Hién nay, mot cong cu phan mém dugc (mg dung rat hiéu qua trong cac linh
vuc vé diéu khién, tur dong hoa, cong nghé thong tin d6 1a Matlab. Khi sir dung bod
cong cu Neural Network Toolbox, ching ta c6 thé luyén mang dé nhan dang duogc

mot s6 ddi twong tuyén tinh va phi tuyén. BO cong cu cung cip cho ching ta mot s6
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phuong phap luyén mang noron, trong d6 k¥ thuat lan truyén nguoc duoc Gng dung
rong rai hon ca. O do ching ta co thé lua chon céac buée hoc khac nhau phuc vu cho
qua trinh luyén mang nhu: Traingd (Basic gradient descent), Traingdm (Gradient
descent with momentum), Traingdx (Adaptive learning rate), Trainbfg (BFGS

quasi- Newton)...

Mot nhuogc diém khi ding mang noron 1a chwa c¢6 phuong phap luan chung khi
thiét ké cu trac mang cho cac bai todn nhan dang va diéu khién ma phai can toi
kién thirc ctia chuyén gia. Mit khac khi xdp xi mang noron v6i mot hé phi tuyén s&
kho khin khi luyén mang vi ¢6 thé khong tim dugc diém ti vu toan cyc... Vay, ton
tai 16n nhat gdp phai 1a tim nghi¢m tdi wu toan cuc, dic biét ap dung cho cac bai

toan 16n, cac hé thong diéu khién qua trinh.

Giai thuat di truyén (Genetic Algorithms-GA) dugc biét dén nhu mot giai thuat
tim kiém dua trén hoc thuyét vé chon loc tu nhién va né cho phép ta dat dugc to1
cuc tri toan cuc. Thyc ra, GA thudc 16p cac thuat toan xac suét, nhung lai rat khac
nhimng thuét todn ngiu nhién vi ching két hop cac phan tir tim kiém truc tiép va
ngau nhién. Khac biét quan trong giita phuong phap tim kiém cta GA va cic
phuong phap tim kiém khac 1a GA duy tri va xir Iy mot tap cac 10 giai (quan thé) -
tat ca cac phuong phap khac chi xtr Iy mot diém trong khong gian tim kiém. Chinh

vi thé, GA manh hon céc phuwong phap tim kiém hién c6 rat nhiéu. [25], [26].

Hién nay, viéc nghién ctru cac thuat toan tim nghiém t6i wu toan cuc khi luyén
mang noron di duoc mét sb tac gia nghién ctru ap dung [27], [28], [29]. Tuy nhién
khi sir dung mang noron dé xap xi mot sé ddi tuong phi tuyén ma mat 18i sinh ra c6

dang long khe [28], viéc huan luyén mang gdp rat nhiéu khé khan.
No6i dung dé tai s& di nghién ctru mot thuat toan tim diém tdi wu toan cuc trong
qua trinh luyén mang noron bang thuat toan vuot khe c6 sy két hop vé6i giai thuat di
truyén.
Muc tiéu
- P& xuit mo hinh két hop thuat toan vuot khe va giai thuat di truyén dé huén

luyén mang noron.
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- Xay dung bo cong cu phan mém dé luyén mang noron cho mdt so bai toan

c6 mit 161 dic biét, lam co sd bo sung vao Neural Toolbox Matlab.
Noi dung chinh
- Nghién ctru li thuyét v& mang noron va qua trinh hoc cia mang noron.

- Nghién ciru 1i thuyét vé thuat toan vuot khe va xay dung thuat toan tinh budc

hoc vuot khe.

- Xay dung thuat toan huan luyén mang noron bang k¥ thuat lan truyén nguoc

két hop voi thuat toan vuot khe.

- Pé xuét thuat toan huin luyén mang noron bang k¥ thuat lan truyén nguoc co

str dung giai thuat di truyén két hop véi thuat toan vuot khe.

- Viét va cai dat chuong trinh huan luyén mang noron trén C++.

- Viét va cai dit chuong trinh huin luyén mang noron trén Matlab.
Phwong phap nghién ciru

Str dung ca nghién ciru 1y thuyét, thuc nghiém mé phong trén mdy tinh.
*Nghién ciru ly thuyét:

- Tap trung nghién ctiru van d& mang noron 13 gi va Gmg dung cia mang noron
trong nhan dang. Nghién ctru nhitng kho khian ton tai khi luyén mang noron véi mit
16i dic biét c6 dang long khe.

- Nghién ctru giai bai toan tdi wu tinh ma ham muc tiéu co dang dac bigt —
dang 1ong khe. Vi ham muc tiéu nay bang cac phuong phap thong thuong, vi du
nhu phuong phap gradient khong tim duge cyc tiéu, con thuat toan vuot khe co thé
vuot qua dugc 10ng khe dé dén diém toi wu.

- Nghién ctru su anh hudéng gia tri ban dau khi giai bai toan tbi wu tinh bang
phuong phép sb, dic biét khi ham muyc tiéu c6 dang long khe. Gia tri ban dau anh
hudng 16n t6i tinh hoi ty va thdi gian tinh nghiém tdi wu.

- Nghién ctru giai thuat di truyén, va tng dung cua nd trong qué trinh tim

nghiém t6i vu toan cuc.
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- Pé xuit md hinh két hop thuit toan vuot khe va giai thuat di truyén dé luyén

mang noron c6 mat 101 dac biét.

Co s6 toan hoc chinh gém 1y thuyét vé kha niang xap xi van ning ciia mang
noron v&i d6i twong phi tuyén c6 ham sé lién tuc 13 dya trén cac dinh ly Stone —
Weierstrass va Kolmogorov; kha ndng tim ra dugc vung chtra cuc tri toan cuc cua
giai thuat di truyén nhd co ché tim kiém trai rong, ngdu nghién va mang tinh chon
loc ty nhién; kha nang tim dén dugc cuc tri toan cuc ctia thuat toan toi wu vuot khe

khi ham phi tuyén c6 dang khe.
*, Nghién ciru thwe nghiém: Mo phong trén may tinh bang cach sir dung:
- B9 cong cu san co trong Toolbox cua Matlab.
- Viét chuong trinh trén C++,
- Viét chuong trinh trén Matlab

dé thuc hién qué trinh luyén mang noron véi mit 16i dang dic biét. Panh gia su hoi

tu dé minh chimg cho nhitng két luan trong phan Iy thuyét.
B6 cuc ciia luin 4n
Luén an chia lam 3 chuong

Chuong 1 trinh bay tong quan vé mang noron, qué trinh hoc cta mang
noron, danh gid cac nhan td cia qua trinh hoc. Gioi thiéu vé mat 16i dic biét trong
qua trinh luyén mang noron, mat 16i ¢ dang long khe, nhiing bai toan din dén mat
16i c6 dang 10ng khe. Sir dung bd cong cu Neural Network Toolbox dé nhan dang
mot s6 dbi trong c6 ham muc tiéu dang thong thuong va dang dic biét. Tom tit vé
tinh hinh nghién ciru trong va ngoai nudc, tir d6 1am xuat phat diém cho ndi dung

nghién ctru ctia cac chuong tiép theo.

Chuong 2 trinh bay mot thuat toan t6i uu ap dung cho cdc ham muc tiéu
dang khe goi 1a thuat toan vuot khe. Dé giai quyét bai toan nhan dang dbi twong phi
tuyén ma sinh ra ham muyc ti€éu dang khe, tac gia dé xuét viée ap dung thuat toan
vugt khe tinh budc hoc vuot khe trong qué trinh hoc cia mang noron. Bé minh

chtrng cho hi€u qua ctua budce hoc vuot khe, tac gia léy mdt vi du vé nhan dang chit
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viét tay va chon ham kich hoat 1a ham sigmoid do dac diém ham nay sinh ra mat sai
s6 c¢6 dang long khe. Vi du s& duoc luyén mang voi cac phuong phap cip nhét budc

hoc khac nhau. Cudi chuong s& c¢6 danh gia hiéu qua ctia cac phuong phap nay.

Chuong 3, tac gia dwa ra cic vi du vé luyén mang noron trén nhitng doi
tuong c6 muc dg phi myén khac nhau vé1 bo trong s6 khoi tao khac nhau dé théy su
anh huodng cua bo khoi tao trong s6 dén két qua luyén mang, tir d6 dé xuat mé hinh
két hop giai thuat di truyén va thuat toan vuot khe trong qua trinh luyén mang
noron. Trong md hinh, giai thuét di truyén 1am nhiém vu tim kiém b6 trong sé khai
tao toi wu, khoanh vung chtra cyc tri toan cuc dé tién hanh luyén mang noron theo

k¥ thuat lan truyén nguoc co6 st dung bude hoc vuot khe da dé xuét tir chuong 2.

11
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CHUONG 1
MANG NORON VA QUA TRINH HQC CUA MANG NORON

Tém tit: Trong rdt nhiéu linh viee nhir diéu khién, tw dong héa, cong nghé
thong tin..., van dé nhén dang dwoc doi tuwong la van dé mdu chot quyét dinh su
thanh céng cia bdi todn. Mang noron c¢é kha ndang xdp xi cdc ham phi tuyén mot
cdach day dii va chinh xdc, né dwoc sir dung tot cho cdc mé hinh déng hoc phi tuyén.
Tuy nhién trong qud trinh hoc ciia mang noron, mét sé6 nhdn t6 sé cé anh huéng
manh mé dén dé hoi tu cia bai todan, ddac biét khi bai todn c¢é dang long khe.
Churong 1 sé dwa ra mdt 16i ddc biét khi luyén mang noron va cé nhitng danh gid vé
sw anh hudng ciia cdc nhan t6 trong qud trinh luyén mang dén két qud cudi cing
ciia bai todn nhdn dang thong qua mot sé vi du ddac trung. Tir d6 lam xudt phat

diém cho huwong di cua luan an.

1.1.  Giéi thiéu vé mang noron va qua trinh hoc ciia mang noron
1.1.1. Mang noron va cac phwong phap hoc

Mang noron nhén tao, Artificial Neural Network (ANN) goi tit 1a mang
noron, neural network, 1a mot mé hinh xir 1y thong tin phong theo cach thic xu 1y
thong tin ctia cac hé noron sinh hoc. N6 dugc tao 1én tor mot sb lugng 16n cac phén
tir (goi 1 phan tir xit Iy hay noron) két nbi v6i nhau théng qua cac lién két (goi 1a

trong s6 lién két) 1am viéc nhu mot thé thong nhat dé giai quyét mot van dé cu thé.

Mot mang noron nhan tao dugc cdu hinh cho mot ung dung cu thé (nhan
dang mau, phan loai dir li€u,...) thong qua mdt qua trinh Aoc tir tdp cac mau huén
luyén. V& ban chéat hoc chinh 13 qué trinh hiéu chinh trong s6 lién két giira cac

noron sao cho gia tri ham 15i 1a nho nhat.

C6 ba phuong phap hoc phd bién 1a hoc ¢ giam sat (supervised learning),
hoc khéng giam sat (unsupervised learning) va hoc tang cuong (Reinforcement
learning). Hoc c6 giam sat 1a phuong phap hoc dugc sir dung phd bién nhit va

trong d6 tiéu biéu nhat 1a k¥ thuat lan truyén nguoc.

12
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Nhitng kién thitc co s¢ vé mang noron, qua trinh hoc ctia mang noron, ky
thuat lan truyén nguoc s& duoc tac gia gidi thiéu trong phu luc 1.

O day, tac gia xin dwa ra mot s6 danh gia vé cac nhan tb trong qua trinh hoc
cua mang noron.
1.1.2. Panh gia cic nhan to ciia qua trinh hoc
1.1.2.1. Khdi tao cdc trong sé

K§ thuat lan truyén nguoc hoi tu dén mot giai phap ma né tdi thiéu hoa duoc
sai sO trung binh binh phuong vi cach thirc hidu chinh trong s6 va hé s bias cia
thuat toan 1a ngugc hudng véi vecto Gradient cia ham sai s6 trung binh binh
phuong ddi v6i trong s6. Tuy nhién, d6i véi mang MLP thi ham sai sb trung binh
binh phuong thuong phitc tap va c6 nhiéu cuc tri cuc bd, vi thé cac phép lap huan
luyén mang c6 thé chi dat duoc dén cuc tri cuc bd cia ham sai sd trung binh binh
phuong ma khong dat dén duoc cuc tri téng thé. Cac gia tri khéi tao cua cac trong
s6 anh hudng rat manh dén 10i giai cudi cung. Cac trong sd nay thuong duoc khoi
tao bang nhitng s ngau nhién nho. Viéc khai tao tat ca cac trong sd bang nhau s&
1am cho mang hoc khong tét. Néu céc trong sd duoc khai tao véi gia tri 16n thi ngay
tir ddu tong tin hiéu vao d3 co gia trj tuyét ddi 16n va lam cho ham sigmoid chi dat 2
giatriOval. Diéu nay lam cho hé théng s& bi tac ngay tai mét cuc tiéu cuc bd hodc
tai mot ving bang phing nao d6 gan ngay tai diém xuat phat. Gia tri khoi tao ban
dau cua cac trong sb trén 16p thir 1 cia mang s& dugc chon ngau nhién nho trong
khoang [-1/n, 1/n], trong d6 n 1a sd trong s6 ndi ti 16p 1. Do ban chat cua giai thuat
hoc lan truyén nguoc sai sb 1a phuong phap giam do 1éch gradient nén viéc khoi tao
cac gia tri ban dau cla cac trong sb cac gid tri nho ngau nhién s& 1am cho mang hoi
tu vé cac gia tri cuc tiéu khac nhau. Néu gip may thi mang s& hoi tu duoc vé gia tri
cuc tiéu tong thé.
1.1.2.2. Buwoc hoc o,

Mot nhan t6 khac anh huéng dén hiéu luc va d6 hoi tu cua giai thuat lan
truyén nguoc sai sd 13 budc hoc a. Khong cé mot gia tri xac dinh nao cho cac bai
toan khac nhau. Vi mdi bai todn, budc hoc thuong duoc lya chon béng thuc

nghiém theo phuong phap thir va sai. Gia tri o 16n 1am ting téc qua trinh hoi tu.

13
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Diéu nay khong phai lac nao ciing c6 loi vi néu ngay tir dau ta da cho 1a mang
nhanh hoi tu thi rat ¢6 thé mang s€ hoi tu s6m ngay tai mot cuc tiéu dia phuong gén
nhat ma khong dat dugc do sai s6 nhu mong mudn. Tuy nhién, dat gia tri budc hoc
qua nho thi mang s€ hdi tu rat cham, thAm chi mang co thé vuot duge qua cac cuc
tiéu cuc bd va vi vay din dén hoc mai ma khong hoi tu. Do vay, viéc chon héng sb
hoc ban déu 1a rat quan trong. Véi mdi bai toan ta lai c6 phuwong an chon hé s6 hoc
khac nhau. Nhu vdy, khi mot qua trinh huén luyén theo k¥ thuat lan truyén nguoc
hoi ty, ta chua thé khéng dinh dugc n6 d3 hoi tu dén phuong an t8i wu. Ta can phai

thir v6i mot sb diéu kién ban dau dé dam bao thu duoc phuong an t6i wu.
1.1.2.3. Hang sé qudn tinh

Téc d6 hoc cua giai thuat 1am truyén nguoc sai so ¢ thé dao dong khi hang
s6 hoc 16n. Mot phuong phap thuong ding cho phép sir dung hang sé hoc 16n 1a
thém thanh phan quén tinh vao cac phuong trinh hiéu chinh céc trong sd. Ngoai ra,
hang sd quan tinh ngan can sy thay doi dot ngdt cta cac trong s6 theo hudng khac
v6i huéng ma 101 giai dang di chuyén dén. Mit trai cta viéc st dung thanh phan
quan tinh 1a ching ta phai ting dang ké bo nhd ciia may tinh gan nhu gap d6i dé luu
trir cac gid tr1 hiéu chinh & chu ky trudec.
1.2. Nhan dang hé thong sir dung mang noron
1.2.1. Nhan dang h¢ thong
1.2.1.1. Tai sao phdi nhdn dang

Bai toan nhan dang 1a mot van dé dit 1én hang dau trong nhiéu céc linh vuc khéac
nhau nhu: dién tir y sinh, dién tr vién thong, hé théng dién, ty dong hoa va diéu
khién... Vi du nhu: nhan dang van tay, nhan dang ky tu, anh, tiéng no1, phat hién va
chan doan bénh... Xét trong linh vuc tu dong hoda va diéu khién, nhan dang hé théng
la mot trong nhirng cong viéc dAu tién phai thyc hién, n6 quyét dinh chat luong va
hiéu qua ciia cong viéc diéu khién hé théng. Tuy ra doi mudn nhung nhan dang da
phat trién rat nhanh va da c6 nhitng thanh tuu vugt bac. Nguyén nhan cua su phat

trién vugt bac d6 mot phan tir yéu cau thyc té, song c¢d 1€ phan chinh 1a nho co
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nhirng ho trg tich cuc cua cac nganh khoa hoc ¢6 lién quan nhu tin hoc, cac cong cu

tinh toAn mém noi chung va mang noron ndi riéng...
Vi du 1: Thiét ké rd bét giup nguoi khiém thi trong hoc tap va sinh hoat.

Hién nay, robot dugc coi nhu tam diém cua cudc cach mang 1én sau Internet. bé
thiét ké va ché tao duogc 16 bdt, ta can cb céc tri thic cta toan hoc, co hoc, vat 1y,
dién tir, Iy thuyét diéu khién, khoa hoc tinh toan va nhiéu tri thirc khac. Tai Viét
Nam, nghién ctru phat trién ré bdt di c6 nhirng budc tién dang ké trong thoi gian
via qua. Nhiéu don vi trén toan quéc thuc hién cac nghién clru co ban va nghién
cuu ung dung vé 1o bdt nhu Trung tdam Ty dong hod, Pai hoc Bach Khoa Ha Noi;
Vién Dién tu, Tin hoc, Ty dong hoa thuoc B§ Cong thuong; Pai hoc Bach khoa
TP.HCM; Vién Khoa hoc va Cong ngh¢ quan sy, Hoc vién Ky thudt Quan su, Vién
Co hoc; Vién Cong nghé¢ thong tin thude Vién KHCNVN. Céc nghién clru hién nay
tap trung nhiéu vao van dé xir 1y ngdn ngit tw nhién, nhan dang va tong hop tiéng
n6i, chir viét tay dic biét 1a tiéng Viét.

Vi du 2: Xét bai toan diéu khién theo nguyén tac phan hoi nhu trén hinh 1.1:

w(t) e(®) [Bo didu knién [ u(t) | DOituong y(t)
"| diéu khién g

Hinh 1.1: Diéu khién theo nguyén tac phan hoi dau ra

Mubn thiét ké duoc bo diéu khién hé kin cho dbi twong c6 duge chat luong
nhu mong mudn thi phai hiéu biét vé ddi tuong, tuc la can phai c6 mdt mo hinh toan
hoc mo ta ddi twong. Khong thé diéu khién ddi twong khi khong hiéu biét hodc hiéu
sai léch vé no. Két qua thiét ké bo diéu khién phu thudc rat nhidu vao mo hinh mo ta

d6i twong. M6 hinh cang chinh xac, chat lugng ciia viéc diéu khién cang cao.

Nhu vay, nhan dang la can thiét cho viéc ra quyét dinh ty dong va hd tro con
ngudi ra quyét dinh.

Vi¢ce xay dung md hinh cho doi tuong can nhan dang dugc goi 1a m6 hinh hoa.

Nguoi ta thuong phan chia cac phuong phap mo hinh hoa ra 1am hai loai:
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- Phuong phép 1y thuyét.
- Phuong phép thuc nghiém.

Phuong phap 1y thuyét 1a phuong phéap thiét 1ap mo hinh dya trén cac dinh luat
c6 sin vé quan hé vat Iy bén trong va quan hé giao tiép véi moi trudong bén ngoai
ciia d6i twong. Cac quan hé ndy dugc mo ta theo quy lut Iy — hoa, quy ludt cin

bang, ... dudi dang nhitng phuong trinh toén hoc.

Trong cac trudng hop ma su hiéu biét vé nhitng quy luit giao tiép bén trong
d6i twong v4i moi trudng bén ngoai khong duoc diy di dé co thé xay dung duoc
mot mo hinh hoan chinh, nhung it nhat tir d6 c¢6 thé cho biét cac thong tin ban dau
vé dang mo hinh thi tiép theo nguoi ta phai 4p dung phuong phap thuc nghiém dé
hoan thién ndt viéc xay dung mé hinh d6i twong trén co s& quan sat tin hiéu vao u(t)
va ra y(t) cia d6i tugng sao cho mé hinh thu dugc bang phuong phéap thyc nghiém
thoa mén cic yéu cau cua phuong phéap 1y thuyét dé ra. Phuong phap thuc nghiém

d6 duoc goi 1a nhan dang hé thong.
1.2.2. Nhén dang hé thong sir dung mang noron
1.2.2.1. Khd nang sir dung mang noron trong nhdn dang

Xét truong hop d6i tuong phi tuyén co do phtrc tap cao, néu sir dung phuong
phap giai tich thong thuong dé nhan dang sé rat kho khan, tham chi khong thuc hién
duoc do sy hiéu biét nghéo nan vé d6i tuong. Vi vay cac nha khoa hoc dad duaray
tudng l1a sir dung cong cu tinh toan mém nhu hé mo, mang noron, dai sb gia tir dé
Xép xi - chinh la nhan dang ddi tuong. Céc tai ligu [15], [23], [24] chi ra rﬁng, mang
noron 1a mdt trong nhitng cong cu hiru hi¢u dé nhan dang mo hinh doi tuong. Bﬁng
phuong phap nay ta khong biét duoc mé hinh toan thuc su ctia ddi twong nhung
hoan toan c6 thé dung két qua xap xi dé thay thé ddi twong.

Vi tinh phi tuyén ctia cac mang noron (ham kich hoat phi tuyén), chung duoc
dung dé mo ta cac hé thdng phi tuyén phirc tap. Cybenko d3 ching minh rang mot
ham lién tuc c6 thé xap xi tuy ¥ bang mot mang truyén thang vai chi mot 16p an.

Mang noron 12 mot trong nhirng cong cu nhan dang tot nhét vi cac dic trung

sau: Kha ning hoc tir kinh nghiém (kha ning duoc huin luyén), kha ning khai quat

16



Lugn dn Tién si Ky thugt 2013

hoa cho cac dau vao khong dugc huan luyén, vi du dua vao cach hoc mang c6 thé sé

tién doan dau ra tu dau vao khong biét trude.

Mang noron c6 kha ning xap xi cac ham phi tuyén mot cach ddy da va chinh
xac, n6 duogc str dung tot cho cic mé hinh dong hoc phi tuyén. Piéu quan trong
dugc st dung la thuat truyén nguoc tinh va dong ctia mang noron, n6 dugc st dung

dé hiéu chinh cac tham sé trong qua trinh nhin dang.

Nén tang cho tinh xdp xi ham ctia mang noron nhiéu 16p 1a dinh ly
Kolmgorov va dinh ly Stone — Weierstrass. Cac mang noron nhan tao dua ra nhiing
loi thé qua viéc hoc str dung phan loai va xir 1y song song, diéu nay rat phu hop véi
viéc dung trong nhan dang.
1.2.2.2. Mo hinh nhén dang hé théng siv dung mang noron

Khi xét mot bai toan diéu khién, trudc tién ta can phai c6 nhitng hiéu biét vé
ddi tuong: s6 dau vao, sd dau ra, cac dai lugng vat 1y vao ra, dai gia tri cua chung,
quy luat thay doi ciia cac dai lwong trong hé hay mé hinh toan hoc co ban cta nd,...
Tuy nhién khong phai ddi twong nao hay hé nao ciing cung cap duoc day du cac
thong tin nhu trén ciing nhu xdy dung dugc mé hinh thyc tir nhitng thong tin ay.
Viéc nhan dang la viéc dau tién va quan trong dé viéc diéu khién dat chat luong
mong mudn. Khi thong sb6 cua ddi tuong la can thiét dé viéc diéu khién dat chét
lugng mong mudn. Khi théng s6 ciia dbi tugng tu thay do6i trong qué trinh 1am viéc
(d6i twong phi tuyén) va co tinh dong hoc thi viéc nhin dang theo ching s& phirc tap
hon nhiéu so véi ddi tuong c6 thong sd bat bién.

Nhan dang thuong chia ra lam: nhan dang moé hinh va nhan dang tham s6.
Nhan dang mé hinh 14 qua trinh xac dinh mé hinh cta dbi tugng va thong so
trén co s& dau vao va dau ra cua doi tuong.

Mo hinh thu duge sau khi nhan dang goi 1a t6t néu né thé hién dugc dung dbi
tuong. Nhu vay cé thé sir dung mo6 hinh thay cho doi tuong dé du béo, kiém tra va
diéu khién. Mang noron dugc luyén dé mo hinh hoa quan hé vao ra cia ddi tuong.

Nhu vdy quy trinh nhin dang mé hinh c6 ban chat 1a thuat toan luyén mang.
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CAu truc mang noron giai bai toan nhan dang mé hinh rat da dang, tiy thudc vao
ting bai toan cu thé.

Nhan dang tham sb chinh 1a hudn luyén mang. M6 hinh co ban ctia mang

noron dugc luyén dé mé phong hanh vi cia dbi tuong gibng nhu mé hinh truyén

théng duoc biéu dién trén Hinh 1.2

» Ddi tuong
ILEEN
» Mang noron y

\

Hinh 1.2: M6 hinh nhdn dang co ban

Tin hiéu sai s0 ¢ = y — ¥ 1a co s& cho qua trinh luyén mang. Mang noron &

day co thé 1a mang nhiéu 16p hodc cac dang khic va c6 thé st dung nhiéu thuét

luyén mang khac nhau.
1.2.2.3.  Nhdn dang hé thong sir dung mang noron

Nhu vay nhan dang hé théng can hai giai doan do la lga chon mo hinh va tdi
wu tham sb. Déi voi mang noron dua vao nhan dang lua chon s6 nut an, sb 16p an
(céu tric cuia mang) tuong duong vdi mo hinh lya chon. Mang cé thé duoc huin
luyén theo kiéu giam sat véi ky thuat lan truyén nguoc, dua vao luat hoc sai sb hiéu
chinh. Tin hiéu sai sé dugc lan truyén nguoc qua mang. K¥ thuat lan truyén nguoc
str dung phuong phap giam gradient dé xac dinh cic trong ctia mang vi vy tuong
duong v6i ti wu tham sd. Mang noron dugc huin luyén dé xap xi mbi quan hé gitra
cac bién.

Mang noron dugc huéan luyén dé t6i thiéu ham sai sd. Mang duogc huéan luyén
dé t6i thiéu sai sb binh phuong giita dau ra cia mang va dau vao hé thong, xac dinh
mot ham truyén nguoc. Trong kiéu nhan dang nay dau ra cua mang hoi tu vé dau
vao hé sau khi huin luyén, vi vay mang ddc trung cho ham truyén nguoc cua hé.
Phuong phap nhan dang khac can phai hudéng dau ra hé thong téi dau ra ciia mang.

Trong kiéu ndy mang dic trung cho ham truyén thing ctia hé thong.
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Gia st cac ham phi tuyén dé mo ta hé thudc 16p ham di biét trong pham vi
quan tim thi cdu tric ctia md hinh nhan dang phai phu hop v6i hé théng. Voi gia
thiét cic ma tran trong ctia mang noron trong md hinh nhan dang ton tai, cing céc
diéu kién ban dau thi ca hé thng va mé hinh c6 cing luong ra véi bat ky luong
vao xac dinh. Do d6 qué trinh nhan dang thuc chét 1a diéu chinh tham s cia mang

noron dua vao sai 1éch gitra cac gia tri dau ra cia hé thé)ng va cta mo hinh.
1.3. Mt 16i diic biét khi luyén mang noron
1.3.1. Mt 16i diic biét khi luyén mang noron

Trong qua trinh nd lyc thoat ra khoi cac cuc tiéu yéu, cuc tiéu cuc bo va
nhimg mong mudn giam chi phi thdi gian thyc hién cia may tinh khi tim kiém
nghi¢m tdi wu thi van dé nghién cuu dac diém cua cac mit 13i thuong dugc chon
lam xuét phat diém cho viéc cai tién hay dé xuét cac thuat hoc moi. Khi néi vé
mang noron thi huin luyén chat luong mang duogc nhic dén nhiéu hon ca (loai hoc
c6 giam sat). Picu nay lién quan dén ham chat luong cia mang va dan dén khai
niém mit chit luong mang. Po6i khi ching ta con goi mit chat luong bang nhimg

thuat ngtr khac: mat sai s6, mit thuc thi, mat 15i.

Hinh 1.3 md td mdt mit sai s,
c6 mot vai didu dic biét can chu ¥ doi
v6i mit sai s6 nay d6 1a do doc bién d6i
mot cach manh mé trén khong gian

tham s6. Vi 1y do do, nd s& kho dé ma

Iwa chon mot toc d6 hoc phu hop cho 04
thuat toan giam dbc nhét. Trong mot vai

vung ciia mat sai so thi rat phang, cho

phép tdc do hoc 16m, trong khi cac vung

1

khac d6 doc 16m, yéu cau mot toc do (1)
Hinh 1.3: Mat sai so dang long khe

hoc nho. C6 thé ghi nhan rang c6 thé s&
khong dang ngac nhién lim ddi voi cac
ving phing ctia mit sai s6 boi mot 1y do chung ta ding ham truyén sigmoid cho

mang. Ham sigmoid rat hay dugc sir dung trong mang noron béi dac diém cua no

19



Lugn dn Tién si Ky thugt 2013

(bi chin, don diéu ting, kha vi) thich nghi véi cac k¥ thuat tdi wu kinh dién, ham
nay c6 dic diém 1a rat phiang ddi véi cac dau vao 16n.
1.3.2. Vi du vé bai toan din dén mit 15i diic biét

Pic diém khe ciia cdc bai todn t6i wu hod trong nganh nhiét[28]

Do dac thu ctua doi tuong nhiét, cac bai todn toi uu hoa trong nganh nhiét thuong cé
ham muc tiéu 1a phi tuyén, khong lién tuc, khong kha vi, ¢6 tinh chat khe r6 rét. Sau

day ta xét cu thé hon tinh chat khe va do khe ctia hAm cuc tiéu hod:

Gia str J(x) c6 dao ham bac 2 tai x ta co:

vzm:[M} I w1

Ma tran nay con goi 1a Hessian: H(x) = V2J(x). Gia st H(x) x4c dinh duong va c6
céc gia tri riéng sap x€p theo thit tu giam dan: A,(x) = A,(x) >.... 21, (x) > 0.
Néu xay ra: A(x) >> A, (X) (1.2)

thi J(x) s& thay d6i cham theo 1 huéng nhat dinh va thay doi rat nhanh theo huéng
vuong goc véi né. Khi d6 cdc mat mic ctia ham s6 bi kéo dai theo hudng thay doi
cham va vé ra trong mdt cét hai chiéu hinh anh 1 khe su6i hep nam giita 2 day ndi
song song. Tur d6 ma co6 tén 1a ham khe — ham co tinh khe ro rét.

Miic do kéo dai cdc mat miic quyét dinh do khe ctia ham muc tiéu. D€ 6 hon
vé do khe, trude hét ta xét ham bac 2:

J(x)=0,5(x, Ax) +(b,x) +¢c, x e E" (1.3)

Trong d6: A — ma tran xac dinh duong, b — véc to hang, ¢ —héng so.

Theo (1.1), Hessian cua (1.3) la H(x) = A. Gia sit A ¢6 céac gia tri riéng A, >

Ay 2.... 2h, > 0. DO uéc dinh cua ham bac 2 dugc xac dinh 1a: p(A) =4, / A,.
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Trén co s& do6 ta ¢6 dinh nghia do khe ctiia ham bac 2 la:

X AA) g A g a1 (14)

1A= 2

n

Trong d6 A(A) — gid tri riéng phu thuoc vao ma tran A. Gia tri do6 khe n(A)
cang 16n (do uGc dinh cta bai toan cang xau) thi cic mat mic cia ham muc tiéu
cang bi kéo dai.

Doi v6i cac ham J(x) phi bac 2, d0 uw6éc dinh mang y nghia cuc bo, déi véi

x‘eDg:  u(x)= Iim(sup”x — X*HZ [ inf Hx —~ X*HZJ (1.5)
eDo

550\ 4 xeDs

Trong d6 Dg 12 mién hitu han. Rd rang pu(x") > 1.

Theo (1.5) do udc dinh dac trung cho su kéo dai cac mat mic cua ham J(x)
tai 1an can x". Néu u(x") gidm dan t6i 1, thi cdc mat miic ti€n gin mat cau. Néu pu(x")
cang tang, thi cdc mat muc cang bi kéo dai, ham J(x) cang thé hién rd tinh khe, qua
trinh cuc tiéu hoa J(x) cang gap khé khan, do udc dinh clia bai toan cang x4u. Trong

thuc t€ tinh khe clia cdc ham muc tiéu thé hién rat da dang.

Do khe dac trung bai do doc cua vach khe, do rong va do doc cua long khe.
Long khe tao bdi tap cdc diém clia mién khe, ma tai 6 ham muc tiéu giam rat cham

theo moi huéng.

N6i chung khe ctia ham c6 thé thang hodc uon cong va kéo dai. Khe cang dai,
cang cong, hoac tai long khe ham muc tiéu khong kha vi lién tuc (long khe gay) thi
bai toan t6i vu hod cang khé giai. Tinh chat khe d6 cua cac bai toan thuc t€ mang y

nghia toan cuc.
Sir dung mang norvon dé nhin dang déi twong

Véi cac hé thdng co d6 phi tuyén cao thi lam thé nao dé nhan dang ddi tuong
luon 1a mot cau hoi dit ra voi chung ta. Vi tinh phi tuyén cta cac mang noron (ham
kich hoat phi tuyén), chung duoc ding dé mé ta cac hé thong phi tuyén phic tap.
Cybenko di chirng minh rang mot ham lién tuc c6 thé xap xi tuy ¥ bang mdt mang

truyén thang voi chi mot 16p an.
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Nhu d3 biét luyén mang noron c6 hai qua trinh, qué trinh anh xa va qua trinh

hoc. Hoc thuc chét 1a qua trinh lan truyén nguoc.

Thuat hoc lan truyén nguoc 1 thut toan hay duoc st dung nhét trong qua
trinh luyén mang noron. Lan truyén ngugc giam dbc nhit (SDBP) ciing nhu LMS,
n6 cling 1a mot thudt toan xap xi giam dbc nhat cho viéc cyuc tiéu trung binh binh
phuong sai s6. That vy, lan truyén nguoc giam doc nhat 1a twong dwong thuét toan
LMS khi st dung trén mang tuyén tinh mot 16p. Khi 4p dung voi cac mang nhiéu
16p thi lan truyén nguoc giam doc nhit (SDBP) lai hoan toan khac, boi trong cac
mang nhiéu 16p thi trung binh binh phuong sai s6 lién quan dén mang tuyén tinh
mot 16p va cac mang phi tuyén nhiéu 16p. Vay, thuc hién k¥ thuat lan truyén nguoc
chinh Ia giai bai toan t61 vru tinh v&i ham muc tiéu 13 mat sai so.

Hinh dang ctia mat sai sb phu thudc vao sb 16p noron va loai ham kich hoat.
Trong khi mat sai s6 véi mang tuyén tinh mét 16p c6 mdt cuc tiéu don va do ddc
khong ddi, mat sai sd vai mang nhiéu 16p co thé c6 nhiéu diém cuc tiéu cuc bd, co
thé bi kéo dai, udn cong tao thanh khe, truc khe va do dbc co thé thay doi & mot dai

rong trong cac vung khac nhau cua khong gian tham so.

Thuc té, viéc chon ham kich hoat nhu thé nao, chon $6 16p mang noron béng
bao nhiéu phu thudc vao ddi tuong can xép xi. Nhu vay, do do phuc tap cua doi
tugng can xap xi khac nhau nén ham muc tiéu rat khac nhau va din dén qua trinh
hoc (giai bai toan t6i wu) c6 thé rat phirc tap.

bic biét khi dbi tuong can xép xi dan dén ham muc tiéu c6 dang long khe (vi
du nhu d6i tuong nhiét) thi qua trinh hoc rat khé khan tham chi khong hoi tu néu ta

st dung cac bd cong cu c6 trong Toolbox ctia Matlab.

1.4. Mo phong qua trinh luyén mang noron khi sir dung Toolbox cia
Matlab

1.4.1. Vi du v6i mang noron c6 mit 16i binh thwong
Xét hé thong phi tuyén can nhan dang ¢c6 mo hinh toan hoc nhu sau:
f (u) = 0.6 sin(w.u) + 0.3 sin(3.w.u) + 0.1 sin (5.7.u)

Tin hiéu vao: u (k) = sin(2m.k/250)
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Mang noron duoc ding 12 mang truyén thang 3 16p c6 mot dau vio va mot
dau ra. Cac trong s0 trong mang noron dugc di€u chinh & cac khoang T;=1 st dung

lan truyén ngugc tinh.
Chuwong trinh

% Chuong trinh duogc ghi trong file vd1. m — d:\work.

% Cac thoi diém 14y mau

k=0:1:500;

% Tin hi¢u vao u(k) cé dang

u=sin(2*pi*k/250);

% Ham f[u(k)] hay ciing 1a két xuit dich cia mang
f=0.6*sin(u*pi)+0.3*sin(3*u*pi)+0.1*sin(S5*u*pi) ;

pause

% NEWFF — tao mot mang noron truyén thing

% Tao moOt mang noron truyén thang cé ba 16p:

% L6&p nhap 8 noron tansig, 16p 4n 8 noron tansig, 16p ra ¢6 1 noron tansig
% Gi6i han ddu vao nam trong khoang [-1 1]

net=newff([-1 1],[8 8 1],{'tansig" ' tansig" ' purelin'});

pause

% TRAIN huén luyén mang noron

% Ki nguyén luyén mang 16n nhat cho phép
net.trainparam.epochs=1000;

% Tan s6 hién thi qua trinh

net.trainparam.show=20;
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% Sai s6 muc tiéu clia mang

net.trainparam.goal=0.00001;

% Luyén mang véi két xuat dau vao u, két xuét dich 1a f

net=train(net,u,f);

pause

% Khi két thic qua trinh luyén mang ta ding va dua mang vé thudc tinh ctia n6
% ADAPT cho phép mang noron tu thich nghi

[net,y,e]=adapt(net,u,f);

Két qud moé phong

Sau khi khoi dong phdn mém Matlab, tai dau nhic & clta s6 Matlab Comand

window ta go: >>vdl .
Khi d6 chuong trinh s€ mo phong va cho két qua nhu sau:

Hinh 1.4 1a ki nguyén luyén mang, bi€u thi céc budc tinh trong s6 clia mang.

Muc tiéu sai s6 thuc thién dugc sau 65 budc tinh.

¥ Training with TRAINLM
File Edit Tools “Window Help

DEzdE 8 A A, 220

3 Perdormance is 8. 49654e-006, Goal is 1e-005

10

10

10

Training-Blue Goal-Black

10 L L L L L L
] 10 20 30 40 a0 B0
65 Epochs

Hinh 1.4: Ky nguyén luyén mang vi du 1
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1.4.2. Vi du v6i mang noron c6 mit 16i diic bigt

Pé minh hoa, tac gia dé xuét ciu trac mang no ron dé nhan dang cac chit s6: 0,
1, 2,...,9. Trong d6 ham sigmoid duoc sur dung lam ham kich hoat. Vi du nay s¢€ theo
ching ta qua cac chuong cua ludn an. Ciing xin dugc noi, nhan dang chir s6 c6 thé
khéng sinh ra ham muc tiéu c6 dang 1ong khe. Nhung & ddy, dé thudn loi cho qué
trinh minh hoa, tac gia chon vi du nay va chon ham kich hoat 1a ham sigmoid véi

muc dich dé sinh ra mit sai s6 c6 dang long khe [4].

Pé biéu dién cac chit s, ching ta st dung mdt ma tran 5x7 =35 dé ma hoa cho
mdi ky tr. Twong Gmg véi mdi vecto ddu vao x 1a mot vecto cé kich thude 35x1,
vO1 cac thanh phén nhan céac gia tri hoac 0 hodac 1.Nhu vay, ta co thé Iya chon 16p
noron dau vao c6 35 noron. Pé phan biét dugc mudi ky tu, chung ta cho 16p dau ra
cua mang la 10 noron. DPdi véi 16p an ta chon 5 no ron, ta duoc ciu tric mang nhu

hinh 1.5, trong do:
- Véc to du vao x, kich thude 35x1
- Véc to dau ra 16p an y, kich thude 5x1
- Véc to dau ra 10p ra z, kich thude 10x1
- Ma tran trong sb 16p an: Wl’l, kich thudc 35%5

- Ma tran trong ) 16p ra: Wz’l, kich thudc 5x10

ditu chinh
trong 80 1
—x1 z] —> 0 o 1 (L o
—x2 72 —>
351 3 S d}o o 1 jo Jo o
dau xi q— o fo o fo
Vao
— 3 —0 8 —> 1t e
x34 79 —>
35— (O# z10—>| o jo o
1 o 0o jo |1
35 noTon 5 noron 10 noron
Lép vao Lép an Lépra 0 (1 |1 {1 [0

Hinh 1.5: Cdu triic mang noron cho nhan dang chi
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Ham f duoc chon 12 ham sigmoid vi thue té ham nay ciing hay duoc dung cho
mang noron nhiéu 16p va hon nita do dic diém ctia ham sigmoid rat dé sinh ra mat
sai s6 c6 dang long khe hep. Phuong trinh ctia ham sigmoid 1a: f =1/ (1+ exp(-x))

Ham sai s sir dung cho luyén mang: J :O.5*(z—t)2 v6i z 13 dau ra caa noron

16p ra va t 14 gia tri dich mong muén.

3 Training with TRAINGD [E)[E][BE] - Trainingwith TRAINGDM

00 200 00 400 GO0 GO0 700 GO0 &00 10
1000 Epachs

Performance is 0.0594573, Goal is 0.05 Parfarmance (s 00580271, Gual (5 0,06

T 40 e e D 70 140 60 Ts0 20
uuuuuuuuu Stop Treining | 201 Epachs

Hlnh 1 6: Cac ket qua luyen mang no ron voi cac phwong phdp lan

truyén nguwoc khdc nhau (traingd, traingdm, traindyx, trainda)

Hinh 1.6 trinh bay két qua cua qua trinh luyén mang cho bai todn nhan dang chir
v6i cac k¥ thuat lan truyén nguoc sai s6 theo phuwong phap Batch Gradient Descent
(traingd), Batch Gradient Descent with Momentum (traingdm), Variable Learning
Rate (traingda, traingdx). Cac phwong phap nay déu duogc tich hop trén Neural
Network Toolbox ctia Matlab. Nhin chung cac phuong phap déu cho két qua kha
tdt, tuy nhién dé dat duoc do chinh xac nhu mong mubn thi thoi gian can thiét cho
luyén mang 1a kha 16n. Tham chi c6 truong hop tin hiéu 18i hau nhu thay d6i rét it
qua cac chu ky luyén mang.

1.5. Toéng quan vé tinh hinh nghién ciru trong va ngoai nwéc
1.5.1. Piém qua mot s6 cong trinh nghién ciru vé mang noron va img dung

Céc nghién ciru vé bd ndo con ngudi di duoc tién hanh tir hang nghin nim
nay. Cung véi su phat trién cua khoa hoc ki thuat dic biét 1a nhitng tién bod trong
nganh dién tir hién dai, viéc con nguoi bat dau nghién ctru cac noron nhan tao la

hoan toan tu nhién. Sy ki¢n dau tién danh dau sy ra doi cia mang noron nhan tao
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dién ra vao nam 1943 khi nha than kinh hoc Warren McCulloch va nha toan hoc
Walter Pitts viét bai bio mo ta cach thirc cac noron hoat dong. Ho ciing da tién hanh
xay dung mdt mang noron don gian béng cac mach dién. Cac noron cua ho duoc
xem nhu 13 cac thiét bi nhi phan véi ngudng cb dinh. Két qua ctia cic mo hinh nay

1a cac ham logic don gian chang han nhu “a OR b” hay “a AND b”.

Tiép budc cac nghién ctru ndy, nim 1949 Donald Hebb cho xuit ban cubn
sach Organization of Behavior. Cudn sach da chi ra rang cic noron nhén tao sé& trd

l1én hiéu qua hon sau moi lan chiing dugc st dung.

Nhiing tién bd ctia may tinh dau nhitng nim 1950 giup cho viéc mé hinh hoa
cac nguyén 1y cta nhirng 1y thuyét lién quan t6i cach thirc con nguoi suy nghi da tro
thanh hién thuc. Nathanial Rochester sau nhiéu nim lam viéc tai cac phong thi
nghiém nghién ctru ciia IBM di c6 nhiing nd luc dau tién dé moé phong mot mang
noron. Trong thdi ki nay tinh toan truyén thong di dat duwoc nhitng thanh coéng ruc
1& trong khi d6 nhitng nghién ctru vé noron con & giai doan so khai. Mic du vay
nhimg nguoi tng ho triét 1y “thinking machines” (cac may biét suy nghi) van tiép

tuc bao vé cho lap truong cia minh.

Nam 1956 dy an Dartmouth nghién ctu vé tri tué nhan tao (Artificial
Intelligence) dd md ra thoi ky phét trién méi ca trong linh vuc tri tué nhan tao 1an
mang noron. Tac dong tich cuc cia né 1a thac day hon nita Sy quan tdm cua cac nha
khoa hoc Vé tri tué nhan tao va qué trinh xtr Iy & mic don gian cua mang noron

trong bd ndo con nguoi.

Nhitng nam tiép theo cua du an Dartmouth, John von Neumann di dé xuét
viéc mé phong cac noron don gian bang cach sir dung role dién ap hodc dén chan
khong. Nha sinh hoc chuyén nghién ctru vé noron Frank Rosenblatt ciing bat dau
nghién ciru vé Perceptron. Sau thoi gian nghién ctru nay Perceptron di dugc cai dit
trong phan cirg may tinh va dugc xem nhu 13 mang noron 1au doi nhét con duoc sir
dung dén ngay nay. Perceptron mot tang rat hitu ich trong viéc phan loai mot tap
céc dau vao co gi tri lién tyc vao mot trong hai 16p. Perceptron tinh tong co trong
s6 cac dau vao, roi trir tong ndy cho mot ngudng va cho ra mot trong hai gia tri
mong mudn cé thé. Tuy nhién Perceptron con rat nhiéu han ché, nhiing han ché nay
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da duogc chi ra trong cudn sach vé€ Perceptron ciia Marvin Minsky va Seymour

Papert viét nim 1969.

Nam 1959, Bernard Widrow va Marcian Hoff thudc truong dai hoc Stanford
da xay dung mo hinh ADALINE (ADAptive LINear Elements) va MADALINE.
(Multiple ADAptive LINear Elements). Cic mé hinh nay st dung quy tic hoc
Least-Mean-Squares (LMS: Téi thiéu binh phuong trung binh). Thuit hoc Widrow
— Hoff thudc loai thuat hoc toi wu hoa chét lugng mang, nd cling dugc xem nhu la

tién than cta thuat hoc lan truyén nguoc.

Mang ADALINE cua ho rat giong v6i Perceptron, trir ham truyén 13 tuyén
tinh. Ca ADALINE va Perceptron cung chiu mot gi¢i han nhu nhau, d6 1a cdc mang

ctia ho chi c6 thé giai cac bai toan ma c6 thé phan ly tuyén tinh.

Thuat toan LMS tim thay nhiéu tng dung thuc t& hon luit hoc Perceptron.
Diéu nay dac biét ding trong linh vuc cta xir 1y tin hiéu sb. Vi du, hau hét cac

duong dién thoai dai str dung cac mang ADALINE cho viéc loai nhiéu.

Huén luyén theo phuong phap Widrow-Hoff 1a mot thuat todn xap xi giam
dbc nhat, trong d6 ham muc tiéu, hay con goi 1a ham chat luong, 1a binh phuong
trung binh sai sd. Thudt toan ndy quan trong boi hai i do. Tht nhét, nd duogc sir
dung rong rii trong cac ung dung xur 1y tin hiéu s6. Thir hai, nd giup ta dén voi k¥

thuat lan truyén nguoc cho cic mang nhiéu 16p néi chung mot cach dé dang hon.

Mic du thuat toan LMS thanh cong trong viéc xur 1y tin hiéu nhung lai thiéu
thanh cong trong viéc thich nghi cho cdc mang nhiéu 16p. Widrow da dimng lam viéc
v6i cac mang noron trong nhirg nim 1960 va bat dau danh hét thoi gian 1am viéc
v6i xu 1y tin hi€u thich nghi, 6ng tré lai véi mang noron trong nhitng nam 1980 véi

viéc st dung mang noron trong diéu khién thich nghi.

Luat hoc Perceptron ctua Frank Rosenblatt va thuat toan LMS cua Bernard
Widrow va Marcian Hoff di duoc thiét ké dé hudn luyén cic mang gidng nhu
Perceptron mot 16p. Cac mang don 16p chiu mot su bat loi rang ching chi c6 thé

giai quyét cac 16p bai toan c6 thé phan ly tuyén tinh.
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Nhitng nam 60 mot Vién si thudoc Vién Han Lam Nga dugc coi la nguoi
tién phong trong viéc nhin dang hé théng trén co s st dung mang noron. Ly
thuyét ndy dugc cong bd trong S1. 3. Llpimkun, AganTanus d OGydeHHE B
aBTOMATHYECKMX CHCTeMax, [JaBHas pemakius (QpHU3HKO-MaTeMaTHYeCKOM

mutepaTypsl u3a-sa «Hayka», M., 1968, 400 ctp.

Trong luan van cia Paul Werbos nam 1974, da trinh bay thuat toan trong ngit
canh cua cac mang néi chung, voi mang noron nhu 1a mét truong hop dac bi¢t. Cho
dén tan nhitng ndm 1980, k¥ thuat lan truyén nguoc méi dugc nghién ctru lai va mé
rong mot cach ddc 1ap bdi David Rumelhart, Geoffrey Hinton va Ronald Williams;
David Parker, va Yanm Le Cun. Thuat toan da dugc phé bién hoa badi cudn sach
Parallel Distributed Processing ciia nhom tac gia David Rumelhard va James
McClelland. Viéc phé bién cua cudn sach nay khich 1€ mot dong thac cua viéc
nghién ctru Ve mang noron Perceptron nhiéu 16p, duoc huén luyén béi k¥ thuat lan

truyén ngugc, ma hién nay dugc str dung rong rai trong mang noron.

Niam 1982 trong bai bao gui téi vién khoa hoc qudc gia, John Hopfield bang
su phan tich toan hoc ro rang, mach lac, 6ng da chi ra cach thic cac mang noron
1am viéc va nhitng cong viéc chiing c6 thé thuc hién duge. Coéng hién ctia Hopfield
khong chi & gia tri ctia nhitng nghién ctru khoa hoc ma con & sy thic day trd lai cac

nghién ctru vé mang noron.

Ciing trong thoi gian nay, mdt hdi nghi vdi su tham gia cua Hoa Ky va Nhat
Ban ban vé viéc hop tac/canh tranh trong linh vuc mang noron da duogc to chuc tai
Kyoto, Nhat Ban. Sau héi nghi, Nhat Ban da cong bd nhiing nd luc cua ho trong
viéc tao ra may tinh thé hé thu 5. Tiép nhan diéu do, cac tap chi dinh ky cua Hoa Ky
bay to su lo lang rang nudc nha cé thé bi tut hau trong linh vuc nay. Vi thé, ngay
sau do, Hoa Ky nhanh chéng huy dong qui tai trg cho cac nghién ctru va ing dung

mang noron.

Nam 1985, vién vat ly Hoa Ky bat dau to chic cac cudc hop hang nim vé

mang noron tng dung trong tin hoc (Neural Networks for Computing).
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Nam 1987, hoi thao quéc té dau tién vé mang noron cua Vién céc ky su dién
va dién to IEEE (Institute of Electrical and Electronic Engineer) da thu hat hon
1800 nguoi tham gia.

Trong nhiing thap nién 1980, 1990 céac thuat hoc phat trién cho mang noron
d6ng LDDN (Layered Digital Dynamic Network) trén co sd lan truyén nguoc, d6 1a
lan truyén nguoc xuyén thoi gian BPTT (BackRropagation-Through-Time) va thuét
hoc hdi qui thoi gian thue RTRL (Real_Time Recurrent Learning) ding cho LDDN.

O Viét Nam, tir nhitng nam 90, cling da co rat nhiéu nha khoa hoc quan tam
dén 1y thuyét vé mang noron va nhitng tmg dung ctia né trong nhiéu linh vuc khac
nhau. Tién phong trong viéc dua kién thitc vé mang noron pho bién dén doc gia 1a
quyén sach “Tri tué nhén tao, Mang noron phirong phdp va g dung”’ ctia Nguyén
Pinh Thic, NXB Gido dyc nim 2000. Tiép d6 phai ké dén quyén “Hé mo, mang
noron va ng dung”’ cia Bui Cong Cuong, Nguyén Doan Phudc, NXB Khoa hoc va
Ky thuat Ha noi, 2001; quyén “Hé mo & noron trong ky thudt diéu khién” cia
Nguyén Nhu Hién, Lai Khic Lai, NXB Khoa hoc tu nhién va cong nghé. Con

nhitrng cong trinh nghién ctru vé mang noron c6 thé ké dén nhu:

% Nguyén Ky Phung, Nguyén Khoa Viét Truong, “Mé hinh hod cdc qud trinh
xwe ly nuoc thai bcfng mang noron nhan tao”, Truong Pai hoc Khoa hoc Tu

nhién Pai hoc Quéc gia Thanh phé H6 Chi Minh.

> Dbi tuong 1a moé hinh bé xur Iy nude thai, cac tic gia da xdy dung mod
hinh, t6i wu hoa qué trinh luyén mang va di kiém ching két qua véi sai
sO nho.

> Di xdy dung duoc chuong trinh tng dung mang noron cho du bao chat
luong dau ra cta hé thong xtr Iy nudce thai. Cung voi thuat toan t6i wu hoa
mang noron khi cho sb nut an thay ddi dé tim ra cau trc mang toi wu
nhat. Chuong trinh da thé hién 16 wu viét so v6i chuong trinh mang noron

cua Matlab.

» Thuat toan t6i vu hod qua trinh luyén mang 1a mot budc cai tién so voi

cac chuong trinh mg dung mang noron thong thuong, chang han nhu
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Matlab. Vi qua trinh 13p lai nhiéu 1an va ghi nhin nhimg mang cho két
qua t6t nhat sau mdi 1an lip, ta co thé chon dugc mang cho két qua tdt

hon va sai s6 6n dinh hon.

% PO Trung Hai (2008) “Ung dung Iy thuyét mo va mang noron dé diéu khién

1.5.2.

hé chuyén dong”, Luan an tién s¥, Truong Dai hoc Bach khoa Ha Noi.

» Nghién ctru va dé xuat cau tric hé mo - noron véi soO 16p va sO noron

thich tmg (5 16p va sb noron 16p 2 t6i thiéu 1a 2 noron) nham dam bao do

chinh xac va tdc d6 tinh toan cho hé diéu khién thoi gian thyec.

Xay dung thuét toan nhan dang truc tuyén, cap nhat thich nghi thong s6
nhdm dam bao t6i thiéu hoa sai léch phuc vu cho viéc nhan dang va diéu
khién hé. Viéc ing dung dai sd Lie va diéu khién theo phuong phap tuyén
tinh hoa chinh xac thich nghi c6 kha ning ung dung tong quat cho mot

16p hé diéu khién chuyén dong.

Vi hé chuyén dong cu thé va phirc tap 14 hé khép ndi mém cong trinh da
dua ra thuat toan mo phong hé. Cac két qua mo phong da chimg to tinh
ding din cua luat nhan dang va diéu khién, ciu trtc cling nhu mé hinh

diéu khién hé chuyén dong.

Ciac cong trinh trong va ngoai nwéc nghién ciru vé thuat toan hoc ciaa

mang noron

Nhitng nim gan day, nhitng bién thé cta thuat hoc lan truyén nguoc van

duoc quan tam nghién ctru va dugc cong bdé nham nang cao téc do hoi tu cua qua

trinh luyén mang.

K§ thuat lan truyén nguoc & day l1a lan truyén nguoc 18i (hay sai s) trong

mang, ham 161 (hay ham sai s6) thuong chon 1a ham ma n6 t61 thi€u hoéd dugc sai s6

trung binh binh phuong. Chinh vi vy, trong qua trinh nd luc thoat khéi cac cuc tiéu

yeu, cuc ti€u cuc bd va nhitng mong muon gidm thoi gian thyc hién cua may tinh

khi tim ki€ém nghi¢m t6i wu, thi van dé nghién ctru dac diém cua cac mat 161 thuong

dugc chon lam xuat phat di€ém cho viéc cai tién hay dé xuat cac thuat hoc mai.

Trong cac nghién ctru nham cai thién thuat toan, ngudi ta thuong tim cach thay doi
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budc hoc dé cho phép c6 thé vuot qua nhitng cuc tri dia phuong. Khong c¢6 mot gia
tri budc hoc xac dinh ndo cho cac bai toan khac nhau. Vi mdi bai toan, budc hoc
thudng duoc lwa chon bang thuc nghiém theo phuong phap thir va sai, hodc s& c6

budc hoc phu hop véi tirng dang bai toan riéng biét.

Sau day la mdt so cac cong trinh khoa hoc quan trong, dé€ cap dén van dé cai

tién k¥ thuét lan truyén nguoc nguyén thuy anh huéng dén ndi dung cia luén an.

% Céc cong trinh nghién ctru ciia Hagan, M.T., va cac cdng sy vé mang noron, tiéu
biéu 13 cudn “Neural Networks Design”, PWS Publishing Company, Boston,
1996.

% Cong trinh cua Kandil N., Khorasani K., Patel R.V., Sood V.K., “Optimum
learning rate for backpropagation neural networks”, Canadian Conference on
Electrical and Computer Engineering, pp: 465-468 vol.1, 1993. Bai bao nay da
dua ra thoi gian thay doi tbc do hoc tap toi wu cho cac mang BP. Két qua cho
thay thoi gian huan luyén c6 thé giam dang ké trong khi khong gay ra bat ky dao

dong trong qua trinh huan luyén do.

¢ Cong trinh cua Dimitri P. Bertsekas, “Nonlinear programming, 2nd Edition,
2004”. Bertsekas néi rat ti mi vé cac van dé cu thé ta thuodng phai d6i mat khi st
dung mot thuat toan tdi wu. Vi dy, néu dung gidm dbc gradient thi can phai tinh
dén chuyén diéu khién cap nhat budc nhay nhu thé nao,... Trong quyén sach nay
mo ta kha ddy du cac phuong phap cd dién khac nhu conjugate gradient, golden

section,...

¢ Mohammed A. Otair, Woalid A. Salamed “Speeding Up BackPropagation Neural
Networks”, Jordan University of Science and Technology, Flagstaff, Arizona,
USA — June 16-19,2005. Bai bao nay trinh bay vé viéc cai tién thuat hoc lan
truyén nguoc, thudt hoc cia ho co tén la OPB, Optical BackPropagation. Noi
dung chinh cua thuat hoc 1a viéc st dung ham e mii cho vi¢c tinh toan sai s6 dau
ra clla mang, “sai s6 dau ra” = (1+exp(“gia tri mong mudn”-“gia tri hién thoi”))

29 ¢¢

néu “gid tri mong mudn”-“gia tri hién thoi” khong am va “sai s6 dau ra” = -

(1+exp(*“‘giad tri mong muon”-*“gia tri hién tho1”)) néu “gia tri mong mudn”-*“gia

tr1 hién thoi” am; thay vi viéc tinh sai s6 dau ra cia mang nhu truyén thong “sai
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99 ¢¢

sO dau ra” = “gid tri mong muon”-“gia tri hi€n thoi”. Va ho ching minh rang véi

vi€c tinh todn sai s6 nhu vay, toc dd hoi tu s€ nhanh hon.

Cong trinh cua Chi-Chung Cheung, Sin-Chun Ng, “The multi-phase method in
fast learning algorithms”, International Joint Conference on Neural Networks
(IJCNN) 2009, pp: 552-559. Bai bao nay dua ra phuong phap cai tién k¥ thuat
lan truyén nguoc BP with two-phase magnified gradient function (2P-
MGFPROP). Cu thé phuong phap 2P-MGFPROP dugc ting cudng bang cach
phan chia qua trinh hoc cia mang ra nhiéu giai doan, véi mdi giai doan thich
nghi khac nhau s€ chon mot thuat todn hoc khac nhau. Céc két qua thuc nghiém
cho théy, tbc d6 hoi tu nhanh hon gép 2 1an so vé6i cac thuat toan hoc nhanh hién
Co.

Cong trinh cua Islam, M.; Rana, M.R.; Ahmed, S.U.;Enamul Kabir,
A.N.M.; Shahjahan, M. “Training neural network with chaotic learning rate”
International Conference on Emerging Trends in Electrical and Computer
Technology (ICETECT), pp: 781 — 785, 23-24 March 2011. Cac tac gia dé cap
dén viéc thay ddi budc hoc mot cach hdn loan “chaotic learning rate” trong qua
trinh cap nhat trong sb. D& xut nay da duoc kiém nghiém qua 6 bai toan trong
bo dit liéu dung dé phan loai nhu ung thu va, tiéu dudng, bénh tim, thé tin dung
Uc, ngua va thuy tinh. Phuong phap méi nay nhanh hon so véi BP vé kha ning

khai quat va cling nhu tbc d6 hoi tu.

Cong trinh nghién ctru ciia PGS.TS. Nguyén Quang Hoan “Nhdn dang ky tw viét
tay tiéng Viét sir dung mang lan truyén ngwoc” dang trén bao cao cia hoi nghi
Tu dong hoa toan qudc lan thir 6 (VICAG), 2004. Bai viét nghién ciru viée két
hop mang noron dong voi giai thuat di truyén cho nhan dang am tiét tiéng Viét.
Dé thuc hién, tic gia di sir dung mang no ron dong véi cac phan tir tré va thuét
hoc lan truyén nguoc 16i. Trong d6, giai thuit di truyén déng vai trd tdi uu cac
trong s6 cho mang noron nhim ting hiéu qua nhan dang.

Cong trinh nghién ctru cua Nguyén Si Diing, Lé Hoai Quéc,“Mét sb thuat toan vé
huén luyén mang noron network trén co sé phuong phap conjugate Gradient”,

DPai hoc Cong nghi¢p TPHCM va DPai hoc Bach khoa TPHCM.
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> Tac gia dd tim di huéng di moi day trién vong 1a xay dung thuit toan méi
vé luyén mang dua vao phuong phap Conjugate Gradient, trong d6 dit

muc tiéu la cai thién toc do hoi tu ciia qua trinh huan luyén mang noron.

> Trong bao cao nay di trinh bay co s& toan hoc ctia van dé cua phuong
phap Conjugate Gradient va mot thuat toan méi dugc viét trén Matlab 7.1
dé huan luyén mang noron. Xong d6i twong ma tac gia ap dung la dbi

tugng phi tuyén tinh.

> Phuong phap nay c6 y nghia trong huin luyén mang truc tuyén online va

mg dung nhan dang va diéu khién trong méi trudng dong.

Trong qua trinh luyén mang noron, mot nhan t6 khac ciing tac dong rat 16n
dén van dé tim nghi¢m tdi wu d6 12 bo trong s6 khoi tao ban dau. Trong k¥ thuat lan
truyén ngugc nguyén thuy va cac thuat toan khac, bd trong sé ban dau dung cho
luyén mang déu duoc chon ngau nhién co thé tha coéng hay tu dong trong mot
khoang nao d6. Pa c6 nhiing cong trinh chimg minh duoc rang, thay vi bang cach
khéi tao ngéu nhién hay tim b trong s6 khéi tao tdi wu cho qua trinh luyén mang.
Trong s6 khoi tao da duoc cong nhan rong rai 1a mot trong nhitng phuwong phép tiép
can hiéu qua trong viéc thic dau cong tac dao tao mang noron [31-43]. Tiéu biéu co
thé ké dén nhu: Nghién ctru cua Shepanski li€én quan dén viéc dao tao mot mang
truyén thang nhiéu 16p [38]. Trong lugng tdi vu duoc xac dinh bang cach sir dung
phuong phap tinh binh phuong nho nhat dira trén mot ma tran tiéu chuan. Pdi véi
mang mot 16p 4n, ong dé nghi st dung mot trong hai phuong phap moé phong mém
déo hodc giai thuat di truyén dé khai tao cac trong sb lién két gitta dau vao va 16p
an, sau d6 trong lugng dau ra dugc tinh toan sir dung phan tach gia tri. Pay 1a mot
phuong phap tinh toan rat phirc tap. Con Yam va Chow dé xuét hai phuong phap
khéi tao trong luong dua trén phuong phap binh phuong nhé nhat [40][41]. Trong
[40], hé thong duoc gia dinh 14 tuyén tinh. Cac thong s6 dau vao va dau ra thu duoc
bang phuong phap binh phwong nho nhit tuyén tinh. Tir cic théng sb nay, trong
lugng ban dau tdi wu gitta cac 16p duoc xac dinh. Tuy nhién, thuat todn nay khong
ap dung cho mang noron trong d6 sb noron 16p an 1a nhé hon sb noron trong cac

16p trude d6 cong véi mot. Trong [41], cac két qua dau ra cta 16p an duoc gan gia

34



Lugn dn Tién si Ky thugt 2013

tri trong ving khong bio hoa va trong lwong ban dau téi wu gitra dau vao va 16p 4n
dugc danh gia bang phuong phap dai sé tuyén tinh. Tuy nhién, mét s6 diéu tra khac
chi ra rang, mang noron khdi tao véi [41] d6i khi thu dugc mot tdi vu dia phuong

xau, xac suat bi mac ket cho mdt s6 ung dung c6 thé 1én dén 10%.

Nam 1990, Nguyen va Widrow thiic ddy qué trinh ddo tao cia mang noron
bang cach thiét 14p trong luong ban dau cta 16p an [36]; vi vay, mbi nut an dugc
gan thém mot loat cac chirc ning mong mudn khi bit dau luyén mang. Thong qua
xap ham kich hoat voi cac phan doan tuyén tinh, trong luong dugc danh gia. Tiép
theo, cac ngudng ciia mang dugc lua chon béng cach gia dinh cac bién dau vao bién
thién tir -1 dén 1. Osowski md rong ¥ tudng cua Nguyen va Widrow. Ong dé nghi
mot phuong phap dé xac dinh s6 luong noron 16p an va st dung thong tin dau ra
mong mudn y=f(x) dé xac dinh trong luong ban dau [37]. Trong vi du duoc
Osowski dua ra, trong lugng t6i vu thu duge sau khi luyén mang noron béng thuat

toan BP rat gén vo1 trong lugng ban dau duoc dé xuit boi thuat toan méi cua ong.

Hisashi Shimodaira dé& xuat mot phuong phap goi 1 thiét 1ap gia tri ban dau
t6i wu (Optimal initial value setting-OIVS) dé xac dinh su phan bd cac gia tri ban
dau cia trong s6 va chiéu dai cua vecto trong [39]. Con Drago va Ridella dé xuat
phuong phap goi 1a SCAWI (Statistically controlled activation weight initialization)
dé tim cac trong s ban dau tdi vu [33]. Ho xac dinh d6 16n t6i da cua trong luong
thong qua phan tich thong ké. C6 thé néi viéc anh huong cia bd trong sd ban dau
dén két qua luyén mang noron 1a khong phai ban cai; tuy nhién, méi mdi mot mang
khac nhau, lai c6 nhitng phuong phap khac nhau phu hop. Nhiing cong trinh nghién

ctru gan day c¢6 anh hudéng dén ndi dung cua luan an:

% Cong trinh cua Y. F. Yam, T. W. S. Chow, “Determining initial weights of
feedforward neural networks based on least squares method”, Neural Processing
Letters, Vol 2, Issue 2, pp:13-17, 1995. Bai bao dua ra mot thuat toan tdi wu hoa
trong s6 ban dau ctia mang truyén thang dya trén phuong phap dai s tuyén tinh.
Véi viée st dung phuong phap nay, 16i mang ban dau 14 rat nho. Sau do ta c6 thé

tiép tuc st dung k¥ thuat lan truyén nguoc dé di dén diém cuyec tri.
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Cong trinh cua Jatinder N.D.Gupta, Randall S. Sexton, “Comparing
backpropagation with a genetic algorithm for neural network training”, The
International Journal of Management Science, Omega 27, pp: 679-684, 1999. Ho
lan dau tién d3 st dung GA dé tim kiém vecto trong s6 cua mang noron nhan tao.
Ho so sanh lan truyén nguoc v6i GA va két qua mdi giai phap c6 ngudn goc tir
GA 1a vuot trdi so v6i cac giai phap lan truyén nguoc tuong tng. GA c6 thé duoc
str dung dé t6i wu hoa mot sé yéu td ctia qué trinh thiét ké va huin luyén mang
bao gdm lwa chon tip hop tinh ning, t6i wvu héa cau tric mang, hoc tip t6i wu hoa

tham so.

Cong trinh nghién cuu cua Gleb Beliakov and Ajith Abraham “Global
Optimisation of Neural Networks Using a Deterministic Hybrid Approach” dang
trén Hybrid Information Systems, Abraham A. and Koeppen M. (Eds), Physica-
Verlag Germany, pp 79-92, 2002. Bai bao dé xuat sir dung phuong phap “cutting
angle” nham t6i vu hoa trong sb cua mang. Mang noron lan dau duge hoc theo

phuong phap “cutting angle”, sau d6 dugc hoc theo cac k¥ thuat t6i uu khac.

Cong trinh nghién ctu cua P. A. Castillo, M. G. Arenas,J. J. Merelo, G.
Romero, F. Rateb, A. Prieto, “Comparing Hybrid Systems to Design and
Optimize Artificial Neural Networks”, Genetic Programming Lecture Notes in
Computer Science Vol 3003, 2004, pp 240-249. Trong bai bao nay cac tac gia da
nghién ctru so sanh gita cac phép lai dé tdi wu hoa cac perceptron nhiéu 16p va
dua ra mot mo hinh t6i vu hoa cu tric va trong s ban dau ciia mang perceptron
nhiéu 16p. Két qua thu dugc cho thdy mé hinh nay can it chu ky huan luyén hon

nhiéu va do dé tang tdc d6 hoi tu.

Cong trinh nghién ctru cua D. Shanthi, G. Sahoo and N. Saravanan, “Evolving
Connection Weights of Artificial Neural Networks Using Genetic Algorithm
with Application to the Prediction of Stroke Disease”, International Journal of
Soft Computing, Vol 4, Issue 2, pp: 95-102, 2009. Bai bao nay dé xuat viéc két
hop giai thuat di truyén GA va mang noron nhan tao dé t6i wu hoa bod trong sb
ban dau trong qu4 trinh luyén mang noron. Nghién ctru ndy dugc tng dung trong

viéc du dodn bénh dot quy.
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% Cong trinh nghién ctru cua Yu-Tzu Chang, Jinn Lin, Jiann-Shing Shieh, Maysam
F. Abbod “Optimization the InitialWeights of Artificial Neural Networks via
Genetic Algorithm Applied to Hip Bone Fracture Prediction” dang trén tap chi
Advances in Fuzzy Systems - Special issue on Hybrid Biomedical Intelligent
Systems, Vol 2012, January 2012 Article No. 6, New York, NY, United States.
Bai bao tim cach thiét 1ap trong s6 t6i vu ban dau dé nang cao d6 chinh xac cua

mang noron bang giai thuat di truyén trong du bao xac suat gdy xuong hong.
1.5.3. Ban luin

Nhu d3 noéi ¢ trén, trong qua trinh luyén mang noron, ham sai sé thudng
chon 12 ham ma né t6i thiéu hoa dugc sai s6 trung binh binh phuong. Vay day chinh
1a mot bai toan t6i wu hoa.

Trong cac cong trinh nghién ctru vé tdi vu héa, GS.TSKH. Nguyén Vin
Manh d3 tim ra dugc nhiéu bai toan toi wu dan dén mat sai s6 c6 dang long khe.
Trong qué trinh hoc tdp nghién ctru & nudc ngoai, ong da dé xuat ra mot thuat hoc
moi do6 1a thuat toan vuot khe. Thuat toan nay to ra rat hitu hiéu dé co thé vuot qua
dugc “long khe”, tim ra diém tdi wu, tranh roi vao cuc tiéu yéu, cuc tiéu cuc bd.
Cong trinh tiu tiéu, ¢ thé coi nhu 1a mot dong gbp to 16n cho nganh toan hoc Viét

Nam trude quoc té€ do la:

¢ Cong trinh cia N.V. Manh nghién ctru tai MEI, Vién nghién cru nang lugng
Matxcova, “Optimization of Multiply Connected Control Systems Using
Methods of Nonlinear Programming./ Thermal Engineering, ISSN: 0040-6015.
1998, vol. 45. No 10, pp. 829-834”, ong st dung thuat toan vuot khe két hop vai

phuong phap chiéu affine dé giai quyét bai toan tdi uu nhiét.

“ Nguyen Van Manh and Bui Minh Tri, “Method of “cleft-overstep” by
perpendicular direction for solving the unconstrained nonlinear optimization
problem”, Acta Mathematica Vietnamica, vol. 15, N02, 1990.

“* Nguyen Van Manh, On “r-Algorithm” for Minimizing “Ravine” Function
/Proceedings of NCST of Vietnam, 1993. No2, pp. 53-60.
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% Manh N.V. “Application of the 'Cleft-Over-Step’ method of optimization for

identifying the transfer function of controlled plants” Thermal engineering,

ISSN: 0040-6015, 1995, vol. 42, No6, pp. 510-518.

¢ Manh N.V. “Optimization of the settings of robust controllers by means of the
cleft-over-step algorithm of nonlinear minimization” Thermal engineering, ISSN:
0040-6015, Y. 1995, vol. 42, No. 10, pages 845-853.

Trong qua trinh luyén mang noron, v6i mit sai s6 c6 dang long khe di duoc
gidi thiéu trong hinh 1.3, chua c¢6 mot cong trinh nao duoc cong bd trén céc tap chi
héi thao trong va ngoai nude dé cap dén viéc lam thé nao hiéu qua nhat dé tim kiém

duoc nghiém t1 vu hay tang tbc d6 hoi tu véi mat sai sb dang nay.

Duya trén nhitng nghién ctru da c6 vé mang noron, vé toan toi uu & trong va
ngoai nudc; tc gia sé xay dung mot thuat toan luyén mang noron cho mit 16i dic
biét c6 dang long khe ma trong dé s€ ung dung thuat toan vuot khe dé cap nhat

budc hoc, ing dung giai thuat di truyén dé tao bd trong s6 khoi tao ban du.

1.6. Két luan chwong 1

Trong chuong 1, tr viéc phan tich cac nhan t6 trong qué trinh hoc cia mang
noron, tac gia nhan thay rang, két qua luyén mang noron phu thudc rat 16n vao gia
tri ban dau cta vec-to trong sb va budc hoc. Viée mang s€ hoi tu dén diém tbi vu
toan cuc hay khdng nhiéu khi con phu thudc vao sy may man do viéc chon gid tri
khéi tao 1a ngﬁu nhién. Thém nira, viéc lura chon budc hoc s€ bé“mg bao nhiéu dé co6
thé hoi tu hay it nhét 1a tang tdc do hoi tu 1a mot cau hoi cling dugc dit ra, dac biét
khi mat 16i c6 dang dic biét. Pé minh chirng cho diéu do6 tac gid da dua ra 2 vi du:
O vi du 1, khi mat 13i dang binh thuong, st dung bd cong cu trong Toolbox cua
Matlab dé luyén mang, mang da luyén thanh cong chi sau 65 budc tinh. Nhung dén
vi du thtr 2 vé& nhan dang chit viét tay thi thoi gian luyén mang l4u hon rat nhiéu,
tham chi tin hiéu 16i con thay doi rat it qua cac chu ky luyén mang.

Dé giai quyét van dé nay, can thiét phai tim ra mot thuat toan higu chinh cac
budc hoc nham rat ngan thoi gian hoi tu cia mang dong thoi cling tranh duoc van

dé cuc trj dia phuong.
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Trong chuong 2, dua vao nhitng nhan xét danh gid ctia chuong 1, tac gia s€
gidi thiéu vé thuat toan vuot khe va dé xuét viée ap dung thuat toan vuot khe trong

qua trinh luyén mang noron.
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CHUONG 2: THUAT TOAN VUQT KHE TRONG QUA TRINH LUYEN
MANG NORON

Tém tit: Ky thudt lan truyén nguoc la mot phdt minh chinh trong nghién ciiu
vé mang noron. Tuy nhién, thudt todn nguyén thity thi qud chdm doi véi hau hét cdc
ung dung thuc té; dic biét véi cdc bdi todn ¢é mat sai sé dang khe thi ngay ca voi
cdac bién thé nhw gradient lién hop hay qui tic mé-men ciing t6 ra yéu. Trong
chwong nay sé trinh bay mét thudt todn dé tinh bude hoc theo nguyén 1y vuot khe,
thudt toan vuot khe, nham cdi tién toc dé héi tu ciia qua trinh tim kiém nghiém 16
wu va van dé cai dat thudt toan nay két hop véi ky thudt lan truyén nguwoc trong bai
toan luyén mang noron.

2.1. Thuat toan vuot khe

2.2. Ung dyng thuat toan vuot khe trong qua trinh luyén mang noron

2.3. Minh hoa thuat toan

2.4. Két luan chuong 2

2.1. Thuat toan vugt khe
2.1.1. it van dé

N.Z.Shor gia thiét ding toan tir kéo gidn khong gian dé lam ting téc do hoi

tu ctia thuat toan gradient trong viéc giai bai toan t6i wu hoa khong diéu kién:[5]
Min J(u) UEEN
u 1a vec-to trong khong gian Euclide n chiéu.

Phuong phéap “r-Algorithm” twong tng véi cong thure 1dp cho boi bude thur k
nhu sau:

u = U+ s k = 1,2,...

s =—B, B J"(u")

Sk-l’uk—l c En
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Trong do6 u la vec-to bién ctiia ham muc tiéu J (u) tai buodc 1ap thu k; o, 1a do

N e r 5 \ 7 A A k-1 s A A ’ LN A . 5
dai budc cua ham theo hudng chuyén dong s™; chi s6 trén T ky hi€u chuyén vi cua

k-1 Bk

A - k-1 \ . , \ . 3R \ A + A A
ma tran hodc vec-to, J’(u" ") la gradient ctia ham tai diém u la ma tran bién doi

khong gian, dugc xac dinh dua trén toan tir kéo gian khong gian nhu sau:

B, =B, ,R., B, =1ma tran don vi

1 rr!
R =1 +(p—k—1j FET:k
r = B[_l[J (u)-3 '(u“ﬂ

Trong d6 Ry 14 toan tir kéo gidn khong gian theo hudng ry voi hé s6 0<p<1.

Hudng chuyén dong s“! 1a hoan toan xéc dinh boi (2) =(6) tai mdi budc lip
k. Mbi quan tim chinh ctia chiing ta trong phan nay 14 phwong phap xac dinh d6 dai

budc ¢, , nd tao ra sy hoi tu hiéu qua va dugce dung quy udc.
Mot vai cong thure xac dinh gid tri o, nhu sau:

=argmin J (u"‘l + a.sk‘l)

%k
a :%b+k) a,b=const >0
(3.3)

o, =a,,0,0<q<1

Céc cong thtc xac dinh d¢ dai budc «, dugc cac tac gia dua ra khac voi moi
16p ham muc tiéu va thudng c6 nhiéu tham sé doi hoi phai chon gia tri phu hop cho
mdi 16p ham cu thé. Piéu nay khong dé dang va 13 nguyén nhan can trd trong cac
ung dung. Vi vay, hiéu qua thuc cua “r-Algorithm” bi gidi han, luc nay, su 161 cudn
cua no6 bi thu nho lai.

2.1.2. Tinh héi tu va diéu Kién tdi wu
a. Tinh hoi tu

Chuing ta biét rr:ing tbc do hoc cuc dai ma c6 thé 6n dinh ddi voi thuét toan

giam dbc nhat thi duoc chia hai boi gia tri riéng cuc dai cia ma tran Hessian, doi
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v6i ham muc tiéu dang toan phuong. Hinh dang ctia ham muc tiéu c6 thé 1a rit khac
nhau trong cic ving khac nhau cia khong gian tham sb. Véi cac ham khe thi do
cong s& rat khac nhau theo cac hudng khac nhau, do d6 viéc xac dinh budc hoc 1a

khong thuan loi.

Chung ta da nghién cuu vé ham muc tiéu, cu thé 1a nghién ctru vé ham muc
ti€u c6 dang long khe & muc 1.3 chuong 1. Nguyén nhan cua viéc hdi tu cham la
viéc thay doi d6 doc ctia mit trén dudng di ciia quy dao. Hai bén khe ranh rat doc
tuy nhién ddy cua n6 thi lai hdu nhu bang phing, qui dao s& vuot qua mat 15i rat
nhanh cho dén khi né roi vao thung liing c6 d6 nghiéng thoai thoai va mat rat nhiéu
thoi gian bén khe ranh dé roi tién cham chap dén diém cuc tiéu do6i khi dén mat 6n
dinh khi roi vao thung liing, hinh 2.1 m6 ta mot quy dao dao dong v4i ham muc tiéu

dang long khe.

Hinh 2.1: Quy dao dao dong véi sai s6 dang long khe

Mot phuong phap c6 thé gitp ta van dé nay 1a dung qui tic mé-men. Tuc 1a
khi qui dao nhay qua nhay lai trén khe ranh, bién thién trong s6 s& doi dau lién tuc
va nhu vay s& cho ta sb trung binh cho mot thay ddi nhé chinh xac, nhu vy mang
c6 thé 6n dinh & day khe ranh. & d6 n6 bat dau di chuyén cham dan theo quan tinh.
Tuy nhién, d6i voi nhitng bai todn ma nghiém t6i wvu ndm ¢ day bé 16m, thi mo-men
cling chang gitip dugc gi ma doi khi con gy ra nguy hiém néu mo-men lai dy qui

dao l1én cung mot khoang cach & phia bén kia ctua khe r6i cir xoay vong tao thanh
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dao dong. Do cling chinh 1a céi lgi1 va hai ctia viéc dung mo-men cho dang bai toan
v6i mit 16i 10ng khe.

Mot phuong phép khac sir dung toc do hoc thich nghi VLBP (Variable
Learning rate Back Propagation algorithm). Chiing ta c6 thé nang cao sy hoi tu néu
chung ta ting toc d6 hoc trén ving phang cta mat 15i va rdi thi giam tdc d6 hoc khi
ma do cong cua mit 15 ting. Nghia 13, chung ta c6 thé nang cao su hoi tu bang viéc
diéu chinh toc d6 hoc trong qua trinh hudn luyén, van dé cua ching ta s& 13, xac
dinh khi nao thay di téc d6 hoc va bang bao nhiéu, hay néi cach khac, chung ta can
biét chung ta dang & dau trén ham muyc tiéu. Tuy nhién diéu tr& ngai chinh véi cac
phuong phap VLBP 1a cac diéu chinh c6 thé can 5 hodc 6 tham s dugc lwa chon
trude. Thong thuong thi van dé thuc hién cta thuét toan 1a nhay cam voi sy thay doi

trong cac tham s6 d6. Su lua chon cta cac tham sd thi cling phu thudc bai toan.

Tinh budc hoc theo nguyén 1y vuot khe 13 mot phuong phép t6 ra rat manh
dé giai quyét bai toan tdi wu, dic biét 1a cic bai todn véi mat chat luong dang long
khe, truc khe.

Tuy nhién, trude khi dén voi thuat toan vuot khe thi chung ta hay tim hiéu vé
van dé diéu kién tdi wu, boi vi né anh huong dén nhiing suy nghi ciia chung ta trong
nhing xuat phat diém cta bat ky mot thuat toan t6i wu nao.

b. Diéu kién téi wu

Ta s& di dinh nghia mot s6 khai niém vé diém t6i vu. Chung ta gia dinh rang
diém tbi wu 12 diém cuc tiéu ctia ham muc tiéu. Ta xét cac khai niém sau trude khi
di dén cac dicu kién t6i uu.

Cuec tiéu manh

Piém u 1a cuc tiéu manh cua J(u) néu mot sd vo huéng & >0 ton tai, dé
J(U*) < J(u + Au) v6i moi Au ma &> |Au|>0. Néi cach khic, néu ching ta dich
chuyén theo moi cach tir diém cyc tiéu manh mét khoang nho theo bat ky hudng
nao ham s¢ tang.

Cuec tiéu toan cuc
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Piém u* 12 mot cyc tiéu toan cuc duy nhat cta J(u) néu J(u*) < J(u + Au) voi
moi Au # 0. Pi véi cuc tiéu manh, u*, ham c6 thé nho hon J(u*) tai cac diém lan
can nho cua u*. Cho nén d6i khi cuc tiéu manh con goi la cuc tiéu cuc bo. Pbi voi
cuc tiéu toan cyc thi ham s& 1a nho nhét so véi moi diém khac trong khong gian
tham s.

Cuc tiéu yéu

biém u* 1a mot cuc ti€u yéu cua J(u) néu nd khong phai 1a cuc tiéu manh, va

mot s6 vo huéng 3 >0 ton tai, d€ J(u*) < J(u + Au) v6i moi Auma & >|Au| > 0.

Ching ta da dinh nghia vé diém cuc ti€u. Ti€p theo ta dén v&i mot so6 dieu
kién ma can phai thod man dé c6 diém to1 uu. St dung khai trién Taylor dé ti€p can

cac dieu kién do.

I(u)=3(u" +Au)=J(u" )+ VI

Au +%AUTV2J(U)( AU+ ...,

u-u

u-u

trong d6 Au =u —u*
Diéu kién thir nhat

Néu ||Au|| ma rat nhé thi bac cao nhat trong phuong trinh

I()=3(u" +Au)= 3@ )+ VI(u)

Au +%AUTV2J(U)( AU +...,

u-u

u-u
s¢ la khong dang ké va ta c6 thé xap xi ham la:

J(u)=J(u" +Au)= I )+ va()

Au

u-u
biém u* 1a mot diém cuyc tiéu thi diém, va diéu nay noi lén rang co6 thé tang

_Au>0. Tuy nhién, néu s6 hang nay

u-u

néu Au # 0. Dé diéu nay xay ra thi VJ(u)'

.Au > 0 thi diéu nay noi rang

u-u

ma duong VJI(u)’

*Au<J(u*)

u-u

Iu”+Au)=3(u")-va()

44



Lugn dn Tién si Ky thugt 2013

Nhung di€u nay 12 mot sy mau thuan, khi ma u* 1la mét diém cuc tiéu yéu.

Cho nén, mot lya chon duy nhét phéi 1a VJ(u )T

_Au=0. Khi diéu nay phai dung

u—

cho bat ky Au, chiing ta c6 VJ(u) . =0

u-u
Cho nén gradient phai bang 0 tai diém cuc tiéu. Day 1a diéu kién cin (nhung
khong di) dé u* 1a mot diém cuc tiéu cuc bo (hay con goi 1a cuc tiéu manh). Bat ky

céc diém thoa man phuong trinh VJ (u)u_u* =0 dugc goi 1a cac diém tinh.

Diéu kién thir hai

Gia sur rang ta c6 diém tinh u*. Khi gradient ctia J(u) bang 0 tai tat ca céac
diém tinh, khai trién chudi Taylor s& la:

Iu™+Au)= J(u*)+%AuTV2J(u* AU+ ...,

u-u”
Nhu truéc, chung ta s& chi xét cac diém d6 trong 1an can nho cia u*, vi |Au|
1a nho va J(u) c6 thé duoc x4p xi boi hai s6 hang dau trong phuong trinh. Cho nén

diém cuc tiéu manh (cuc tiéu cuc bd) sé ton tai, u*, néu Au'v?J (uj LAu>0
u-u

Pé cho diéu nay la dung vi moi Au # 0 thi yéu cau ma tran Hessian phai 1a
ma trdn xac dinh duwong. Theo dinh nghia, mot ma trdn A xac dinh duwong néu
2" Az>0 ddi véi bat ky vecto z# 0. A 1a ban x4c dinh duong néu z" Az>0

Déi voi vécto z bat ky. Ching ta co thé kiém tra cac diéu kién d6 boi viée
kiém tra cac gia tri riéng ctia ma tran. Néu tat ca cac gia tri riéng ma duong, thi ma
tran 1 xac dinh duong. Néu tat ca cac gid tri riéng khong am thi ma tran 13 x4c dinh

ban duong.

Ma tran Hessian x4c dinh duong 12 mot diéu kién thir hai, diéu kién du cho
viéc tOn tai cuc tiéu manh (diéu kién du dé tdn tai cuc tiéu cuc b0). Mot cuc tiéu co
thé van 1a cyc tiéu manh néu s6 hang thr hai ctia chudi Taylor 14 0, nhung s hang
thir ba 1 dwong. Cho nén diéu kién thtr hai 1a diéu kién can cho cyc tiéu manh néu

ma tran Hessian xac dinh ban duong.

beé tong ket diéu kién to1 uvu ta di dén cac di€u sau:

45



Lugn dn Tién si Ky thugt 2013

- Céc diéu kién can cho u* la mot cuc tiéu, manh hoac yéu, cua J(u) la

V(u), - =0 va v23(u) . xéc dinh ban duong,

- Céc diéu kién du cho u* 1a mot di€m cuc ti€u manh (cuc ti€u cuc bd) cua

Ju) 1a va(u),_. =0 va VZJ(U)‘U_U* xéc dinh duong.

2.1.3. Thuat toan vugt khe

Chung ta nhan thay rang cac diéu ki€n to61 vu noéi chung chi 1a nhitng diéu
kién can ma khong du doi véi cuc ti€u toan cuc. Ma cac thuit toan da co thi déu
khong dam bao chac chan rang s€ tim dugc di€ém cuyc ti€u toan cuc ma chi cé kha

nang nang cao co hdi tim dén di€ém cyc ti€u toan cuc ma thoi.

Nhu vay, v6i nhitng ham muc tiéu phue tap thi cang kho khan hon trong qua
trinh tim nghi¢m s6 t6i wu va van c6 thé bj tic tai truc cua khe trude khi dat duoc
diém cuc tiéu, néu ham muc tiéu c6 dang khe. Co thé c6 mot chién luge tiép theo dé
giai quyét tiép van dé khi ma gip bai toan khe nui nay 1a sau khi dat t&i gan truc khe
bang phuong phéap gradient voi budc hoc duge tinh bang cuc tiéu hoa theo dudng
(hoac voi budc hoc cd dinh) chung ta s€ dich chuyén doc theo day khe hep nho su
tiém cén dan theo dang hinh hoc ctia day khe hep va lic nay thi nguoi ta co thé gia
thiét dang hinh hoc d6 1a duong thang hodc xp xi cong bac hai.

Ta di biét cac thuat toan tdi wu hoa 13p duoc xay dyng trén hai khai niém co
ban 14 hudéng thay d6i ham muc tiéu (hudng tim kiém) va d6 dai budc. Qua trinh d6
duoc mo ta nhu sau:

k+l _ Kk k _
u=u+ea,s,k=0,1,...

Trong do: uk, U 14 diém du va diém cudi cta budc 1ap thu k; s 1a vecto
chi huéng thay dbi cac bién sb trong khong gian n chiéu; o, dugc goi la do dai
bude. Cac thuat toan tdi wu thong thudng thi khac nhau vé huéng chuyén dong,
hogc (va) quy téc diéu chinh do dai budc.

Su khac bi¢t co ban cia phuong phap vuot khe so voi cac phuong phap khac
12 & quy tic diéu chinh budc. Theo quy tic diéu chinh budc cua phuong phap vuot

khe thi do dai budc cua diém tim kiém & mdi budc lip khong nhé hon do dai bude
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nho nhit ma tai d6 ham muc tiéu dat gia tri cuc tiéu (dia phuong) theo hudng
chuyén dong tai budc lip d6. Piéu nay thé hién rat rd trong cac nguyén 1y co ban

cua phuong phap vuot khe.
2.1.3.1. Gidi thi¢u
Cho bai toan t6i wu va giai bai toan tdi wu khong didu kién:
MinJ(u) ue E" (2.1)
u la vec-to trong khong gian Euclide n chiéu
Cong thure 1ap cho boi budce thir k nhu sau:
Ut = Uk, s k= 0,1, (2.2)
trong d6: u 13 vecto bién ctia ham muc tiéu J(u) tai budce lip tha k;
a, 1a do dai budc cua ham theo huéng chuyén dong s,
Hudng chuyén dong s 1 hoan toan xac dinh tai mdi bude lip k (xac dinh sau). Mi
quan tdm chinh ¢ day 1a phuong phap xac dinh d¢ dai budc o,

Mot vai cong thirc xac dinh gid tri «, . Vi du:[1], [2]

oy =argminJ (u"‘1 + a.sk‘l)

a =%b+k) a,b=const >0 (2.3)
a, =a,,q9,0<q<l

Céc cong thire xac dinh d§ dai budc «, duoc cac tac gia dua ra khac voi mdi
16p ham muc tiéu va thuong c6 nhiéu tham sé doi hoi phai chon gia tri phit hop cho
mdi 16p ham cu thé.

Dbi v6i cac ham muc tiéu ma c6 dang khe thi cac budc chuyén dong (2.3)
kém hiéu qua, trong phan sau chiing ta gia thiét cong thirc duy nhat dinh nghia do
dai budc «, . Cong thirc dugce got 1a “nguyén ly vuot khe”. Gia tri «, tim dugc bdi

nguyén ly duogc goi 1a “budc vuot khe".
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2.1.3.2.  Nguyén ly vuot khe

Khe

J'(X)

Hinh 2.2: Ham khe
Ham “khe” 1a ham ma mat dong murc cta nd duge kéo dai ra va két qua 1a

tao ra mot khe dai, hinh 2.2. C6 nghia la d6 cong ciia ham muc tiéu rat khac nhau
d6i voi cac hudng khac nhau. Trén ca hai phia ciia “khe”, gradient cia ham muc
ti€u c6 hudng nguoc lai. Xeét diém X dit vao mot phia cua “khe” va Y trén phia
khac. Hau hét truong hop cac diém X va Y déu thoa méin bat dang thirc sau:

J.(X)TJ.(Y)<0 (2.4)

Trong d6 J,(X) ky hiéu phép chiéu caa J'(X) lén hudng S.

Ky higu: hy (er)= (Ut +a.5%Y) (2.5)

k-1 k-1
Taco: h(a)=2 g a+ as*?)_ 3 (Ut + a8 ) sk (2.6)
a

thé 0. = 0 va « = , vao cong thirc (2.6) ta thu dugc:

h, (0)==1J; (") s** (2.7)
b (e )= 3. (U + a5 ) =3 (U] s+ (2.8)
Ta duoc diéu kién sau:

hy (e )0, (0)= 3. (u ) s*4a. (u* ) s¥* <0 (2.9)
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D@ thiy rang bt phuong trinh (2.9) 14 twong duong véi (2.4) néu Skt = gk

ut=x u*=.

Piéu kién (2.9) doi hoi tai mdi budc lip chuyén dong ctia ham muc tiéu,

duoc goi 1a nguyén 1y “vuot khe"
Pé dam bao tinh don diéu cia ham muc tiéu trong qua trinh tdi wu hoa, do
dai budc a, phai thoa man bét phuong trinh sau:
JU+ e, SF) < IUM). (2.10)
(2.10) doi héi tai mdi budce lap
Xét bai toan cuc tiéu hoa khong rang budc:
J(u) — min, ue E"

trong d6, u 1a vecto cuc tiéu hod trong khong gian Euclide n chiéu, J(u) 1a ham

muc ti€u b1 chan dudi va thoa man diéu kién:

limJ(x)=b (2.11)

Jul->=0
Thuat toan tdi uu hoa bai toan (2.1) c6 phuong trinh 13p nhu dang sau:
ut = U+, S k=01
trong d6 u® va u*"! 1a diém dau va diém cudi cua bude 1ap tht k, s 1a vécto
chi huéng thay d6i cac bién sb trong khong gian n chéu; o, la do dai budce
o, dwge xac dinh theo nguyén ly vwgt khe thi duwge goi l1a budc vugt
khe, con phuwong trinh (2.2) goi 1a thuat toan vugt khe.

Nguyén 1y vuot khe da n€u & trén phat bi€u rang diém dau va diém cuoi cua
mdi budc 1dp toi vu hoa luén nam vé hai phia diém cuc tiéu ctia ham muc tiéu xét
doc theo hudng chuyén dong tai budc dd. No1 cach khac, néu tai di€ém dau ham muc

tiéu thay doi theo chiéu giam, thi dén diém cudi né phai cé xu hudng ting.

Quy dao tim kiém tdi wu theo nguyén 1y vuot khe tao ra mot burc tranh hinh

hoc, twa nhu diém tim kiém tai mdi 1an lap déu bude vuot qua long khe cua ham
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muc ti€u. B¢ cu thé hoa nguyén 1y vuot khe, ta xét ham mot bién sau doi vé1 moi

budc lap:
h(a)= J(uk +a.Sk) (2.12)

Gia st s* 1a huéng cua ham muc tiéu tai diém u*. Theo diéu kién (2.11), t6n

tai mot gid tri o >0bé nhét, sao cho h(a) dat cuc tiéu:
a" =argminh(a), >0 (2.13)

Néu J(uk), cling ttrc 1a h(a), kha vi lién tuc, ta c6 dinh nghia budc vugt khe

nhu sau:

. >0, h(a")<h(0) (2.14)

Trong do, «" 1a budc vugt qua, tirc budc vuot khe.

D thi bién thién cua ham h(a), khi quy dao t6i wu thay déi tr diém dau u*
dén diém cudi u"* thé hién & hinh 2.3, ta thiy ring, khi gia tri o ting dan tir 0 vuot
qua diém cuc tiéu o ciia h(o) t6i gia tri o', quy dao tdi wu hoa twong ung tién doc
theo hudng s* theo quan h¢

u“t = K +a, Sk, thuc hién -
mot d6 dai buéc a=a'>a”. Db
thi nay cling chi ra rang, xét theo
huéng chuyén dong, thi ham muc
tiéu thay ddi theo chiéu giam dan
tir diém u*, con khi dat diém u**' ¢

thi n6 da chuyén sang xu hudng

tang.

Hinh 2.3: Xdc dinh budc vieot khe o

Néu ta sir dung budc chuyén dong theo diéu kién (2.13) thi c6 thé tic & truc
khe va thuat toan t6i wu hoa tuong tng bi tac lai & d6. Con néu qua trinh t6i wu hoa

theo diéu kién (2.14) thi s& khong cho phép diém tim kiém roi vao 1ong khe trudc
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khi dat 101 giai tdi wu, dong thoi nd v& ra mot quy dao ludn vuot long khe. Dé qua

trinh ldp c6 hiéu qua hoi tu cao va 6n dinh, diéu kién (2.14) dugc thay dbi boi:

a'>a" =argminh(x) h(e")-h" < A|n® "] (2.15)

Trong d6, 0 <A < 1 dugc goi 14 hé s6 vuot

2.1.3.3. Xadc dinh bwoc viwot khe

Viéc lua chon do dai budc hoc trong bai toan khe hep c6 y nghia dac biét
quan trong. Néu d6 dai budc hoc ma qua nho thi ton thoi gian thuc hién cta may
tinh. Néu d6 dai budc hoc 16n thi c¢6 thé gy trd ngai cho viée tim kiém vi khé theo
ddi duge su ubn luon cua khe hep. Do vay, van dé budc hoc thich nghi véi khe hep
1a can thiét trong qua trinh tim kiém nghi¢m tdi uu. Trong myc nay, ta dua ra mot
cach rat hiéu qua va don gian tim budc “vuot khe". Gia sir J(u) lién tuc va thoa man

diéu kién limJ(u) = oo khi |u| — oo va tai mdi bude 1ap k, diém u*! va véc to chuyén
dong s“! da x4c dinh. Can phai x4c dinh do dai budc ¢, thoa man (2.9)

Néu thay h™ trong (2.15) boi u6e luong h~h",h>h" thi ta vin nhan duoc
budc vuogt khe theo dinh nghia. Vi vay, dé don gian hod viéc 1ap trinh nén 13y gia tri
bé nhat ctia h duoc tinh mot cach don gian trong mdi budc lap tuong ing, ma khong
can x4c dinh chinh xac h”. Didu d6 ddng thoi lam giam dang ké s6 lan tinh gi4 tri
ham muc tiéu. Ta cd «, xac dinh theo thuat toan sau:

Pau vao: diém khoi tao, u va hudng tim kiém s

Pau ra: do dai budc vuot khe o

Céc tham sd: a=0.5, d6 chinh xac € va y

Ta thuc hién cac budc sau:

Budece 1:

Gia stt o =a >0tinh h, (a)

51



Lugn dn Tién si Ky thugt 2013

Néu h, (a)>h,(0) thi o = 0, B = a, sang budc 2

Néu h, (a)<h, (0) thi lap gan: o= B; B =1,5p cho dén khi h (8)>h, () sang
budc 2

Budc 2:

Néu |- a| <& ¢ >0 thi sang bude 3.

Tinh @=a+y(f—a) va h (), trong d6y = 0,1.

Néu h, (a)>h, (0) thi o= 6 vaquay lai budc 2.

Néu h, ()< h, () thi p = 0 va quay lai budc 2.

Budce 3:

Giir nguyén gia tri méi oo = 0 va chdp nhan budc “vuot khe" «, = #. Qua
trinh x4c dinh budc vuot khe két thic.

C6 hai tham s (gia tri khoi tao a va do chinh xac) doi hoi chon gia tri thich
hop, nhung mdt gia tri cu thé it 1am thay ddi hiéu qua cua thuat toan va € phu thudc
tryc tiép vao giai phap toi uu. Vi vay, ¢ thé dua ra mot hang sé cho moi trudng hop
a=0,5;¢=0,01.

Céac truong hop chon d6 dai budc ma xét trén “hé quy chiéu” 1a ham muc
tiéu dang long khe:

- Truong hop 1: Gid tri «, thoa man diéu kién cuc tiéu ham J(u) theo hudng

s* dé dat t6i dung 10ng khe 1a o =argminJ (u Ly a.sk‘l).

- Truong hop 2: Gia tri @, thoa man hé thirc sau dé chua dat toi 1ong khe 1a

O<g < < = g, >0. L- hiang sb Lipshitz, 1a gi4 tri can trén ctua do doc tdi da

&yt

cua ham muc tiéu.

- Truong hop 3: Gia tri «, vuot qua long khe 1a di J (u" + a.s"* >0
a .
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* Xdc dinh bwoc vugt Khe

Viéc lya chon d§ dai budc hoc trong bai toan khe hep c6 y nghia ddc biét quan
trong. Néu do dai budc hoc ma qua nho thi tén thoi gian thuc hién cia may tinh.
Néu d6 dai budce hoc 16n thi c6 thé gay trd ngai cho viéc tim kiém vi kho theo ddi
duoc sy udn luon cua khe hep. Do vay, van dé bude hoc thich nghi v&i khe hep 1a
can thiét trong qu4 trinh tim kiém nghiém t6i wu. Trong muc nay, ta dwa ra mot cach
rat hidu qua va don gian tim budc “vuot khe". Gia sir J(u) lién tuc va thoa mén diéu

kién limJ(u) = oo khi |u| oo va tai mdi bude 1ap k, diém u*" va véc to chuyén dong

s“! d3 x4c dinh. Can phai x4c dinh do dai buéc @, thod min diéu kién (2.7).

bén day, chung ta da c6 dugc mot thuat toan dﬁy du dé tinh budc hoc vuot khe,
hinh 2.4.
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_a_l =
Brd hhmh }\.3... =
Bha mLh.:thal:-u
Hucmgetim Lism g’

[ 11;:[}=h:1.1—15.) ]

Hinh 2.4: Luu do thudt todn tinh budc vieot khe
21.3.4. Vidu
Pé minh hoa thuét toan vuot khe, ta lam mot bude lip (thuc hién bang tay)
trong qua trinh tim kiém 10i giai cta bai toan tdi uu.
Gia str ta ¢ ham J(u) = (uy — 5)° + (U, - 5)% cén cuc tiéu hoa ham nay theo

phuong phap ha nhanh nhét, «, xac dinh theo nguyén 1y vuot khe.
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Hinh 2.5: Budc lap k =1

Diém bt ddu u® = (6;6) v6i J(u®)=2, Ta co:

) a5 B, -s)

Budce lap k = 1 (xem hinh 2.5):

ut =u’ +as’
$'=-J3'(u’)=(-2 -2

Tim dg dai bude «,

Budc 1(1): Cho ¢ =a=05

J (u° +O.5$°) =0<J (uo) nén o =a=0.5; a=1.5a=0.75; quay lai budc 1.

Budc 1(2):

J(u°+0.755°)=0.5> J (u° +0.55°)nén B =a=0.75; sang budc 2.

Bude 2: §=0.5+0.1(0.75-0.5)=0.525,

J(u°+0.5255") =0.005 > J (u® +0.55° )va < J (u®) nén sang budc 3.

Budc 3: «a=60=0525Tihh u' theo w+as’, u'=(4,954,95) véi
J(u')=0.005.

Budc lap k=2. Tuong tu nhu budc lap véi k-1, qué trinh lap nay cu tiép dién

cho dén khi J (u")< & cho trudc.
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2.2. Ung dung thuit toan vwrot khe trong qua trinh luyén mang noron

Nguyén 1y co ban cua toi vu hoa di duoc kham phé trong thé ky thir 17 béi
cac nha toan hoc nhu Kepler, Fermat, Newton, va Leibnizt. Ngay tir nhitng nam
1950, cac nguyén 1y t6i vu dd dugc nghién ctru va phat trién tiép dé hudng toi mot
muc dich réng lam sao thuc hién duoc cac thuét toan do véi tde dd cao trén nén cac
may tinh k¥ thuat s6. Thanh cong ciia su c¢b ging d6 da kich thich viéc nghién ciru
cac thuat toan mdi, va viéc nghién ctru vé cac thuat toan t6i wu tré thanh mot nganh
quan trong trong toan hoc. Cac nghién ciru vé mang noron ngay nay ciing tmg dung

cong cu toan hoc do dé giai quyét van dé trong qua trinh huan luyén mang noron.

C6 thé nhan manh ring tit ca cac thuat toan ma ching da biét nhu thuat toan
gradient lién hop hay thuét toan Levenberg-Marquardt, ... déu st dung k¥ thuat lan
truyén nguoc dé huan luyén mang noron, tirc 1a cac sai s6 dugc xu 1y tir 16p cubi

cung dén 16p dau ti€én cia mang.

Vay, qué trinh luyén mang noron chinh 1a qua trinh t61 vu hdéa tham s6 cua
mang, ma & day trong pham vi nghién clru cta luan 4n la k¥ thuat lan truyén nguoc.
Su khac nhau gitra cac thuat todn thé hién ¢ cach ma cac két qua cua cac dao ham

dugc su dung dé cip nhat cac trong so.

Chung ta da thiy rang giam dbc nhat 13 mot thuat toan don gian, va thong
thuong cham nhat. Thuat toan gradient lién hop va phuong phap Newton’s noi
chung mang dén sy hoi tu nhanh hon [26]. Khi nghién ctu vé céc thudt toan nhanh
hon thi thudng roi vao hai trudng phai. Trudng phai thir nhat phat trién vé cac k¥
thuat tim kiém. Céc k¥ thuét tim kiém bao gdm céc y tuong nhu viée thay doi toe do
hoc, sir dung qui tic mo-men, budc hoc thich nghi. Trudng phai khac cua nghién
ctru nham vao cac k¥ thuat tdi wu hoa sd chuan, dién hinh 1a phuong phap gradient
lien hop, hay thuat toan Levengerg-Marquardt (mét bién thé ctia phuong phap
Newton). T6i uu hoa s da 1a mot chu dé nghién ctru quan trong véi 30, 40 nam, nd
duong nhu 13 nguyén nhan dé tim kiém céc thuét toan huan luyén nhanh.

Nhu di phat biéu trong chuong 1 mét nhan t6 anh huéng dén hiéu luc va do
hoi tu cua giai thuat lan truyén nguoc sai s6 14 bude hoc a. Khong c6 mdt gia tr1 xac

dinh ndo cho cac bai toan khac nhau. Véi mdi bai toan, budc hoc thuong duoc lya
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chon bang thuc nghiém theo phuong phéap thir va sai. Gid tri o 16n 1am ting téc qua
trinh hoi ty. Didu nay khong phai lac nao ciing c6 loi vi néu ngay tir dau ta da cho 1a
mang nhanh hoi tu thi rat co thé mang s€ hoi tu sdbm ngay tai mot cuc tiéu dia
phuong gan nhit ma khong dat dugce do sai sé nhu mong mudn. Tuy nhién, dit gia
tr1 bude hoc qua nhd thi mang sé hoi tu rat cham, tham chi mang co thé vuot duoc
qua cac cuc tiéu cuc bd va vi vay dan dén hoc mii ma khong hoi tu. Hinh 2.6 mé ta
mot ham c6 cac dudng ddng muc bi kéo dai, cong tao thanh khe. Vi cac ham dang

nhu thé nay, chon budc hoc béng bao nhiéu dé khong bi tic tai truc khe.

Hinh 2.6: Cac dwong dong mikc dang khe

Trong phén nay tac gia trinh bay mot k¥ thuat vugt khe dé ap dung cho viéc
tim bo trong sb toi wu cia mang. Sau d6 chung ta sé& sir dung mot vi du don gian dé
n6i rang k¥ thuat lan truyén nguoc giam ddc nhit (SDBP) ¢6 van dé voi sy hoi tu va
tac gia s& trinh bay su két hop giira thuat toan vuot khe va k¥ thuat lan truyén nguoc
nham cai tién tinh hoi tu cua 1oi giai.

Hinh 2.7 mo ta thuat toan huan luyén mang noron MLP bing thuat hoc lan

truyén ngugc voi bude hoc vuot khe. Thuat toan dé tinh budc hoc vuot khe duogc
trinh bay trén hinh 2.4.
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Hinh 2.7: Luu dé thudt todn hudn luyén mang noron MLP véi budc hoc vuot khe

2.3. Minh hoa thuit toan

Bai toan vi du dé minh hoa cho thuét toan huin luyén v6i budce hoc vuot khe
nhu sau: Cho mét vec-to dau vao t6i dau vao mang, mang noron phai tra 101 cho
chung ta biét dau vao ay 1a cai gi.
2.3.1. Cong tic chuin bj

Muc tiéu: cai dat thanh cong phuong phap luyén mang noron bang thu tuc
lan truyén ngugc két hop voi budc hoc tinh theo nguyén 1y vuot khe dé tim nghiém

toi uwu toan cuc doi voi mat sai s c6 dang long khe.
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Véi viée st dung phuong phap giam nhanh nhit dé cip nhat trong sb cua
mang, ta can cac thong tin lién quan dén dao ham riéng ciia ham 13i ldy trén ting
trong 0, nghia 1a vin d& con lai ctia chiing ta trong cong tic chuan bj 14 trinh bay

cac cong thirc va thuat toan cip nhét trong s trong cac 16p an va 16p ra.

V&1 mot tap mau cho trudc, chung ta s€ tinh dao ham ham sai ) bé’tng cach
1y tong dao ham ham 13i trén ting mAu trong tdp d6. Phuong phap phan tich va

tinh dao ham nay dua trén “qui tac chuoi”.

Dbi voi mang tuyén tinh don 16p (ADLINE) dao ham riéng dugc tinh toan
mot cach thuan loi. P6i voi mang nhiéu 16p thi sai s6 khong 1a mot ham twong minh
clia cac trong s trong cac 16p an, chung ta s& st dung ludt chudi dé tinh todn céc
dao ham. Do doc ciia tiép tuyén voi dudng cong sai s6 trong mit cat theo truc w goi
12 dao ham riéng cua ham 13i J 1ay theo trong sé d6, ky hiéu 1a 6J/ow, dung quy tic

., 8] 81 oW oW
chuditacdé — = .
oW, oW, ow

2.3.1.1.  Diéu chinh trong so l6p ra
Goi: b: trong s6 16p ra
z: dau ra cta noron 10p ra.
t: gia tri dich mong mudn
Yj: dau ra ctia noron trong 16p an
M-1
v: tong trong héa v = Z bjyj nén ov/ab; = y; (bd qua chi s6 cla cic
j=0
noron 16p dau ra)
Ta sir dung J = 0.5%(z-t), nén 8J/oz = (z-t).

Ham kich hoat noron 16p ra 1a sigmoid z=g(v), véi dz/ov = z(1-z).

8] &l oz ov
Ta co: — =— —.—=(z-1).2(1-2). 2.16
ach = a2 D2-2)y (2.16)

Tir d6 ta c6 cong thirc cap nhat trong sb 16p ra nhu sau (b6 qua cac chi sd):
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Ab=ca.(z—-t).z.(1-2).y (2.17)

Ta s€ st dung cong thic (2.17) [21] trong thi tuc DIEUCHINHTRONGSO ()
dé diéu chinh trong sb 16p ra, trong d6 c6 mot diém nhin manh 14 tdc dd hoc o duogc
tinh theo nguyén ly vuot khe, day 1a muc ti€u cua nghién ctru.
void DIEUCHINHTRONGSO (int k)

{

int 1i,73;

float temp;

SATSODAURA() ;

for (1i=0; 1<SLNRLA; i++)

for (j=0; J<SLNRLR; j++)
{
temp = -TOCDOHOC*y[i]*z[j]*(1-z[7])*SSLR[]];
MTTSLR[1][j] = MTTSLR[i][J] + temp + QUANTINH*BTMTTSLRI[i][]];
BTMTTSLR[i] [j] = temp;

}
2.3.1.2.  Diéu chinh trong so l6p in
Pao ham ham muc ti€u cia mang dbi voi mot trong ) 16p an duoc tinh theo
qui tic chudi, 0J/da= (GJ/ay).(ay/ﬁu).(ﬁu/ﬁa).
Goi:  a: trong sb 16p an
y: dau ra cia mot noron trong 16p an
Xi: cac thanh phan ciia vecto vao cua 16p vao
N-1
u: téng trong hoa U = Z a; X; Nén ou/da; = X;
i=0

k: chi s6 cta céc noron trong 16p ra
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Lé6p 4n ty chung khong gy ra 161 nhung nd gop phan tac dong vao sai sb cua

K-1
16p ra. Ta co O_J: 6—‘]%%
Y 200z OV Oy

Ta chi xét cho mot noron 16p an nén chi s6 cua 16p an ta lugc bé cho don

gian. Pén day ta nhan thay luong (a%z)(a%v) duoc lan truyén nguoc vé 16p an,

;X re 3 0J 62k . _ _ N , \
chi so k noi rang ( /92k )( avk) —(Zk t, ).Zk.(l Zk) (cong thic nay dugc
suy ra tir muc 3.1.1) thudc noron nao trong 16p ra. Nhu ta da biét thi v 1a tong trong

hoa, nén (a%y) =b, v&i chi sé k ta c6 (av%yj =D, . Pén day, s6 hang dau tién

cla (a%a) = (a%y).(a%u).(au f a) da duoc hoan thanh.

ol & :
@: Z (Zk -t ).Zk.(l— Zk).bk, trong cong thirc nay ta da lugc bo chi s6 cua
k=0

noron 16p an, cai ma duoc gin véi y (viét day du phai 1a (53 By ) v6i j=0..M-1).
|

Tiép theo, ta xét s6 hang thi hai (8y / 6u), s6 hang nay dién ta su bién doi cua dau
ra cia mot noron thudc 16p 4n theo tong trong héa cac thanh phan vec-to dau vao

cua 16p vao. Ta c6 moi quan h¢ gilta y va u theo ham kich hoat noron

y= /(l—e”)’ nén (dy/eu)=Yy.(L—y). Con lai sé hang thtr ba (du/éa)la su

bién doi cua dau ra ciia noron 16p an theo trong so 16p an. Vi u la tong trong hoa ctuia

N-1
c4c thanh phan vec-to diu vao U= )_ &% nén ta c6 ngay (ou/da; )= ;. Tom lai,
i-0

ta ¢6 dao ham ham muc ti€u theo mot trong so6 cua 16p an:

1
% ) kz (2=t 2c(1-2) bey-(1-y)-% (2.18)
1 =0

Tir day ta di dén cong thuc diéu chinh trong sé cho 16p an:
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Ag;

K-1
k=0

Trong cong thirc (2.19) chi s6 i biéu thi noron tht i cta 16p vao, chi s6 k biéu
thi noron tht k 16p ra; trong cong thirc chung ta dd khong biéu thi chi sb j, chi sd

biéu thi noron 16p an.

Ta s€ st dung cong thire (2.19) [21] trong thi tuc DIEUCHINHTRONGSO ()
dé diéu chinh trong sb 16p 4n, téc d6 hoc o duoc tinh theo nguyén 1y vuot khe.

Phan ma thu tuc DIEUCHINHTRONGSO () dugc trinh bay nhu sau, trong do
bién temp kiéu float chinh 14 gia tri bién thién trong s6 va bién temp duoc tinh theo
cong thirc (2.19). (Mot phan trong cong thirc (2.19) duoc tinh trong thi tuc
SAISOLOPAN().)
void DIEUCHINHTRONGSO (int k)

{

int 1i,7;

float temp;

SATSOLOPAN () ;

for (1i=0; 1<SLNRLV; 1++)

for (3=0; J<SLNRLA; j++)
{
temp = -TOCDOHOC*x[i]*y[j]1* (1-y[j])*SSLA[]];
MTTSLA[1] [j] = MTITSLA[i][j] + temp +
QUANTINH*BTMTTSLA[i] [];

BTMTTSLA[i] []J] = temp;

}

2.3.2. Céu triic mang

Tt cac thong tin thu dugc tir cac muc 2.3 va muc 2.1, cung vdi yéu cau cua

bai toan vi du dd néu trong muc 1.4.2. 12 nhin biét cac ky tw 1a cac chir s6 0, 1, .., 9.
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Ngoai ra tac gia con dua thém vi du nira 1a nhan biét cac chir cai: a, b, ¢, d, e, g, h, i,

K, I.

Hinh 1.5 d3 mo ta cau trac cia mang noron nhiéu 16p véi 35 noron 16p vao,
5 noron 16p an va 10 noron 16p ra; ham f duoc lira chon 1a sigmoid.

1

fo_ T
1+exp(-x)

Chung ta cling n61 mot vai diéu vé viée sir dung bias. Co thé cac noron co
hoic khong c6 cac bias. Bias cho phép mang diéu chinh va ting cuong thém sirc
manh ciia mang. Poi khi ta mudn tranh dbi sé cua ham f bang gia tri khong khi ma
tat ca cac dau vao cia mang bang khong, hé s6 bias s& 1am céi viéc 1a tranh cho tong
trong hoa bang khong. Trong ciu trac mang hinh 1.5 ta bo qua sy tham gia cua céc
bias. Mot vai diéu ban luan thém vé viéc lya chon cho bai toan cua ching ta mot
cAu tric mang nhu thé nao cho t6i wu 1a chua giai quyét dugc, & day chung ta chi
méi 1am tot viée ndy dya trén sy thir sai. Tiép theo, dicu gi s& xay ra néu chung ta
thiét ké mot mang can phai c6 nhiéu hon hai 16p? Sé luong noron trong 16p an lac
d6 sé& 14 bao nhiéu? Van dé nay doi khi phai dy bao trude hoic ciing c6 thé phai qua
viéc nghién ctru va thyc nghi€ém. Mt mang noron cé tbt hay khong thi viéc dau tién
la phai chon dugc mot clu tric mang t6t. Cu thé 1a ta s& lwa chon ham kich hoat
(transfer function) 1a cai nao trong mot loat cac ham da c6 (xem bang 2.1). Ta cling
c6 thé ty xay dung 14y mot ham kich hoat cho riéng bai toan cta chiing ta ma khong
str dung cac ham co san do6. Gia sir, viéc lya chon so bo mot cAu trac mang nhu trén
hinh 1.5 1a hoan tit. Chiing ta s& bat tay vao cong viéc huan luyén mang, tic 1a
chinh dinh céc bd sb (W) ctia mang. Néu sau mot nd luc huin luyén ma ta khong dat
duoc cac bo s6 toi uu (w*) thi cAu tric mang ma ta chon kia c6 thé 6 van dé, di
nhién, ta phai lam lai cong viéc nay tir dau, tirc 1a chon mot cdu tric mang khac, va
huan luyén lai... Sau qua trinh huan luyén mang, ching ta c6 thé gip phai van dé la
mot s6 noron trong mang ching tham gia gi vao cong viéc ctia bai toan cé, nd thé
hién & cac hé sb trong w ndi véi noron do gﬁn bé“mg zero. TAt nhién, ta s& bo noron

d6 di cho viéc t6i wu bo nhé va thoi gian hoat dong ciia mang.
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2.3.3. Cac thu vién va ham mang

Bdng 2.1. Cdc ham kich hoat (transfer function) tiéu biéu [6]

Tén ham Mo ta ham Biéu tuwong Ham Matlab
- 0if x<0 _ _
Hard Limit f ={ ) Hardlim
1if x>0
Symmetrical Hard -1if x<0
= ) Hardlims
Limit { 1if x>0 E
Linear f=x 74 Purelin
Log-sigmoid fo Lt b logsi
0g-sigmoi 1+ exp(-x) 0gsig

2.3.3.1. Thwvién

Trong tép dinhnghia.h, ham sigmoid duoc phét bicu cung véi dao ham cia
n6, ham nay c6 dic diém la rat phang dbi véi cac dau vao 16n do d6 dé sinh ra mat
chat lugng c6 dang khe ntii hep. Vay c6 mot cau héi dat ra 1a, co bét budc tat ca céac
noron trong mot 16p thi phai c6 cac ham kich hoat gidng nhau? Cau tra 10i 1a khong,
ta c6 thé dinh nghia mot 16p cta cac noron véi cac ham kich hoat khac nhau. Chung
ta sir dung ham kich hoat ma hay dugc str dung trong k¥ thuat mang noron, ham

sigmoid cho toan bd cac noron trong mang.
#define SIGMF (x) 1/(1 + exp(-(double)x))
#define DSIGM (V) (float) (y)*(1.0-y))

Sb lwong noron ddu vao cia mang bang sb thanh phan cia vec-to ddu vao x
v6i kich thude 35x%1.
#define SLNRLV 35 // SO LUONG NO RON LOP VAO

Sb lwong noron 16p an 1a 5, vec-to dap tmg dau ra 16p an 13 y véi kich thuée
5x1. Co thé néi chua co cong trinh ndo ndi vé kich thudc cua 16p an mot cach cu

thé. Tuy nhién, néu chon kich thudc 16p an 16n qua thi khong nén ddi véi cac bai
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toan ma cac ddu vao (vec-to x) d& bi nhifu tac dong, boi rang v6i mot mang ma co
16p an kich thudc 16n thi mang noron s¢ rat “nhay cam”, do d6 mdt nhiéu nho tac
dong 1én dau vao cling c¢6 thé 1am anh hudng dén dap Gng dau ra cia mang trong
qua trinh str dung mang.

#define SLNRLA 5 // SO LUONG NO RON LOP AN

S6 luwong noron 16p ra 1a 10. Ta ciing ¢6 thé chon 13 1 noron ddi véi bai toan
nay, tuy nhién véi cach lya chon nhu vay thi s& rat khé khian cho ching ta trong viéc
giai quyét yéu cau ciia bai toan, vec-to du ra ctia 16p ra 13 z v6i kich thudc 10x1.
#define SLNRLR 10 // SO LUONG NO RON LOP RA

Trong cac thuat toan tdi wu 1ap, c6 mdt khai niém la diéu kién dung thuat
toan. C6 nhiéu phuong an dé dung 10i giai. O déy ta sit dung mot phuong phap rat
phd bién d6 1a dinh nghia mot gia tri ngudng sai sé dé dimg 16i giai va coi nhu da
dat dugc nghi€ém cua bai toan, hay la da tim dugc by trong s6 toi uu. Vay, dinh
nghia gi4 tri ngudng 13 bao nhiéu? N6 c¢6 thé anh hudng dén van dé ma chung ta goi
1a tong quét hoa cuia mang. Mot mang c6 kha ning tong quat hoa tot hay khong thi
mot trong nhitng yéu t6 anh hudng d6 1a viée dimg luyén mang sém hay mudn, tirc
13 lién quan dén viéc dinh nghia gi4 tri ngudng sai s0. Gia tri ngudng sai s6 ma ta sir
dung dé ding viéc huan luyén mang néu gia tri ham muc tiéu dat toi 13 epsilon.
#define EPSILON 0.06 // SAI SO TRUNG BINH BINH PHUONG
DE DUNG QUA TRINH LUYEN MANG

Ta ciing dinh nghia mét gia tri cuc dai cho sé budc 1ap trong qua trinh huin
luyén mang 1a BLTD, néu sb budc lip vuot qua gia tri nay thi ching ta coi nhu qua
trinh huan luyén mang that bai.

#define BLTD 30000 // BUOC LAP TOI DA

Gié tri FD dugc st dung trong thuat todn tinh budc hoc vuot khe.
#define FD le-1

Ciing lién quan dén vin dé kha ning tong quat hoa cia mang, viéc liwa chon
tai liéu hoc cho mang anh huong dén nang lyc cua mang sau khi da dugc huén

luyén. Ngoai ra, viéc chon tap hd so huin luyén cling anh huong dén chi phi thoi
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gian dé luyén mang, va mdi mot tip hd so huin luyén khac nhau duong nhién ciing
s& dem lai moOt mat chét luong khac nhau cua mang. Trong t€p taphuanluyen.h
trinh bay bo tai liéu dung dé huin luyén mang. B6 tai liéu ndy gdm cic vec-to miu
dau vao va vec-to dap tmg dich. Bang 2.2 cia muc 2.3.4.2. sé trinh bay vé két qua
cua vi¢c luyén mang véi tap hd so luyén mang da cho dé minh hoa kha nang cua

thuat toan vuot khe.
2.3.3.2. Ham khéi tao trong so

La ham khdi tao cac gia tri trong s6 s& duge sir dung cho cac mang noron.
Céu tric dir liéu cta gia trj trong sd dugc khai tao va thiét 1ap mot 1an bang viée goi
ham KHOITAOMANG (). Ham s& khéi tao mang hai chiéu cia cac trong so 16p an va
16p ra voi cac gia tri ngau nhién chuan hoa véi dai dic biét. Vi ham kich hoat 1a
ham sigmoid thi ta chon gia tri nay 1a 0.5. Trong muc 2.3.4. ching ta s€ chay thu
chuong trinh luyén mang nhiéu 1an dé thiy rang véi viéc xuat phat tir mot diém bat
ky khac nhau trong khong gian trong s6 cia mdi lan chay 1a anh huong dén qua

trinh tim kiém diém cuc tiéu, xem thong ké & bdng 2.2 va 2.3.

M6 td ham KHOITAOMANG () trong doan ma sau:
int KHOITAOMANG ()
{
for (i=0; i<SLNRLV; i++)
for (§j=0; J<SLNRLA; j++)
{
MTTSLA[i][j] = -0.5+ (float) rand()/RAND MAX;
BTMTTSLA[i] [jJ] = O;
}
for (i=0; i<SLNRLA; i++)
for (§j=0; J<SLNRLR; j++)
{
MTTSLR[i][j] = -0.5 + (float) rand()/RAND MAX;
BTMTTSLR[i] [j] = O;
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2.3.3.3. Thii tuc tinh bwdc hoc vuwot khe

Trong muc 2.1 cta luan 4n da trinh bay vé nguyén 1y vuot khe ciing nhu
thuat toan dé tinh budc hoc vuot khe, sau day la doan ma tinh budc hoc. Thu tuc
TINHBUOCHOCVUOTKHE () s& duoc goi trong HUANLUYENVUOTKHE () sau moi
budc 1dp. Khi chung ta st dung budc hoc dugc tinh theo nguyén 1y vuot khe thi
duong nhién may tinh s& mat mot khoang thoi gian dé thue hién cac phép toan cua
thuat toan. Tuy nhién, nhu bang 2.2 va 2.3 trong muc 2.3.4 théng ké thi thiy rang s6
budc 1ap ctuia qua trinh luyén mang lai giam di that ro rét.
void TINHBUOCHOCVUOTKHE (void)

{
float XL, XU,FL[SLMHL], temp;

int i,t,3j;

if (NBS==0)

{
A=0.5;
GAMA=0.1;

TOCDOHOC=A;

}

for (t=0; t<SLMHL; t++)
FL[t]=FX[t];

XL=0;
BUOC1:

TOCDOHOC=A;

BUOCLAP () ;

HAMMUCTIEU () ;
for (t=0; t<SLMHL; t++)
F[t] = ECM[t];
for (t=0; t<SLMHL; t++)
if(F[t]>FL[t])
{
XU=A;
goto BUOCZ;
}
//XL=A;
for (t=0; t<SLMHL; t++)
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A=1.5%A;
XU=A;
goto BUOCI;
BUOC2:
1if (FD>= (XU-XL))
goto BUOC3;
A=XL+GAMA* (XU-XL) ;
temp=TOCDOHOC;
TOCDOHOC=A;
BUOCLAP () ;
HAMMUCTIEU () ;
TOCDOHOC=temp;
for (t=0; t<SLMHL; t++)
F[t] = ECM[t];
for (t=0; t<SLMHL; t++)
if(FL[t]>F[t])
{
XU=A;
for (j=0; J<SLMHL; j++)
FL[J]I=FI[]J1;
goto BUOCZ;
}
for (t=0; t<SLMHL; t++)
1f(F[t]>FL[t])
{
for (§j=0; J<SLMHL; j++)
FL[J]=F[J];
X1=A;
goto BUOC3;

BUOC3:
for (t=0; t<SLMHL; t++)
FX[t]=F[t];
NBS=NBS+1;
TOCDOHOC=A;
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2.3.3.4. Thii tuc hudn luyén mang, HUANLUYENVUOTKHE ()

Trong thu tuc nay c6 mot vong lap do...while, mdi vong lap la mdt budce lap
trong qua trinh luyén mang. Mot trong hai yéu t6 két thiic viéc huin luyén mang 13,
néu giad tri ham muc ti€u dat to1 sai ) epsilon=0.06, hoac s6 bude lap vuot qua
3000 1an 13p. Néu yéu to thir nhat thoa man thi mang dugc huin luyén xong va san
sang cho ngudi dung sir dung mang, con néu gip yéu td thtr hai thi coi nhu viée

huin luyén mang bi thét bai.

HUANLUYENVUOTKHE () s€ goi TINHBUOCHOCVUOTKHE () mdi mot lan lap
dé co duoc bude hoc vuot khe, sau d6 BUOCLAP () s& duoc goi dé lan truyén tién,
tinh todn dau ra. Mot thi tuc DIEUCHINHTRONGSO () s& dugc goi tiép ngay sau do
dé diéu chinh cac trong s6 16p an va 16p ra dira vao thong tin vé sai s dau ra so voi

tap mau dich cung voi budc hoc vuot khe.

Trong go6i phin mém cling dua thém hai thu tyc, mot la
HUANLUYENCODINH (), thu tuc nay s€ huin luyén mang v&i bude hoc chon ¢6 dinh
14 0.2 va thtr hai 14 HUANLUYENGIAMDAN () v&i bude hoc giam dan tinh theo cong
thire (2.20) dé gitp ta so sanh v&i cach hudn luyén theo budc hoc tinh theo nguyén
Iy vuot khe. Muc 2.3.4.2 trong chuong nay sé théng ké 20 1an luyén mang véi ba

thu tuc nay.

— a
toc_do_ hoc= 5o buoe Tap*bic (2.20)

Trong do a, b, c 1a cac héng $0.
2.3.4. Két qua chay chwong trinh va so sanh
2.3.4.1. Chay chwong trinh

Sau khi 1ap trinh bﬁng Visual C++, chay chuong trinh, chung ta can lya chon
mot trong ba phuong an tr ban phim: c, g, v tuong trng voéi viée lya chon budc hoc
¢ dinh (viét tit 13 ¢), bude hoc giam dan theo cong thirc (2.20) (viét tit 1a g), hay
buéc hoc vuot khe tinh theo thuat toan vuot Kkhe b?mg tha tuc
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TINHBUOCHOCVUOTKHE () (viét tit 13 v) duoc sir dung dé luyén mang. Cach thirc
nhap tir ban phim dé lwa chon budc hoc duoc md ta ngay sau day:

LUA CHON LOATI BUOC HOC

CO DINH: ¢, GIAM DAN: g, NGUYEN LY VUOT KHE: v

v [enter]

Qua trinh luyén mang bt dau, néu qua trinh tim kiém bo trong s6 mang thit
bai thi chuong trinh s& thong béo rang qua trinh luyén mang that bai, con néu viéc
luyén mang thanh cong thi chuwong trinh s& cho ching ta biét sd budc lap cua qua
trinh luyén mang; két qua cta hai ma tran trong s6 16p an va 16p ra va yéu cau
chung ta dua vec-to x dau vao dé kiém tra mang. Cach thirc nhap vec-to x tir ban
phim nhu sau (gém c6 7 hang, mdi hang 5 gia tri; gia tri hodc 0 hodc 1a 1), vi du ta
nhap ma cia s6 6
0011

0100

0
0
10000
0

1111
10001

10001
01110

Va ching ta cho cau tra 101 cia mang.
*hkkhkkhkhkkhkkhkkhkkkhkkhkkhkkhkkhkhkhkkhkkhidxhkhhkikkhkhihhkhkhkkikiiikhkhkikikiidkx
* CHUONG TRINH HUAN LUYEN MANG NO-RON *
* BUOC HOC TINH THEO NGUYEN LY VUOT KHE *
*hhkhErkhkhkhhkhkhkhkhkhhkhhhkhkhhkhkhhkhkihkhkihhkihhihiiiiiik
DANG HUAN LUYEN MANG THEO BUOC VUOT KHE...
MANG DA DUOC HUAN LUYEN XONG SAU: 34 BUOC LAP!
MA TRAN TRONG SO LOP AN MTTSLA[sInrlv][sInrla]:

-0.513496 +0.764902 +0.833890 -1.213335 +0.821022
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-0.714510 -0.330939 +0.718113 -0.010856 +1.041344

+0.203121 -0.493358 -0.615304 +1.198389 +1.225473

+0.680735 +0.133827 -1.207137 -0.042108 +1.715010

+0.013734 -0.783505 +0.020761 +0.770050 -0.108593

+0.823171 -1.643064 +1.088796 -1.139771 -0.177110

+0.773920 +0.239387 -1.654652 +0.578060 -0.869230

+0.727297 -0.028404 +0.788829 -1.379023 -1.399395

+0.630254 +0.221009 -0.569163 +0.697461 +1.071346

-0.596292 -0.348468 -0.012247 +0.122078 +1.245557

-1.321880 -0.141454 -0.235088 +2.864328 +1.306939

+0.129423 +0.415885 -0.756748 +0.563398 +0.069821

+0.516451 +0.032283 +0.209667 -0.963300 -0.187824

+1.728189 -0.967244 -1.690552 -0.385068 -0.347820

+1.109388 +0.452760 -0.649945 -1.479361 -0.492071

-0.545680 +0.580958 -0.643666 -0.058043 +0.681030

-0.139105 +0.502492 -0.103526 -0.416014 +1.761168

-0.466114 +1.729941 +0.325881 +0.715679 -0.409421

-0.666974 +1.983714 +0.425334 -0.192603 +1.008505

-0.766750 +0.952648 -0.091599 -0.618372 +0.769775

+0.390731 -0.222322 -1.175726 -0.874193 -0.480719

+0.303599 -0.226470 +0.460789 -0.324308 -0.687494

-0.466552 -0.199729 +0.305401 -0.112127 -0.616490

-1.078721 +0.571089 +1.299650 -0.068734 +0.194324

-1.218586 +1.362693 +0.992297 +1.284863 +0.102053
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-0.601627 +0.353629 +1.566376 -0.162777 -1.226421

+0.335808 +0.359233 -0.639406 +1.286489 -0.565971

+0.091049 +0.309190 -0.607970 -0.996621 +0.297518

-0.203598 +0.343273 +0.885806 -1.437262 +0.819597

-0.382919 +0.682280 +0.220937 +0.767746 -2.170041

+0.120224 +0.210313 +0.441168 +0.792983 -1.223393

+0.468991 +0.842258 -1.504078 +0.576556 +0.084106

-0.352618 -1.862809 +0.389202 +1.284403 +0.617516

-0.908492 -1.645394 +1.693434 -0.538605 +0.292108

+0.802787 +1.271673 -0.906446 +1.124133 -0.188477

MA TRAN TRONG SO LOP RA MTTSLR[slnrla][sInrlr]:

+2.951620 -4.526521 -3.790868 -2.230710 -1.738504

-2.769717 +1.312588 -4.664436 -2.827789 +2.371747

-0.364274 +2.201062 -3.916823 -3.320487 -4.069728

-1.782830 -4.044702 +3.170280 -4.158247 -3.187445

-6.282814 +0.281494 -1.669756 +1.434243 +1.132807

-2.987375 -3.486474 -0.478021 -4.107324 +4.076324

-1.912957 -2.763546 -3.092701 +1.134861 +2.352585

-5.310641 +3.295428 +0.162167 -2.746308 -2.727656

-2.506175 -2.950514 +0.563975 +2.650147 -2.085773

-2.361584 -0.225960 -4.947299 +3.709565 -3.014404

FINISH.
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2.3.4.2. So sanh cac phwong dn

Chung ta s& lan lugt luyén mang theo ba phuong an, phuong an thtr nhat 13
budc hoc ¢b dinh bang 0.2, phuong an thtr hai 13 bude hoc giam dan (bit dau tir gia
tri 1) sau mdi budc lap theo cong thirc (2.20), phuong an tht ba 1a budc hoc tinh
theo nguyén 1y vuot khe. Mdi phwong an, chung ta thir luyén 20 1an cho mét tap hd

so luyén mang. Két qua cho ta bang 2.2.

Véi bude hoc ¢ dinh, ta théy rz"mg sb6 bude lap can co dé mang dugc huin
luyén thanh coéng 13 rat 16n, trung binh 1a 10000 chu ky, nguyén nhan c6 thé do
budc hoc chon 1 bé (0.2). Tuy nhién, néu thir chon budc hoc 16n hon (0.3) thi két
qua 12 s6 1an luyén mang that bai nhiéu hon. Nhu trong bdng 2.2 thong ké thi da bay

1an that bai trong tong s6 20 lan luyén mang v&i bude hoc 14 0.2.

Véi bude hoc tinh theo cong thirc (2.20) thi ba 1an that bai, sd budc lap dé
luyén mang thanh cong kha 6n dinh, tuy nhién ching ta ciing thiy rang, theo bang
2.2 da thong keé thi véi bude hoc tinh theo nguyén 1y vuot khe, tdc d6 hoi tu cao hon
v6i trung binh 37 budc lip ta dd luyén mang xong, s6 lan that bai khi luyén mang

cling dugc giam di.

Mét nhugc diém ciua phuong an tinh budc hoc vuot khe 1a chi phi thoi gian
dé may tinh xir 1y tinh toan budc hoc trong mdi budc 1ap 16n do ta dinh nghia hang
s& FD=1-e4 nho, thuat toan s& phai lap nhiéu lan dé thoat khoi diéu kién nay (budc
2 cta thuét toan vuot khe). Tuy nhién, vé tong chi phi thoi gian luyén mang thi lai

¢o lo1 hon.
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Bdng 2.2: Tdp h6 so mau dau vao {0123456789)

T Buwéc hoc ¢6 dinh 0.2 | Bwéc hoc giam dan tir 1 | Budc vuot khe
1 Thét bai Thét bai Thét bai
2 7902 (budc lap) 3634 (budc 1ap) 23 (budc lap)
3 7210 2416 50

4 12370 2908 34

5 Thét bai 2748 31

6 9700 3169 42

7 That bai 2315 43

8 10073 2375 33

9 11465 That bai 34

10 8410 2820 33

11 10330 2618 32

12 That bai 2327 39

13 That bai 3238 44

14 9652 2653 Thét bai
15 11980 2652 31

16 12607 Thét bai 53

17 That bai 2792 31

18 8165 2322 42

19 10130 2913 42

20 That bai 2689 33

Tén | TB: 10000 bwéc Iip, 7| Trung binh: 2740 buée | TB: 37 buéc Lip, 2
g két that bai/20 1ip, 3 thit bai/20 that bai/20
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Bdng 2.3: Tdp ho6 so mau dau vao {abcdeghikl}

T Buwéc hoc ¢6 dinh 0.2 | Bwéc hoc giam dan tir 1 | Budc vuot khe
1 11212 (budc lip) Thét bai 41 (buée lap)
2 Thét bai 3735 (budc lap) 28

3 8211 2436 49

4 11365 2868 34

5 8871 2848 35

6 Thét bai That bai 26

7 That bai 2341 33

8 11120 2165 36

9 10129 2769 35

10 8860 3220 32

11 9816 2210 32

12 That bai 2727 37

13 9712 3018 That bai
14 Thét bai 2571 44

15 10010 2541 37

16 11368 3186 33

17 That bai 2146 39

18 10923 That bai 32

19 That bai 2923 45

20 That bai 2678 31

Tén | TB: 10133 buéc lip, 8| Trung binh: 2728 buéc | TB: 36 budéc Lip, 1
g két that bai/20 13p, 3 that bai/20 that bai/20
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2.4.  Két luan chwong 2

Trong chuong 2, tic gia di gidi thiéu vé mot thuat toan méi dé tim bude hoc,
phtt hop cho mit 18i c6 dang khe 13 thuat toan vuot khe. Dé c6 thé tim duoc 101 giai
tdi wu cho bai toan su dung mang noron c6 mat 16i dang long khe, tac gia da dua ra
mé hinh két hop thuat toan vugt khe va lan truyén nguoc. Do 1a co sé dé cai dat
thanh cong thu tuc huan luyén mang theo phuong phap vuot khe két hop véi ki
thuat lan truyén nguoc di tim b trong s tdi wu. Dé chimg minh cho dé xuét nay tac
gid da dua ra mdgt vi du vé nhan dang chir viét tay va co su so sanh gitra budce hoc
vuot khe voi cac budec hoc khac thuong hay dugc s dung trong Toolbox cua

Matlab. Céc két qua mé phong cho thiy su ding dan ctia dé xuit nay.
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CHUONG 3: PE XUAT MO HINH KET HQP GIAI THUAT DI TRUYEN
VA THUAT TOAN VUQT KHE PE CAI TIEN QUA TRINH HQC CUA
MANG NORON MLP CO MAT LOI PAC BIET

Tém tit: Trong chwong nay, tac gia sé trinh bay vé viéc g dung gidi thudt di
truyén dé tim bé trong 56 khéi tao ban dau va van dé cai dat thudt todn nay két hop
Vi thudt todn vieot khe nham ndng cao kha nang va téc do hoi tu trong qua trinh

luyén mang noron.
3.1. Dat van dé
3.2. Luyén mang noron két hop thuét toan vuot khe va giai thuat di truyén

3.3. Ap dung mo hinh két hop giai thuat di truyén va thuat toan vuot khe

trong qua trinh luyén mang noron vao bai toan nhan dang
3.4. Két luan chuong 3

3.1. Pitvan dé

Trong qua trinh luyén mang noron, hai yéu t6 4nh huong manh mé dén viéc
tim duoc b trong sb tbi uu cua mang la budc hoc va vec-to khoi tao trong sb ban
dau. Trong cac nghién cru nham cai thién thuat toan, nguoi ta thudng tim cach thay
d6i budc hoc dé cho phép c6 thé vuot qua nhitng cuc tri dia phuong. Khong c6 mot
gia tri budc hoc xac dinh nao cho cic bai toan khac nhau. Véi mdi bai toan, budc
hoc thuong duogc lya chon bﬁng thuc nghiém theo phuong phap thir va sai, hoac s¢€
c6 bude hoc phu hop véi timg dang bai toan riéng biét. Vi bai toan ma mit 15i c6
dang long khe, chuong 2 da dé xuat viéc sir dung thuat toan vuot khe dé tim budc
hoc phu hop v6i mit 16i dang nay. Con mét nhan t6 khac 13 bo trong sd khoi tao ban
dau, nd c6 anh hudng cu thé thé nao dén két qua cta luyén mang noron, dic biét khi
mat 18i c6 dang long khe. Dé danh gia nhan t6 nay, tac gia thir di luyén mang noron

trong mot s6 trudng hop sau:
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3.1.1. Khao sit d hdi tu ciia qua trinh luyén mang noron bang ky thuit lan
truyén nguwoc nguyén thily véi cac bd khoi tao trong sé ban diu khac

nhau.

K¥ thuat lan truyén nguoc ¢ day 1a lan truyén nguogc 18i trong mang, ham 13i
thudng chon 14 ham ma né ti thiéu hod duoc sai sd trung binh binh phwong. Cach
thirc hi¢u chinh trong s6 cua thuét toan 1a nguoc hudng vaoi vecto Gradient cua ham
sai s6 trung binh binh phuong. Déi véi mang noron nhiéu 16p thi ham sai s trung
binh binh phuong thuong phirc tap va co nhiéu cuc tri cuc bd. Céc gia tri khoi tao
clia cac trong s6 anh hudng rat manh dén 101 giai cubi cing. Néu cac trong sd dugc
khoi tao v6i gid tri 1on thi ngay tir du tong tin hiéu vao di c6 gia tri tuyét ddi 16n va
lam cho dau ra cua mang chi dat 2 gid tri 0 va 1. Diéu nay lam cho hé théng s€ bi
tic tai mot cuc tiéu cuc bd hodc tai mot vung béng phﬁng nao do gén ngay diém
xudt phat. Cac trong s6 nay thuong dugc khoi tao bang nhitng sé ngiu nhién nho.
Theo nghién ctru ciia Wessels va Barnard [42], thi vi¢c khdi tao cac trong sb lién
két wj; nén trong pham vi [—3/ Ji 3k J v6i ki 1 s6 lién két ciia cac noron j toi

noron I.

Hién nay, bd cong cu Neural Network Toolbox di tich hop san mot s6 thuat
todn luyén mang va budc hoc khac nhau dé ching ta lya chon; con bd trong s6 ban
dau phuc vu cho qua trinh luyén mang déu lay ngau nhién trong mot khoang nao do.

bé théy r0 duoc sy anh huong cua vec-to khoi tao trong sb ban dau dén do
hoi tu cua qua trinh luyén mang noron ta xét hai vi du sau:

a). Xét hé thong phi tuyén tinh cin nhén dang c6 mé hinh todn hoc nhw sau:
y(u) = 0.6 sin(r.u) + 0.3 sin(3.xt.u) + 0.1 sin (5.7.u)

Chung ta phat tin hiéu u(k) = sin(27.k/250) vao hé théng trén va do tin hiéu
ra y(k). St dung bé mau (u(k),y(k)) nay dé luyén mang.

Mang noron dugc ding 1a mang truyén thang 3 16p, c6 mot dau vao, mot dau
ra. Lop nhap c6 8 neural, 16p 4n c¢6 8 neural, 16p ra c6 1 neural, ham kich hoat ctia
ca 3 16p déu 1a ham tansig. Sai s6 cho phép dé luyén mang thanh cong 1a 10, Ta sir
dung k¥ thut lan truyén nguoc véi bude hoc c¢b dinh bang 0.2.
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Goi IW"! 1a ma tran trong sb 16p nhap, ma tran c6 1 hang 8 cot. Goi LW?! Ia
ma tran trong sb 16p én, ma tran c6 8 hang, 8 cot. Goi LW3? 12 ma tran trong sb 16p
ra, ma tran c¢6 8 hang, 1 cot. Vi mdi lan luyén mang khéc nhau trc vo1 bo trong )
ban dau [IWl’l, LW?2, LW3’2] lua chon ngau nhién khac nhau ching ta lai thu duoc
mot bo trong s6 toi wu khac nhau, sé ky nguyén luyén mang (KNLM) ciing khac

nhau. Cu thé:

Bang 3.1
TT | KNLM | Saisé (10°) | TT | KNLM | Saisd (10°)
1 66 9.8065 8 24 9.9681
2 11 5.8464 9 45 9.1789
3 28 9.8923 10 62 9.5743
4 22 9.4931 11 55 9.2574
5 46 9.9981 12 37 9.6842
6 29 9.9062 13 29 7.1969
7 207 9.5439 14 60 9.2586

Can clr vao bang 3.1 ta thiy véi mot thuat toan khong doi, cau tric, tham s6
cua mang chon nhu nhau thi két qua cua qua trinh luyén mang phu thudc vao bo
khdi tao trong sb ban dau.

b). Xét hé théong dong hoc phi tuyén can nhin dang cé mé hinh toin hoc nhuw
Sau:
y = 0.00005 - 0.05y - 0.0005u — 0.5uy

Chung ta phat mot tin hiéu ngau nhién c6 gidi han vé bién d6 tir 0 dén
2L/sec voi thoi gian 1dy mau 13 0.1s vao hé thong trén va do tin hiéu ra. Lay tap
mau vao, ra nay dé luyén mang, Téng thoi gian dat 1a 100 s, do do s€ tao ra dugc

1000 bd mau vao ra dudi dang mot mang dir lidu.
Cau tric mang noron dugc chon nhu sau:

Mang gom c6 hai 16p: Lép vao c6 4 noron, ham kich hoat 12 ham tansig; 16p

ra co 1 noron, ham kich hoat 1a ham purelin.
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IW! 12 ma tran trong ) 16p nhap, ma trdn c6 1 hang 4 cot.

LW?! 12 ma tran trong sb 16p 4n, ma trin c6 4 hang, 1 cot.

LW*? 12 ma tran trong s6 mach vong phan hoi tir dau ra tré lai dau vao, ma
tran c6 1 hang, 4 cot. Ta st dung k¥ thuat lan truyén nguoc voi budc hoc ¢d dinh
bang 0.2. Sai s6 cho phép dé luyén mang thanh cong la 1072,

Véi mdi lan luyén mang khac nhau tic véi bd trong s6 ban dau [IWl’l,
LW??, LW"?] lya chon ngiu nhién khac nhau ching ta lai thu dwoc mot bd trong sd

t61 wu khac nhau, s6 ky nguyén luyén mang (KNLM) ciing khac nhau. Cu thé:

Bang 3.2:
TT | KNLM | Saisé (10%) | TT | KNLM | Saisd (107
1 210 9.2147 8 301 8.9754
2 151 9.6782 9 229 9.2367
3 234 8.6745 10 234 9.2476
4 193 9.3657 11 167 9.9874
5 271 9.2486 12 205 9.5789
6 146 7.6842 13 212 9.3487
7 231 8.6575 14 203 9.3578

Can ¢t vao bdng 3.2 ta thiy voi mot thuat toan khong doi, cau tric, tham sb cia
mang chon nhu nhau thi két qua cta qua trinh luyén mang phu thudc vao bd khoi

tao trong so ban dau.

3.1.2. Khio sat do héi tu ciia qua trinh luyén mang noron cé miit 16i diic biét
bang k¥ thuit lan truyén nguwoc két hop thuit toan vuot khe véi cac bd
khéi tao trong s6 ban dau khac nhau.

Khi str dung mang noron dé xap xi mot sé6 d6i tugng phi tuyén, cé thé dan
dén mit 11 khi luyén mang c6 dang long khe [27], [28]. V6i nhirng dbi twrong phirc

tap nay khi xap xi ta can chon mang noron c¢6 nhi€u 16p va dac biét can chon ham
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kich hoat 1a ham sigmoid dé€ de¢ sinh ra mat 161 c6 nhi€u cuc tri cuc bo va co6 dang

Iong khe.

O chuong 1, tac gia da chimg minh duoc rang khi st dung bd cong cu Neural
Network Toolbox dé luyén mang noron c6 mat 16i dic biét nay thi mang hoi tu rat
cham tham chi khong hoéi tu. Trong chuong 2, tac gia da dé xuét vé thuat toan vuot
khe va phuong phap tinh budc hoc vugt khe dé cap nhat trong sd cia mang noron.
C6 thé nhan thiy rang budc hoc vuot khe wu viét hon hin cac phwong phap cip nhat
budc hoc khac nhu bude hoc ¢b dinh, bude hoc giam dan qua bang thong ké két qua
luyén mang. Cu thé s 1an luyén mang thit bai va sd ky nguyén luyén mang giam di
dang ké. Trong phan ndy, van st dung k¥ thuat lan truyén nguoc két hop véi thuat
toan vuot khe dé luyén mang noron c6 mit 161 dang long khe, tac gia s& di danh gia
su anh huong ctua bd khdi tao trong s6 ban dau dén van dé tim nghi¢m tdi wu toan

cuc.

Pé minh hoa, nhom tac gia van dé xuat cau tric mang no ron dé nhan dang
cac chir s0: 0, 1, 2, ...,9. Trong d6 ham sigmoid dugc su dung v&i muc dich sinh ra

mit sai s6 ¢6 dang long khe.

Dé biéu dién céc chit s, ching ta stt dung mot ma tran 5x7 =35 dé mi hoa
cho mdi ky ty. Tuwong Gmg véi mdi vecto dau vao x 1a mot vecto co kich thude
35x1, voi cac thanh phﬁn nhan cac gia tri hodc 0 hoac 1. Nhu vay, ta co thé lva
chon 16p noron dau vao co6 35 noron. Dé phan biét dugc muoi ky tu, chiung ta cho
16p dau ra cia mang 13 10 noron. Di v6i 16p 4n ta chon 5 no ron, ta ¢O ciu triic

mang nhu hinh1.5.

Ham f dugc chon 1a ham sigmoid vi thyc té ham nay ciing hay dugc dung
cho mang no ron nhiéu 16p va hon nita do dic diém cta ham sigmoid rat d& sinh ra
mit sai s6 co6 dang long khe hep. Phwong trinh cia ham sigmoid

la: f =1/ 1+ exp(-x))

Ham sai s6 st dung cho luyén mang: J =0.5*(z—t)2 v6i z 1a dau ra cua

noron 16p ra va t 1a gié tri dich mong muon.
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Bo trong s khi tao ban dau véi mang 3 16p gém c6 ma tran trong sb 16p an
¢6 kich thude 14 35%5 va ma tran trong s 16p ra c6 kich thudce 1a 5x10 duoc lay 1a
mot s6 ngdu nhién xung quanh diém 0.5 13 trung diém cua ham kich hoat sigmoid.

Sau khi 1ap trinh va cho luyén mang 14 1an ta c¢6 dugc bdng 3.3.

Bang 3.3

TT KNLM TT KNLM
1 37 8 35
2 Thét bai 9 29
3 42 10 46
4 33 11 38
5 35 12 39
6 28 13 That bai
7 44 14 30

Can ctr vao bang 3.3 ta théy v6i mot thuat toan khong ddi, cAu trac, tham sb
cua mang chon nhu nhau thi két qua cua qua trinh luyén mang phu thudc vao bo
khéi tao trong s6 ban diu, tham chi con ¢6 2 1an luyén mang that bai trong téng sb
14 1an luyén mang. Diéu d6 duoc giai thich: do ban chat cua giai thuat hoc lan
truyén nguoc sai s6 12 phuong phap giam do 1éch gradient nén viéc khdi tao gia tri
ban dau cia bo trong sb cac gia tri nho ngau nhién s& lam cho mang hoi tu vé cac
gia tri cuc tiéu khac nhau. Néu gap may thi mang s€ hdi tu duogc vé gia tri cuc tiéu
téng thé, con néu khong mang co thé roi vao cuc tri dia phuong va khong thoat ra

duoc dan dén luyén mang that bai.

Nhu viy, tac gia di di phan tich su anh hudng cua vec-to khdi tao trong sd
ban dau trong qua trinh luyén mang noron. Sy anh hudng d6 duoc danh gié trong 3
vi du dic trung cho viée x4p xi cac ddi twong khac nhau: phi tuyén tinh, déng hoc
phi tuyén va phi tuyén dic biét. Thong qua viéc nghién ctru va thyc nghiém trén
may tinh cho ta théy: Véi cac mat 16 thong thuong viéc khadi tao b trong s6 ban
dau ngiu nhién trong mot khoang niao d6 chi anh hudng dén thoi gian luyén mang;

con voi mat 101 dac biét cé nhiéu cyc tri va dang long khe, n6 con c6 thé 1lam cho
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qua trinh luyén mang that bai do roi vao cuc tri cuc bo vi xuét phat tir vung khong
chtra cyc tri toan cuc. Pay 1a mot két luan quan trong, lam tién dé cho viéc dé xuét
phuong phap tinh toan bo khdi tao trong sé ban dau thay cho viéc khéi tao ngiu

nhién, tir 6 ting do chinh xac va tdc do hoi tu cua qua trinh luyén mang noron.

3.2. Pé xuit md hinh két hop giai thuat di truyén va thuit toan vuot

khe trong qua trinh luyén mang noron

3.2.1. Pit van dé

Qua trinh luyén mang noron thyuc chat 1a giai bai toan t61 wvu nham cép nhat cac

trong s6 sao cho ham 16i dat cuc tiéu, hodc nhé hon mot gia tri cho phép nao do.

Thuat todn hién nay thuong dugc st dung trong qua trinh luyén mang noron la
thudt toan gradien lién hop hay thuat todn Levenberg - Marquardt vi k thuat lan

truyén ngugc va con cé thé goi 13 k¥ thuat lan truyén nguoc.

K¥ thuat lan truyén nguoc hoi tu dén mot gidi phap ma no tdi thiéu hoa dugce sai
s6 trung binh binh phwong vi cach thirc hiéu chinh trong sé va hé s bias cua thuat
toan 12 nguoc hudng vai vecto Gradient ctia ham sai sd trung binh binh phuong d6i
v6i trong s6. Tuy nhién, d6i v6i mang MLP c¢6 mat chat lugng dang long khe thi
ham sai sb trung binh binh phuong thuong phirc tap va cé nhiéu cuc tri cuc bo, vi
thé céac phép lap huén luyén mang cé thé chi dat duoc dén cuc tri cuc bd cta ham
sai s6 trung binh binh phuong ma khéng dat dén dugc cuc trj tong thé. Cac gid tri
khdi tao cua cac trong sd anh hudng rat manh dén 101 giai cudi cung. Cac trong sd
nay thudng duoc khdi tao bang nhitng s6 ngiu nhién nho. Viéc khai tao tit ca cac
trong s6 bang nhau s& 1am cho mang hoc khong t6t. Néu céc trong sd dugc khoi tao
v6i gia tri 16n thi ngay tir dau téng tin hidu vao d3 co gia trj tuyét ddi 16n va lam cho
ham sigmoid chi dat 2 gia tri 0 va 1. Piéu nay lam cho hé théng sé& bi tic ngay tai
mot cyuc tiéu cuc bd hodc tai mot ving bang phing ndo do gan ngay tai diém xuét
phat. Gia tri khoi dong ban dau cua cac trong sb trén 16p thir 1 cia mang s& dugc
chon ngau nhién nhé trong khoang [-1/n, 1/n], trong d6 n 1a s6 trong s6 ndi tdi 16p 1.
Do ban chat cia giai thuat hoc lan truyén nguoc sai s6 1a phuong phap giam do léch

gradient nén viéc khéi dong céc gia tri ban dau cua céc trong so cic gia tri nho ngau

83



Lugn dn Tién si Ky thugt 2013

nhién s€ lam cho mang hdi tu vé€ cac gia tri cuc ti€u khac nhau. Néu gdp may thi

mang s€ hd1 tu dugc ve gia tri cuc ti€u tong the.

Xu thé hién nay cua céng nghé thong tin 13 két hop wu diém cua cac ky thuét
riéng 16. Cac k¥ thuat mang noron, thuét giai di truyén, logic mo, ... dang duoc két

hop v6i nhau dé hinh thanh cong nghé tinh toan mém.

Céc nghién ctru vé GA két hop véi ANN bét dau boi Montana and Davis. Nam
1989 cac éng da co bao cao vé viée tmg dung thanh cong GA trong mang ANN. Ho
da chtirng minh duoc réng GA tim dugc b0 trong s6 tdi vu tét hon BP trong mat )
truong hop. Tir d6 dén nay cac nghién ctru vé su két hop nay di ching minh duoc
tinh wu viét cia no.

Cac nghién ctru két hop GA va ANN (xem thém trong [14]) gom:

- Dung GA dé tién xir 1y dau vao cho ANN:

+ Chon dit liéu (phuong phap biéu dién dit liu, rit gon dit liéu) toi wu khi
khong co nhiéu thong tin vé dit liéu, ...

+ Khoi tao bd trong cho ANN

- Dung GA dé hau xir ly dau ra cho mot hodc nhiéu ANN: tim bd trong ) téng
hop két qua t6i uu tir két qua ciia cic mo hinh ANN thanh vién (dd huan
luyén) trong kién trac tong hop giup ra quyét dinh, ...

- GA dung trong cac md dun doc 1ap tac dong dén két qua cia ANN: thay thé

k¥ thuat lan truyén nguoc.
- Dung GA dé xac dinh: kién tric, cic tham s6 diéu khién ANN, ...

Dé so sanh giai thuat di truyén va lan truyén nguoc sai s, ta su dung lai bai
toan nhan dang chir viét di trinh bay trong cac chuong trude, chon tham sé chung

cho ca hai phuong phéap:
- Mang noron st dung 1 mang mot 16p an
- S neural trong 16p an: 5

- Ngudng sai sb dirng 1ap: 0.1 hodc qua 20000 vong lip
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Tham sé cua thuat lan truyén nguoc sai so:
- Budc hoc: 0.2
Tham sé cua giai thuat di truyén:
- S6 luong quan thé: 20
- Xéc suét lai: 0.46
- X4c suét dot bién: 0.1
Sau day 1a bang théng ké sb bude lip dé mang hoi tu v6i mdi phuong an
trong 20 lan thir nghiém khac nhau.
(-) : mang khong hoi tu (s 1an 1ap 16n hon 20000)
Bing 3.4: So sanh GA va BP véi sai s6 1a 0.1

TT GA BP TT GA BP
1 1356 - 12 865 1890
2 729 3156 13 - 2348
3 1042 2578 14 758 -
4 1783 3640 15 - 2647
5 - - 16 968 3378
6 |879 - 17 1034 -
7 |1102 2102 18 779 3018
8 |- 2671 19 | 890 2781
9 |[891 - 20 904 2585
10 | 902 2470 TB:4 | TB: 6 that
11 | 728 3018 that bai | bai

Ta thay rang giai thuat di truyén c6 kha ning dat dugc yéu cau vé hoi ty (sai
s6 < 0.1) tirc tim vang chtra cuc tri toan cuc dé dang hon so voi k¥ thuat lan truyén

nguoc sai s0. Hay néi cach khic k¥ thuat lan truyén ngugc sai so dé roi vao ving

85



Lugn dn Tién si Ky thugt 2013

chira cuc tiéu cuc bd hon giai thuat di truyén. Trong 20 lan chay, GA chi c6 4 lan
khong tim dugc cuyc tri toan cuc trong khi d6 BP 1a 6 lan.

Vin bai toan trén ta thay d6i ngudng sai sb dirng 1ap 13 0.001 ta duoc bang sau:

Bdng 3.5: So sanh GA va BP véi sai 56 la 0.001

TT GA BP TT GA BP
1 - 8019 12 3012 -

2 - 9190 13 - 8601

3 3021 - 14 - 11032

4 - 8701 15 - 9963

5 - - 16 - 3378

6 2371 10923 | 17 - 9021

7 - 8971 18 -

8 - 9801 19 - -

9 - - 20 - 10914
10 - - TB: 15 that bai | TB 7 that bai
11 2038 7781

Qua két qua nay c6 thé nhan thiy ring chi rat it trudng hop GA dat duogc gia
tri sai s6 mong mudn. Két hop két qua trong bdng 3.4 va 3.5 ta co bang so sanh kha
nang hoi tu ciia mang noron khi thay doi sai s6 dimg lip.

Bdng 3.6: So sanh GA va BP véi sai s6 khdc nhau

Sai s6 dimng lap S6 1an hoi tu trong 20 1an luyén mang
GA BP
0.1 16 14
0.001 4 13
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Nhén xét 1: Nho co ché tim kiém trai rong, ngdu nghién va mang tinh chon loc
tu nhién nén: GA thuong tim ra dugc vung chtra cyc tri toan cuc, nhung khé dat
duoc cuc tri toan cuc. Mot mit ta muén GA duy tri sy da dang quén thé (trai rong
khong gian tim kiém) dé tranh hoi tu sém dén cuc tri cuc bd; mit khac, khi “da
khoanh vung dwoc cuc tri toan cuc”, ta mudn GA thu hep vung tim kiém dé “chi ra
duwoc cuc tri toan cuc”. Muc tiéu thi nhat thuong dé dat duogc bﬁng cach chon ham
thich nghi va phuong phap tai tao quan thé phu hop. Dé dat duoc muc tiéu thi hai
doi hoi chiing ta phai chia qua trinh tién hoa thanh hai giai doan, trong giai doan hai
ta phai chinh lai: cac toan tur lai, dot bién, tai tao; phuong phéap chon loc; danh gia
d6 thich nghi; ciing nhu chinh sira lai cac tham sb cta qua trinh tién hoa dé c6 thé
dén cuc trj toan cuc. Viéc thuc thi mot mo hinh nhu thé s& rat phtc tap. Do do, can

phai két hop GA véi cac phuong phap t6i wu cuc bd khac.

Nhan xét 2: Cac phuong phap hoc trong ANN thuc hién viéc “tim kiém cuc bo”
trong khong gian trong s (dua trén thong tin vé dao ham cua 16i) nén c6 hai nhugc
diém. Tha nhat bd trong s6 thu duge thudng khong 13 tdi wu toan cuc. Thir hai qua
trinh hoc ¢ thé khong hoi tu hodc hoi tu rat cham. Do d0, can phai két hop cac
phuong phap hoc “mang tinh cuc bo” cia ANN vo1 céac thuat gidi “mang tinh toan
cuc” nhu thuat giai di truyén.

Tir nhan xét 1 va 2, ta thdy rang c6 thé két hgp GA va ANN nham nang cao hiéu
qua ctia ANN. GA s& khoanh ving chira cuc tiéu toan cuc ctia ham 16i, sau 46 ANN
xudt phat tir bo trong s nay dé tién dén cuc tiéu toan cuc.

Trong phan nay sé trinh bay vé giai thuat di truyén (GA) két hop véi thuat toan
“vuot khe” dé ché ngu quy dao va rat ngan thoi gian clia qua trinh tim kiém ti wu
v6i mat sai sO phtrc tap dang 1ong khe.

3.2.2. Thuat toan

C6 nhiéu cach dé két hop giai thuat di truyén vao mang noron nhung cach

don gian va kha hiéu qua 14 ta thuc hién lai ghép hai giai thuét ndi tiép nhau.

Véi mot ciu triic mang cho trude, ta xudt phat bang giai thuat di truyén, di

tim tdp cac trong sO tot nhat dbi véi mang. Mot quan thé N chudi dugce khoi tao

87



Lugn dn Tién si Ky thugt 2013

ngau nhién. Mdi chudi 1a mot ban ma hoa ctia mot tip trong s6 cua mang. Sau G thé
hé tién hod, 5% cac ca thé t6t nhét trong G thé hé s& duoc luu giit lai. Cac ca thé nay
sau do s€ dugc giai ma va dugc dua vao mang noron xay nén cdc mod hinh dé hoc.
Sau qua trinh hoc, tap trong s6 nao cho két qua du bao tdt nhat s& duge gitr lai lam

thong s6 cua mang noron cho viéc du bao do.

1. Khéi tao ngu nhién tao mot quan thé ban dau P° = (a’,al,....,a’)

2. Tinh toan gia tri thich nghi f(a') cia mdi nhidm sic thé a' trong quan thé
P' hién tai.

3. Can ct vao gia tri thich nghi tao ra cidc nhiém sac thé méi bang cach chon

loc cac nhiém séc thé cha me, ap dung cac thuat toan lai tao va dot bién.
4. Loai bo nhiém sic thé co do thich nghi kém dé tao chd cho quén thé maoi.

5. Tinh toan cac gié tri thich nghi ciia cic nhiém sac thé mai f(a') chén vao

quan thé.

6. Tang s6 luong cAc thé hé néu chua dat dén diéu kién két thac va lap lai tir

budc 3. Khi dat dén dicu kién két thic thi ding lai va dua ra nhiém séc thé tot nhat.
Cac phép toan di truyén sir dung trong cac thuc nghiém duoc trinh bay nhu sau:

Khéi tao quan thé:

Qua trinh nay tao ra ngau nhién mot bd A gen (A1a kich thudc cua quan thé),
ma hoda cac gen theo sb thuc ta dugce do dai nhiém sic thé 1a L, tap hop 1 nhiém séc

thé nay sé& tao thanh mot quan thé ban dau.

Ham thich nghi:

Ham thich nghi dugc str dung ¢ day c6 dang nhu sau:

TSSE=f =Y > (t;-z) (3.1)

i=1 j=1

Trong d6 s 1a tong s6 cac mau hoc, m la s6 luong cac no ron 16p ra, G 1a tong

binh phuong 18i ctia S mau va z;; 1a dau ra clia mang noron.
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Chon loc
Céc gia tri thich nghi duoc tinh toan va thuc hién phép chon loc bang phuong
phap Iya chon banh xe roulette. Két qua 1a cac ca thé voi do thich nghi cao duoc
chon vao thé hé ké tiép ctia quan thé.
Lai tao
Phép lai tao két hop cac dic diém co trong ca thé cha me hinh thanh nén ca thé
con b@ing cach phéi ghép cac doan tuong Gng tur cac thé cha me. Vi tri lai tao duoc
Iira chon tuy theo d6 thich nghi trong mdi thé hé theo phuong trinh sau:
C, = ROUNDIF,, (i, j)xL]  €[O0....L] (3.2)
Véi ROUND(.) 1 ham x4c dinh s6 nguyén gan nhét thoa man. Néu vi tri lai tao
cang 16n cac thé con s& chtra nhiu dic diém trong c4 thé me.
Dot bién
Pé tranh roi vao cac diém tdi wu cuc bd, cac ca thé duoc thay ddi mét cach ngﬁu
nhién véi vi tri dot bién M, nhu sau:
M, =ROUND[(L-C,)xM, /L] e {0..M,} (3.3
Véi My 1a gidi han trén cua vi tri dot bién. Theo thoi gian, do thich nghi sé dan
tdng va cac phép lai tao dot bién cling dugc thuc hién. Qua trinh tién hoa s& duoc
thuc hién cho dén khi dat dén d6 thich nghi mong mudn.
Véi viée lai ghép nay, giai thuat lan truyén nguoc sai sd luoc bo di mot sb
budc sau:
- Khong khoit tao cac gia tri trong s6 ban dau vi tap trong s6 da duoc léy tu
két qua cua giai thuat di truyén.
- Thanh phan quén tinh trong cac phuong trinh hiéu chinh trong s 1a khong
can thiét vi tap trong sb xuét phat da kha gan 101 giai; tic dung chéng dao dong va
thay doi dot ngot cac trong sd theo hudng khac véi hudng cia 1oi giai trd nén khong

can thiét.
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Chu tinh cho giaidoan 1. —»
Chos trinh cho giad doan 2: —_—

Hinh 3.1: So do thudt todn két hop gidi thudt viegt khe va di truyén cho
luyén mang MP
Thuat toan két hop giai thuat vuot khe va giai thuat di truyén cho mang MLP

dugc dé xuit trong hinh 3.1. N6 bao gém hai giai doan luyén mang. Giai doan dau
tién sir dung thuat toan di truyén véi bude truyén thang nham day nhanh toan bo
qué trinh luyén mang. Thuat toan di truyén thyc hién tim kiém toan cuc va tim kiém
t6i ru gan diém ban dau (trong lugng vec-to) cho giai doan thr hai. Trong d6, mdi
nhiém sic thé duoc st dung dé ma hoa cac trong sd ciia mang noron. Ham thich
nghi (hdm muc tiéu) cho cac thuit todn di truyén duoc xac dinh 13 tong binh phuong
16i (TSSE) ctia mang noron twong tmg. Do d6, bai toan s& trg thanh t6i wu hoa
khong gidi han nham tim mot tap hop cac bién quyét dinh giam thiéu ham muc tiéu.
Trong giai doan thir 2 s& sir dung k¥ thuat lan truyén nguoc véi cac budce hoc duoc

thay doi theo thuat todn vuot khe da duoc dé xuat & hinh 2.4,
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3.3. Ap dung mé hinh két hop giai thuit di truyén va thuit toan vuot

khe trong qua trinh luyén mang noron vao bai toan nhin dang

Tré lai vi du vé nhan dang chit viét tay 0,1,2,... 9.

Viéc cai dat thut toan trén Matlab dugc tién hanh nhu sau:

/* Giai doan 1%/

Khoi tao cac nhiem sac thé mot cach ngau nhién cho thé

hé hién tai, khoi tao cac tham so lam viéc va dat nhiém sac thé

dau tién 1a nhiém sic thé tt nhat best_chromosome.

a- Lap tur i=1 dén kich thuéc quﬁn thé, thuc hién cong

viéc sau:

- Khéi tao sub_total fitness biang 0 va

sub_best_chromosome 1a rong
b- Lap tur j=1 dén do dai cua nhidm séic thé, thuc hién cac cong viéc sau:

- Thuc hién thu tuc truyén théng cho mang MLP (st dung ham hoat
hoa la sigmoid).

- Tinh todn ham muyc tiéu (161 hé théng ctia mang noron)

- Tinh toan 15i tong cong total fitness bang cach tich lily
sub_total fitness

c- Luu best_chromosome vao sub_best_chromosome

d- So sanh cac sub_best_chromosome véi nhau va dat sub_best_chromosome

16n nhét 14 best_chromosome.
e- Lap tur i=0 dén kich thudc quén thé/2, thuc hién cac tha tuc sau:
- Khdi tao sub_total_fitness bang 0 va sub_best_chromosome 14 rdng
- Lap tir j=1 t6i d6 dai nhiém sac thé, thyc hién cac cong viéc sau:

* Chon cac nhiém sic thé cha me sir dung phwong phap lua chon theo

banh xe roulette
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* Ap dung cac phép lai tao va dot bién

- Lap to k=1 dén do dai nhiém sic thé, thuc hién cac cong vi€c sau:

* Thuc hién thu tuc truyén th'fmg cho mang MLP

* Tinh toan céc gia tri ham muc tiéu cho cac nhiém sac thé cha me.

- Tinh to&n sub_total_fitness bang cach tich lily gia tri ham muc tiéu
ctia mdi nhiém séc thé.

- Luu best_chromosome vao sub_best_chromosome
g- Thay thé thé hé cii bang thé hé méi néu thoa man diéu kién dimg.
/* Giai doan 2 */

- Pit best_chromosome 1a véc to trong sb khoi tao, thiét 1ap cdu trac mang
noron MLP.

- Tinh to4n dau ra thyc té cia mang MLP truyén thang.
- Tinh toan 13i giita dau ra thuc té va dau ra mong mudn.

- Cap nhat cac trong sb béng k¥ thuat lan truyén nguoc, cap nhat cac h¢ sb

hoc bﬁng thuat toan vuot khe.
END

Cic két qua thue nghiém khi luyén mang MLP két hop giai thuit virot khe va

di truyén.

Mang MLP duogc luyén vaoi bo cac ky tu mau chir véi kich thude 7 x 5 duoc
trinh bay ¢ trén. Céac gia tri ban dau nhu s dau vao (35), sd luong 16p an (1), sb
noron lép an (5), cac k¥ thuat luyén mang khac nhau, ma hoa dau vao va dau ra
nham khéi tao cac trong s6 da duoc dé cap ¢ trén. Dé kiém tra kha nang cua mang
cho qua trinh nhin dang chit, ching t6i d& xuit mot tham sé danh gia chit luong
ctia mang la ty 1¢ 16i nhan dang duoc tinh theo cong thirc:

S0 cac ki i da kiém tra— S6 ky tir da nhan dang

Tv1é 10i (FR) = - . x 100%
So cac kit d3 kiem tra
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Cdc tham s6 luyén mang:

Kich thuéc quén thé =20 Xaéc suit lai tao = 0.46 Ma hoa bé“mg sb thuc
Do dai nhiém sic thé = 22596 chinh xac mong mudn = 90%  S6 thé hé: 20
Li hé théng mong muén=0.06

Két qua luyén mang nhw sau:

S6 thé hé 1 5 10 15 20
Téng thich nghi |  9.5563 8.1638 6.1383 5.724 5.697
S6 chu ky luyén 5 10 15 20 33

Ty 1é 16i 93.33% 60.33% 40.67% 37.33% 0%

TSSE 0.4956 0.3274 0.1387 0.0864 0.0589

Nhu vay, sau 20 thé hé da dat dén yéu cau ciia bai toan. Gid trj thich nghi trung
binh dat dugc 1a 5.679. Két qua cua giai doan 1 dugc s dung dé khoi tao trong sb
cho giai doan 2. Vi su thay ddi budc hoc theo giai thuat vuot khe, sau 33 chu ky
luyén mang 15i hé théng da dat dén muc dich 0.0589 va do chinh xac ctia qua trinh
nhan dang la 100%. Hoat dong cia mang MLP cé két hop giai thuat vuot khe va di

truyén cho nhan dang chit dugc thé hién trén hinh 3.2
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Hinh 3.2: Hoat dong ciia mang MLP cdi tién
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3.4. Kétluan chwong 3

Trong chuong 3 ching ta di nghién ctu cac vi du cu thé dé thdy su anh
huong cua vec-to khai tao trong s6 ban dau dén két qua caa qua trinh luyén mang.
DPong thoi cling di phéan tich danh gia wu nhugc diém cua giai thuat di truyén va
thuat hoc lan truyén nguoc sai sb trong bai todn nhan dang. Giai thuat di truyén
duoc biét dén nhu mot giai thuat tim kiém dua trén hoc thuyét vé chon loc tu nhién
va n6 cho phép ta dat duoc téi cuc tri toan cuc. Do d6, ap dung giai thuat di truyén
vao bai toan téi wu hoa trong s6 mang noron nhan tao 14 mot céch tiép can tiém

nang.

Trong chwong nay, tac gia dé xuit viéc st dung giai thuat di truyén két hop
voi thuat toan “vuot khe” dé cai tién qué trinh luyén mang noron c6 mat 16i dac biét
va minh hoa thong qua (mg dung nhan dang chir. C6 thé danh gia dugc rang phuong
phap nay di ting kha ning va téc do hoi tu cia mang noron c6 mit 16i dang “long

khe”
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KET LUAN CHUNG VA PE XUAT HUONG NGHIEN CUU

e So sanh luyén mang noron c6 miit 15i diic biét véi cac phwong phap khac

nhau

Pé thdy duoc hiéu qua cta viéc ap dung giai thuat di truyén véi thuat toan vuot
khe trong qua trinh luyén mang noron sir dung k¥ thuat lan truyén nguoc, tac gia da
dua ra mét vi du trong subt cac chuong cua luadn an la bai toan nhan dang chir viét

tay.

O chuong 2, bai toan nhan dang chir viét duoc 1ap trinh trén phén mém C++.
Trong vi du mang noron dugc luyén véi 3 phuong phap c6 budc hoc khac nhau lan
luot 1a bude hoc ¢d dinh, budc hoc giam dan va bude hoc vuot khe.

V&i bude hoc ¢ dinh, ta théy réng s6 bude 1ap can co dé mang dugc huén
luyén thanh cong 13 rat 16n, trung binh 1a 10000 chu ky, nguyén nhan c6 thé do
budc hoc chon 1 bé (0.2). Tuy nhién, néu thir chon budc hoc 16n hon (0.3) thi két
qua 12 s6 1an luyén mang that bai nhiéu hon. Nhu trong bdng 2.2 thong ké thi da bay
1an that bai trong tong s6 20 lan luyén mang v&i bude hoc 14 0.2.

Véi bude hoc tinh theo cong thirc (2.20) thi ba 1an that bai, sd budc lap dé
luyén mang thanh cong kha 6n dinh, tuy nhién ching ta ciing thay rang, theo bang
2.2da théng ké thi v&i bude hoc tinh theo nguyén ly vuot khe, tdc d6 hoi tu cao hon
v6i trung binh 37 budc 1ip ta di luyén mang xong, s6 lan that bai khi luyén mang
cling dugc giam di.

O chuong 1 va chuong 3 bai toan nhan dang chi viét duoc lap trinh trén Matlab.

Trong chuong 1 bd cong cu Neural Network Toolbox duoc st dung dé luyén mang.
Cdc tham s6 luyén mang:
Kich thuéc ky ty=5x7 Sbdaura=10 S6 dau vao = 35
S6 noron 16p an =5 Do chinh xac mong mubn = 90% Ty 18 hoc: 0.6

Lbi h¢ thong mong mubn=0.06
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Két qua luyén mang nhw sau:
S6 chu ky luyén 20 60 100 130 200
Ty 1¢ 15i 93.33% 60.33% 40.67% 37.33% 0%
TSSE 0.8136 0.6848 0.2834 0.2823 0.06

Trong chuong 3, mang noron dugc luyén véi su két hop cua thuat toan vuot khe

va giai thuat di truyén

Cdc tham s6 luyén mang:

Kich thudc quan thé =20 Xéc suét lai tao = 0.46

M3 héa bang sb thuc

Do dai nhiém sic thé = 225D chinh xac mong mudn = 90%  S6 thé hé: 20

Ldi hé thong mong mu6n=0.06

Két qua luyén mang nhw sau:

S6 thé hé 1 5 10 15 20
Téng thich nghi |  9.5563 8.1638 6.1383 5.724 5.697
S6 chu ky luyén 5 10 15 20 33

Ty 1é 16i 93.33% 60.33% 40.67% 37.33% 0%

TSSE 0.4956 0.3274 0.1387 0.0864 0.0589

Nhu vay, 18i hé thong o test 1 khi str dung luyén mang MLP bang giai thuat BG
thuan tay 13 0.06 sau 200 chu ky luyén mang. Dbi véi test 2, sau 20 thé hé di dat
dén yéu cau ciia bai toan. Gia tri thich nghi trung binh dat dugc 13 5.679. Két qua
cua giai doan 1 dugc st dung dé khoi tao trong s6 cho giai doan 2. Vi su thay doi
budc hoc theo giai thuat vuot khe, sau 33 chu ky luyén mang 16i hé thong da dat
dén muc dich 0.0589 va d6 chinh xac cta qué trinh nhan dang 13 100%. Hoat dong
ciia mang MLP thudn tiy va mang MLP c6 két hop giai thuat vuot khe va di truyén

cho nhan dang chir dugc thé hién trén hinh a
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Hinh a: So sanh hoat déng ciia mang MLP thuan tity va MLP cdi tién
Qua viéc nghién ciru va thyc nghiém trén may tinh cho ta thiy: véi nhiing cu

tric mang no ron ma mat 16i ¢ dang long khe, van st dung k¥ thuat lan truyén
nguoc nhung viée ap dung giai thuat di truyén két hop véi thudt toan “vuot khe” dé
luyén mang sé€ cho ta d§ chinh xac va tbc d6 hoi tu nhanh hon nhiéu so véi phuong

phép gradient.
Két qua nghién ctru ndy duogc giai thich nhu sau:

- Két qua luyén mang noron phu thudc rat 1én vao gia tri ban dau cia vec-to
trong s6. Viée st dung gidi thuat di truyén thuc hién qua trinh tim kiém toan
cuc cho phép co duge vec-to trong sb ban dau tét cho giai doan sau cua quéa

trinh luyén mang.

- Khi mat 16i dic biét co dang long khe, néu luyén mang bﬁng thuat toan
gradien lién hop hay thuat toan Levenberg — Marquardt s¢ cham hoi tu va
gip phai van dé cuc tri dia phuwong. Thuit toan “vuot khe” nham tim kiém
cac budc hoc t6i vu trong giai doan 2 cta qué trinh luyén mang nén da khéc
phuc cac nhuoc diém nay va do d6 lam tang tbc do hoi tu cling nhu d6 chinh

x4c cua qua trinh luyén mang.

Viéc str dung giai thuat di truyén két hop véi thudt toan “vuot khe” co thé g
dung dé luyén mot sb cu tric mang no ron ma cé mit 15i dic biét khac. Vi vay, két
qua nghién ctru nay co thé tng dung cho nhiéu bai toan khéc trong linh vuc vién

thong, diéu khién, va cong nghé thong tin.
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Nhirng dong gép chinh cia ludn an

D¢ xuat mot dang thuat todn vuot khe dé giai bai todn toé1 wu vo1 ham muc

ti€u co dang dic biét, dang long khe.

Phan tich, danh gia d6 hoi tu cua qua trinh luyén mang noron phu thudc vao

bo trong s6 khdi tao ban dau va bude hoc.

Dé xuit mé hinh két hop giai thuat di truyén va thuét toan vuot khe trong qua
trinh luyén mang noron c6 mat 16i dic biét. Trong do6 giai thuat di truyén co
vai tro thuc hién qua trinh tim kiém toan cuc dé c6 duogc vec-to trong s6 ban
dau tét cho giai doan sau cua qua trinh luyén mang. Con thuat toan vuot khe
1a dé tim budc hoc toi wu, lam tang tdc do hoi tu cling nhu do chinh xéac ctua

qué trinh luyén mang.

bé kiém ching két qua nghién ctru, mét vi dy vé nhan dang chir viét tay da

dugc dua ra dé luyén mang voi nhitng phuong phap khac nhau.

Pé xuit huéng nghién ciru

- Bo sung vao Toolbox Matlab mdt lya chon tinh budc hoc méi: budc hoc vuot

khe.

- Ung dung thuat todn nay cho mdt s bai toan trong linh vuc diéu khién, tu

dong hoa va k¥ thuat dién tu.

- Phat trién mé hinh két hop cho cac bai toan tdi wu c¢6 ham muc tiéu phirc tap

khac.
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PHU LUC 1: MOT SO KIEN THUC CO SO LIEN QUAN PEN PE TAI
Gi6i thiéu vé mang noron
.1. Dinh nghia

Mang noron nhén tao, Artificial Neural Network (ANN) goi tit 1a mang
noron, neural network, 1a mot mo hinh xir Iy thong tin phdng theo cach thuc xu 1y
thong tin cua cac hé noron sinh hoc. N6 duoc tao 1én tir mot sb luong 16n cac phan
tir (goi 1 phan tir xit Iy hay noron) két nbi v6i nhau thong qua cac lién két (goi 1a
trong sé lién kéf) 1am viéc nhu mot thé théng nhat dé giai quyét mot van dé cu thé
nao do.

Mot mang noron nhan tao dugc cdu hinh cho mot ung dung cu thé (nhan
dang mau, phan loai dit liéu,...) thong qua mot qua trinh Aoc tir tdp cdc mau hudn
luyén. V& ban chat hoc chinh 13 qua trinh hiéu chinh trong sb lién két gilta cac

noron.

Mot noron 1a mot don vi xur ly théng tin va 1a thanh phan co ban caa mét

mang noron. Cau tr(c cia mot noron dwgc md ta trén hinh dudi.

He s higu
chinh b
T O
Ham kich
x, heat
Cdc tin
hign ddu ¢ P} —= DBidura ¥,
vao

Cie trong e
synpase

Hinh 1: Noron nhdn tao
Céc thanh phan co ban caa mot noron nhén tao bao gom:

¢ Tap cac dau vao: La cac tin hiéu vao (input signals) cia noron, cac tin
hiéu nay thuong duoc dua vao dudi dang mot vec-tor m chiéu.

¢ Tap céc lién két: Mai lién két duoc thé hién boi mot trong sé (goi 1a trong
s6 lién két — Synaptic weight). Trong sé lién két giita tin hiéu vao thi j véi noron k
thuong dugc Ki hiéu la ij. Thong thuong, c4c trong sé nay duoc khai tao mot cach
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ngau nhién & thoi diém khoi tao mang va duoc cap nhat lién tuc trong qua trinh hoc
mang.

¢ B§ téng (Summing function): Thuong dung dé tinh tong cua tich cac dau
vao véi trong sé lién két caa né.

¢ Ngudong (con goi la mot do léch - bias): Ngudng nay thuong dugc dua vao
nhu mot thanh phan caa ham truyén.

¢ Ham truyén (Transfer function): Ham nay duoc dung dé giéi han pham vi
dau ra ciia mdi noron. N6 nhan dau vao 1a két qua cia ham tong va ngudng di cho.
Thong thuong, pham vi dau ra cia mdi noron dugc gi61 han trong doan [0,1] hodc [-
1, 1]. Cac ham truyén rat da dang, c6 thé 1a cac ham tuyén tinh hodc phi tuyén. Viéc
lwa chon ham truyén nao 1a tuy thudc vao timg bai toan va kinh nghiém cta nguoi

thiét ké mang.

¢ Pau ra: La tin hiéu dau ra caa mot noron, véi moi noron s& ¢d tdi da 1a
maot dau ra.

Nhu vay tuong tu nhu noron sinh hoc, noron nhan tao cting nhan céc tin hi¢u
dau vao, xur 1y (nhan céc tin hi¢u nay véi trong so6 lién két, tinh tong cac tich thu
duogc ro1 gui két qua to1 ham truyén), va cho mot tin hi¢u dau ra (1a két qua ctia ham

truyén).
Mo hinh mang noron

Mic dd mdi noron don 1é ¢6 thé thuc hién nhitng chirc nang xir ly théng tin
nhét dinh, sitc manh cua tinh todn noron chu yéu c6 duoc nho su két hop cac noron
trong maot kién tric thong nhat. Mot mang noron 1a mét mé hinh tinh toan duoc xéac
dinh qua céc tham sé: kiéu noron (nhu 1 cac nit néu ta coi ca mang noron 1a mot
6 thi), kién trac két ndi (su to chuc két néi giita cac noron) va thuat toan hoc (thuat
toan dung dé hoc cho mang).

V& ban chat mot mang noron ¢6 chirc ning nhu 1a mot ham anh xa F: X —
Y, trong d6 X 1a khong gian trang thai dau vao (input state space) va Y la khong
gian trang thai dau ra (output state space) ctia mang. Cac mang chi don gian 1a lam
nhiém vu &nh xa c4c vec-tor dau vao x € X sang cac vec-tor dau ra y € Y thdng qua
“bd loc” (filter) cac trong sé. Ttc 1a y = F(x) = s(W, x), trong d6 W 13 ma tran trong
s6 lién két. Hoat dong cua mang thudng la c4c tinh todn sé thyuc trén cac ma tran.

Mod hinh mang noron dugc stir dung rong rai nhat 1a moé hinh mang nhiéu tang

truyén thang (MLP: Multi Layer Perceptron). Mot mang MLP téng quat 1a mang ¢
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n (n>2) 16p (thong thudng 16p dau vao khong duogce tinh dén): trong d6 gdm mét 16p
dau ra (16p thir n) va (n-1) 16p 4n.

Hinh 2: Mang MLP téng quét

CAu tric ciia mét mang MLP tong quat c¢6 thé mé ta nhu sau:

¢ Dau vao 1a cac vec-tor (X1, Xo,..., Xp) trong khong gian p chiéu, dau ra 14 cac
vec-tor (y1, Y2,..., Yq) trong khong gian q chiéu. Dbi v6i cac bai toan phan loai, p
chinh 1a kich thuéc cia mau dau vao, q chinh 1a s6 16p can phéan loai. Xét vi du
trong bai toan nhan dang chir $6: v&i mdi mau ta luu toa do (x,y) cua 8 diém trén
chit s& do, va nhiém vu cia mang la phan loai céc mau nay vao mot trong 10 16p
tuong tng véi 10 chit s6 0, 1, ..., 9. Khi d6 p 1a kich thudc mau va bang 8 x 2 = 16;
q 12 s6 16p va bang 10.

¢ Moi noron thude 16p sau lién két véi tat ca cac noron thudc 16p lién trude

¢ Dau ra cua noron 16p trudce la dau vao cua noron thudc 16p lién sau no.

Hoat dong cua mang MLP nhu sau: tai 16p dau vao cac noron nhan tin hiéu
vao xir 1y (tinh tong trong s6, giri t6i ham truyén) roi cho ra két qua (1a két qua caa
ham truyén); két qua nay s& duogc truyén t6i cac noron thudc 16p an thir nhat; cac
noron tai day tiép nhan nhu 1 tin hiéu dau vao, xir Iy va giri két qua dén 16p an thir

2;...; qua trinh tiép tuc cho dén khi cac noron thudc 16p ra cho két qua.
Mot sb két qua da dugc chirng minh:

¢ Bat ki mot ham Boolean nao ciing c6 thé bi€u dién dugc bdi mot mang

MLP 2 1ép trong d6 cac noron sir dung ham truyén sigmoid.
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o T4t ca cac ham lién tuc déu c6 thé xap xi bai mot mang MLP 2 16p st dung
ham truyén sigmoid cho céc noron I6p 4n va ham truyén tuyén tinh cho cac noron
16p ra véi sai s6 nho tuy .

¢ Moi ham bat ky déu cd thé xap xi béi mot mang MLP 3 16p st dung ham
truyén sigmoid cho cac noron 16p an va ham truyén tuyén tinh cho cac noron 16p ra.

Qua trinh hgc cua mang no-ron
Cac phuwong phap hoc

Khai niém: Hoc la qué trinh cap nhat trong s sao cho gié tri ham 13i 1a nho
nhat.

M6t mang noron dugc huan luyén sao cho véi mot tap cac vec-tor dau vao
X, mang c6 kha ning tao ra tap cac vec-tor dau ra mong muén Y cua nd. Tap X
duoc st dung cho huan luyén mang duoc goi la tap huan luyén (training set). Céc
phan tir x thudc X duoc goi 12 cac mau huan luyén (training example). Qua trinh
huan luyén ban chat I su thay d6i cac trong s lién két cia mang. Trong qué trinh
nay, cac trong s6 cia mang s& hoi tu dan toi cac gid tri sao cho véi mdi vec-tor dau
vao X tir tap huan luyén, mang s& cho ra vec-tor dau ra y nhu mong mudn

C6 ba phuong phap hoc phd bién 1a hoc c6 giam sét (supervised learning),
hoc khéng giam sat (unsupervised learning) va hoc tang cuong (Reinforcement
learning):
Hoc ¢6 giam sat trong cac mang noron

Hoc ¢ giam sat c6 thé dugc xem nhu viéc Xap xi mot anh xa: X— Y, trong
d6 X 1a tAp c4c van dé va Y 1a tap céc 10i giai twong (ng cho van dé d6. Cac mau (X,
Y) V&i X = (X1, Xo,..y Xn) € X, ¥V = (V1) Vou.00y Ym) € Y dugce cho trudc. Hoc c6 giam sat
trong cadc mang noron thuong dugc thuc hién theo cac budc sau:

¢ B1: Xay dyng cau trac thich hop cho mang noron, chang han cé (n + 1)
noron vao (n noron cho bién vao va 1 noron cho ngudng Xo), m noron dau ra, va
khoi tao cac trong s lién két cua mang.

¢ B2: Bua mot vec-tor X trong tap mau huan luyén X vao mang

¢ B3: Tinh vec-tor dau ra z caa mang

¢ B4: So sanh vec-tor dau ra mong mudn t (1a két qua duoc cho trong tap
huan luyén) véi vec-tor dau ra z do mang tao ra; néu c6 thé thi danh gia 15i.
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¢ B5: Hi¢u chinh céc trong s6 lién két theo mot cach nao dé sao cho & lan

tiép theo khi dua vec-tor x vao mang, vec-tor dau ra z s& gidng véi t hon.

¢ B6: Néu can, 1ap lai cac budc tu 2 dén 5 cho t&i khi mang dat t&i1 trang thai
hoi tu. Viéc danh gia 16i c6 thé thuc hién theo nhiéu cach, cach dung nhiéu nhit 1a
st dung 16i tic thoi: Err = (z - t), hodc Err = |z - t|; 16i trung binh binh phuong
(MSE: mean-square error): Err = (z- t)%/2;

C6 hai loai 1i trong danh gia mot mang noron. Thtr nhat, goi 14 11 rd rang
(apparent error), danh gia kha ning xap xi cac mau huan luyén cia mot mang da
dugc huan luyén. Thir hai, goi 1a 16i kiém tra (test error), danh gia kha ning tong
qué héa cia mdt mang da duogc huin luyén, tirc kha nang phan img vdi1 cac vec-tor
dau vao méi. Bé danh gia 161 kiém tra ching ta phai biét ddu ra mong mudn cho cac

mau kiém tra.

Thuat toan tong quat & trén cho hoc c6 giam sat trong cac mang noron co
nhiéu cai dat khac nhau, sy khac nhau chu yéu la cach cac trong sb lién két duoc
thay d6i trong sudt thoi gian hoc. Trong d6 tiéu biéu nhat 13 thuit toan lan truyén

nguoc.
Thuit toan lan truyén nguoc
11.3.1. Mt vai diéu vé thudt todn lan truyén nguwec

C6 mot vai lop khac nhau cua cac luat huin luyén mang bao gém: huin
luyén két hop, huén luyén canh tranh,... Huén luyén chat luong mang, performance
learning, 1a mot 16p quan trong khac cua luat huan luyén, trong phuong phap nay thi
cac thong sb mang duoc diéu chinh dé t6i wu hoa chat lugng ctia mang. Thuat toan
lan truyén ngugc 1a mot phat minh chinh trong nghién ciru vé mang no-ron, thudc
loai thuat hoc chat lugng mang (hoc ¢ giam sat). Nguoc dong thoi gian, chung ta
thiy rang sau khoang mudi nam ké tir khi lan truyén nguoc bat dau dugc thai
nghén, nim 1974, thi thuat hoc lan truyén ngugc duge chinh thirc nghién ciru lai va
mo rong ra mét cach doc 1ap bdi David Rumelhart, Geoffey Hinton va Ronald
Williams; David Parker va Yann Le Cun. Thuét toan da dugc pho bién hoa bai cudn
sach Parallel Distributed Processing cua nhém tac gid David Rumelhart va James
Mc Clelland. Tuy nhién, thuat toan nguyén thuy thi qua cham chap d6i voi hau hét
cac ung dung thuc té [1], c6 nhiéu Iy do cho viéc hoi tu cham trong d6 c¢6 su anh

huong ctia bude hoc.
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Nhic lai ring lan truyén nguogc, tién thin cua né 1a thuat hoc Widow-Hoff
(thudt toan LMS, Least Mean Square), 1a mot thuft toan xap xi giam dbc nhat.
Gidng voi luat hoc LMS, ham muc tiéu 1a trung binh binh phuong sai s6. Diém
khac gitra thuat toan LMS va lan truyén nguoc chi 1a cach ma cadc dao ham dugc
tinh. D41 v6i mang tuyén tinh mot 16p don gian, sai sb 1a ham tuyén tinh tudng
minh cta céc trong sb, va cac dao ham cta né lién quan to1 cac trong sb ¢ thé duoc
tinh toan mot cach dé dang. Trong cic mang nhiéu 16p v6i cac ham phi tuyén, moi
quan hé giita cac trong sb mang va sai sd 13 cuc ky phtic tap. Dé tinh cac dao ham,

ching ta can st dung luat chuoi.

Chung ta da thiy rang giam dbc nhat 13 mot thuat toan don gian, va thong
thuong cham nhét. Thuat toan gradient lién hop va phuong phap Newton’s néi
chung mang dén sy hoi tu nhanh hon [6]. Khi nghién clru vé cac thuat toan nhanh
hon thi thudng roi vao hai trudong phai. Truong phai thir nhat phat trién vé cac ki
thuat tim kiém. Céc k¥ thuét tim kiém bao gdm céc y tuong nhu viée thay doi toc do
hoc, st dung qui tic mod-men, budc hoc thich nghi. Truong phai khac ctia nghién
ctru nham vao cac k¥ thuat tdi wu hoa sd chuan, dién hinh 1a phuong phap gradient
lién hop, hay thuat toan Levengerg-Marquardt (mot bién thé cua phuong phap
Newton). Tbi wu héa sb di 1a mot chu dé nghién ctru quan trong véi 30, 40 ndm, nod

duong nhu 13 nguyén nhan dé tim kiém céc thuat toan huan luyén nhanh.

Ta biét réng, thuét toan LMS duoc dam bao dé hoi tu téi mét 1oi giai cuc tiéu
hoéa trung binh binh phuong sai s6, mién 14 tbc d6 hoc khong qua 16n. Piéu nay la
dung boi vi trung binh binh phuong sai sé cho mot mang tuyén tinh mot 16p 1a mot
ham toan phuwong. Ham toan phuong chi c6 mot diém tinh. Hon nira, ma tran
Hessian cta ham toan phuong 13 hiang sb, cho nén do doc cua ham theo hudng 1a

khong thay di, va cac ham dong mirc c6 dang hinh e-lip.

Lan truyén nguoc giam doc nhat (SDBP) ciing nhu LMS, no ciing 1a mot
thuat toan xap xi giam ddc nhit cho viéc cyuc tiéu trung binh binh phuong sai s6.
That vay, lan truyén nguoc giam doc nhét 1 twong dwong thuat toan LMS khi s
dung trén mang tuyén tinh mot 16p.

Bay gio chiing ta sé& tip trung nghién ctru mot ki thuat rat phd bién ctia mang
neural nhiéu tﬁng. Chung ta s& xem xét cach ma mdt mang hoc mdt anh xa tir mat
tap dir liéu cho trude.

Chung ta da biét viéc hoc dua trén dinh nghia ctia ham 15i, ham 16i nay sau

do6 s€ dugc toi thiéu hoa dua vao céc trong s va cac trong ngudng trong mang.
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Trude tién ta s& xem xét truong hop mang st dung ham ngudng. Véan dé can
ban ¢ day chinh la cach dé khdi tao cac trong sd cho mang nhu thé nao. Cong viée
nay thuong dugc goi 1a “credit assignment problem’. néu mot nit dau ra tao ra mot
dap s sai 1éch thi chiing ta phai quyét dinh xem liéu nut an nao phai chiu trach
nhiém cho su sai l¢ch do, cling chinh la viée quyét dinh trong s nao can phai diéu

chinh va diéu chinh la bao nhiéu.

Pé giai quyét vin dé gan trong sd nay, ching ta hdy xem xét mot mang voi
cac ham truyén phén biét, do dé gia tri tong trong ctia cac nat xuit sé trd thanh mot
ham phén biét cua cac bién nhap va cia trong sd va trong ngudng. Néu ta coi ham
16i, vi du c6 dang sai s trung binh binh phuong, 1a mot ham riéng biét cho cac gia

tri xuat cia mang thi ban than n6 cling chinh 1a mt ham phan biét ctia cac trong so.

Do do6 ching ta co thé tinh toan dugc dao ham ham 16i theo céc trong sb, va
gia tri dao ham nay lai ¢6 thé dung dé 1am cuc tiéu hoa ham 18i bang cach sir dung
phuong phap giam gradient (gradient descent) hodc cac phwong phap tdi wu hoa
khac.

Giai thuat ude lugng dao ham ham 161 dugc biét dén véi tén goi lan truyén
nguwoe, n6 tuong duong véi viée lan truyén nguoc 18i trong mang. Ki thuat vé lan
truyén nguoc duoc biét dén rat rong rai va chi tiét qua cac bai bao ciing nhu cac
cubn sach ctia Rumelhart, Hinton va Williams (1986). Tuy nhién gin ddy mot sé ¥
tudng tuong ty cling duoc mot sé nha ngién ciru phat trién bao gdm Werbos (1974)
va Parker (1985).

Can noi thém rang giai thuat lan truyén nguoc duoc st dung trong mang
neural ¢6 y nghia rat 16n. Vi du nhu, kién tric cia mang perceptron nhiéu tang ciing
thuong duoc goi 13 mang lan truyén nguoc. Khai niém lan truyén nguwoc ciing
thuong dwoc sir dung dé mé ta qud trinh hudn luyén cia mang perceptron nhiéu
tang sir dung phwong phdp gradient descent dp dung trén ham 16i dang sai sé trung
binh binh phirong. Dé lam rd hon vé thuat ngit nay chiing ta cdn xem xét qua trinh
luyén mang mot cach ki cang. Phan 16n céc giai thuat luyén mang déu lién quan dén
mot thi tuc duge lap di 1ip lai nham lam t6i thiéu ham 15, bang cach diéu chinh

trong sb trong mot chudi cac bude.
Tai mdi bude nhu vy, chiing ta c6 thé chia thanh hai budc phén biét.

Tai budc thtr nhit, can phai tinh dao ham ham 15i theo cac trong sb. Chung ta
da biét ring mot dong gop rat quan trong ctia ki thuat lan truyén nguoc do 1a viée

cung cip mot phuong phap hét strc hiéu qua vé mit tinh toan trong viéc danh gia
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cac dao ham. Vi tai budc nay 16i s& duoc lan truyén nguoc tr¢ lai mang nén chiing
ta s& st dung khai niém lan truyén nguoc dé dic trung riéng cho viéc danh gia dao
ham nay.

Tai budc thir hai, cac dao ham s€ dugc sir dung trong vi¢e tinh toan su diéu
chinh déi véi trong s6. Va ki thuat don gian nhat dugc st dung ¢ day 1a ki thuat

gradient descent, ki thuat nay dugc Rumelhart et al. (1986) dua ra lan dau tién.

Mot didu hét sirc quan trong 1a phai nhan thie duge rang hai budc nay 1a
phan biét voi nhau. Do d6, qua trinh xi ly dau tién, duoc biét dén 13 qua trinh lan
truyén nguoc cac 16i vao trong mang dé danh gia dao ham, c¢6 thé dugc ap dung dbi
v6i rat nhiéu loai mang khac nhau chit khong chi ddi véi riéng mang perceptron
nhiéu ting. N6 ciing ¢ thé dugc ap dung vdi cac loai ham 15i khac chir khong chi la
ham tinh sai s6 binh phuong cuc tiéu, va dé danh gia cac dao ham khac nay c6 thé
st dung cac phuong phap khac nhu phuong phap ma tran Jacobian va Hessian. Va
cling tuong tu nhu vay thi tai budce thir hai, viée diéu chinh trong sb sir dung cac dao
ham da duogc tinh trude d6 co thé thue hién véi nhidu phuong phap tdi wu hoa khéc
nhau, va rat nhiéu trong sb cac phuwong phap d6 cho két qua tét hon phwong phap
gradient descend.

Tém lai, khi giai quyét bai toan bang mang noron theo thi tuc truyén nguoc

c6 nhiing van dé rut ra la:

- S€ ¢6 bao nhiéu noron trong mang, bao nhiéu ngd vao, bao nhiéu ngd ra va
bao nhiéu 16p dn. Cang nhiéu 16p 4n bai toan trd nén phirc tap nhung cé thé giai

quyét dugc nhirng van dé 16n.

- Thuét toan Back propagation cung cap mot phuong phap “xdp xi”> cho viéc
tim trong khong gian trong s6 (nham tim ra nhiing trong sé phi hop cho mang).
Chung ta cang ly gia tri cia tham sé hoc cang nhé bao nhiéu thi sy thay doi trong
56 cang nho bay nhiéu va quy dao khéng gian hoc s& cang tron. Tuy nhién diéu nay
lai 1am cho téc dé hoc cham di. Trai lai, néu ching ta chon tham s6 téc dé hoc qué
16n, su thay doi 16n ciia cac trong sé c6 thé 1am cho mang tré nén khong o6n dinh.
Vé mat y tuéng, tat ca cac noron trong mang nén chon cung mat toc do hoc, tham
$6 hoc n nén gan mot gia tri nho. Cac noron véi nhidu ngd vao nén chon mot tham
s6 toc do hoc nhd hon dé giltt mot thoi gian hoc tuong tu cho nhau cho tat ca cac

noron trong mang.
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I1.3.2. Hiéu qua ciia lan truyén nguoc

Mot trong nhiing dic tinh quan trong nhat ciia lan truyén nguoc chinh 13 &

kha néang tinh toan hi¢u qua cuia no.

Pit w 1a téng s6 cac trong sb va trong ngudng. Do d6 mot phép tinh ham 15i
(cho mot mau nhap nao do) can O(w) thao tac voi w du 16n. Diéu nay cho phép sb
luong trong sé ¢o6 thé 16n hon sé lugng nat, trir nhitng mang ¢6 qué it két ndi. Do

vay, hiéu qua cua viéc tinh toan trong lan truyén ngugce s€ lién quan dén viéc tinh
gia tri cua tong trong hoa a; = ZW iZi» Vo1 z; 1a gia tri nhdp hodc 1a gia tri xuat cua
i

mot nut ¢ cung két ndi véi nat j va wiji chinh la trong s6 cua cung két ndi d6; con
viéc tinh toan cac ham truyén thi tong phi kha nho. Mdi luot tinh téng trén can dén

mot phép nhan va mot phép cong, din dén chi phi tinh toan toan bd s& bang O(w).

Vi tat ca w trong sb thi s& c6 w dao ham can tinh toan. V&i mdi 1an tinh dao
ham nhu vay can phai thuc hién tim biéu thirc ham 161, x4c dinh cong thtre tinh dao
ham va sau dé tinh toan chiing theo giai thuét lan truyén nguoc, mdi cong viée do sé
doi hoi O(w) thao tac. Nhu vay toan bd qua trinh tinh toan tat ca cac dao ham s& ti 1¢
v6i O(WP). Giai that lan truyén nguoc cho phép cac dao ham dugce tinh trong O(w)
thao tac. Diéu nay cling din dén rang ca hai pha lan truyén ngugc va lan truyén tién
déu can O(w) thao tac, viéc tinh dao ham dé lan truyén ngugc ciing can O(w) thao
tac. Nhu vay giai thuat lan truyén nguoc da lam giam do phuc tap tinh toan tir O(w?)
dén O(w) dbi véi mdi vec-tor nhap. Vi qua trinh luyén mang, du c6 sir dung lan
truyén nguoc, co thé can rat nhiéu thoi gian, nén vi¢c dat dugc hi¢u qua nhu vay la
hét strc quan trong.Véi tong s6 N mau luyén, sé luong cac bude tinh toan dé danh

gia ham 15i trén toan bo tap dit liéusé 1a N 1an budc tinh toan ctia mot mau.
I1.4. Cac van dé trong xay dung mang MLP
I1.4.1. Chuén bi dit liéu

a. Kich thuéc mau

Khong c6 nguyén tic nao hudng din kich thudc mau phai 1a bao nhiéu dbi
v6i mot bai toan cho trudce. Hai yéu té quan trong anh huong dén kich thuéc mau:

¢ Dang ham dich: khi ham dich cang phuc tap thi kich thu6c mau can ting.

¢ Nhiéu: khi dix liéu bi nhidu (thong tin sai hoac thiéu thong tin) kich thudc

MAu Can tang.
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Déi v6i mang truyén thing, cho ham dich c6 do phuc tap nhat dinh, kém maot
lwong nhiu nhat dinh thi d6 chinh x&c cia md hinh ludn ¢6 mét gii han nhat dinh.
C6 thé can tap mau vo han dé dat dén gisi han chinh xac. N6i cach khac do chinh
X4ac ciia mo hinh 1a ham theo kich thudc tap mau. Khi kich thuéc mau ting, do
chinh xac s& duoc cai thién - lic dau nhanh, nhung cham dan khi tién dén gigi han.

Dang tong quat cua mbi lién hé giita sai s6 va kich thuéc mau nhu sau:

Lt

£ chinh zac
t t t 1 T l T T

md 102 10?1t 1% 108 107 Kich thirée man

i

Hinh 3: Mai lién hé giga sai sé va kich thuéc mau
Trong thuc hanh thudng gap phai 2 van dé sau:

¢ Déi véi hau hét bai toan thuc té, mau bi rang budc chat ché véi dit lidu co
san. Ta thudng khong cé duoc s6 lwgng mau mong mudn.

¢ Kich thuéc miu ciing c6 thé bi gigi han bai bo nhd hoic kha nang luu triv
cuia may tinh. Néu tat ca céc dir liéu dong thoi dugc giir trong bo nhé subt thoi gian
luyén, kich thudc bo nhd may tinh s& bi chiém dung nghiém trong.

Néu luu trir trén dia s& cho phép ding mau 16n hon nhung thao tac doc dia tir
thé hé nay sang thé hé khéc khién cho tién trinh cham di rat nhiéu.

Chu y: viéc tang kich thudc mau khong 1am ting thoi gian luyén. Nhitng tap
mau Ién hon s& yéu cau it thé hé luyén hon. Néu ta ting gap doi kich thudc cua
mau, mdi thé hé luyén s& ton thai gian khoang gap doi, nhung sb thé hé can luyén sé
giam di mot ntra. Pidu ndy ¢ nghia 1a kich thudc miu (ciing c6 nghia 1a d6 chinh
x&c cua moé hinh) khéng bi gidi han bai thoi gian luyén.

Luat co ban 1a: Str dung mau 16n nhat cd thé sao cho du kha nang luu trix
trong bo nhé trong (néu luu trit ddng thoi) hodc trén dia tir (dd thoi gian doc tir dia).
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b. Mau con

Trong xay dung md hinh can chia tip mau thanh 2 tap con: mot dé xay dung
md hinh goi 12 tap huan luyén (training set), va mot dé kiém nghiém mé hinh goi 1a
tap kiém tra (test set). Thong thuong dung 2/3 mau cho huan luyén va 1/3 cho kiém
tra. Diéu nay 1a dé tranh tinh trang qué khép (overfitting).

c. Sy phdn tang mau

Néu ta té chirc mau sao cho mdi mau trong quan thé déu cé co hoi nhu nhau
thi tap mau duoc goi 13 tap mau dai dién. Tuy nhién khi ta xay dung mot mang dé
x4c dinh xem mot mau thude mot 16p hay thuoc mot loai nao thi diéu ta mong muén
la cac 16p c6 cung anh hudng 18n mang, dé dat dugc didu nay ta co thé st dung mau
phan tang. Xét vi du sau:

Gia sir ta xay dung mé hinh nhan dang chix cai viét tay tiéng Anh, va nguon
dir liéu cua ta c6 100.000 ky tw ma mdi ky tu duoc kém theo mot méa cho biét n6 1a
chit cai ndo. Chir cai xuat hién thuong xuyén nhit 1a e, né xuét hién 11.668 lan
chiém khoang 12%; chix cai xuat hién it nhat 1a chit z, chi c6 50 lan chiém 0,05%.

Trudc hét do gisi han cia bo nhd may tinh, gia sir bo nhd chi cé thé xur Iy
duoc 1300 mau. Ta tao hai dang tap mau: tap mau dai dién va tap mau phan tang.
Véi tap mau dai dién, chir e s& xuét hién 152 lan (11,67% cuaa 1300) trong khi d6
chir z chi xuét hién mat 1an (0,05% cua 1300). Nguoc lai ta c6 thé tao tap mau phan
tang dé mdi chix c6 50 mau. Ta thay rang néu chi cd thé dung 1300 mau thi tap mau
phan ting s& tao ra md hinh tét hon. Viéc ting sé mau cua z tir 1 1&n 50 s& cai thién
rat nhiéu do chinh xac cua z, trong khi néu giam sé mau cua e tir 152 xudng 50 s&
chi giam chut it d6 chinh xac cua e.

Bay gio gia st ta dung may tinh khéac c6 bo nhg di dé xir Iy mot luong mau
gap 10 lan, nhu vay s6 mau s& tang 1én 13000. R rang viée tang kich thuéc mau sé
gitip cho mo hinh chinh xac hon. Tuy nhién ta khong thé dung tap mau phan tang
nhu trén nita vi 10c ndy ta s& can tgi 500 mau cho chit z trong khi ta chi c6 50 mau
trong nguon dir liéu. Dé giai quyét didu nay ta tao tip mau nhu sau: tap mau gom tat
ca cac chir hiém vai s6 1an xuat hién cua n6 va kém thém théng tin vé chit c6 nhiéu
mau nhat. Chang han ta tao tap mau c6 50 mau cuaa chit z (d6 1a tat ca) va 700 mau
cua chit e (chir ma ta ¢6 nhiéu miu nhat).

Nhu vay trong tap mau cua ta, chit e c6 nhiéu hon chit z 14 1an. Néu ta mudn
C4C chit z ciing c6 nhiéu anh huéng nhu cac chir e, khi hoc chir z ta cho ching trong
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s6 16n hon 14 1an. Bé 1am duoc diéu nay ta c6 thé can thiép chat it vao qua trinh lan
truyén nguoc trén mang. Khi mau hoc 1a chit z, ta thém vao 14 lan dao ham, nhung
khi mau 1 chit e ta chi thém vao 1 lan dao ham. O cudi thé hé, khi cap nhat cac
trong s6, mdi chir z s& ¢ anh huéng hon mdi chit e 12 14 lan, va tat ca cac chir z
gop lai s& cd bang c6 anh hudng bang tat ca céc chir e.

d. Chon bién

Khi tao mau can chon céac bién sir dung trong mé hinh. C6 2 van dé can quan
tam:

# Can tim hiéu céach bién ddi thong tin sao cho c6 lgi cho mang hon: thong
tin trudc khi dua vao mang can duoc bién d6i ¢ dang thich hop nhat, & mang dat
duoc hiéu suat cao nhat. Xét vi du vé bai toan du doan mét ngudi c6 mac bénh ung
thu hay khong. Khi d6 ta c6 truong thong tin vé ngudi niy 1a “ngay thang nim
sinh”. Mang s& dat duoc hiéu qua cao hon khi ta bién d6i truong théng tin nay sang
thanh “tudi”. Tham chi ta cd thé quy tudi vé mot trong cac gia tri: 1 = “tré em”
(duéi 18), 2 = “thanh nién” (tir 18 dén dudi 30), 3 = “trung nién” (tir 30 dén dudi
60) va 4 = “gia” (tir 60 trd Ién).

¢ Chon trong sé cac bién da duoc bién d6i bién nao s& dugc dua vao mod
hinh: khdng phai bat ki thdng tin nao vé mau ciing ¢ loi cho mang. Trong vi du du
doan ngudi c6 bi ung thu hay khong & trén, nhitng thudc tinh nhu “nghé nghiép”,
“noi sinh séng”, “tiéu sir gia dinh”,... 1a nhitng théng tin c6 ich. Tuy nhién nhing
thong tin nhu “thu nhap”, “s6 con cai”,... 1a nhiing théng tin khdng can thiét.

11.4.2. Xac dinh cac tham so cho mang
a. Chon ham truyén

Khoéng phai bat ky ham truyén nao ciing cho két qua nhu mong mudn. Dé tra
161 cho cau hoi «ham truyén nhw thé nao dwoc coi la tot ? » 1a diéu khong hé don

gian. C6 mot s6 quy tic khi chon ham truyén nhu sau:

¢ Khong dung ham truyén tuyén tinh ¢ tang an. Vi néu ding ham truyén

tuyén tinh ¢ tAng 4n thi s& 1am mat vai trd cia tang an d6: Xét tang an thi i:
Téng trong s6 n; = wiaj; + b
a; = f(n;) = wg n; +bs (ham truyén tuyén tinh)
Khi dé: tong trong s tai ting thur (i + 1)

Nis = Wind; + bit+l
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= Wisa[Ws i +bg] + bi+1
= Wisa [We(Wiaig + bj) + be] + bi+1
=Waj.+b
Nhu vay nj;; = Waj.; + b, va tang i dd khong con gia trj nira.

¢ Chon cac ham truyén sao cho kién triic mang noron 1a déi xtng (tirc 1a véi
dau vao ngiu nhién thi du ra c6 phan bd d6i xtng). Néu mot mang noron khong
d6i xtng thi gia tri dau ra s& léch sang mot bén, khong phan tan 1én toan bd mién
gia tri cta output. Piéu nay c6 thé lam cho mang roi vao trang thai bdo hoa, khong

thoat ra duoc.

Trong thuc té nguoi ta thuong sit dung cic ham truyén dang — S. M6t ham

s(u) dugc goi 12 ham truyén dang — S néu né théoa man 3 tinh chat sau:

—s(u) 12 ham bj chin: ttc 13 t6n tai cac hing s6 C1 < C2 sao cho: C1 <s(u) <

C2 v61 moi u.

— s(u) 1a ham don diéu ting: gia tri cua s(u) ludn ting khi u ting. Do tinh chét
thi nhat, s(u) bi chin, nén s(u) s& tiém can t6i gia tri can trén khi u dan toi dwong vo
clng, va tiém can gia tri can dudi khi u dan t&i Am vo cung.

— s(u) 1a ham kha vi: tirc 13 s(u) lién tuc va c6 dao ham trén toan truc sd.

C6 3 dang ham kich hoat thudng duoc dung trong thuc té:

*Ham dang budc:

step(x) = 1 x>0 step(x) = 1 X=6
pix)= 0 x <0 )= 0 X<6
*Ham diu:
1 x20 1 x=z0
step(x) = {_1 <0 step(x) = {_ 1 x<@
Y - - 1 1 —1
*Ham sigmoid: Sigmoid(x) = 13 o-ald)

Mot ham truyén dang - S dién hinh va duoc 4p dung rong rii 1a ham
Sigmoid.
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b. Xac dinh so noron tang an

Cau hoi chon sb lwgng noron trong tang 4n cia mot mang MLP thé nao la
kho, né phu thudc vao bai todn cu thé va vao kinh nghiém cuaa nha thiét ké mang.
Néu tap dir liéu huan luyén duoc chia thanh cac nhém véi cac dic tinh twong tu
nhau thi sé luong cac nhém nay c6 thé duoc sir dung dé chon sb lwong noron an.
Trong trudng hop dir liéu huan luyén nam rai rac va khdng chira cac dic tinh chung,
sb lwong két ndi co thé gan bang véi sé luong cadc mau huan luyén dé mang co thé
hoi tu. C6 nhiéu dé nghi cho viéc chon sb luong noron tang an h trong mot mang
MLP. Chéing han h phai thoa man h>(p-1)/(n+2), trong d6 p 1a s6 lwong mau huan
luyén va n la sé luong dau vao ctia mang. Cang nhiéu nat an trong mang, thi cang
nhiéu dic tinh cua dir liéu huan luyén s& dugc mang nam bit, nhung thoi gian hoc

S€ cang tang.

Mot kinh nghiém khéc cho viéc chon sé lwgng ndt an 1a sb luong nat an bang
V6i 6 t6i wu cac cum mo (fuzzy clusters)[8]. Phat biéu nay da dwoc chitng minh
bang thuc nghiém. Viéc chon sb ting 4n ciing 13 mot nhiém vu khd. Rat nhiéu bai
toan doi hoi nhiéu hon mot tang an dé cd thé giai quyét tot.

Pé tim ra md hinh mang noron tot nhat, Ishikawa and Moriyama (1995) st
dung hoc ciu tric cd quén (structural leanrning with forgetting), tic 1a trong thoi
gian hoc cat bo di cac lién két c6 trong sé nho. Sau khi huan luyén, chi cac noron cé
dong gop vao giai quyét bai toan mai duoc giit lai, ching s& tao nén bo xuwong cho
mé hinh mang noron.

c. Khoi tao trong 56

Trong thudng duoc khai tao bing phuong phap thtr sai, nd mang tinh chat
kinh nghiém va phu thudc vao tirng bai toan. Viéc dinh nghi thé nao 1a mét b trong
t6t ciing khong hé don gian. Mot s6 quy tic khi khoi tao trong:

¢ Khoi tao trong sao cho mang noron thu dwoc 1a can bang (véi dau vao
ngau nhién thi sai so lan truyén nguoc cho cic ma tran trong sb la xap xi bang
nhau):

|AW1/W1| = |AW2/W2| = |AW3/W3|

Néu mang noron khong can bang thi qua trinh thay doi trong s6 & mot sé6 ma
tran 1a rat nhanh trong khi & mot sé6 ma tran khéc lai rat cham, tham chi khong dang
ké. Do d6 dé cac ma tran nay dat téi gia tri toi wu s& mat rat nhiéu thoi gian.
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¢ Tao trong sao cho gi4 tri két xuat cua cac nat c6 gié tri trung gian. (0.5 néu
ham truyén 1a ham Sigmoid). R& rang néu ta khong biét gi vé gié tri két xuét thi gia
tri ¢ gitra 1a hop 1y. Diéu nay ciing giup ta tranh duoc c4c gid tri thai qué.
Thu tuc khoi tao trong thuong dugc ap dung:
— B1: Khoi tao cac trong s6 nat an (va cac trong sé cua cac cung lién két truc tiép
gitra N4t nhap va nat xuat, néu cd) gia tri ngau nhién, nho, phan b déu quanh 0.
— B2: Khai tao mét nira s6 trong sé cuia nUt xuat gia tri 1, va nira kia gid tri -1.
Giai thuat di truyén

Giai thuat di truyén (Genetic Algorithms - GA) da dugc dé cap trong rat
nhiéu tai liéu, trong d6 c6 cac cong trinh ctua D.E. Goldberg [26] va Thomas Back
[27]. Trong phan nay chi trinh bay cac khai niém co ban vé giai thuat di truyén va

kha nang trng dung cua no.
1.2.  Tém tat vé giai thuat di truyén

Tir trude toi nay, trong cac nghién ctu va Gng dung tin hoc d3 xuit hién
nhiéu bai toan chua tim ra duoc phuong phap giai nhanh va hop ly. Phan 1én d6 l1a
c4c bai toan tdi wu nay sinh trong cac tng dung. Dé giai cac bai toan ndy nguoi ta
thuong phai tim dén mot giai thuat hiéu qua ma két qua thu duoc chi 1a xap xi t6i
vu. Trong nhiéu trudng hop chung ta c¢6 thé str dung giai thuat xac suét, tuy khong
bao dam két qua tdi uu nhung cling co thé chon cac gia tri sao cho sai s6 dat duogc
s& nho nhu mong mudn.

Theo 101 giai xac sudt, viéc giai bai toan quy vé qua trinh tim kiém trén
khong gian tip hop cac 101 giai co thé. Tim duoc 1oi giai tot nhat va qua trinh dugc
hiéu 14 t6i wu. Vi mién tim kiém nhé, mot sd thuat toan cb dién dugce st dung. Tuy
nhién d6i véi cac mién 16m, phai str dung céac k¥ thuat tri tué nhan tao dac biét, giai
thuat di truyén 12 mot trong nhimg cong cu d6. Y tudng cua giai thuat di truyén 1a
mod phdong nhiing gi ma ty nhién da thuc hién. GA hinh thanh dya trén quan ni¢ém
cho rang: qua trinh tién hoa ty nhién 14 qué trinh hoan hdo nhat, hop 1y nhét va ty nd
d3 mang tinh t6i wu.

Gidi thudt di truyén dp dung qud trinh tién héa tw nhién dé gidi cac bai todn

16i weu trong thuc té (tir tdp cdc 1oi gidi ¢é thé ban dau théng qua nhiéu budc
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tién héa hinh thanh cdc tdp hop méi véi 16 gidi tot hon va cudi cing sé tim

dwoc 1o gidi gan toi wu).

Giai thuat di truyén 1a mot k¥ thuat cia khoa hoc may tinh nhim tim kiém
giai phap thich hop cho cac bai toan tdi wu té hop (combinatorial optimization).
Giai thuat di truyén 12 mot phan nganh cta giai thuét tién hoa van dung cac nguyén

1y ctia tién hoa nhu di truyén, ddt bién, chon loc tw nhién, va trao ddi chéo.

Giai thuat di truyén thuong duge ing dung nham st dung ngén ngit may tinh
dé mo phong qua trinh tién hod ciia mot tap hop nhitng dai dién triru twong (goi 1a
nhimg nhiém sic thé) cua cac giai phap c6 thé (goi 1a nhiing cd thé) cho bai toan tbi
vu hoa van dé. Tap hop nay sé tién trién theo hudng chon loc nhitng giai phap t6t

hon.

Thong thuong, nhitng giai phap duoc thé hién dudi dang nhi phan véi nhirng
chudi 0 va 1, nhung lai mang nhiéu thong tin ma hoa khac nhau. Qua trinh tién hoa
xay ra tir mot tp hop nhitng ca thé hoan toan ngau nhién & tat ca cac thé hé. Trong
ting thé hé, tinh thich nghi cta tap hop nay dugc udc lugng, nhicu ca thé dugc
chon loc dinh hudng tir tap hop hién thoi (dwa vao thé trang), dugc sira ddi (bang
dot bién hodc t6 hop lai) dé hinh thanh mot tap hop mdi. Tap hop nay sé& tiép tuc

duoc chon loc 1ap di 1ap lai trong cac thé hé ké tiép cua giai thuat.

Giai thuat di truyén ciing nhu cac thuat toan tién hoa déu duoc hinh thanh
dua trén mot quan niém dugc coi la mot tién dé phu hop véi thuc té khach quan. Do
1a quan niém "QUuA trinh tién hoa tu nhién 1a qua trinh hoan hao nhat, hop Iy nhét va
tu ndé da mang tinh t6i wu". Qua trinh tién hoa thé hién tinh tbi wu & chd thé hé sau
bao gid ciing t6t hon thé hé trude.

Qua trinh phat trién cia giai thuat di truyén c6 thé duoc chi ra qua cac mdc
thoi gian sau:

1960: Y tuéng dau tién vé Tinh toan tién hod dugc Rechenberg gidi thiéu
trong cong trinh "Evolution Strategies" (Cac chién lugc tién hod). Y tudng nay sau

d6 dugc nhi€u nha nghién ctru phat trién.
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1975: Giai thut gen do John Holland phat minh va duoc phét trién boi ong
cung véi cac ddng nghiép va nhitng sinh vién. Cudn sach "Adaption in Natural and
Artificial Systems" (Su thich nghi trong cac hé ty nhién va nhan tao) xuat ban nim
1975 da tong hop cac két qua cua qua trinh nghién ciru va phat trién do.

1992: John Koza d3 dung GA dé xay dung cac chuong trinh giai quyét mot
s6 bai toan va goi phuong phap nay 1a "lap trinh gen".

Ngay nay giai thudt di truyén cang tré nén quan trong, dic biét 13 trong linh
vuce t6i uu hod, mot linh vuc c6 nhiéu bai toan thi vi, duoc ung dung nhiéu trong
thuc tién nhung thuong kho va chua c6 giai thuat hidu qua dé giai.

1.3.  Cac khai niém co ban

Giai thuat di truyén dya vao qua trinh tién hoa trong ty nhién nén cac khai
niém va thuat ngit cua né déu co lién quan dén céac thuit ngir cua di truyén hoc.
1.3.1. Cd thé, nhiém sic thé

Mot ca thé trong giai thuat di truyén, biéu dién mot giai phap cua bai toan.
Tuy nhién khong giéng véi trong tu nhién, mot ca thé c6 nhidu nhiém sic thé
(NST),co 1 thi goi la thé don bdi, con néu c6 nhiéu thi 1a thé da boi, & day dé gidi
han trong giai thuat di truyén ta quan niém mot ca thé c6 mot nhidém sic thé. Do d6

khai niém c4 thé va nhiém sic thé trong giai thuét di truyén coi nhu 13 twong duong.

Mot NST duogc tao thanh tir nhidu gen, mdi gen c6 thé c¢6 cac gid tri khac
nhau dé quy dinh mot tinh trang nao d6. Trong GA, mot gen dugc coi nhu mot phén

ttr trong chudi NST.
1.3.2. Quin thé
Quan thé 1a mot tap hop cac ca thé c6 cung mot sé dic diém nao day. Trong
giai thuat di truyén ta quan niém quan thé 1a mot tap cac 1oi giai ciia mot bai toan.
1.3.3. Cic todn tir di truyén
a. Chon lva

Trong tu nhién, qué trinh chon loc va d4u tranh sinh ton da lam thay ddi cac

c4 thé trong quan thé. Nhitng c4 thé tdt, thich nghi duoc véi diéu kién sdng thi c6
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kha ning d4u tranh 16n hon, do d6 c6 thé ton tai va sinh san. Cac c4 thé khong thich
nghi dugc véi diéu kién sdng thi dan mat di. Dya vao nguyén 1y cta qua trinh chon
loc va d4u tranh sinh ton trong ty nhién, chon lya cic ca thé trong GA chinh la cach
chon cac cé thé c6 do thich nghi tdt dé dua vao thé hé tiép theo hodc dé cho lai
ghép, v6i muc dich 14 sinh ra cac ca thé méi tot hon. Cé nhiéu cach dé lya chon
nhung cudi cing déu nhim dap Gmg muc tiéu 1a cac ca thé tt s& c6 kha ning duogc

chon cao hon.
b. Lai ghép

Lai ghép trong ty nhién 1a su két hop cac tinh trang ctia bd me dé sinh ra thé
hé con. Trong giai thuat di truyén, lai ghép dugc coi 1a mdt su to hop lai cac tinh
chat (thanh phan) trong hai 10i giai cha me nao d6 dé sinh ra mot 101 giai méi ma c6
dic tinh mong mudn 13 tot hon thé hé cha me. Pay 13 mot qua trinh xay ra cha yéu
trong giai thuat di truyén.

c. Dot bién

Dot bién 12 mot sy bién doi tai mot (hay mot sé) gen cta nhiém sdc thé ban
dau dé tao ra mot nhiém sic thé maéi. Dot bién co xac suit xay ra thap hon lai ghép.
Dot bién c6 thé tao ra mot ca thé méi tot hon hodc xAu hon ca thé ban dau. Tuy
nhién trong giai thuat di truyén thi ta ludn mudn tao ra nhitng phép dot bién cho
phép cai thién 151 giai qua timg thé hé.

I.4. M6 hinh giai thuit di truyén
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Nhan cac tham sb
cla bai toan

v
Khéoi tao qgén thé
ban dau

A 4

Tinh gia tri thich nghi

Piéu kién
drng

Sinh san

v

v
Lai ghép .
Liwa chon giéi phap tot
nhat

v

Pot bien

Hinh 4: M6 hinh cia gidi thudt di truyén

Vi cac khai niém dugc néud trén, giai thuat di truyén dugc mo ta nhu sau:
1.[Bét ddu] Nhan cc tham s6 cho thuit toan.

2.[Khéi tao] Sinh ngiu nhién mot quan thé gom n ca thé (1a n 10i giai cho
bai toan).

3. [Quén thé méi] Tao quin thé méi bing cach lip lai cac bude sau cho dén

khi quan thé méi hoan thanh.

a.[Thich nghi] Uéc luong d6 thich nghi eval(x) cia mbi ca thé.
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b.[Kiém tra] Kiém tra diéu kién két thuc giai thuat.

c.[Chon loc] Chon hai c4 thé bd me tir quan thé cii theo d6 thich nghi
ciia chung (c4 thé c6 do thich nghi cang cao thi cang c6 nhiéu kha niang duoc

chon)

d.[Lai ghép] Véi mot xac suét lai ghép dugc chon, lai ghép hai ca thé

bo me dé tao ra mot ca thé mai.
e.[Pot bien] V&i mot xac suat dot bien dugce chon, bién doi ca thé moi

4. [Chon két qua] Néu diéu kién dimg dugc thoa mén thi thuit toan két thuc

va tra vé 101 giai tot nhat trong quan thé hién tai.

Mic du GA c6 kha ning dat téi cuc tri toan cuc cho qué trinh tim kiém
nhung do ¢6 két hop nhitng yéu t6 ngau nhién nén toc do tim kiém noi chung 1a rat
cham. Mat khac nd khong thé hoan toan dat dugc téi cuc tri todn cuc ma chi cho
nhitng két qua xung quanh d6. Di 1ap voi GA, giai thuat lan truyén nguoc sai sb
(BP) lai cho phép dat dugc nhitng cuc tri néu nhu diém xuét phat cua qua trinh tim

kiém nam trong ving cuc tri toan cuc.
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PHU LUC 2: MA NGUON CHUONG TRINH LUYEN MANG NORON VOI
BUGC HOC VUQT KHE NHAN DANG DOI TUQONG

% Lap trinh tong quat cho thuat toan wvuot khe
% Date:15-10-2011
% Version 1
a=ap;
ul=up;
% huongtim
dl=subs (Jul,ul);%dl=diff (J,ul)
d2=subs (Ju2,u2) ; %d2=diff (J,u2)
Ju=[dl d27;
s0=-Ju;
PPThammuctieu
$J=(ul-5) "2+ (u2-5)"2;
Jtruoc=J;
%Buoc 1 - ————————————
$XL=anpha
%$XU=beta
XL=a;
u01l=u0+XL*s0;
ul=ul0l (1)
u2=u0l (2);
$J=(ul-5) "2+ (u2-5)"2;
PPThammuctieu
Jsau=J;
if Jsau > Jtruoc %Jsau=Jsau; Jtruoc=Jtruoc
XL=0;
XU=a;
else
XL=a;
b=1.5%*a;
XU=b;
Jtruoc=Jsau;
end
u02=u0+XU*s0;
ul=ul2 (1) ;
uz=ul2 (2);
PPThammuctieu
Jsau=J;
while Jsau<Jtruoc
if Jsau > Jtruoc’
F=Jtruoc;
break
else
XL=a;
b=1.5*a;
XU=b;
Jtruoc=Jdsau;
u03=u0+XU*s0;
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ul=u03(1);
u2=ul3(2);
PPThammuctieu
Jsau=J;
end
%end

if Jsau > Jtruoc
F = Jtruoc;

% FLl=abs (XU-XL)
while (abs (XU-XL)>FD)
$FL=abs (XU-XL) ;
SFL1=FL;

if FL <=FD
break

o o°

o\

else

TH=XL+gama* (XU-XL) ;

teta = TH;

u04=u0+TH*s0;

ul=ul4 (1) ;

u2=ul4 (2);

PPThammuctieu

Jsau=J;

if Jsau<F
XU =TH;
Jtruoc = F;

else
XL=TH;
u05=u0+XL*s0;
ul=u05(1);
u2=ul5(2);
PPThammuctieu
Jtruoc=J;

end

end

o°

end

tocdohoc=TH;

if abs (XU-XL)<=FD
XL=XU

end

c=tocdohoc

o° o°

o°

$Gradient----—---—-—-—-—-——-——————————————-—

e{3}r=t(:,k)-x{3};
J=J+sum(e{3}.%2);
Jul=diff (J,ul);
Ju2=diff (J,u2);
%$Ham muc tieu
e{3}r=t(:,k)-x{3};
J=J+sum(e{3}.72);

% Buoc 2 ————---——mmmm oo
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% Lap trinh tong quat cho thuat toan vuot khe

% Date:15-10-2011

% Version 1

function y = PPTbexulynuocthai (p, t)

clc

clear;

%Nhap du lieu vao he thong

1L=3;%so lop

g=inline('1l./ (l+exp(-x))"');%Activation function
unl=[5 16 3];%The units of each layers

Q

% 1t=0.3;% learning rate

J=1;
sum=0;
suml=0;

%Initital the Weights and biases
for i=1:L-1
for n=1:unl (1)
for m=1l:unl (i+1)
w{i} (m,n)=1*rand; $The Weights
end
end
for m=1l:unl (i+1)
b{i} (m,1l)=1*rand;% The biases
end
end
w{L}=eye (unl (L)) ;
while (J>0.00001)& sum<1000
sum=sum+1; $Number of Loops
J=0;
for k=l:length (p)
x{1}=p(:,k);% Inputs vector
% Feed forward Propagation
for i=1:1L-1
s{i}=w{i,l}*x{i}+b{i};
x{i+1l}=g(s{i});
Sx{1i+1};
end
%$The caculatar error
PPThammuctieu
%Feed back Propagation
for i=L-1:-1:1
e{i}=(x{1+1}.*(1-
x{1i+1})) . *(w{i+1l}"'*e{i+1});
thuattoanvuotkhe%Su dung thuat toan vuot khe de xac
%dinh toc do hoc cua mang neural
deltw{il}l=(c.*e{i})*x{i};
w{i}=w{i}+deltw{i};%$ The modify
Weights
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deltb{i}=(c.*e{i}) .*ones (unl (i+1),1);
b{i}=b{i}+deltb{i};% The modify

biases

end
end
J=J/2;
if mod(sum,100)==
suml=suml+1;
data (suml, 1)=sum;
data (suml, 2)=J;
end
end
% Example a value
x{1l} = [22 35 1 6 36]"';
for i=1:L-1
s{it=w{i}*x{1i}t+b{1i};
x{i+1l}=g(s{i});
end
x{i+1}
Ix{L}

semilogy(data(:,1),data(:
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PHU LUC 3: MA NGUON CHUONG TRINH LUYEN MANG NORON
VOI BUOC HOC VUOT KHE BE NHAN DANG CHU VIET

dinhnghia.h

/*
A —e—————————————————————————————————————————————————————————————————————=—%
1 S
*
* DE TAI HUAN LUYEN MANG NO-RON VOI BUOC HOC TINH THEO NGUYEN LY
VUOT KHE *
* NGON NGU : C
* TRINH DICH VISUAL C++
* TEN TEP dinhnghia.h
K e e e e o o o *
A —e—————————————————————————————————————————————————————————————————————=—%
*/
#define SIGMF (x) 1/(1 + exp(-(double)x))//HAM KICH HOAT NO RON
#define DSIGM(y) (float) (y)*(1.0-y))//DAO HAM CUA HAM KICH HOAT NO RON
#define SLNRLV 35 // SO LUONG NO RON LOP VAO
#define SLNRLA 5 // SO LUONG NO RON LOP AN
#define SLNRLR 10 // SO LUONG NO RON LOP RA
#define EPSILON 0.06 // SAI SO TRUNG BINH BINH PHUONG DE DUNG QUA
TRINH LUYEN MANG
#define SLMHL 18 // SO LUONG MAU HUAN LUYEN MANG
#define STEPinit 0.5 // GIA TRI KHOI TAO BUOC HOC, CO THE DUNG CHO
NHIEU TRUONG HOP
#define DCBH 0.0001 // DIEU CHINH BUOC HOC
#define MSDCBH 5 // MAU SO DIEU CHINH BUOC HOC
#define TSDCBH 5 // TU SO DIEU CHINH BUOC HOC
#define BLTD 30000 // BUOC LAP TOI DA
#define FD le-1 //

taphuanluyen.h
/*
A e——————————————————————————————————————————————————————————————————— %
K e e e *
* DE TAI HUAN LUYEN MANG NO-RON VOI BUOC HOC TINH THEO NGUYEN LY
VUOT KHE *
* NGON NGU : C
* TRINH DICH VISUAL C++
* TEN TEP taphuanluyen.h
4 S *
A e e e e — K
*/

#include "dinhnghia.h"

//TAP MAU HUAN LUYEN DAU VAO

int  TAPHUANLUYEN[SLMHL] [SLNRLV] =
{

{ , /0 */

orrRrROo
-

_ oo or
- ~

_ oo or
- ~

_ oo or
-

_ oo or
- ~

_ oo or
- ~

orRrRr o
-

~
~
~
~
~
~
~

~
~
~
~
~
~
~

~
~
~
~

VA SV

or oo
-
oOr o
.~ ~
or oo
~ =
or oo
-
or oo
~ =
or oo
~ =
e =)
-

~
~
~
~
~
~
~

~
~
~
~
~

130



| 2013

gt

¥ thu

an an Tién si

A

Lu

/x2 %/

(SN
O
L NN NN

O O~ O O O
L NN NN
O O O OO
~ ~
O O O O O

L N

O O O O o

L NN NN

O 1 O O O
(SN

~ ~
O O O

/* 3 %/

[N

O O

O N N

— O O O

O N N

O O O
N N
O O —H O O
N N

O O O O

O N N

O O O O

[N

~ ~
L B e B e I

/x4 k)

LSRN
O O O O
O O O O
L B B e e

N NN
— O O O
N NN
O —H O O
N NN
O O - O
NN

~ ~
O O O O

/* 5 */

O~ — O
— O O O
O O O O

N NN

O O O O

N NN

o = O

N NN

— O O O O
~ o~ N

~ ~
o

/* 6 */

[N
O - O
— O O O
— O O O

[ N N
O
[ N N
— O O O O
[ N N
O~ O O O
[N

~ ~
O O - O

/x0T %/

{1,0,0,0,0,0,0,

NN
O — O O
(NN
O — O O
(NN
O — O O
(NN
O — O O
(NN

O O O

(NN

O O O
~ o~

~ ~
—

/* 8 */

[N NEN
O - - O
— O O O
— O O O

N NN
O - - O
N NN
— O O O
N NN
— O O O
NN

~ ~
O = O

/* 9 */

[N NEEN
O~ O O
O O O - O
O O O O

N NN
O
N NN
— O O O
N NN
— O O O
NN

~ ~
O~ O

/x4 k)

O O O O
O O O O
O O O O

N N
o
N N
— O O O
N N
— O O O
(NN

~ ~
— O O O

131



| 2013

gt

dn dn Tién si Ky thu

A

Lu

/x0T kY

{1,0,0,0,0,0,0,

[N
o O O
(SN
o O O
(SN
o O O
(SN
O
(SN
o O O
(SN
o O O

~ o~ N

~
— O

/* 3 */

{ 0,1,0,0,0,1,0,

4
4
14

— = O
~ o~ o~ N
O O O
~ o~ o~ N
O O
~ o~ o~ N
O —H O O
~ o~ o~ N
O O
LSRN
O O O
~ o~ N

~
— = - O

/* 2 %/

LS
L B e B e I
N N
— O O O O
N N
O —H O O O
N N
O O —H O O
N N
O O O O
N N
O O O o
LS

~
L B e B e I

/x4 k)

(NN
O O O - O
O O O - O
O O O - O

N NN
o
N NN
— O O - O
N NN
— O O - O
NN

~ ~
— O O - O

/* 0 */

[N
o
— O O O
— O O O

N NN

— O O O

N NN

— O O O

N NN

— O O O
~ o~ N

~ ~
o

/%9 */

{ O,l/lrolololll

’

~ o~ N
—
[N
O O O
[N
O O O
[N
—
[N

O O O

[N

O O O
~ o~

~ ~
— O

//DAU RA MONG MUON TUONG UNG

int

DRMM [ SLMHL] [ SLNRLR]

O OO O OO OOO10O OO OO oo
N N N N N N T N N
O OO O OO OOHOOOOOoOOoo oo
N N N N N N T N N
O OO OO0 OHOOOOdHOoOOoOo oo
N N N N N N T N N
O OO O OO dOOOOO0OOoOoooOo
N N N N N N T N N
O OO OO d OO0 OOoO10O00oooOo
N N N N N N T N N
O O OO dOOOOO10O00o0oHOoOo
N N N N N N T N N
OOOlOOOOOOOOOlOOOO

D N N N N N N Y N N

O O OO OO0 0O0O0O0O0oHOooOo

N N N N N N N N N N

O O O OO OOOOO0OO0Oooooo
O N N N N N e e NN

~ ~
O O O OO OO0 0O0O0o0o oo oHo

e e e e e e e e e e o e e e e e e

T}

X



Lugn dn Tién si Ky thugt 2013

* DE TAI : HUAN LUYEN MANG NO-RON VOI BUOC HOC TINH THEO NGUYEN LY
VUOT KHE *

* NGON NGU : C

* TRINH DICH : VISUAL C++

* TEN TEP : backprop.c

*/

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include "taphuanluyen.h"

#include "dinhnghia.h"

/************************** DINH NGHIA CAC BIEN TOAN CUC
****************************/

float MTTSLA[SLNRLV] [SLNRLA]; //MA TRAN TRONG SO LOP AN

float MTTSLR[SLNRLA] [SLNRLR]; //MA TRAN TRONG SO LOP RA

float BTMTTSLA[SLNRLV] [SLNRLA];//BIEN THIEN MA TRAN TRONG SO LOP AN
float BTMTTSLR[SLNRLA] [SLNRLR];//BIEN THIEN MA TRAN TRONG SO LOP RA

float x[SLNRLV]; //VEC-TO DAU VAO LOP VAO
float y[SLNRLA]; //VEC TO DAU RA LOP AN
float z[SLNRLR]; //VEC TO DAU RA LOP RA

float HWI[SLNRLV ; //KHONG SU DUNG

float HW2[SLNRLV

SLNRLA]

SLNRLA] ; //KHONG SU DUNG
]
]

110
110
float OWLl[SLNRLA] [SLNRLR]; //KHONG SU DUNG
float OW2[SLNRLA] [SLNRLR]; //KHONG SU DUNG
float SSLA[SLNRLA]; //SAI SO LOP AN
float SSLR[SLNRLR]; //SAI SO LOP RA
int PATR[SLMHL] ;
float ECM[SLMHL];
float TOCDOHOC=2; //TOC DO HOC
int SOBUOCLAP=0;
float BVK=0; //BUOC VUOT KHE
int NBS=0;
float FX[SLMHL];
float F[SLMHL];
float A,GAMA;
float QUANTINH=0.1; //TOAN HANG QUAN TINH
int MTDVKT [35]; //MA TRAN DAU VAO KIEM TRA
long int itr;
int HTHL; //HOAN THANH HUAN LUYEN
int LCBH; //LUA CHON BUOC HOC
int RESET; //RESET MANG
int RES=1; //RESET MANG
int SDM; //SU DUNG MANG

/*************** KET THUC DINH NGHIA CAC BIEN TOAN CUC ****************/

/*************************** CAC NGUYEN MAU HAM ***********************/

int KHOITAOMANG () ;

void QUATRINHHUANLUYEN() ;

void DAPUNGDAURA (int afer[]):;

float GIATRIHAMMUCTIEU (int x[],float y[],int SIZE);
void DIEUCHINHTRONGSO (int k) ;

void HAMMUCTIEU() ;

void BUOCLAP() ;

/***************************** CAC HAM VA CAC THU TUC ******************/
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/* ______________________________________________________________________
Ten Ham: KHOITAOMANG
Mo ta: 1. KHOI TAO MA TRAN TRONG SO LOP AN, VOI CACS GIA TRI

NGAU NHIEN BI CHAN
2. KHOI TAO MA TRAN TRONG SO LOP RA, VOI CACS GIA
TRI NGAU NHIEN BI CHAN
Cac dau vao: KHONG CO
Gia tri tra ve: 1

int KHOITAOMANG ()
{
int 1,73
int ch;
int num;

NBS=0;
HTHL=2;
RESET=0;
RES=1;
MHL=0;
srand (time (0)) ;
for (1=0; 1<SLNRLV;i++)
for (j=0; J<SLNRLA; j++)
{
MTTSLA[1]

[§J1 = -0.5+ (float) rand()/RAND MAX;
BTMTTSLA[1]

(31 = 0;
}

for (1=0; 1<SLNRLA; i++)
for (§j=0; J<SLNRLR; j++)

{
MTTSLR[1]

[Jj1 = -0.5 (float) rand()/RAND MAX;
BTMTTSLR[1]

[J1 = 0;
}

for (1=0;i<SLMHL; i++)
PATR[1] = 0;

for (1=0;1<35;1i++)
MTDVKT [1]=0;
return 1;

Ten Thu tuc: TOCDOHOCZERO
Mo ta: 1. CAC DAU RA CUA MANG VAN LA ZERO, VI TOC DO HOC LA
ZERO.
2. CAC SAI SO HOAN TOAN BANG VOI CAC DAU RA MONG
MUON .
3. THU TUC NAY DUNG DE PHUC VU CHO VIEC TINH
TOAN BUOC VUOT KHE.
Cac dau vao: KHONG CO
Gia tri tra ve: KHONG CO

void TOCDOHOCZERO (void)

int t;
TOCDOHOC=0;
]
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BUOCLAP () ;

HAMMUCTIEU () ;

for (t=0; t<SLMHL; t++)

FX[t] = ECM[t];

}
2 I E——————
Ten Thu tuc: TINHBUOCHOCVUOTKHE
Ngay sua : 03-11-2007
Phien ban : V2
Mo ta: THU TUC TINH BUOC HOC THEO NGUYEN LY VUOT KHE
Cac dau vao: KHONG CO

Gia tri tra ve: KHONG CO

void TINHBUOCHOCVUOTKHE (void)

{
float XL,XU,FL[SLMHL], temp;

int i,t,J;

if (NBS==0)

{
A=0.5;
GAMA=0.1;
TOCDOHOC=A;

}
for (t=0; t<SLMHL; t++)

FL{t]=FX[t];

XL=0;

BUOC1:

TOCDOHOC=A;

BUOCLAP () ;

HAMMUCTIEU () ;

for (t=0; t<SLMHL; t++)
F[t] = ECM[t];
1f(F[t]>FL[t])
{

XU=A;
goto BUOC2Z;

}
//XL=A;

for (t=0; t<SLMHL; t++)
FL[t]=F[t];

XL=A;

A=1.5*%A;

XU=A;

goto BUOC1;

BUOC2:

if (FD>= (XU-FL))
goto BUOC3;
A=XL+GAMA* (XU-XL) ;
temp=TOCDOHOC;
TOCDOHOC=A;
BUOCLAP () ;
HAMMUCTIEU () ;
TOCDOHOC=temp;
for (t=0; t<SLMHL; t++)
Flt] = ECM[t];
for (t=0; t<SLMHL; t++)

135



Lugn dn Tién si Ky thugt 2013

if(FL[t]>F[t])
{
XU=A;
for (j=0; J<SLMHL; j++)
FLIJI=F[J];
goto BUOC2;
}
for (t=0; t<SLMHL; t++)
if(F[t]I>FL[t])
{
for (j=0; J<SLMHL; j++)
FL[J]=F[3j];
XL=A;
goto BUOC2;
}
BUOC3:
for (t=0; t<SLMHL; t++)
FX[t]=F[t];
NBS=NBS+1;
TOCDOHOC=A;

2 ————.,
Ten Thu tuc: TINHTOANBUOCHOC
Mo ta: TINH TOAN TOC DO HOC SAU MOI BUOC LAP
Cac dau vao: KHONG CO
Gia tri tra ve: KHONG CO
_______________________________________________________________________ */
void TINHTOANBUOCHOC ()
{
TOCDOHOC=TSDCBH/ (SOBUOCLAP*0.001+MSDCBH) ;
}
/* _______________________________________________________________________
Ten Thu tuc: BUOCLAP
Mo ta: DIEU CHINH CAC TRONG SO CUA MANG
Cac dau vao: KHONG CO
Gia tri tra ve: KHONG CO
*/
void BUOCLAP ()
{
int 1i;
i=0;
//LUA CHON MAU HUAN LUYEN NGAU NHIEN: i = (int) (SLMHL*rnd), VOI
0<rnd<1l
do
{
i = (int) (SLMHL* (float) rand() / RAND MAX);
}while (PATR[i]) ;
DAPUNGDAURA (TAPHUANLUYEN[1]) ;
DIEUCHINHTRONGSO (1) ;
}
/* _______________________________________________________________________
Ten Thu tuc: HUANLUYENCODINH
Mo ta: HUAN LUYEN MANG DE TB-BINH PHUONG SAI SO DAU RA NHO HON

EPSILON CHO TRUOC

BUOC HOC LA MOT HANG SO.
Cac dau vao: KHONG CO
Gia tri tra wve: KHONG CO
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void HUANLUYENCODINH ()

{

int t,1;
printf ("\nDANG HUAN LUYEN MANG VOI BUOC HOC CO DINH...\n");

START:

if (RES==0)
printf ("\nKHOI DONG VA HUAN LUYEN LAI MANG!");
KHOITAOMANG () ;
//Luyen mang
do

{
TOCDOHOC=0.2;

BUOCLAP () ;
HAMMUCTIEU () ;
1 =1;

for (t=0; t<SLMHL; t++)

{
PATR[t] = ECM[t] < EPSILON;
1 =1 && (PATR[t]);

}

SOBUOCLAP++;

RESET++;

1f (RESET>15000) break;

if (SOBUOCLAP>BLTD)

{
HTHL=0;

printf ("\nQUA TRINH HUAN LUYEN MANG THAT BAI! \n");

printf("\nDE NGHI HUAN LUYEN LAI! \n");
break;
}
}while(!1);//while(!1 && !kbhit());
1f (RESET>15000)
{
RES=0;
goto START;
}
if (SOBUOCLAP<BLTD)
{
printf("\n\nMANG DA DUOC HUAN LUYEN XONG SAU: ");
printf ("%1d",RESET) ;
printf (" BUOC LAP!\n\n");

/* _______________________________________________________________________
Ten Thu tuc: HUANLUYENGIAMDAN
Mo ta: HUAN LUYEN MANG DE TB-BINH PHUONG SAI SO DAU RA NHO HON

EPSILON CHO TRUOC

GIAN
Cac

BUOC HOC DUOC TINH THEO PHUONG PHAP GIAM DAN DON

dau vao: KHONG CO
tri tra ve: KHONG CO

HUANLUYENGIAMDAN ()

int t,1;

printf ("\n\nDANG HUAN LUYEN MANG VOI BUOC HOC GIAM DAN...\n");
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START:

if (RES==0)
printf ("\n\nKHOI DONG VA HUAN LUYEN LATI MANG!");

KHOITAOMANG () ;

//Luyen mang

do

{
TINHTOANBUOCHOC () ;
BUOCLAP () ;
HAMMUCTIEU () ;
1 =1;

for (t=0; t<SLMHL; t++)
{
PATR[t] = ECM[t] < EPSILON;
1 =1 && (PATR[t]);
}
SOBUOCLAP++;
RESET++;
1f (RESET>3000) break;
1f (SOBUOCLAP>BLTD)
{
HTHL=0;
printf("\nQUA TRINH HUAN LUYEN MANG THAT BAI! \n");
printf("\nDE NGHI HUAN LUYEN LAI! \n");
break;
}
}while (!'1);//while ('l && !'kbhit());
1if (RESET>3000)
}
if (SOBUOCLAP<BLTD)
{
HTHL=1;
printf("\n\nMANG DA DUOC HUAN LUYEN XONG SAU: ");
printf ("$1d",RESET) ;
printf (" BUOC LAP!\n\n");

K o
Ten Thu tuc: HUANLUYENVUOTKHE
Mo ta: HUAN LUYEN MANG DE TB-BINH PHUONG SAI SO DAU RA NHO HON

EPSILON CHO TRUOC

BUOC HOC DUOC TINH THEO NGUYEN LY VUOT KHE
Cac dau vao: KHONG CO
Gia tri tra ve: KHONG CO

void HUANLUYENVUOTKHE ()
{

int t,1;

printf ("\n\nDANG HUAN LUYEN MANG THEO BUOC VUOT KHE...\n");
START:

if (RES==0) {

printf ("\nKHOI DONG VA HUAN LUYEN LAI MANG!");

}

KHOITAOMANG () ;

TOCDOHOCZERO () ;

TINHBUOCHOCVUOTKHE () ;

//Luyen mang
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do
{
TINHBUOCHOCVUOTKHE () ;
BUOCLAP () ;
HAMMUCTIEU () ;
1 =1;
for (t=0; t<SLMHL; t++)
{
PATR[t] = ECM[t] < EPSILON;
1 =1 && (PATR[t]);
}
SOBUOCLAP++;
RESET++;
// printf("lan lap thu %d\n",RESET) ;

1f (RESET>100)break;
if (SOBUOCLAP>BLTD)
{
HTHL=0;
printf("\nQUA TRINH HUAN LUYEN MANG THAT BAI! \n");
printf("\nDE NGHI HUAN LUYEN LAI! \n");
break;

}

}while(!1);//while(!1 && !kbhit());
if (RESET>100)
{
RES=0;
goto START;
}
if (SOBUOCLAP<BLTD)
{
HTHL=1;
printf("\n\nMANG DA DUOC HUAN LUYEN XONG SAU: ");
printf ("$1d",RESET) ;
printf (" BUOC LAP!\n\n");

/* _______________________________________________________________________
Ten Thu tuc: DAPUNGDAURA

Mo ta: TINH CAC DAU RA LOP AN, vy, VA DAU RA LOP RA, z, TU DAU
VAO LOPA VAO, x.

Cac dau vao: VEC-TO DAU VAO x[1i]

Gia tri tra wve: KHONG CO

void DAPUNGDAURA (int afer[])
{

int 1,3

float totin;

for (1i=0; i<SLNRLV; i++)

x[1] = (float)afer[i];
for (j=0; J<SLNRLA; j++)
{

totin = 0;

for (1i=0; i<SLNRLV; i++)

totin = totin + xX[1]*MTTSLA[i][]];
1
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y[j] = SIGMF (totin);
}
for (j=0; J<SLNRLR; j++)
{
totin = 0;
for (1i=0; 1<SLNRLA; i++)
totin = totin + y[i]*MTTSLR[i][j];

z[J] = SIGMF (totin);
}

}

K e e
Ten Ham: TB_BINHPHUONGSATISO

Mo ta: TINH BINH PHUONG SAI SO DAU RA CUA MANG THEO VEC-TO DAU
RA VA VEC-TO DICH

Cac dau vao: 1. VEC-TO DAU RA MONG MUON DRMMI[i],

2. VEC-TO DAU RA CU LOP RA z[i],
3. SO LUONG NO-RON CUA LAOP DAU RA, SLNRLR
Gia tri tra ve: TRUNG BINH BINH PHUONG SAI SO DAU RA CUA LOP RA

float TB_BINHPHUONGSAISO(int al]l,float b[],int SIZE)
{

int i;

float e=0;

for (1=0;1<SIZE; 1++)

e = e + ((float)ali]l - blil)*(al[i] - b[i]);
e = 0.5 * ¢e;
return e;

/* _______________________________________________________________________
Ten Thu tuc: SAISODAURA

Mo ta: TINH SAI SO DAU RA CUA MANG THEO VEC-TO DAU RA VA VEC-TO
DICH

1. VEC-TO DAU RA MONG MUON DRMM[i],
2. VEC-TO DAU RA CU LOP RA z[i],
Cac dau vao: SO THU TU MAU
Gia tri tra ve: KHONG CO

void SAISODAURA (int 1)
{
int j;
for (7=0; J<SLNRLR; j++)
SSLR[J] = 0;

for (j=0; J<SLNRLR; j++)

SSLRI[J] = z[j] - (float)DRMMI[i][]];
}
/* _______________________________________________________________________
Ten Thu tuc: SAISOLOPAN
Mo ta: TINH SAI SO DAU RA CUA LOP AN THEO SAI SO LOP RA VA DAO
HAM CUA SIGMF
Cac dau vao: KHONG CO

Gia tri tra ve: KHONG CO
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void SAISOLOPAN ()
{

int 1,73
for (1=0; 1<SLNRLA; i++)
SSLA[1i] = 0;

for (1=0; 1<SLNRLA; i++)
for (§=0; J<SLNRLR; j++)

SSLA[1i] = SSLA[i] + MTTSLR[1][j1*z[J]l*(1l-2z[J])*SSLR[J];
}
/* ___________________________________________________________________
Ten Thu tuc: DIEUCHINHTRONGSO
Mo ta: CAP NHAT MA TRAN TRONG SO LOP AN VA LOP RA
Cac dau vao: SO THU TU MAU
Gia tri tra ve: KHONG CO
______________________________________________________________________ * /
void DIEUCHINHTRONGSO (int k)
{
int 1,3
float temp;
SAISODAURA (k) ;
SAISOLOPAN () ;
for (1=0; 1<SLNRLA; i++)
{
for (§=0; J<SLNRLR; j++)
{
temp = -TOCDOHOC*y[i]*z[j]1*(1-z[j])*SSLR[]];
MTTSLR([i] [§] = MTTSLR[i][j] + temp +
QUANTINH*BTMTTSLRI[1][F];
BTMTTSLR[1] []J] = temp;
}
}
for (1i=0; i<SLNRLV; i++)
{
for (j=0; J<SLNRLA; j++)
{
temp = -TOCDOHOC*x[i]*y[]j]*(1-y[]j])*SSLA[]];
MTTSLA[i] [j] = MTTSLA[i][j] + temp +
QUANTINH*BTMTTSLA[i][F];
BTMTTSLA[1] [jJ] = temp;
}
}
}
2 EE———
Ten Thu tuc: HAMMUCTIEU
Mo ta: TINH BINH PHUONG SAI SO DAU RA CUA MANG THEO VEC-TO DAU
RA VA VEC-TO DICH
Cac dau vao: KHONG CO
Gia tri tra ve: KHONG CO
_____________________________________________________________________ * /

void HAMMUCTIEU ()
{

int 1i;
]
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for (1=0; 1<SLMHL; 1++)

{
DAPUNGDAURA (TAPHUANLUYEN([1]) ;
ECM[i]=TB_BINHPHUONGSAISO(DRMM[i],Z,SLNRLR);

/* ______________________________________________________________________
Ten Thu tuc: KIEMTRAMANG

Mo ta: NGUOI SU DUNG NHAP MA TRAN DAU VAO, TINH TOAN DAP UNG
DAU RA CUA MANG

Cac dau vao: KHONG CO

Gia tri tra ve: KHONG CO

void KIEMTRAMANG ()

{
int 1i,73,t,ind;
float temp;
float tempzl [SLNRLR];
float tempz2[3];
ind=0;

for(;;)
{
printf("\n\nXIN MOI DUA VEC-TO DAU VAO DE KIEM TRA
MANG\n\n") ;
for (1=0;1<7;1++)
{
for (3=0;3<5;j++)
scanf ("%d", &MTDVKT [j*7+1]) ;
printf ("\n");
}
printf("\n\nDAP UNG DAU RA CUA MANG:\n");
DAPUNGDAURA (MTDVKT) ;
for (1=0; 1<SLNRLR; i++)
printf ("\nNO-RON &d, Z = %f",1i,z[i]);
for (1=0; 1<SLNRLR; i++)
tempzl[i]l=z[1];
printf("\n\nBA DAU RA CO DAP UNG CAO NHAT UNG VOI VEC-TO DAU
VAO:\n") ;
for (t=0;t<3;t++)
{
temp=0;
ind=0;
for (1=0; 1<SLNRLR; i++)
if (temp<=tempzl[i])
{
temp=tempzl[i];
ind=i;
}
tempz2 [t]=temp;
printf ("\nDAU RA THU %d LA %3.0f%%",ind,
tempz2 [t]*100);
tempzl [ind]=0;
}

temp=z[0];
ind=0;
1
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for (1i=0; i<SLNRLR; i++)
if (temp<=z[i])
{
temp=z[1i];
ind=1i;
}
printf ("\n\nKET LUAN CUA MANG NO-RON:\n");

printf ("\nVEC-TO DAU VAO MANG LA MA CUA KY TU:
%d",ind) ;

/* ______________________________________________________________________
Ten Thu tuc: MATRANTRONGSOLOPAN

Mo ta: IN MA TRAN TRONG SO LOP AN RA MAN HINH

Cac dau vao: KHONG CO

Gia tri tra ve: KHONG CO

void MATRANTRONGSOLOPAN ()
{
int 1i,73;
printf ("\n\nMA TRAN TRONG SO LOP AN MTTSLA[slnrlv][slnrlal]:\n\n");
for (1i=0; i<SLNRLV; i++)
{
for (j=0; J<SLNRLA; j++)
{
if (MTTSLA[i] [j]1>=0)
printf ("+%f ",MTTSLA[i] [j]);
else
printf ("$f ",MTTSLA[i][j]);
}
printf ("\n");

/* ______________________________________________________________________
Ten Thu tuc: MATRANTRONGSOLOPRA

Mo ta: IN MA TRAN TRONG SO LOP RA RA MAN HINH

Cac dau vao: KHONG CO

Gia tri tra ve: KHONG CO

void MATRANTRONGSOLOPRA ()
{
int i,3;
printf ("\n\nMA TRAN TRONG SO LOP RA MTTSLR[slnrlal] [slnrlr]:\n\n");
for (7=0; J<SLNRLR; j++)
{
for (1=0; 1<SLNRLA; i++)
{
if (MTTSLR[1] [j]>=0)
printf ("+%f ",MTTSLR[i][]]);
else
printf ("%f ",MTTSLR[i][]J])
}
printf ("\n");
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/******************************* HAM CHINH ***********************/

void main (int argc,char *argv[])
{

int read;

char c;

KHOITAOMANG () ;

printf("*******************************************\n\n"),
printf ("* CHUONG TRINH HUAN LUYEN MANG NO-RON *\n\n") ;
printf ("* BUOC HOC TINH THEO NGUYEN LY VUOT KHE *\n\n");
printf("*******************************************\n\n"),
/*
printf ("/Vao\\ /~~~~Lop an~~~~\\ VAT Lop ra~~~~~ \\A\n") ;
printf (" -- = ---—--- ———= —mm—————- -——= \n");
printf ("] | | | | [Y | | | | z\n");
printf ("X [->| W1l [|->] f1 |->| w21 [=>] £2 |-=->\n");
printf (" | | (35x5)| | [ | (5x10) | | [\n") ;
printf (" | | o o o I\n") ;
printf (" -- = —————--- -——— = -——— \n");
printf ("\\35/ \\__Y=f1(Wll.X)__/ \\__2Z=f1(Wll.X)__ / \n\n");
printf (" f=sigm(net) \n\n") ;
printf ("\nSU DUNG MANG: TRUOC KHI HOC, t, SAU KHI HOC, s.\n");
SDM = getchar();
if (SDM=='t")
KIEMTRAMANG () ;// SU DUNG MANG TRUOC KHI HUAN LUYEN
else 1f(SDM=='s"')
{
printf ("\n\nLUA CHON LOAI BUOC HOC\n");
printf ("\nCO DINH: ¢, GIAM DAN: g, NGUYEN LY VUOT KHE:
vin\n") ;
c = getchar();
}
LCBH = getchar();
switch (LCBH)
{
case 'c':
HUANLUYENCODINH () ;
break;
case 'g':
HUANLUYENGIAMDAN () ;
break;
case 'v':
HUANLUYENVUOTKHE () ;
break;
}
*/
HUANLUYENVUOTKHE () ;
if (HTHL==1) //NEU MANG DA DUOC HUAN LUYEN XONG
{
MATRANTRONGSOLOPAN () ;
MATRANTRONGSOLOPRA () ;
// KIEMTRAMANG () ;
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