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Ngoai ra, hoc vién ciing bay t6 1ong biét on tdi gia dinh, ban be, nguoi than va
ddng nghiép co quan da dong vién, khuyén khich tinh than, giup d& dé hoc vién hoan
thanh ludn van nay.

TP Hé Chi Minh, ngay  thdng nam 2016
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TOM TAT

Trong bdi canh Gmg dung cong nghé thong tin ngdy cang tang, dir liéu phat sinh
hoat dong quan 1y, kinh doanh, san xuit cta cac cong ty, to chirc ngdy cang nhiéu.
Céc cong ty, t6 chirc cAn nhanh chong dua ra cac quyét dinh bang cach xir Iy nhiéu
yéu t6 voi quy mé va tinh phirc tap ngdy cang ting. Dé co quyét dinh chinh x4c nhét,
ngudi quan 1y thuong thuc hién viée du doan hay phan loai vin dé can giai quyét
trude khi dua ra quyét dinh. Ngoai viéc dua trén cac yéu t6 lién quan tryuc tiép dén
van dé, nguoi ra quyét dinh con dua trén kinh nghiém ban than va thong tin co dugc

tir cac hoat dong trude do.

Trong d6, mang noron nhan tao nho kha nang doc, nh¢ lai va khai quat hoa tu
cac mau dir liéu hudn luyén, d3 tro thanh mot trong huéng nghién ctru chinh cua linh

vuc tri tué nhan tao.

Mo hinh mang noron truyén thang va giai thuat di truyén duogc sir dung rong rii
boi vi ¢6 kha nang gidi dugc nhiéu bai toan véi cac linh vuc khac nhau: du doan,
phan loai, m6 hinh héa. Mang noron truyén thing thich hop dé giai quyét bai toan

thé hién moi quan hé gitta mot tap hop dau vao va dau ra biét trudce.

Twr cac nguyén nhan néu trén, lun van nay tap trung vao viéc utng dung mang
noron truyén thang st dung gidi thuat di truyén huan luyén vao bai toan danh gia

cam quan thyc pham cuy thé 1a danh gia chat luong ruou vang trang.

Ngoai phan mé dau, tong quan linh vuc nghién ctru va két luan, bo cuc cua luan

van gom ba chuong chinh nhu sau:

- Chuong I: Gidi thi€éu mang noron.
- Chwong II: Mang noron nhan tao truyén thang va giai thuét di truyén.
- Chuong III: Ung dung mang noron truyén thang vao bai toan danh gia cam

quan thyc pham.



ABSTRACT

With the increasing of information technology application, data occurred
more and more from companies and organizations’ manufacturing, buisnesses and
management activities. It’s necessary for companies and organisations to make quick
decision by dealing with a number of factors with increasing scale and complexity.
Managers normally speculate or classify problems before making a precise decision.
Beside relying on the direct factors to the problems, the decisions are also based on

personal experiences as well as information obtained from previous activities.

Artificial neural networks, thanks to the ability to read, memorize and
generalize from the input trained data samples, have become one of the main

research trends of artificial intelligence .

Straight neuron network model and genetic algorithms are widely used
because of their ability to solve a great number of problems from diversified fields:
speculation, classification and model generalization. Straight neuron is suitable to

solve problems that show the relationship of know- in - advance input and output
group.
From the reasons mentioned above, the thesis focuses on the application of

straight neuron as well as trained genetic algorithms in food sensory evaluation -

white wine in particular.

Besides the introduction, overview of research field and conclusion, the

content of the thesis consists of three chapters as follows:
- Chapter I: An introduction to neuron networks.
- Chapter 11 : Straight artificial neuron network and genetic algorithms .

- Chapter 11l : Application of straight neuron networks to the problem of

food sensory evaluation .
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MO DAU
1. Ly do chon dé tai
Danh gia cam quan thuc phidm 13 mét thanh phan quan trong trong viéc danh gia
chét lugng thuc phém. N6 duogc su dung dé diéu tra cac thuc phém chét lugng theo
yéu cdu cia ngudi tiéu dung cam giac thuc té hodc tiém ning, dé phan tich mic do
anh huong cua cac yéu td bén ngoai dén chét lugng cam giéc, dé tao co s& cho viéc
xay dung tiéu chuan chét lugng cam giac, kiém tra chat lugng cam quan cila thyc

phﬁm va lua chon cac loai thuc phém chét lugng.

Mang noron 1a mdt trong nhirng cong cu nhén dang tbt vi mang noron cé cac dac
trung sau: Kha nang hoc tir kinh nghiém (kha niang dugc huan luyén), kha nang xir 1y
song song véi tbc do xur 1y nhanh, kha nang hoc thich nghi, kha ning khai quat héa
cho cac du vao khong duoc huin luyén, vi du: dua vao céach hoc co thé tién doan

dau ra tir dau vao khong biét trude.

Vi vdy, tng dung mang noron vao bai toan danh gid cam quan thuc pham s& gitp
tiét kiém chi phi, thoi gian trong qua trinh kiém tra, danh gia, nghién ciru san xuat

thie pham.
2. Tinh cap thiét cia deé tai

Trong bdi canh tng dung cong nghé thong tin ngay cang ting, dir liéu phat sinh
hoat dong quan 1y, kinh doanh, san xut ciia cac cong ty, to chirc ngdy cang nhiéu.
Céc cong ty, to chirc can nhanh chong dua ra cac quyét dinh bang cach xt 1y nhidu
yéu td v6i quy mo va tinh phirc tap ngay cang ting. Dé c6 quyét dinh chinh x4c nhét,
ngudi quan 1y thudng thyc hién viéc du doan hay phan loai vin dé can giai quyét
truée khi dua ra quyét dinh. Ngoai viéc dua trén cac yéu té lién quan truc tiép dén
van dé, ngudi ra quyét dinh con dya trén kinh nghiém ban than va thong tin c¢6 duoc
tur cac hoat dong trude do.

Trong thyc té, chung ta bat gip nhiéu bai toan nhu danh gia cam quan thyc pham,
du doan thi truong chirng khoan, dinh gia tai sdn, ddnh gid nhan vién, ... D6 1a cac

bai toan thudc 16p bai toan du doan va phan loai. Pa ¢ nhiéu phwong phap dua ra dé



giai cac bai toan trén nhu phuong phap thdng ké, hoi quy, ciy quyét dinh, mang

noron nhan tao, ...

Trong d6, mang noron nhan tao nho kha nang doc, nhé lai va khai quat hoa tir cac
mau dit liéu huin luyén, da tré thanh mot trong hudng nghién ctru chinh cua linh vyc
tri tué nhan tao. Xét vé mat ly thuyét, mang noron nhan tao tuong ddi doc 1ap vé1 ban

chat cta cac qua trinh vat 1y can phan loai, du doan.

O mdi 16p bai toan trén, déu co dic diém chung 13 khi giai bing mang noron nhan
tao nhu: thu thap dit liéu mau, tién xir Iy dit li¢u, xac dinh thong ) mang va huén
luyén. Do d6 viéc nghién ciru dé tong quat héa cc bai toan va xay duyng phdn mém
g dung mang noron nhan tao cé thé ding cho nhiéu bai toan ciing mot 16p 1 hoan

toan kha thi.

M6 hinh mang noron va giai thuat di truyén dugc sir dung rong rai boi vi co kha
ning giai dugc nhicu bai toan vai cac linh vuc khac nhau: dy doan, phan loai, mo
hinh hoa. Mang noron thich hop dé giai quyét bai toan thé hién mdi quan hé giira

mot tap hop dau vao va dau ra biét trudc.

3. N¢i dung chinh

B0 cuc cua luan van gom cac ndi dung chinh sau:

- Nbi dung cua dé tai nghién ctru vé 1y thuyét mang noron sinh hoc, 1y thuyét mang
noron nhén tao, 1y thuyét mang noron truyén thang.

- Nghién ctru vé Iy thuyét thuat toan di truyén.

- Nghién ctru 1y thuyét Gng dung thuat toan di truyén vao dén huin luyén mang
noron nhan tao truyén thang.

- Nghién ctru 1y thuyét bai toan danh gia cam quan thyc pham.

- Nghién ctru ing dung mang noron nhan tao vao bai toan danh gia cadm quan thyc
pham.

- Lap trinh cai dat mang noron nhan tao truyén thang nhiéu 16p.

- Lap trinh cai dat thuat toan di truyén ung dung huén luyén mang noron nhén tao
truyén thang.

- Lap trinh cai dit tmg dung danh gia cam quan thuc pham.



Ngoai phan mé dau, tong quan linh vyuc nghién ctru va két luan, bo cuc cua ludn van

gdm ba chwong chinh nhu sau:

- Chuong 1: Gidi thiéu mang noron.

- Chirong 2: Mang noron nhdn tao truyén thang va gidi thudt di truyén.

- Chuong 3: Ung dung mang noron truyén thang vao bai todn ddanh gid cam quan

thuwe phdm.

4. Muc dich cia dé tai

i

Nghién ciru vé 1y thuyét mang noron sinh hoc, 1y thuyét mang noron nhan tao, 1y
thuyét mang noron truyén thang.

Nghién ciru vé 1y thuyét thuat toan di truyén.

Nghién ctru 1y thuyét tmg dung thuit toan di truyén vao dén huin luyén mang
noron nhan tao truyén thang.

Nghién ctru 1y thuyét bai toan danh gia cam quan thuc pham.

Nghién clru img dung mang noron nhan tao vao bai toan danh gid cam quan thyuc
pham.

Lap trinh cai dit mang noron nhan tao truyén thang nhiéu 16p.

Lap trinh cai dat thuat toan di truyén ung dung huan luyén mang noron nhén tao
truyén thing.

Lap trinh cai dit tng dung danh gia cam quan thuc pham.

. Péi twgng nghién ciru

Ly thuyét vé mang noron nhan tao, cAu trac, md hinh x4y dyng mang noron nhan
tao.

Ly thuyét vé phuong phap huan luyén mang noron nhén tao.

Ly thuyét vé giai thuat di truyén.

Ung dung giai thuat di truyén vao huan luyén mang noron nhan tao truyén thang.
Ly thuyét vé bai toan danh gia cam quan thyc pham.

Ung dung mang noron nhan tao truyén thing vao bai toan danh gid cam quan

thuc pham.



6. Pham vi nghién cau
- DA tai tip can cach thirc huin luyén mang noron. Ap dung giai thuét di truyén dé
t61 wu trong sb trong qua trinh huin luyén mang noron.
- Quy trinh bai toan danh gia cam quan.
- Thu nghiém cai dat mang noron nhan tao vao ing dung danh gia cam quan thyc
pham nham so sanh hiéu ning v&i bai toan danh gia cam quan thyc pham thyec té.
- D@ tai gidi han trong pham vi nghién cru giai phap t6i wu mang noron va Ung
dung mang noron vao bai toan danh gia cam quan thyc pham.
7. Y nghia thuc tién va y nghia khoa hoc cia luin viin
Y nghia thue tién
- Mo ta duoc cau tric to chirc ctia mang noron nhan tao, xay dung duoc mang
noron nhan tao.
- MO ta duogc giai thuat di truyén tng dung vao huan luyén mang noron nhén tao.
- M0 ta dugc ing dung mang noron nhan tao vao bai toan danh gid cam quan
thyc pham.
- Cai dat dugc mang noron nhan tao, giai thuat di truyén, tng dung danh gia
cam quan thyc pham.
Y nghia khoa hoc

Trinh bay chi tiét vé& cu trac t6 chire, hoat dong ctia mang noron nhan tao.
Trinh bay chi tiét vé& ung dung giai thuat di truyén vao huin luyén mang noron
nhan tao.

Trinh bay chi tiét vé tmg dung mang noron nhan tao vao bai todn danh gia
cam quan thyc pham.

Giam thiéu chi phi, thoi gian trong bai toan déanh gia cam quan thyc pham.

8. Tong quan vé linh vuc nghién ciru

8.1. Piém qua mét s6 cdng trinh nghién citu vé mang noron va &ng dung

Céc nghién ctru vé b ndo con nguoi da dugce tién hanh tir hang nghin ndm nay.

Cung voi su phat trién cta khoa hoc k¥ thuit dic biét 1a nhitng tién bd trong nganh

dién tr hién dai, vi€c con nguoi bat dau nghién ctru cadc noron nhan tao la hoan toan

tu nhién. Sy kién dau tién danh dau sy ra do1 cua mang noron nhan tao dién ra vao



nam 1943 khi nha than kinh hoc Warren McCulloch va nha toan hoc Walter Pitts viét
bai bao cdo mo ta cach thirc cac noron hoat dong. Ho ciing d3 tién hanh xay dung
mot mang noron don gian bang cac mach dién. Cac noron cta ho dugc xem nhu 1a
cac thiét bi nhi phan voi ngudng cb dinh. Két qua ciia cac mo hinh nay 1a cac ham
logic don gian chiang han nhu “a OR b” hay “a AND b”.

Tiép budc cic nghién ctru ndy, nim 1949 Donal Hebb cho xuat ban cuén sach
“Organization of Behavior” trong cudn sach nay da chi ra ring noron nhan tao s&
hiéu qua hon sau nhiéu 1an sir dung.

Trong giai doan tir nhitng nim 50 dén nhitng nim 90 mang noron nhén tao dugc
nhiéu nha khoa hoc, nhiéu t6 chitc nghién ciru duoc lan rong trén nhiéu cac qubc gia
trén thé gi61 cung nghién ctru va da dat dugc nhiéu budc phat trién vuot bac.

Nam 2005 trong cudc hdi thao cua dai hoc Bonn ¢ Puc David Kriesel da trinh
bay va cong bd cudn sach “A Brief Introdution to Neural Networks”, phan dau tac
gia cung cAp mot cai nhin téng quan toan dién vé cac ddi tuong ctia mang ludi than
kinh sinh hoc. Phan hai tic gia trinh bay v& mé hinh mang ludi giam sat hoc voi cac
Perceptron va backpropagati va cac cai tién.Tiép theo trinh bay cau trac, chirc ning
mang Hopfield, mang perceptron-like, ham Radial basis va ky thuat Learning vector
quantization. Muyc dich huéng dén 13 gidi thiéu mot sé mé hinh va bd sung mét sd
nhan xét cho tmg dung thuc té.

Pau nim 2006 dai hoc Southwestern dd phé duyét cong trinh nghién ctu
“Genetic Algorithms and Neural Networks: The Building Blocks of Artificial Life”
cua Jacob Schrum. Trong nghién ctru nay Jacob Schrum mé td mdt mé phong cudc
song nhan tao dé giai quyét cau hoi vé cach thuc tién hoa dwa dén su da dang sinh
hoc.

Cong trinh cia Tommy W S Chow va Siu-Yeung Cho, “Learning Algorithms and
Applications”, Imperial College Press on NEURAL NETWORKS AND
COMPUTING Series in Electrical and Computer Engineering, Vol. 7, 2007. Cubn
sach viét v6i quan diém tng dung, cung cép cho cac cudc hoi thao k¥ ludng vé cac
thuat toan hoc mang ludi than kinh. Noi dung xay dung co ban vé “neuron” va mo
hinh mang than kinh McCulloh va Pitts (goi 1 tuyén tinh cong ngudng). Cudn sach

nghién ctu céc van dé hoc tap cua mang than kinh tor quan diém mai va cung cap



mot sb thuit toan sua d6i dé nang cao tdc d6 hoc tap, kha nang hoi tu va con cung
cap thém mot sb thuat toan phan mém viét baing MATLAB c6 sin dé st dung.

O Viét Nam, tir nhitng nam 90, cling da c6 rat nhiéu nha khoa hoc quan tam dén
Iy thuyét vé& mang noron va nhitng tmg dung cta no trong nhiéu linh vuc khac nhau.
Tién phong trong viéc dua kién thirc v& mang noron phd bién dén doc gia 1a quyén
sach “Tri tué nhan tao, Mang noron phwong phdp va g dung” ciia Nguyén Dinh
Thic, NXB Gido duc nim 2000. Cudn sach nay tap trung hoan toan vao ky thuat
“LAN TRUYEN NGUOC”, mot k¥ thuat hién dugc nguyén ctru va su dung rong rai
nhét trong linh vuc mang noron nhan tao. Trong cudn sach khia canh toan hoc va
phuong phap dugc trinh bay 1d rang, chi tiét. Cac k¥ thuat nang cao hiéu suét cua
mang noron da 16p ciing duoc trinh bay chi tiét cu thé.

Tiép d6 phai ké dén quyén “Hé md, mang noron va img dung” cia Bui Cong
Cuong, Nguyén Doan Phudc, NXB Khoa hoc va Ky thuat Ha noi, 2001. Cudn sach
trinh bay cac ndi dung vé logic md va cac ung dung da dang, diéu kién mo va mang
noron. Cudn sach trinh bay vé tich hop cac k¥ thuat tinh todn mém va mang noron
trong xtr 1y dit liéu va 16p toan tir gdp moi — toan tir trung binh trong sb co sip xép.

Con nhirng coéng trinh nghién ctru vé mang noron co thé ké dén nhu:

< Nguyén Ky Phung, Nguyén Khoa Viét Trudng, “Mé hinh héa cdc qud trinh xir
ly nuoc thai bc%ng mang noron nhan tao” , Truong Dai hoc Khoa hoc Ty nhién

Dai hoc Qudc gia Thanh phd H5 Chi Minh.

> Doi tugng 1a md hinh bé xir Iy nudc thai, cac tac gia da xay dung mé hinh, toi
wu hoa qua trinh luyén mang va d3 kiém chung két qua véi sai s nho.

> Pi xdy dung dugc chuong trinh tng dung mang noron cho dy bao chat luong
dau ra cua hé thdng nude thai. Cung véi thuit toan t6i vu héa mang noron khi
cho s6 nut an thay doi dé tim ra cau triic mang t6i wu nhat. Chuong trinh da
thé hién rd wu viét so véi chuong trinh mang noron cua Matlab.

» Thudt toan t6i wu hoa qua trinh luyén mang 1a mdt budce cai tién so vdi cac
chuong trinh ing dung mang noron thong thudng, chang han nhu Matlab. Vi
qua trinh 13p lai nhiéu 1an va ghi nhin nhitng mang cho két qua tSt nhat sau
mdi 1an 1ap, ta co thé chon duoc mang cho két qua tdt hon va sai sd 6n dinh

hon.



Quyén “Hé md & noron trong ky thudt diéu khién” cia Nguyén Nhu Hién,
Lai Khéc Lii, NXB Khoa hoc tu nhién va cong nghe¢, 2007. Cudn séch trinh bay ndi
dung co ban vé Hé mo, mang noron nhan tao va H¢ mé noron. Cubn sach cung cép
cong cu khai thic MATLAP dé phan tich, thiét ké cac mé hinh diéu kién mo.
< DS Trung Hai( 2008) “ Ung dung Iy thuyét mo va mang noron dé diéu khién hé
chuyén déng”, Luan an tién sy, Truong Pai hoc Bach khoa Ha Nbi.

> Nghién ctru va dé xuit cdu tric hé mo - noron véi sb 16p va sd noron thich

g (5 16p va sd noron 16p 2 t6i thiéu 1 2 noron) nham dam bao d6 chinh xac
va toc do tinh toan cho hé diéu khién thoi gian thuc.

» Xay dung thuat toan nhan dang truc tuyén, cap nhat thich nghi thong s6 nham

dam bao tbi thiéu hoa sai 1éch phuc vu cho viéc nhan dang va diéu khién hé.
Viéc tng dung dai sé Lie va diéu khién theo phuong phép tuyén tinh hoa
chinh xac thich nghi c6 kha ning tmg dung tong quat cho mot 16p hé dicu
khién chuyén dong.

> Vi hé chuyén dong cu thé va phuc tap 12 hé khép ndi mém cong trinh di dua

ra thuat toan mo phong hé. Cac két qua mo phong di chimg t6 tinh dung dén
cua luat nhan dang va diéu khién, cdu tric cling nhu mé hinh diéu khién hé
chuyén dong.
8.2. Cac cong trinh trong va ngoai nwéc nghién ciru vé thuét toan hoc ciia mang
noron

Nhitng nim gan ddy, nhitng bién thé cua thuat hoc lan truyén nguoc van duoc
quan tim nghién ctru va dugc cong b nhim ning cao toc do hoi tu cua qua trinh
luyén mang.

K¥ thuat lan truyén nguoc & ddy 1a lan truyén nguoc 16i ( hay sai sd) trong mang,
ham 13i (hay ham sai s6) thudng chon 13 ham ma né t6i thiéu héa dugc sai s trung
binh binh phwong. Chinh vi vay, trong qua trinh nd luc thoat khoi cac cuc tiéu yéu,
cuc tiéu cuc bd va nhitng mong mudn giam thoi gian thuc hién ciia mdy tinh khi tim
kiém nghiém téi wu, thi van dé nghién ciru dic diém cia cac mat 16i thuong duoc
chon lam xuAt phat diém cho viéc cai tién hay dé xuit cac thuat hoc moi. Trong cac
nghién ctru nhiam cai thién thuat toan, ngudi ta thuong tim cach thay doi bude hoc dé

cho phép c6 thé vuot qua nhitng cuc tri dia phuong. Khong c6 mét gia tri budc hoc



x4c dinh nao cho céac bai toan khac nhau. Vi mdi bai toan, budc hoc thuong duoge

lwa chon bang thuc nghiém theo phuong phap thtr va sai, hodc s& co budc hoc phu

hop voi tirng dang bai toan riéng biét.

Sau day 1a mot s6 cac cong trinh khoa hoc quan trong, dé cap dén van de cai tién

ky thuat lan truyén nguoc nguyén thiy anh huong dén ndi dung ctia luan an.
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Cong trinh nghién ctru 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 2003, 2004, pp 240-249. Trong bai bao nay cac tac gia da nghién
clru so sanh giita cac phép lai dé toi uu hoa cac perceptron nhiéu 16p va dua ra
mot mod hinh uu héa cau triic va trong sé ban dau ctia mang perceptron nhiéu 16p.
Két qua thu dugc cho thay mé hinh nay can it chu ky huan luyén hon nhiéu va do
d6 tang toc 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 cdo cia hoi nghi ty
dong hoa toan qudc l1an thir 6 (VICAG), 2004. Bai viét nghién ctru viéc két hop
mang noron dong voi giai thuat di truyén cho nhan dang am tiét tiéng Viét. Dé
thuc hién, tac gid da st dung mang noron dong vdéi céac phén tr tré va thuat hoc
lan truyén nguoc 18i. Trong d6, giai thuat di truyén dong vai trd t6i wu cac trong
s6 cho mang noron nham ting hiéu qua nhan dang.

Cong trinh nghién ctru cua Nguyén Si Diing, Lé Hoai Quéc, “Mdt s6 thudt todn
vé hudn luyén mang noron trén co sé phwong phdp conjugate Gradient”, Pai hoc

Cong nghiép TPHCM va Dai hoc Bach khoa TPHCM.

> Tac gia di tim di huéng di moi day trién vong 1a xay dung thudt toan méi vé

K/
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luyén mang dua vao phuong phap Conjugate Gradient, trong dé dat muc ti€u la
cai thién téc do hoi tu cia qua trinh huén luyén mang noron.

Trong bao c4o nay d trinh bay co so toan hoc ciia van dé phuong phap Conjugate
Gradient va mot thuét toan méi dugce viét trén Matlab 7.1 dé huan luyén mang
noron. Xong dbi tuong ma tac gia ap dung 1a ddi tugng phi tuyén tinh.

Phuong phap ndy c6 ¥ nghia trong hudn luyén mang truc tuyén online va tng
dung nhén dang va diéu khién trong méi truong dong.

Cong trinh nghién ctru ctia D. Shanthi, G. Sahoo and N. Saravanan, “Evolving
Connection Weights of Artificial Neural Networks Using Genetic Algorithm with
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Application to the Prediction of Stroke Disease”, International Journal 0 Soft
Computing, Vol 4, Issue 2, pp: 95-102, 2009. Bai bao nay dé xuét viéc két hop
giai thuat di truyén GA va mang noron nhéan tao dé t6i uu hoa bd trong s6 ban dau
trong qua trinh luyén mang noron. Nghién ctru nay dugc iing dung trong vi¢c du
doéan bénh dot qui.

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.
Trong bai bao nhom tac gia tim cach thiét 1ap trong so t6i wu ban dau dé nang cao
d6 chinh x4c cia mang noron bang giai thuat di truyén trong du bao xéac suat giy
xuong hong.

Luan van thac si coa hoc vién Tu Thanh Tri, “Ung dung mang noron mo trong
danh gia cam quan thuc phcfm", Hoc vién k¥ thuat quan sy. Trong luan van tac
gia sir dung mo hinh mang noron mo dé giai bai toan danh gid cam quan thyc
pham.

Luan vin thac si ciia hoc vién Nguyén Thi Thanh L&, “Ung dung thudt toan di
truyén vao bai todn téi wu da muc tiéu trong céng nghé thwe pham” Hoc vién k§
thudt quan sy. Trong ludn vin nay tac gia Ung dung cac diém mang
ciia GA (Genetic Algorithm) trong 16p cac bai toan tdi wu, nhat 13 cac bai toan tdi
wu v6i khong gian tim kiém 16n, nhiéu chiéu, cac ham muc tiéu phirc tap, c6 thé
khong lién tuc, ... vao bai toan t8i wu da muc tiéu nham khac phuc mot s6 nhuoc
diém trong bai toan t6i wu da muc tiéu cb dién.

Luan vin thac si cua hoc vién Vit Thi Lé Huyén, “Nghién ciru khai phd dir liéu y
kién nguwoi ding vé san pham vang sita”. Hoc vién k¥ thudt quan sy. Trong ludn
van tac gia st dung qua trinh khai pha ditu liéu dé chat loc céc tri thirc dé tim ra
mAu tiém 4n tap dir liéu cta san phdm vang sita.

Lu4n vin thac si ctia hoc vién Nguyén Thi Diéu Hién, “Két hop kj thudt gom
cum va mang novon dé danh gid cam quan thiee phdm”. Pai hoc Cong nghé
TPHCM. Trong ludn vin ciia tic gia da két hop ky thuat gom cum trong qua trinh

hoc cua mang noron dé gidi bai toan danh gid cam quan thuc pham. Tac gia da
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chon mot phuong phap tiép can méi dé giai quyét bai toan danh gid cam quan

thyc pham.
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CHUONG 1
GIGI THIEU MANG NORON

1.1. Téng quan vé mang noron sinh hoc
1.1.1. Giéi thigu

Bo ndo ngudi co chirc ning hét sirc quan trong trong doi sdng ctia con ngudi. N6
gan nhu kiém soat hau hét moi hanh vi cua con ngudi tir cac hoat dong co biap don
gian dén nhitng hoat dong phurc tap nhu hoc tap, nhg, suy luan, tu duy, sang tao,...

Bo ndo ngudi 6 mang ludi gdm khoang 10™ phan tir (goi 1a té bao) lién két phirc
tap v&i nhau. Trong do:

- Khoang 10 phan tir 1a noron.

- Khoang 9*10" phén tir 1a cac té bao thin kinh dém va ching c6 nhiém vu

phuc vu cling nhu ho tr¢ cho cac noron.

Hinh 1. 1. Té bao than kinh

Hinh 1 cho thiy hang ty té bao than kinh trong bd ndo cta ban duogc két ndi boi
mot mang ludi két ndi. Té bao than kinh twong tac théng qua cac két ndi dién twong
tu nhu trong mot may tinh.

Cho dén nay nguoi ta van chua thyc su biét ro vé cau tao chi tiét cua bd nao.
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1.1.2. Cac dac tinh cia nao nguoi

Tinh phan lop: Cac vung trong bd ndo dugc phan thanh céc 16p, thong tin dugc
xur 1y theo cac tang

Tinh médun: Céc vung cua by nhd dugc phan thanh cac modun dugc ma hoa
bang cac dinh nghia mdi quan hé tich hop giira cac tin hiéu vao qua cac gidc quan va
cac tin hiéu ra.

Moi lién két: Lién két gitra cac 16p dan dén cac dir liéu dung chung xem nhu céac
lién h¢ phan hoi khi truyén tin higu.

Xk [y phdn tdn cdc tin hién vao: Cac tin hiéu vao dugc truyén qua nhiéu kénh
thong tin khac nhau, duoc xu 1y bang cac phuong phap dic biét.

1.1.3. Xi ly thong tin trong by ndo

Thong tin dugce tiép nhan tir cac gidc quan va chuyén vao céc té bao than kinh van
dong va cac té bao co. Mdi té bao than kinh tiép nhan thong tin, dién thé s& ting
trong than kinh cam giac, néu dién thé ndy vuot ngudng né tao ra dong dién trong té
bao than kinh cam giac, ¥ nghia dong dién d6 duoc giai mi va luu & than kinh trung
wong, két qua xur 1y thong tin dugc giri dén cac té bao co.

Céc té bao than kinh dua céc tin hiéu giéng nhau, do d6 khong thé phan biét duoc
d6 1a cua loai dong vat nguyén thuy hay ciia mot gido su. Cac khép than kinh chi cho
cac tin hiéu phu hop qua chting, con lai cac tin hiéu khéac bi can lai. Luong tin hién
duogc bién d6i duoc goi 1a cuong d6 khép than kinh d6 chinh 1a trong sé cua noron
trong mang noron nhan tao.

Hoat dong cua ca hé théng than kinh bao gém nao b va cac gidc quan nhu sau:

- Trudc hét con ngudi bi kich thich boi cac gide quan tir bén ngoai hoidc trong
co thé. Su kich thich d6 dugc bién thanh céc xung dién bdi chinh cac giac
quan tiép nhan kich thich. Nhiing tin hiéu nay dugc chuyén vé trung uong
than kinh 1a ndo bo dé xur ly. Trong thuc té ndo bd lién tuc nhan thong tin xtr
ly, danh gia va so sanh vé6i nhitng thong tin luu trit dé dua ra cac quyét dinh.

- Nhirng ménh 1énh cén thiét duoc phat sinh va giri dén nhitng bd phan thi hanh
thich hop nhu cac co tay, chan,.... Nhiing bo phan thi hanh bién nhiing xung

dién thanh dit liéu cua hé thong.
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1.1.4. Cau trac va hoat déng cia mang noron sinh hoc
MG&i té bao than kinh gdm 3 thanh phan chinh:
- Than té bao than kinh (cell body con goi 1a soma)
- Hé thdng cac day than kinh tiép nhan (dendrites)
- MOt soi tryc than kinh (axon).

Structure of a neuron

Axon terminals

Dendrites

A
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Hinh 1. 2. M0 hinh té bao than kinh

Hé thong day than kinh tiép nhan 1a mot ludi day ddc cac ddy than kinh dang cay
bao boc xung quanh than té bao, chiing din cac tin hiéu dén phan than té bao. Than
té bao s& tong hop cac tin hiéu dau vao nay, lam thay doi dién thé cua né va khi vuot
qua mdt mic ngudng thi s& cho mot xung dién trén soi truc than kinh ra (axon). Cac
day than kinh axon c6 thé r& ra nhiéu nhanh dé ndi dén cac day than kinh vao hoic
ndi truc tiép véi phan than cia cac té bao than kinh khac thong qua cac khép than
kinh (synapse).

Khi mot té bao than kinh hoat dong, n6é duoc kich thich tao ra mdt tin hi¢u dién
héa chay doc theo sgi axon va dan dén cac khép than kinh. Khop than kinh duoc
chia 1am 2 loai: khép ndi kich thich (excitalory) va khép ndi trc ché (inhibitory). Tai
cac khdp than kinh nay xay ra cac qua trinh phan tng va giai phong cac chat hitu co
tao nén cac tin hiéu dién kich thich t& bao than kinh. Cuong do tin hi¢u ma mat té
bao than kinh nhan duoc phu thude chu yéu vao murc do lién két cua cac khép ndi.
Nhitng nghién ciru hoat dong ctia hé than kinh di chi ra rang qua trinh “hoc” cua bo

nao chinh la viéc hinh thanh hodc thay ddi muac do lién két cua cac khép ndi.
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1.1.5. Kha ning cia mang noron sinh hoc (b9 néo)

Bo ndo ngudi ¢ chic ning hét sitc quan trong dbi véi doi sdng cua con ngudi.
CAu tao clia né rat phirc tap, tinh vi hét stc quan trong bdi dugc tao thanh tir mang
noron ¢4 hang chuc ti t& bao voi mirc bd lién két giita cac noron 1a rit cao. Hon nira,
no con dugc chia thanh cac vung va cac 16p khac nhau.

B nao hoat dong dua trén co ché hoat dong song song cua cac noron tao nén no.

Bo nh¢ duge t6 chirc theo cac bo thong tin va truy cip theo ndi dung (c6 thé truy
xuat thong tin dua theo céc gia tri thudc tinh cua doi tugng).

Bo ndo c6 kha ning tong quat hoa, c6 thé truy xuét cac tri thirc hay cac mdi lién
két chung cua ddi tugng twong mg v6i mot khai niém chung nao do.

Bd nao c6 kha nang hoc.

1.1.6. Qué trinh hoc caa by ndo

Khi cic xung tin hiéu tir cic “day than kinh vao” t6i cac khép ndi, khop ndi s&
cho tin hiéu di qua hodc khong kich thich noron tiép theo. Do vy hinh thanh mot
con dudng truyén xung nhat dinh.

Hoc 13 1am sao cho con duong nay dugc lip di 1ap lai nhiéu lan, nén stc can cia
cac khop ndi s& nho dan, tao diéu kién cho nhiing 1an lap lai d& dang hon. C6 thé néi:
Toan bd nhimng kién thirc, kinh nghiém ctia mot ngudi tich liy duge va luu gitt trong
dau chinh 13 hé thdng sirc can cia cac khdp ndi.

Nhuw v@y, noron sinh hoc hoat dong theo cdch thuc sau: nhdn tin hiéu dau vao, xir
ly cac tin hiéu nay va cho ra mot tin hiéu dau ra. Tin hiéu dau ra nay sau do dwoc
truyén di lam tin hiéu dau vao cho cdc noron khdc.

Dua trén nhitng hiéu biét vé noron sinh hoc, con nguoi xdy dung noron nhan tao
hy vong tao nén mot mé hinh cé siec manh nhw b ndo.

1.2.  Téng quan vé mang noron nhin tao

Mang noron nhin tao (Artificial Neural Networks — ANN) 1a hé thong duoc xay
dung dwa trén nguyén tic cdu tao ciia bd ndo ngudi. N6 cho ching ta mot huéng moi
trong nghién ctru hé thong thong tin. Mang noron nhén tao c6 thé thuc hién cac bai
toan: Tinh toan gﬁn ding cac ham s6, thuc hién cac bai toan t6i wu, nhan mau, nhan

dang va diéu khién d6i twong hiéu qua hon so véi cac phuong phap truyén thong.
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Mang noron nhan tao c6 mot $6 lugng 16n mdi lién két cta cac phﬁn tir bién d6i
c6 lién két song song. N6 ¢6 hanh vi trong tu nhu bo ndo ngudi v6i kha ning hoc va
tong hop thong tin tir sy luyén tap ciia cac tap mau dir liéu. Cac phan tir bién doi cua
mang noron nhan tao dugc goi la cdc noron nhan tao hodc goi tat 1a noron.

1.2.1. Lich sir phéat trién cia mang noron nhén tao

Cubi thé ky XIX — dau thé ky XX, mot s6 nghién ctru vé vat 1y, tam 1y va hé than
kinh ctia nha khoa hoc Herman, Emst Mach va Ivan Ivalov da dua ra cac 1y thuyét vé
qué trinh hoc, su tuéng tuong, su quyét dinh,...cta hé than kinh nhung chua c6 su
mo ta toan hoc cho hoat dong cua mang noron.

Niam 1943, mé hinh don gian mang noron bang mach dién tir lan dau tién dugc
dua ra bai Warren McCulloch va Walter Pits cuing véi su khang dinh mang noron
nhan tao vé nguyén 1y co thé thuc hién duge trong pham vi tinh toan cac ham s6 hoc
va logic. Pay 1a diém khoi dau cua linh vuec mang noron.

Sau d6 Donal Nebb dua ra mot co ché giai thich cho qua trinh hoc (Learning)
dién ra trong cic noron sinh hoc.

Cubi thap nién 50, ing dung thuc té dau tién cla mang noron nhan tao do Frank
Rosenblatt dwa ra. Mang cua 6ng dua ra 1a mang Perceptron c6 két hop luit hoc
(Learning rule) dung dé nhan dang mau (pattern recognition). Cung thdi gian do,
Bernard Widrow va Ted Hoff gidi thiéu mot thuat toan hoc (Learning algorithm) va
sit dung n6 dé hudn luyén (Training) cic mang noron tiép hop tuyén tinh (twong tu
mang Rosenblatt).

Nam 1969, Minskey va Pappert 14 hai nha toan hoc ndi tiéng thoi d6 di chi ra
nhitg han ché cua mang Perceptron ciia Rosenblatt va mang Widrow-Hoff 1am
nhiéu ngudi nghi rang nghién ciru vé mang noron s& vao ngd cut. Hon nita vao thoi
gian nay chua c6 nhilng may tinh s6 manh dé thyc nghiém mang noron nén céc
nghién ctru vé mang noron bi tri hodn gan mot thap ky.

Nam 1972, Teuvo Kohonen va James Anderson doc lap phat trién cic mang
noron méi véi ning luc nhé (memory) va kha nang ty t6 chirc (self-organizing).
Ciing trong giai doan ndy, Stephen Grossberg ciing nghién ciru tich cuc vé mang tur

t6 chirc. Sang thap ky 80, khi nganh cong nghiép may tinh phat trién manh mé thi
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nhiing nghién cru vé mang noron ting 1én mot cach dot ngot. C6 hai phat kién quan

trong nhét la:

St dung co hoc thdng ké dé giai thich hoat dong ciia mang hdi quy mot 16p
(recurrent network), loai mang duoc sit dung nhu mot bo nhé két hop, duoc
nha vét ly John Hopfield mo ta.

Str dung thuat toan lan truyén nguoc (back-propagation algorithm) dé huan
luyén cac mang Perceptron da 16p (mutilayer perceptron network). David
Rumelhalt va James McClrlland la nhitng nguoi trinh bay thuat toan lan

truyén nguoc c6 anh hudng nhit (1968).

Ngay nay, linh vuc mang noron dugc nghién ctru, phat trién manh mé va ung

dung rat nhiéu trong thuc té.

1.2.2. Khai niém

Mang noron nhan tao 1a su két hop giira cac noron nhan tao véi nhau. Mdi lién

két kém theo mot trong sb6 nao do dic trung cho dac tinh kich hoat trc ché gitra cac

noron. Cac noron con goi la cac nut (node) dugc sdap xép trong mang theo cac 16p,

bao gom 10p ra (output layer) va cac 16p an (hidden layer).

Céac dic diém cua mang noron nhan tao:

Mang dugc xdy dung bang cac noron lién két lai v6i nhau.

Churc nang cua mang dugc xéac dinh boi: cAu tric mang, qua trinh xur ly bén
trong clia tirg noron, va mirc d6 lién két giira cac noron.

Mirc do lién két giira cac noron duoc xac dinh théng qua qua trinh hoc cua
mang (qua trinh huin luyén mang). C6 thé xem cac trong s6 1a cic phuong
tién dé luu trit thong tin dai han trong mang noron. Nhi¢ém vu cta qua trinh

huan luyén mang la cip nhat cac trong so6 khi c6 thong tin vé cac mau hoc.

Mang noron dua trén viéc mod phong cap thip hé théng noron sinh hoc. Trong

tuong lai v6i su phat trién mé phong noron sinh hoc, chung ta c¢6 thé c6 loai may tinh

thong minh that sy.

Trong pham vi dé cdp nhitng gi lién quan dén kién thirc co so dé lam do an,

16i chi xin trinh bay nhitng vin dé cé lién quan, nhitng kién thire dwoc sir dung phuc

vu cho viéc hoan thanh do an.
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1.2.3. Céu tric mang noron

Mang noron nhan tao gdm hai thanh phan:

Céc nat (don vi xur 1y, noron)
Cac lién két giita chiing dugce gan mot trong sé nao d6 dic trung cho cuong do
lien két.

Céu tric ciia mot noron dugc md ta:

 —®
’ & T | ) » Yk
. - / _ I Paura
‘ : Hamtong

W _@ by

Dauvio Trong sé liénkét Ngudng

Ham truyén

Hinh 1. 3. Cdu triic noron nhan tao

Cac thanh phan co ban cia mot noron nhan tao gdom:

Tdp cdc ddu vao: 1a cac tin hiéu vao (input signals) caa noron, c4c tin hiéu
nay thuong duoc dua vao dudi dang mot vector N chiéu.

Tdp cac lién kér: Mdi lién két dugc thé hién bai mot trong s6 (goi 1a trong sb
lién két — Synaptic weight). Trong sé lién két giira tin hiéu vao tha j voi noron
k thudng dugc ki hiéu 1a wy,. Thong thuong, cac trong sb nay duoc khoi tao
mot cach ngau nhién & thoi diém khéi tao mang va dugc cap nhat lién tuc
trong qua trinh hoc mang.

Bé tong (Summing function): Thuong dung dé tinh tong cia tich cac dau vao
Véi trong s lién két cia no.

Ngudng (con goi 1a mot do 1éch - bias): Ngudng nay thuong dugc dua vao
nhu mot thanh phan ctia ham truyén.

Ham truyén (Transfer function): Ham nay duoc dung dé giéi han pham vi dau
ra ciia mdi noron. NG nhan dau vao 1a két qua ciia ham tong va ngudng da
cho. Thong thuong, pham vi dau ra ciia mdi noron duogc gi61 han trong doan

[0,1] hodc [-1,1]. C&c ham truyén rat da dang, cO thé 1a cac ham tuyén tinh
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hodc phi tuyén. Viéc lya chon ham truyén ndo 12 tdy thudc vao timg bai toan
va kinh nghiém ctia ngudi thiét ké mang.
- Pau ra: 12 tin hiéu dau ra caa mot noron, véi mdi noron s& co toi da 14 mot
dau ra.
V& mat toan hoc, ciu triic cia mot noron i duoc mo ta bﬁng cap biéu thurc sau:
n
y; = f(net; —6,) va net, => w;x, (1.0)
i=L
trong do: Xq, X, ...Xm la cac tin hi¢u dau vao, con
Wiz, Wi, ...Wim 12 cac trong sb két ndi cta noron thi i
net; 1a ham tong
f 12 ham truyén
0, 1a mot ngudng
y; 1a tin hi¢u d4u ra ctia noron,
Nhu vay, tuong tu nhu noron sinh hoc, noron nhan tao ciing nhan cac tin hi¢u
dau vao, xir 1y (nhan céac tin hi¢u nay véi trong sd lién két, tinh tong céc tich thu

dugc ro1 gui két qua dén ham truyén), va cho mot tin hi¢u dau ra (I1a két qua cua ham

truyén).
Bang 1. 1. Mét s¢ ham truyén théng dung
Ham truyén Do thi Dinh nghia
v
1 a=0 n<o0
Hard Limit
0 X a=1 n>0
¥
Symmetrical 4
.. +1 a=-1 n<o
Hard Limit
) - X a=+I n>0
(hardlims) 0 1
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4
I
. 1
Linear T T T = ——
_ a=n
(purelin) / 5 - X
e
¥
& a=0 n<o0
Saturating +1]---.
. . a=n 0<n<l
Linear (satlin) + x
a=1 n>1
}r
Symmetric 1 a=-1 n<-1
Saturating 170 1 X a=n -1<n<1
Linear -1 a=1 n>1
Ham nay dugc stir dung cho cac
mang huan luyén béi thuat toan
Lan truyén ngwoc, bai vi nd dé
ldy dao ham, do d6 co6 thé giam
. dang ké tinh toan trong qué
Unipolar y ne e, 99
. . 1 trinh huan luyén mang. Ham
Sigmoid | -—---—-; -}j:;-—-h- - an TUyEn mang
o ] ndy dugc ung dung cho cac
(Ham Sigmoid | — 0 - _
chuong trinh irng dung ma cac
doncyc) | TTTT°°7 R

dau ra mong muébn roi vao
khoang [0,1].
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Ham nay cé cac thudc tinh

Bipolar ¥ , twong ty ham Sigmoid. NO lam
. . . viéc tot doi vai cac tng dung co
Sigmoid (Ham | . .
, ) dau ra yéu cau trong khoang [-
sigmoid ludng >
] 1,1].
cuc) - |1 X

1.2.4. Céc tinh chét cia mang noron

La hé phi tuyén: Mang noron c6 kha nang to 16n trong linh vuc nhan dang va diéu
khién cac d6i twong phi tuyén

La hé xir Iy song song: Mang noron cé cau triac song song, do d6 co do tinh toan
rat cao, rat pht hop véi linh vire nhan dang va diéu khién.

La hé hoc va thich nghi: Mang duoc luyén tir cac s6 liéu qua khir va c6 kha ning
tw chinh khi 6 liéu dau vao bi mat, c6 thé diéu khién online.

La heé nhiéu bién, nhiéu dau vao, nhiéu dau ra (MIMO), rat tién dung khi doi
tuong diéu khién cé nhiéu bién so.
1.2.5. Cac kiéu md hinh mang noron nhén tao

Mang noron nhéan tao la sy lién két cua cac noron nhén tao. Su sép Xép bd tri cta
cac noron va cach thirc lién hé giita ching tao nén kién tric mang noron.

Theo céach sip xép noron thi co kién trac mang 1 16p (single-layer) 13 mang chi
¢6 1 16p ra va kién trac mang nhiéu 16p (multiple-layer) 1a mang c6 cac 16p an.

Theo cach lién két gita cac noron thi kién trac mang truyén thing (feedforward
networks) va kién trac mang hdi quy (recurrent networks).
1.2.6. Kién thic mang noron truyén thang

Dong dir 1iéu tir don vi dau vao dén don vi dau ra chi duoc truyén thflng. Viéc xur
ly dit lidu c6 thé mo rong ra nhiéu 16p, nhung khong cé cac lién két phan hoi. Nghia
13, cac lién két mo rong tur cac don vi dau ra t&i cac don vi dau vao trong cung mot
16p hay céc 16p trude d6 1a khong cho phép [1].

Mo hinh mang noron truyén thang nhu sau:
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Hinh 1. 4. Mang noron truyén thang nhiéu lép (Feed-forward neural network)

Mang noron truyén thang va cdc van dé lién quan sé chiing téi dwoe trinh bay ro
0 Chuong 2.
1.2.7. Kién tric mang noron hdi quy
Mang hoi quy con dugc goi 12 mang phan hoi 12 mang ty lién két thanh cac vong
va lién két hdi quy gifta cac noron.
- Mang noron hdi quy c6 trong s lién két ddi xtrng nhu mang Hopfield ludn hi tu
vé trang thai 6n dinh.
- Mang lién két hai chiéu (BAM) 1a mang thudc nhém mang noron hdi quy lién
két tay doi, trong d6 bao dam noron cia cung mot 16p khong lién két voi

nhau, cling héi ty vé tranh thai 6n dinh.

Nghién ciru mang noron hdi quy c6 trong sb lién két khong doi xing s& gap nhiéu
phtc tap hon so voi mang truyén thiang va mang hoi quy d6i ximg. Mang noron hdi
quy co6 kha ning nhan dang mau, nhan dang cac ham phi tuyén, du bao ... Mot uu
diém khac ctia mang noron héi quy 1a chi can mang nho hon vé cdu tric ciing c6 kha
nang nhu mang truyén thang c6 cau tric 16n hon. N6 khic phuc dugc gia thuyét
truyén thong clia mang noron 13 coi mang c6 sé noron du 16n. Gom c6 2 loai:

- Mang noron héi quy khong hoan toan

- Mang noron hdi quy hoan toan
a) Mang Hopfield

Mang Hopfield 12 mang phan hoi mét 16p, duoc chi ra trong hinh 5 nhu sau:
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y2

Hinh 1. 5. Mang Hopfield

Cau trtc chi ti€t ctia n6 dugc thé hién trong hinh sau

. 8
- =
Wi

¥z
:me%.‘“‘“ :

Xa Ya

"\f’n
Hinh 1. 6. C4u truc chi tiét ciza mang Hopfield

Khi hoat dong v6i tin hi€u rdi rac, mang nay dugc goi 1a mang Hopfield roi rac,
va céu tric cua mang ciing duoc goi 13 mang héi quy [1].

Nhu mang Hopfield da@ minh hoa & trén , ta théy nit c6 mot dau vao bén ngoai X;
va mot gia tri ngudng 0, (j = 1,2,...n). Mot diéu quan trong can noi & day 1a mdi nit
khong c6 duong phan hdi vé chinh né. Nut du ra thtr j duoc ndi t6i mdi dau vao cia
nat khic qua trong s6 wij, v6i i # j, (i = 1,2,...,n), hay n6i cach khac w;; =0, (véii=
1,2,...,n).

Mot diéu quan trong nira 13 trong sé cua mang Hopfield 1a ddi xtng, tic 13

Wii= W;i, (V61 1,j = 1,2,...,n). Khi 406, luat cap nhat cho mdi nut mang nhu sau
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| ]

) = 5gn anwijy(.") +x, -0 i=12..,n (1.1)
=1
j#i

Luat cdp nhét trén dugc tinh toan trong cach thirc khong dong bo. Piéu nay cod
nghia 1a, v&d1 mot thoi gian cho trudce, chi c6 mot nit mang cap nhat duoc dau ra cua
n6. Sy cdp nhat tiép theo trén mot nut s€ st dung chinh nhiing dau ra da duoc cap
nhat. Noi cach khac, dudi hinh thirc hoat dong khong déng bd cua mang, mdi dau ra
dugc cap nhat doc lap.

C6 su khac biét gitra luat cap nhat déng bd va luat cap nhat khong déng bo. Vb1
luat cap nhat khong dong bo thi s& chi c6 mot trang thai can bang ciia hé (voi gia tri
dau da duoc xac dinh trudc). Trong khi d6, véi luat cap nhat dong bo thi co thé lam
mang hoi tu & mdi diém cd dinh hoac mdt vong gidi han.

b) Mang BAM
Mang BAM bao gém hai 16p va duoc xem nhu 13 trudng hop mé rong cia mang

Hopfield. O day ta chi xét mang rdi rac, vi no don gian va dé hiéu.

LépX

LépY

Y1

Hinh 1. 7. Cdu truc cia mgng BAM
Khi mang noron duogc tich cuc voi gia tri dau vao cla vector tai dau vao ciia mot
16p, mang sé& co6 hai mau trang thai on dinh, vi mdi mau tai diu ra cta nd 1a mot 16p.
Tinh dong hoc cia mang thé hién dudi dang tac dong qua lai gitra hai 16p. Cu thé
hon, gia sir mot vector dau vao x dugc cung cip cho dau vao cua 16p noron y. Pau

vao dugc xur Iy va truyén téi dau ra cia 16p y nhu sau:
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y' =awx) ; Y =a(zwijxjj ; voii=1,2,..n (1.2)

O d6 a(.) 1a ham truyén, vector y’ bay gio lai nuéi trd lai 16p noron X va tao nén

dau ra nhu sau:
X =aWw'y’); X = a(Zwij yij; véij=1,2,..m (1.3)
i=1

Sau d6 x’ nudi tré lai dau vao cta 10p y va tao ra ham y’’ theo phuong trinh (1.1).

Quad trinh nay ctr tiép tuc, bao gdom cac budc nhu sau:

-y = awx®) (truyén thing lan tht nhét)

- x® = awPy®) (truyén nguoc 1an thir nhat)

. y(3) = a(WX(Z)) (truyén thang lan tha hai) (1.4)
- x® = awMy®) (truyén nguoc 1an thir hai)

-y = gwx®2)y (truyén thang lan tha k/2)

- xXB = gwMykD) (truyén nguoc lan thi k/2)

Chu y rang trang thai cap nhat trong phuong trinh (1.3) 1a dong bo theo phuong
trinh (1.1) va (1.2). Trang thai cip nhit ciing c6 thé khong ddng bo theo phuong trinh
(1.1) va (1.2) véi cac nit i, j duoc chon ty do. Nguoi ta di chi ra rang, hé thong 6n
dinh cho ca hai ché d6 dff)ng bo va khong dff)ng bo. Tuy nhién, ché o déng bd s€ lam
cho h¢ thong hoi tu nhanh hon nhiéu.

c) Mang noron hdi quy khong hoan toan (Partially Recurrent Networks)

La mang d6 duya trén co s& mang lan truyén nguoc (Back — Propagation) véi cau
trac hoi quy. Cau tric cia mang hdi quy khong hoan toan phan 16n 14 cau tric truyén
théng nhung c6 cd sy lya chon cho mot bd phan cu trac hdi quy. Trong nhiéu
truong hop, trong sb cua cau trac hoi quy dugc duy tri khong d6i, nhu vay luat
truyén nguoc c6 thé d& dang dugc s dung. Cac mang d6 duoc goi 14 mang diy
(Sequential Networks) va cac niit nhan tin hiéu hdi quy dugc goi 1a cac phan tir
Context (Context Units). Trong cac loai mang ndy, su truyén thiang duoc xay ra rat
nhanh hoac khong phu thudc vao thoi gian, trong khi d6 tin hi¢u hoi quy duoc thuc
hién co tinh thoi gian. Tir d6, tai thoi diém t phan tir nam trong pham vi Context

Units c6 tin hiéu vao tir mot phan tir mang ¢ thoi diém (t — 1). Vi vay, bo phan nam
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trong pham vi nhé duge mot so dir liéu ciia qua khir tir két qua bién doi o thoi diém t.
Do vay, trang thai ciia mang nguyén thily ctia cic mau phu thudc vao cac trang thai
d6 cling nhu dong thong tin ddu vao. Mang c6 thé nhan mau (Recognice) diy dua
vao tinh trang cudi cing ctia diy va c6 thé du béo tiép theo cho tin hiéu cua day theo
thoi gian. Nhu vdy, mang hdi quy khong hoan toan vé co ban 1a mang truyén thing,
lién két hoi quy c6 thé di tir cac niit & cac 16p ra va 16p an.

d) Mang noron hdi quy hoan tean (Fully Recurrent Networks)

La mot trong nhitng mang noron dau tién duoc Gossberg xay dung dé hoc va
biéu dién cac miu bat ky. Loai mang ndy xay dung theo mau Instar — Outstar. Loai
mang hodi quy hoan toan c6 tac dung nhan sé lwong miu nhiéu hon. Véi mang hodi
quy hoan toan di hinh thanh quan diém thuc hién va luyén mang hdi quy tir truyén
thang nhiéu 16p duoc xay dung tir mot 16p cho mdi bude tinh.

Khai niém nay duoc goi 13 lan truyén nguogc theo thoi gian phu hop khi quan tim
dén cac diy véi do 1on T 1a nho. N6 dd duoc st dung hoc cho may ghi nhiém vu thuc
hién céc day. N6 c6 kha ning ap dung cho diéu khién thich nghi.

1.3.  Nguyeén tic hoat dong ciia mang noron nhin tao

Ta thay rang cic noron trong cung 1 16p thi nhan tin hiéu dau vao cing mot lic.
Do d6, vé nguyén tic chung co thé xir Iy song song. Hoat dong clia mang noron cd
thé xem nhu hoat dong cia mot hé thdng xur 1y thong tin duoc ciu thanh tir nhiéu
phan tir hoat dong song song. Khi mang noron hoat dong, cac thanh phan cua vecto
tin hiéu vao X = ( Xy, Xy, ... , XN) dugc dua vao mang, tiép d6 cac noron & 16p an va
16p ra s€ duoc kich hoat dan dan. Sau mét qua trinh tinh toan tai cac noron mang s¢
duogc kich hoat hoan toan va cho ra vecto tin hiéu dduray = (Y1, Y2, ... , Vi) tai S
noron 16p ra, Ta c6 thé coi mang noron nhu mot bang tra ctru gitta y va x ma khong
can biét ham quan hé tuong minh cia y theo x.

Sy khac biét giita mang noron va hé théng xir Iy thong thuong 1a kha ning thich
nghi v6i dir ligu vao. D6 1a ma tran trong sb va do léch (hé sb bias) cia mang co thé
hiéu chinh dé mang thich nghi dugc vo1 bai toan dat ra. Qua trinh hi¢u chinh cac
trong s6 va hé sb bias ctia mang goi 13 qua trinh huan luyén mang (training) bang

mot sé phuong phap hoc.
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1.4.  Phwong phap huin luyén mang
Thong thudng mang noron duoc diéu chinh hoic dugc huin luyén dé hudng cac
dau vao riéng biét dén dich ¢ dau ra.
CAu trac huin luyén mang
- Trong s6 lién két cua mang duogc diéu chinh trén co sé so sanh dau ra vai dich
mong mudn (target) cho t&i khi ddu ra mang phu hop véi dich.
- Nhirmg cip vao/dich (input/taget) duoc dung dé giam sat cho su hudn luyén

mang.

bich

» Trong so lién két(weights) giita cac noron g So sanh

|
\
\
\ sA
\ bicu

Hinh 1. 8. C4u tric hudn luyén mang noron

Pé c6 dugc mot sd cip vao/ra, & d6 mdi gia tri vao duoc giri dén mang va gia tri
ra twong ung dugc thuc hién bﬁng mang 1a sy xem xé&t va so sanh véi gia tri mong
mudn. Binh thudng ton tai mot sai s6 bai 18 gia tri mong mudn khong hoan toan phu
hop véi gia tri thyc. Sau mdi 1an chay, ta c6 tong binh phwong cua tat ca cac sai so.
Sai sb nay duogc st dung dé xéac dinh cac trong s6 lién két moi.

Sau mdi 1an chay, trong s6 lién két ciia mang dugc sta doi voi ddc tinh tot hon
trong Ung voi dic tinh mong mudn. Tung cip gid tri vao/ra phai duoc kiém tra va
trong s6 dugc diéu chinh mét vai lan. Su thay doi céc trong s6 lien két cua mang
duogc dimg lai néu tong cac binh phuong sai s6 nhé hon mot gia tri dat trude hodc da
chay di mét sb 1an chay xac dinh (trong truong hop ndy mang c6 thé khong thoa
mén yéu cau dit ra do sai 1éch con cao). C6 hai kiéu hoc:

- Hoc thong s6 (Paramater Learning): Tim ra biéu thirc cAp nhat cac thong sb

vé trong s6, cap nhat két néi gitta cac noron.

- Hoc ciu trGc (Structure Learning): Trong tdm 13 sy bién d6i ciu trac cua

mang noron gom so lugng nut (node) va cac mau lién két.
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Nhiém vu ctia viéc hoc thong s6 13 bang cach nao d6, tim dugc ma tran chinh xac
mong mudn tir ma trin gia thuyét ban dau véi cdu trac ciia mang noron o san.

Pé lam duge viéc do, mang noron st dung céac trong s6 diéu chinh, véi nhiéu
phuong phéap hoc khac nhau c6 thé tinh toan gan dung ma trin W can tim dic trung
cho mang. C6 ba phuong phap hoc, méi phuong phap hoc tuong ing vi mot nhiém
vu hoc triru tugng:

- Hoc ¢6 giam sat (Supervised Learning)

- Hoc khong giam sat (Unsupervised Learning)

- Hoc tang cuong (Reinforcement Learning)

1.4.1. Hoc c6 gidm sat

La qua trinh hoc & mdi thoi diém thir i khi dua tin hiéu x; vao mang noron, tuong
g s& c6 cac dap tmg mong mudn d; cia dau ra cho trude ¢ thoi diém d6. Hay noi
cach khac, trong qua trinh hoc ¢6 gidm sat, mang noron dugc cung cip lién tuc cac
cdp s lidu mong mudn vao/ra & timg thoi diém (xq, dy), (X2, do), ..., (Xn, ) khi cho
tin hiéu vao thyc 1a xy s& trong Gmg c6 tin hiéu dau ra ciing duoc lap lai 13 dy gidng
nhu mong mudn. Két qua cua qua trinh hoc c6 gidm sat 1a tao dugc mot hop den co
dau vao 1a vecto tin hiéu vao X s& dua ra dugc cau tra 1oi dung d.

DPé dat duoge két qua mong mudn trén, khi dua vao tin hiéu x,, thong thuong sé co
sai 1éch ey gitta tin hiéu dau ra thuc yy v6i tin hiéu dau ra mong mudn dy. Sai 1éch do
s& duoc truyén nguoc t6i ddu vao dé didu chinh thong sé mang noron 13 ma tran
trong s& W. Qua trinh ctr thé tiép dién sao cho sai 1énh giita tin hién ra mong mudn
va tin hiéu ra thuc té nim trong pham vi cho phép, két qua nhan dwoc ma trin trong
s6 vGi cac phﬁn tir wiy d3 duoc diéu chinh phu hop véi dac diém cua ddi tuong hay

ham s6 mang noron can hoc.
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X - dau vao Y - dau ra thuc té
i | Nang Noron - >
A
\ 4
Tinh sai s6 [— ]
Hi€u chinh d - dau ra mong muon

Hinh 1. 9. M6 hinh hoc c6 giam séat
1.4.2. Hoc tang cwong

La phuong phap hoc trong do6 tin hi€u z dugc dua tr bén ngoai nhung khong
dugc day di ma co thé chi dwa dai dién 1 bit dé co tinh chat kiém tra qua trinh dung
hay sai. Tin hi¢u d6 dugc goi 1a tin hi¢u ting cuong (Reinforcement Signal). Phuong
phap hoc tang cuong chi 1a mdt phuong phap hoc ri€ng ctia phuong phap hoc co
giam sat, boi vi nd cling nhan tin hi€u chi dao tir bén ngoai.

Tin hi€u gidm sat bén ngoai z thuong duoc tién hanh béi cac tin hiéu wéc luong
dé tao thong tin uwdc luong cho mang noron diéu chinh trong sd véi hy vong su udc
luong d6 mang lai su chinh xac trong qua trinh tinh toan.

M6 hinh hoc tang cuong twong ty nhu mo hinh hoc ¢6 gidm sat.

1.4.3. Hoc khéng c6 gidm séat

Trong truong hgp nay, hoan toan khong c6 tin hiéu & bén ngoai. Gia tri muc tiéu
diéu khién khong duoc cung cip va khong dugc ting cuong. Mang phai kham pha
cac mau, cac nét dic trung, tinh can dbi tinh twong quan.... Trong khi kham pha cac
dic trung khac, mang noron di phai qua viéc ty thay d6i thong sb, van dé d6 dugc
goi tur to chire (Self — Organizing).

M6 hinh hoc khong c6 gidm sat dugec minh hoa:

X ‘ ¥
3 ‘ Mang Noron

L

Hinh 1. 10. M6 hinh hoc khéng c6 giam sat
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Théng thwong dé hudn luyén mang noron, nguoi ta st dung phiwong phdp
hudn luyén mang cé gidm sdt, nhung ciing ¢é mang thu dwoc tir sw hudn luyén khéong
c6 gidm sat. Mang hudn luyén khéng gidm sdt cé thé dwoc sir dung trong truong hop
riéng dé xac dinh nhém dir liéu.

1.5.  Ung dung cihia mang noron nhén tao

V61 nhitng dac diém cua mang noron nhan tao, mang noron da dugc st dung dé
giai quyét nhiéu bai toan thudc nhiéu linh vyc clia cic nganh khac nhau. Cac nhém
mg dung ma mang noron nhén tao di dwoc ap dung rat c6 hiéu qua la:

Bai todn phdn I6p: Loai bai todn nay doi hoi giai quyét van dé phan loai cac ddi
tuong quan sat dugc thanh cdc nhém dua trén cac dac diém ctia cadc nhoém d6i tuong
d6. Pay 1 dang bai toan co sé cta rit nhiéu bai toan thuc té nhu

- Nhaén dang chit viét, ky tu quang hoc

- Nhan dang tiéng noi

- Phéan loai gen

- Phén loai chat luong san phdm

Bai toan dy bao: Mang noron nhan tao da dugc trng dung thanh cong trong viéc
xay dung cic md hinh du bao st dung tap dit liéu trong qua khtr dé dy doan sb liéu
trong twong lai. Pay 1a nhom bai toan kho va rat quan trong trong nhiéu nganh khoa
hoc.

- Du bao lugng st dung khi gas

- Du bo thoi tiét

Bdi todn diéu khién va toi wu héa: Nho kha ning hoc va xap xi hAm ma mang
noron nhan tao d3 dugc str dung trong nhiéu hé thong diéu khién tu dong ciing nhu
gop phan giai quyét nhitng bai toan tdi vu trong thuc té

- biéu khién toc do co dién dién mot chiéu

Toém lai, mang noron nhan tao dugc xem nhu 1a mdt cach tiép can dﬁy tiém nang
dé giai quyét cac bai toan c6 tinh phi tuyén, phtic tap va dic biét 1a trong tinh hudng
mdi quan hé ban chat vat Iy ctia qua trinh cin nghién ctru khong dé thiét 1ap tuong

minh.
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CHUONG 2
MANG NORON NHAN TAO TRUYEN THANG
VA GIAl THUAT DI TRUYEN

2.1. Mang noron nhin tao truyén thing
2.1.1. Mang perceptron mot lop
Mang perceptron mét 16p do F.Rosenblatt d& xuit nim 1960 [8] 1a mang truyén

thang chi mét 16p vao va mot 16p ra khong c6 16p an. Trén mdi 16p ndy ¢ thé c6 mot
hodc nhiéu noron. M6 hinh mang noron cia Rosenblatt sir dung ham ngudng déng
vai tro 12 ham chuyén. Do d6, tong cua cac tin hiéu vao 16n hon gia tri ngudng thi gia

tri dau ra ctia noron s€ 1a 1, con trai lai s€ 1a 0.

néu net; > ¢ VOl net; = 3w, la tong thong tin

Out. = {1 (1.5)
0

: néu net; < § dau vao cia noron i

Ngay tir khi mang Perceptron mét 16p dugc dé xuat no da duoc sir dung dé giai
quyét bai toan phan 16p. Mot d6i tuong s& dugc noron i phan vao 16p A néu

Téng thong tin dau vao : S w,x >0 (1.6)

Trong d6 wj; 1a trong s6 lién két tlr noron j t6i noron i, X; 1a dau vao tir noron j, va
0 12 ngudng cta noron i. Trong truong hop trai lai di tuong s& duoc phan vao 16p B.
Viéc huan luyén mang dya trén phuong phap hoc cé giam sat véi tip mau hoc 14
{(X(k), d(k))}, k=1,2, ..., p .Trong d6 d® = [dl(k), d,® ..., dn(k)]T 1a dau ra quan sat
dugce trong tmg v6i dau vao x¥ = [x®, %X, ..., xn®]" (v6i m 1a sé dau vao, n 1a sb
dau ra va p 1a cap mau dau vao - dau ra dung cho viéc hoc). Nhu vay chung ta mong

k k
) y2( ),

rang sau qua trinh hoc, dau ra tinh toan duge y® = [y, ., Ya®]" s& bang véi

A ” X K
dau ra cia mau hoc d®

m

k k k k

9 =gwix¥) =g wix")=d¥ veii=1,2, .n:k=1.2...p (L7)
i1
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PAu ra tinh toan Pau ra mong mudn

. (W1m=91,W2m=82,an=Bn)

Hinh 2. 1. Mgng perceptron mét lop
Dé bat dau qua trinh luyén mang, cac trong sé duoc gan gia tri ngau nhién trong
khoang [-3, 3]. Sau d6 hiéu chinh cac trong s6 cho phi hop vi mau hoc dé lam giam
sai s6 gitra y® va d®
Cac buéc tién hanh:
« X4c dinh ngiu nhién b trong sd.
« Vi mdi mau hoc (x(k), d(k)), k=1,2, ..., p thuc hién cac budc:
- Tinh gi4 tri y* theo cong thirc
- Xac dinh sai sb §; tai noron i: & = d; — yj, trong d6 d; 1a gia tri dAu ra quan sat
duoc vay; la gia tri dAu ra tinh toan tai noron thir i
- Tinh Aw; 12 sO gia cua trong sb Wjj (trong sO lién két gitta dau vao j t&i noron
1) theo cong thurc: Aw;; =50iX; trong do n 1a tdc d6 hoc (0<n<1)

D= Wij(t) + AWij = Wij(t) ‘H’]ai(t)Xj(t) trong do Wij(t+l) la trong Sé

- Hiéu chinh wj;
sau khi diéu chinh & 1an hoc tai thoi diém t

Rosenblatt da chimg minh rang qua trinh hoc ctia mang Perceptron s& hdi tu t6i

bo trong s6 W, biéu dién ding cac mau hoc véi diéu kién 14 cac miu nay biéu thi céc

diém roi rac cua mot ham kha tach tuyén tinh nao do (f: Rn — R dugc goi 1a kha

tach tuyén tinh néu cac tap {F-1(xk)}, v&i xk thudc mién tri cua f, co thé tach dugc

v6i nhau bdi cac siéu phang trong khong gian Rn).
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Nam 1969, Minsky va Papert dd chirng minh mot cach chit ché ring 16p ham thé
hién su phy thudc gitta dau vao va dau ra c6 thé hoc boi mang Perceptron mot 16p 1a
16p ham kha tach tuyén tinh. Kha tach tuyén tinh 13 trudng hop ton tai mot mit siéu
phang dé phan cach tat ca cac d6i tugng ctia mot 16p nay vai mot 16p khéc, vi du mot
mit phang s& phin chia khong gian ba chiéu thanh hai ving riéng biét. M& rong ra,

A ’ A \ 1 A ’ n A A [N 2 r
néu c¢6 n dau vao , n > 2 thi cong thuc > w,x =6 tao nén mot siéu phang c6 n-1

=
chiéu trong khong gian n chiéu, né chia khong gian d6 thanh hai nira. Trong nhiéu
bai toan thyc té doi hoi chia cac ving cua cac diém trong mot siéu khong gian thanh
cac 16p riéng bi¢t. Loai bai todn nay goi la bai toan phan 16p. Bai toan phan 16p co
thé giai quyét bang cach tim cac tham s6 thich hop cho mét siéu phang dé n6 co thé
chia khong gian n chiéu thanh cac ving riéng biét.

Véi tinh chat ciia nhu d3 néu trén, mang perceptron mot 16p c¢6 thé mé ta cac ham
logic nhu AND, OR va NOT. Tuy nhién n6 khong thé hién dugc ham XOR. Nhu vay
ching to mé hinh perceptron mét 16p khong thé giai quyét bai toan nay. Van dé nay
s& dugc giai quyét bing mo hinh mang noron perceptron nhiéu 16p (Multilayer

Perceptron - MLP).

2.1.2. Mang perceptron nhiéu lép

Mang perceptron nhiéu 16p (Multilayer Perceptron -MLP) con dugc goi 1a mang
truyén thang nhiéu 16p 1a sy mé rong ctia md hinh mang perceptron véi sy bod sung
thém nhitng 16p 4n va cc noron trong cac 16p an nay c¢6 ham chuyén (ham kich hoat)
dang phi tuyén. Mang MLP c¢6 mét 16p an 1a mang noron nhén tao dugc st dung phd
bién nhét, nd c6 thé xép xi cac ham lién tuc dugc dinh nghia trén mot mién ¢ gidi

han cling nhu nhitng ham 1a tap hop hitu han cta cac di€ém roi rac.
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Giai quyét bai toan XOR véi mang MLP

X a
. ._.........-....... O

Hinh 2. 2. D6 thi ham XOR
Ta thiy c6 thé dung hai duong thang dé phan tach voi truong hop ham XOR.
-0,5+x1+x2=0 va -1,5+x1+x2=0
Hay ta giai hé bt phuong trinh

—0,5+x +x,>0 —0,5+x +x,>0
=
-1,5+x +Xx,<0 1,5-x—-x,>0
Dé thfiy mdi bat phuong trinh ¢ trén co thé duoc thuc hién bﬁng mot noron va
dau ra cua hai noron nay (2 bt phwong trinh) 1a dau vao ciia mot ham AND. Do vy

6 thé st dung mang MLP sau dé thuc hién chirc nang cia ham XOR nhu sau:

» Y=X; XOR X;

Hinh 2. 3. Thyc hién ham XOR bdng magng MLP
2.1.3. Mt sb véan dé can chi y khi sit dung mang MLP
Mang noron perceptron nhiéu 16p 1a loai mang noron duoc sir dung trong nhiéu
tmg dung thuc té. Tuy nhién, ¢ mang c6 thé dua ra két qua tdt, chung ta cin quan

tam dén mot s6 van dé c6 anh hudng kha quan trong dén hi¢u qua lam viéc cua no



34

bao gom: van dé chuan hod s6 liéu dau vao, van dé hoc chua du va hoc qué ctua
mang, van dé lya chon mot cau tric mang phu hgp vai bai toan.
2.2.  Van deé chuan hoa so liéu dau vao

Mang MLP thudng st dung ham chuyén 1a ham sigmoid c6 dang nhu sau:

4 g(x) = 1/(1+e™)

—t—>
3 2 a1 10 1 2 3 x

Hinh 2. 4. Ham sigmoid g(x) = 1/(1+e™)

Vé6i dang ham ndy, gia tri & ddu ra ciia mdi noron ndm trong pham vi khoang
(0,1) va né dat céc gié tri bio hoa (xép xi 0 hay 1) khi | x| 16n. Do d6, khi diu vao
clia mang c6 gia tri tuyét ddi 16n thi ta cAn chuin hoa né vé khoang c6 gia tri nho,
néu khong thi cic noron tai cac 16p an ngay ban dau di co thé dat gia tri bdo hoa va
qué trinh hoc ctia mang khong dat két qua mong muén. Vi dang ham nhu trén thi
gia tri dau vao cua mang thuong duoc chuan ho4 vé khoang thudc doan [-3, 3]. Mat
khac, do tin hiéu du ra ciia noron nam trong khoang gié tri (0,1) nén cac gié tri dau
ra thuc té trong cac mau hoc ciing can chuan hoa vé khoang gia tri nay dé co thé
dung cho qua trinh luyén mang. Do vay trong qué trinh tinh toan, dé c6 cac gia tri
thuc té & ddu ra ciia mang chung ta cAn phai chuyén cac gia tri trong khoang (0,1) vé
mién céac gia tri thuc té.

2.3.  Vian dé hoc chwa dii va hoc qua thudc ciia mang

Van dé miu chdt khi xay dung mot mang noron nhan tao la lam thé nao mang cé
kha nang tong quéat hoa cao dé dua ra két qua tot ca véi nhiing truong hop dau vao
ctia mang khéng nim trong tip mau da dung dé luyén mang. Giéng nhu cac mé hinh
hoi quy phi tuyén khéac, d6i véi mang noron nhan tao ta ciing phai giai quyét hai van

dé 1a ANN hoc chua du (underfitting) va hoc qua (overfitting). Khi mang c6 cau tric
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(sb nut an va lién két) cling nhu sb 14n hoc chua du so v6i nhu cdu cua bai toan thi s&
dan t6i tinh trang mang khong du kha ning mé ta gan ding méi quan hé tuong quan
gitra dau vao va dau ra cua qua trinh can du bao va dan tdi hoc chua du. Trai lai, néu
mang qué phirc tap (qua nhidu nat an va qua nhiéu tham s6) va dugc hoc “qua khit”
d6i v6i cac mau dung dé luyén mang thi c6 thé dan t6i tinh trang mang hoc ca thanh
phan nhiéu 13n trong cac mau dé, day 1a tinh trang “hoc qua thudc” cia mang. Van
d& néu trén co thé lam cho nhiéu loai mang noron, dac biét 1a mang MLP c6 thé co
nhiing truong hop cho két qua dy doan rat sai léch véi thuc té.

Mot s6 giai phap cho vin dé hoc qua ciia mang:

o Str dung tip so liéu cé tinh dai dién tot dé luyén mang: Pay duogc xem 1a mot
cach kha t6t dé tranh hién twong overfitting. Khi tdp mau dung dé luyén mang thé
hién duoc nhiéu trang thai c6 thé xay ra cua qua trinh can nghién ctru thi sau khi hoc
mang s& c6 kha ning tong quat hoa twong dbi tét tir tap dir lidu d6 va s& khong chiu
anh hudng nhiéu cua hién tuong overfitting. Ngoai ra mot s6 bién phap dudi day
cling c6 thé gop phan quan trong giup khic phuc hién trong overfitting cia mang.

* Lwa chon cdu trisc mé hinh phiy hop: Viéc Iya chon mé hinh ctia mang (s6 16p
an, s6 noron trén mdi 16p 4n) c6 anh hudng quan trong dén hién tugng hoc chua du
(underfitting) va hoc qua (overfitting) cua mang. Nghién ctru cua Steve Lawrence va
C.Lee Giles [12] vé bai toan ndi suy ham y = sin(x/3) + v, 0 < x < 20.
v6i v 1a bién ngiu nhién nam trong khoang (- 0.25, 0.25) cho thay néu mang chi gdm
mot nat 4n thi mang khéng thé hoc duoc ham nay. Mang c6 hai nat 4n c¢6 kha ning
téng quat hod t6t nhét (tuy khong chinh xac hoan toan véi cac miu nhung nod tao nén
giang diéu gan v6i ham can xap xi nhit va né da khong qué khit v6i nhifu cua miu
hoc). Cac mang c6 do phtc tap hon (10 nut an, 50 nat én) tuy no co thé hoc kha
chinh x4c cac mau dugc sir dung nhung chinh diéu nay lai lam cho n6 hoc quéa nhiéu
ca thanh phan nhidu nén kha ning tong quéat hoa giam va dan téi hién twong hoc qua

(overfitting).
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Hinh 2. 5. Ngi suy ham y = sin(x/3) + v, 0<x <20 s& dung MLP

* Dirng hoc diing liic: Nam 1991, trong mot nghién ctiru vé van dé hoc qué cua

mang, hai tac gia Nelson va Illingworth [14] da dua ra giai phap dung hoc ding lac

dé tranh hién tuong hoc qua cua mang nhu sau:

2.4,

Tap miu dugc chia 1am hai phan: mot phan dung dé luyén mang va phan con
lai dé kiém thur.

Str dung cac gia tri khoi tao nho

Str dung hing s6 tc d6 hoc cé gia tri thap.

Tinh toan su thay d6i 16i kiém thir trong qua trinh luyén mang.

Dirng hoc khi thiy 15i kiém thir bt dau ting

Luwa chon kich thuwéc mang

Cac cong trinh dua trén dinh 1y ciia Kolmogorov du kién rang toan bo cac anh xa

lién tuc tir [0,1]° dén [0,1]" déu co6 thé duoc x4p xi bang mot mang perceptron ba 16p

c6 16p vao gobm p noron , 16p ra gdm n noron va lép an gom (2p+1) noron .

Tuy nhién khong thé chi ra duoc chinh xac s lwong noron téi vu trong mang, tinh

chat ctia cac noron, tic 1a dang phi tuyén cu thé thyuc hién phép xap xi ndy.

Mot s6 cong trinh nghién ctru vé chu dé nay cho rang s6 noron t61 uu ¢ 16p an

thuong nho hon (2p+1).
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Ngoai ra cling can phai noi co sé dit liéu hoc phai cé kich thuée phu hop véi kién
tric mang. Theo Vapnik va Chervonenkis, co s& dir li¢u hoc phai co s6 mau thoa
man:

N =~ 10.Nw, & d6 Nw 1a s6 trong sb clia mang.

Goi sb noron thudc 16p 4n 13 L, sb noron & 16p vao 1a p thi trong sé cia cac két
ndi gitta 16p vao va 16p an thtr nhét (ké ca ngudng) 1a:
D=(p+1).L

Theo mot sb két qua nghién cuu, s6 mau cta co s& dit liéu hoc can phai thod man
N=4.D

Khi sb lugng mau cua co s dit liéu hoc chua dat dén 2161 han can thiét thi ta nén
lam giam sb luong cac két ndi dé tranh hién tuong hoc thude long.

Két luan

Trong chuong ndy ching ta d3 tim hiéu cac khai niém, cdu tric va kha ning tng
dung cua mang noron nhan tao. Luan van da trinh bay chi tiét vé mang noron nhiéu
16p truyén théng va cac thuat toan hoc dbi véi loai mang nay. Mang noron nhan tao
duoc coi 12 mot cong cu manh, mém déo dé giai quyét cac bai toan co tinh phi tuyén,
phuc tap va dic biét trong cac truong hop ma mdi quan hé giira cac qua trinh khong
dé thiét 1ap mot cach tudng minh. Do d6, kha ning tng dung cua né 1a rat 16n dic
biét trong bai toan du bao. Trong chwong tiép theo, chung ta s& nghién ctru giai thuat
di truyén va tmg dung giai thuat di truyén vao viéc tdi wu hoa trong sb ciia mang

noron nhan tao.

2.5. Giai thuat di truyén
2.5.1. Giéi thigu giai thuat di truyén

Giai thuat di truyén da duoc dé cap trong rat nhiéu tai liéu, trong do c6 cac cong
trinh cua D.E. Goldberg [6] va Thomas Back [5]. Phan nay chi trinh bay cac khai

niém can ban cua giai thuat di truyén cling nhu kha nang img dung cua no.
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2.5.2. Gigi thi¢u

Tu trude dén nay, trong cac nghién ctru va ung dung tin hoc da xut hién nhiéu
bai toan chua tim ra dugc phuwong phap giai nhanh va hop 1y. Phan 16n d6 1a cac bai
toan toi wu nay sinh trong cac tng dung. Dé giai cac bai toan nay ngudi ta thudng
phai tim dén mot giai thuat hiéu qua ma két qua thu duoc chi 1a xap xi t6i uu. Trong
nhiéu truong hop ching ta c6 thé sir dung giai thuit xac suét, tuy khong bao dam két
qua toi wu nhung cé thé chon cac gia tri sao cho sai sd dat duoc s& nho nhu mong
mudn.

Theo 16i giai x4c suat, viéc giai bai toan quy vé qué trinh tim kiém trén khong
gian tap hop cac 10i giai co thé. Tim duoc 101 giai t6t nhat va qua trinh dwoc hiéu la
t6i wu. V&i mién tim kiém nho, mét sb thuét toan cd dién duoc su dung. Tuy nhién
dbi v6i cac mién 16n, phai str dung cac k¥ thuat tri tué nhan tao dic biét, giai thuat di
truyén 12 mot trong nhitng coéng cu d6. Y tuong ctia GA 1a mo phong nhirng gi ma tu
nhién da thuc hién. GA hinh thanh dya trén quan niém cho réng: qua trinh tién hoa tu
nhién 14 qua trinh hoan hao nhat, hop 1y nhét va ty n6 d mang tinh t6i wu.

Gidi thudt di truyén dp dung qud trinh tién héa tw nhién dé gidi cac bai todn toi
wu trong thuc té (tir tdp cdc 1oi gidi c6 thé ban dau théng qua nhiéu bude tién héa
hinh thanh cdc tdp hop méi véi 16i gidi tot hon va cudi ciing sé tim dwoc 16 gidi gan
16i wu) [5].

Nhitng van dé can ban duoc dit ra 1a: Ap dung di truyén tu nhién vao giai thuat di
truyén nhu thé nao? Céach biéu dién tap hop cac 101 giai ra sao? Ching ta s& tim hiéu

chi tiét van dé nay trong phan tiép theo.

2.5.3. Tw twéng chinh caa giai thuat di truyén

Giai thuat di truyén 1a mdt loai thuat toan mo phdng cac hién tuong tu nhién: ké
thira V& ddu tranh sinh ton dé cai tién 161 giai va khao sat khong gian 101 giai.

Khai niém ké thira va dau tranh sinh tén duoc giai thich qua vi du vé su tién hoa
ctia mot quan thé thé nhu sau:

C6 mot quan thé tho. Trong s6 d6 c6 mot sé con nhanh nhen va thong minh hon

nhiing con khac. Nhitng chu thé nhanh nhen va thong minh c6 xac suét bj chdn, céo
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an thit nho hon, do dé chung ton tai dé 1am nhirng gi tot nhat c6 thé: tao thém nhiéu
thé tbt. Di nhién, mot sd thd cham chap, dan don cling séng chi vi may maén. Quén
thé nhitng cha tho con sdng sot s& bt dau sinh san. Viéc sinh san nay s& tao ra mot
hdn hop tot vé “nguyén licu di truyén the”: Mot s6 tho cham chap c6 con véi nhing
con tho nhanh, mét s tho nhanh véi thd nhanh, mot sé thé thong minh véi tho dan
ddn,... Va trén tat ca, thién nhién thinh thoang lai ném vao mdt con thé “hoang da”
bang cach 1am d6t bién nguyén liéu di truyén tho. Nhitng chu tho con, do két qua nay
s& nhanh hon va théng minh hon nhiing con trong quan thé goc vi ¢6 nhiéu b me
nhanh nhen va thong minh hon da thoat chét khoi chon, céo. (That hay 1a nhiing con
chdn céo ciing trai qua nhitng tién trinh twong tu, néu khong nhitng con tho s& tré
nén nhanh chong va thong minh dén ndi nhitng con chén, céo khong thé bat ching
dugc).

Khi tim kiém 10i giai t6i wu, GA ciing thuc hién cac budc twong Gng voi ciu
chuyén dau tranh sinh t6n cua loai tho. GA ciing sir dung cac thuat ngit vay muon
cta di truyén hoc. Ta ¢ thé noi vé cac ca thé (hay kiéu gen, ciu tric) trong mot quan
thé, nhirng cé thé nay ciing con dugc goi 1 cac nhiém sic thé (chromosome). Diéu
nay co6 thé gdy mot chut nham 1dn: mdi té bao cia mot co thé cia mot chung loai da
cho mang mot s loai nhiém sic thé nao d6 (vi du & ngudi c6 46 nhiém sic thé),
nhung trong GA ta chi n6i vé nhiing ca thé c6 mot nhiém sic thé. Cac nhiém sic thé
dugc tao thanh tir cac don vi - C4c gen - biéu dién trong mot chudi tuyén tinh. Mbi
gen kiém soat mot hodc nhiéu dic trung. Gen véi nhitng dac trung nhét dinh ¢6 vi tri
nhat dinh trong nhiém sic thé. Bt cir dic trung ndo cta ca thé ciing co thé tu biéu
hién mot cach phan biét va gen co thé nhan mot sd gia tri khac nhau. Mot nhém cac
gen (nhiém sic thé) s& biéu dién mot 101 giai ctia bai toan dang giai (¥ nghia, cau tric
ctia nhidm sic thé duoc nguoi st dung xac dinh trudce). Mot tién trinh tién hoa dugc
thyc hién trén mot quan thé cac nhiém sac thé twong tmg véi mot qua trinh tim kiém
101 giai trong khong gian 101 giai.

Thuc ra, GA thudc 16p cac thuat todn xac Suét, nhung lai rat khac nhiing thuat

toan ngau nhién vi chiing két hop cac phan tir tim kiém truc tiép va ngau nhién. Khac
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biét quan trong giita phuong phap tim kiém ctia GA va cac phuong phap tim kiém
khac 12 GA duy tri va xir Iy mot tap cac 1oi giai (quan thé) - tit ca cac phuong phap
khac chi xir Iy mot diém trong khong gian tim kiém. Chinh vi thé, GA manh hon céc
phuong phap tim kiém hién c6 rat nhiéu. Cau trac cua giai thuat di truyén don gian
trong ty nhu cdu tric cua bat ki mot chwong trinh tién hod nao. O bude lap t, giai
thuat di truyén duy tri mot quan thé cac 101 giai (cac nhiém sic thé),

P(t)={x,x,...x,} . M&i loi gidi X duoc luong gia dé biét dugc do “thich nghi”

cia nd. Sau d6 & 1an 1ap thr t+1, mot quﬁn thé mé&i duge hinh thanh béng cach chon
giir lai nhitng ca thé thich nghi nhat. Mot s ca thé ciia quan thé nay trai qua nhing
bién doi nho lai tao (phép lai) va dot bién (phép dot bién), hinh thanh nén nhiing 15
giai méi. Phép lai két hop cac tinh chét cua hai nhiém séc thé ‘cha’ va ‘me’ dé tao ra
cac nhiém séic thé ‘con’ bang cach hoan vi cic doan gen twong Gmg cuia cha va me. Vi
du: néu cha me duoc biéu dién biang vecto 5 chiéu (a,b;,c,,d;,e) va (a,,b,,c,,d,.8,) |
thi lai tao, hoan vi tai vi tri thtr 2 s& sinh ra cic nhiém sic thé con(a,,h;,c,,d;,e) va
(a,,b,,c,,d,.e,).

Phép lai cho phép trao d6i thong tin giira cac 1oi giai.

Khac véi phép lai, phép dot bién thay doi mot cach ngiu nhién mot hay nhiéu gen
ctia nhiém sic thé dugc chon, thay d6i nay duoc thuc hién véi mot xac suat thé hién
tdc do dot bién. Phép dot bién cho phép dua thém cac thong tin mai vao quan thé 1am
cho chat liéu di truyén phong pha thém.

Sau ddy ching ta s& tim hiéu vé mét giai thuat di truyén don gian.

2.5.4. Giai thuat di truyén don gian
2.5.4.1. Céu tric cia giai thuat di truyén don gian

Trong giai thuat di truyén don gian, hé gen cua ca thé duoc biéu dién thanh mot
chudi nhi phan gom 2 gia tri 0 va 1. Mdi thanh phan trong chudi s6 goi 1a allele (gen
twong tmg). Gii thuat di truyén don gian bao gém 3 toan tir sau:

- Tai tao (Reproduction)

- Lai ghép (Crossover)

- Dot bién (Mutation)
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Xét vi du bai toan hop den nhu sau: Cho mét hop den véi mot day 5 cong tac &
dau vao. Mot to hop cac trang thai cua 5 cong tic tng vi mot tin hiéu ra (output)
ctia ham f, biéu dién theo toan hoc 1a f(s), trong do6 s 1a mét té hop céc trang thai cu
thé clia 5 cong tac. Muc tiéu clia bai toan 1a phai dat cic cong tac nhu thé nao dé dit
duoc gi tri toi da c6 thé c6 ciia ham f. V6i nhirng phuong phap khac cua bai toan tbi
vy, chiing ta ¢ thé lam viée truc tiép voi bo cac thong sd (viée dit cac cong tic) va
bat tat cic cong tac tir mot trang thai ndy sang trang thai khac bang cach dung nhiing
quy tic chuyén d6i theo phuong phap chuyén biét. Vi giai thuat di truyén don gian,
dau tién ta ma hoa day céc cong tac thanh mot chudi c6 chiéu dai xac dinh. Cach ma
hoa rat ty nhién: dung chudi dai 5 ki tu gdm cac gia tri 0 va 1, v6i quy udc ‘0’ = tit,
‘1’ =mé. Vi du: chudi 11101 nghia 1 cong tic thir 4 tit, 4 cong tic con lai mg. Véi
giai thuat di truyén don gian, ta khéng can biét nguyén tic 1am viéc cua hop den.
Giai thuat di truyén don gian bt dau voi mot quan thé cac chudi va sau do s& phat
sinh thanh cong nhig quan thé chudi khac. V&i bai toan hop den, mot su bat dau
ngau nhién bang cach tung ddng tién (ngtra = 1°, sip= ‘0") c6 thé san sinh quan thé
ban dau c6 kich thudc n=4 nhu sau:

01101

11000

01000

10011

Tiép theo, dudi sy tac dong cua cic toan tir di truyén, quan thé trén sé tién hoa dé
cho ra doi quan thé méi c6 do thich nghi cao hon.
2.5.4.2. Tai tao

Tai tao 14 mot qua trinh trong d6 cac chudi biéu dién ca thé dugc sao chép lai tuy
theo gia tri cia ham muc ti€u f (ham thich nghi). Toan tr nay dugc xem la qua trinh
chon loc trong tw nhién. Him muyc tiéu (i) dugc gan cho mdi ca thé trong quén thé.
Viéc sao chép lai cac chudi tuy theo gia tri thich nghi ctia chiing c6 nghia 1a: Nhitng
chudi co gia trj thich nghi cao hon s& c6 nhiéu co hdi dong gbp cac chudi con cho thé

hé tiép theo. Thao tac sinh san hay con goi 1a thao tdc chon cha me dugc diéu khién
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bang cach quay banh xe roulette, trong d6 mdi chudi trong quén thé chiém mot khe
c6 kich thudc ti 1& v6i do thich nghi (fitness) cua né trén banh xe. Gia sur cac chudi
ctia quan thé ban dau di khoi tao trong bai toan hop den c6 cac gia tri ham thich nghi
nhu trong bang sau. Liy tong do thich nghi cia 4 chudi, ching ta dugc 1170. Ta s&
tinh ti 16 % d6 thich nghi cua ting chudi trong quan thé:

Bang 2. 1. Cac chudi cuia bai toan mdu va cac gia tr; thich nghi

STT Chubi P thich nghi | Til¢ (%)
1 01101 169 14.4
2 11000 576 49.2
3 01000 64 5.5
4 10001 361 30.9
Tong cong 1170 100.0

Banh xe rollete dugc danh trong sb phu hop cho su tai tao cua thé hé nay duoc

thé hién trén hinh sau:

14.4%

30.9%

5.5%
2
49.2%

Hinh 2. 6. Sir sinh san don gian phan bé cac chudi con chau nho siz dung banh xe
roulette véi cac khe ho ty I¢ voi dé thich nghi
Vi bai toan hop den, dé sinh san ching ta chi can quay banh xe roulette 4 1an d6i
v6i bai toan nay, chudi 1 c6 gia tri thich nghi 1a 169, dai dién cho 14.4% banh xe
roulette, va ¢t mdi 1an quay xac suat chon chudi 1 1 0.144. Tuong tu v6i cac chudi

con lai. Méi khi ching ta yéu cAu mot thé hé khac, mot vong quay don gian cua banh
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xe danh trong s6 s€ chon ra dugc tng ctr vién dé sinh san. Bang cach nay, nhiing

chudi thich nghi hon s& c6 mot sd lugng con chau 16n hon trong thé hé ké tiép.

2.5.4.3. Lai ghép

M3i khi mét chudi duoc chon dé sinh san, mot ban sao chinh xac ctia chudi d6 s&
duoc tao ra. Cac ban sao ndy dugc dua vao bé ghép d6i (matingpool). Toan tir lai
ghép don gian c6 thé duoc tién hanh theo hai budc:

Buéc 1: Céac thanh vién ctia cac chudi don gian méi & trong bé ghép duoc ghép
d6i v6i nhau mot cach ngau nhién.

Buwée 2: Mdi cip chudi sé& trai qua viéc ghép chéo nhu sau: Mot sé nguyén chi vi
tri k doc theo chudi s& duoc lua chon qua gia tri ngﬁu nhién nam trong khoang tur 1
dén chiéu dai chudi L-1 ([1, L-1]). Hai chudi méi s& dugc tao ra bang cach hoan doi
tuong tng cac chudi ky tu tir vi tri 1 dén k va tir k+1 dén L cua hai chudi cha-me cho
nhau.
Vi du: xét 2 chudi Al va A2 tir quan thé ban dau:
Al=0110/1
A2 =1100/0

Gia str trong khi chon mot s6 ngdu nhién ndm trong khoang tir 1 dén 4, chung ta

dugc k = 4 (nhu duoc chi ra bang diu ngin cach ). Két qua cua viéc ghép chéo

“«
1am sinh ra hai chudi méi A’ 1 va A’ 2, trong d6 ddu ’ c¢6 nghia 1a cac chudi nay la
phan tir ciia thé hé méi.
A’ 1=01100
A’ 2=11001

Co ché sinh san va ghép chéo don gian, bao gém viéc sinh s6 ngau nhién, sao
chép chudi va trao ddi cac chudi thanh phﬁn. Tuy nhién, diém can nhin manh 13 viéc
sinh san va trao ddi thong tin c¢6 cdu trac (du 14 mot cach ngiu nhién) cua ca qua
trinh ghép chéo 1am cho cac giai thuat di truyén tang thém sic manh.
2.5.4.4. Dot bién

Néu su sinh san theo d6 thich nghi két hop véi su ghép chéo cho giai thuat di

truyén c6 nang lyc xu ly tdt hon, thi su dot bién déng mot vai tro quyét dinh thir hai
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trong hoat dong cua giai thuat di truyén. Su dot bién 1a can thiét bai vi: cho du su
sinh san va ghép chéo di tim kiém hiéu qua va tai két hop lai cac gen véi nhau,
nhung thinh thoang ching c6 thé 1am mat mot vai gen hitu ich nao dé (bit 1 hay bit 0
tai nhirng vi tri dac bi€t nao do). Trong cac h¢ théng gen nhan tao, toan tir dot bién s&
chéng lai sy mat mat khong dugc khoi phuc d6. Trong giai thuat di truyén don gian,
do6t bién 1a su thay d6i ngiu nhién va khong thudng xuyén (voi xac xuat nho) tri sé vi
tri cia mot chudi. Trong viéc ma hoa nhi phan ctia bai toan hop den c6 nghia 1a chi
can d6i 1 thanh 0 va nguoc lai. Sy dot bién 1a mot hoat dong ngﬁu nhién trong khong
gian chudi, khi dugc dung cung véi su sinh sdn va ghép chéo no s& 1a mot chinh sach
bao hiém chdng lai nguy co mat mat nhiing gen quan trong.

Ba toan tir tai tao, lai ghép, dot bién dugc ap dung lap di lap lai dé tao ra nhiém
sic thé mgi. Coi nhu mot thé hé méi tuong trng vé1 mot qua trinh sinh san da dugc
tao xong bao gdm mot quan thé cac chudi nhiém sic thé, trong giai thuat di truyén co

thé sinh ra nhiéu thé hé.

2.5.5. So dd giai thuat di truyén don gian
Giai thuat di truyén bao gém cac budc sau:

1. Khéi tao quan thé ban du cta cac chudi nhiém sic thé.

2. Xac dinh gia tri ham muyc tiéu cho mdi mot chudi nhiém sdc thé.

3. Tao cac chudi nhiém sic thé méi bang sinh san tir cac chudi nhidm sic thé
hién tai, c6 tinh dén ghép chéo va dot bién xay ra (néu co).

4. Xac dinh ham muc tiéu cho cic chudi nhidm sic thé méi va dua néd vao
trong mot quan thé moi.

5. Néu diéu kién dimg d3 théa man thi dimng lai va tra vé chudi nhidm sic thé

tot nhat cung voi gid tri ham muc tiéu ctia no, néu khong thi quay vé budce 3.
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2.5.5.1. Luu @6 thuit toan

rl/ A A A A o A \.Ill
| Tao quan the ban dau cuia cac nhiém sic the |
\‘\__ ,/",

}

Xéc dinh gia tri ham muc tiéu cia cac chudi nhiém sac the

4

Tao cac nhiém séc thé mdi tir cac nhiém sic thé hién tai
(Co6 xét den lai ghép va dot bien)

h 4

Tinh toan cac gia tri muc tiéu cia cd nhiém sac the mdi va dwa nd vao
quén thé mai

~Kiém tra diéu kién dirng d4 théa mén hay chua?

¥

Két thiic

7

Hinh 2. 7. Luu do thudt ton cua gidi thudt di truyén don gian

2.6. Ung dung giai thuat di truyén vao huan luyén mang noron nhan tao
Nhu chiung ta da biét sir dung giai thuat lan truyén nguoc sai s dé téi vu hoa

trong s6 cua mang noron nhan tao dang dugc sir dung rong rai hién nay. Tuy nhién,
giai thuat nay hoat dong theo co ché giam gradient nén n6 kho c6 thé tim ra duoc cuc
trj toan cuc. Trong nghién ciru cia minh tdi st dung giai thuat di truyén dé toi vu hoa
trong s6 ctia mang gitp qua trinh hoc ctia mang duoc tot hon.

Pé c6 thé str dung duoc giai thuat di truyén vao viéc hoc cia mang noron cin
phai thuc hi¢n mot s6 budc nhu sau:

- Xy dung ham gia

- Mai hoa nhiém sic thé

- Thuyc hién giai thuat di truyén
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2.6.1. Xay duwng ham gia w
Ham gia nay s€ duoc sut dung dé tao nén do phu hop cua cac ca thé va cua ca

quan thé trong GA. Trong nghién ctru nay t6i st dung ham sai s cin quan phuong

RMSE cua tap mau hoc.

RMSE = \/izplzn:(y”—dij)z (1.8)

pPn = 5=
Trong do:
- Y, dijla dau ra clia mang va dau ra mong mudn cta dau ra th j tai mau hoc
thr i

- n1a s6 d4u ra cia mang

- plasé miu hoc

Trong qua trinh tién hoa cuia toan bd quan thé, ham gia nay s& dan dan dat t&i cuc
tiéu toan cuc.

2.6.2. Ma hoa nhiém sic thé , q
MOoi ca thé trong GA s€ thay mat cho mdt bd trong s6 ctia mang noron. O day ta

khong can phai phan biét trong s nao & 10p ndo ma ta chi cin trai tit ca cac trong s6
1én so d6 gen cuia nhiém sic thé.
a. Ma hoa nhi phan

Mot phuong phap mi hoa nhiém sic thé kha néi tiéng do Whitley cung cac dong
tac gia [11] d& xuat goi 13 GENITOR. C6 mét sé phién ban cia GENITOR, vé co
ban mdi trong sb cua mang dugc ma hoa thanh mot chudi bit nhu trén hinh dudi.
Index-bit dé chi ra ring két ndi c6 ton tai hay khong (bang 1 - c6 két ndi, bang 0 —
khong c6 két ndi). Chudi bit nhi phan con lai s& biéu dién gia tri cua trong sb.
Whitley sir dung 8-bit dé ma hoa dai gid tri tir -127 dén +127 s6 0 duwoc ma hoa 2 1an.
Vé6i cach méd hoa nay cac toan tir dot bién, lai ghép thuc hién kha don gian. Tuy
nhién, muén ting do chinh xac cta viéc ma hod can phai ting s6 bit ma hod trén mot
trong s6. Do d6, chiéu dai ctia nhidm sic thé s& tang theo dan dén viéc thyc thi thuét

toan s€ cham.
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Index Bit

Weight Encoding Bits
| | | | | | g

1 01000001 1 100011211 1 11100110 1 10000001 O 10110110 1 0OOl1l01000

Hinh 2. 8. M hod nh; phan trong sé theo phwong phdp GENITOR
b. M hoa sb thuc
Montana D. va Davis L. [10] m3 hoa truc tiép cdc trong sb bang cac sb thuc 1a
cac gia tri cua cac trong s6. Piéu ndy 1am ting d6 chinh xac ctia phép mi hod ciing
nhu giam dugc kich thudc ciia nhiém sic thé. Trong nghién ciru ctia minh ching toi
cling str dung phuong phap nay dé thuc hién viéc ma hod trong s ctia mang. Cac gen
(trong ) duoc khoi tao ngau nhién trong khoang (-3, +3). Tuy nhién voi k¥ thuat

ma hoa nay ta can thay ddi cac toan tir lai ghép, dot bién cho phu hop.
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Nhiém sfic thé: ( 0.9 -0.05 -0.3 0.2 0.0 0.6 -0.95 -0.2 0.15 0.7 0.5 0.5 -0.7 0.1 0.03)

Hinh 2. 9. Vi du Vé phwong phdp md hod trong sé bang sé thuc

2.6.3. Lai ghep , o
Co6 mot so cach ti€p can trong lai ghép gitta cac nhiém sac thé [9].

a. Lai ghép trong s6 (crossover-weights)

Toan tir lai ghép nay s& dwa mot gia tri vao mdi vi tri ctia nhidm sic thé con bang
cach 1y ngiu nhién mot gié tri tai cung vi tri ctia nhiém séc thé cha hodc me.
b. Lai ghép nut (crossover-nodes)

Viéc lai ghép duoc thuc hién giita cac nat cung vi tri cia cha va me. Moi khi hai
nut tai mot 16p nao d6 duoc lai ghép cac trong sb cua tat ca cac lién két dau vao t6i

cac nat do sé dugc hoan vi cho nhau (Hinh 2.10).
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Hinh 2. 10. Lai ghép nat (crossover-nodes)

2.6.4. Dot bién
a. Dt bien trong so (mutate weights)

Mot gen (trong sé) duoc lwa chon ngau nhién v&i mot xac suat pmutation dé tién
hanh d6t bién. C6 hai phwong phap dot bién trong s6 [9] 1a:
UNBIASED: vé6i mdi gen duoc chon dot bién no s& duoc thay thé béng mot gia

tri ngau nhién xung quanh 0.
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BIASED: v6i mdi gen duogc chon dot bién no s& duoc cong thém mot gia tri ngau
nhién. Montana [9] d3 thir nghiém hai phuong phap dot bién trong s nay. Két qua
phuong phap BIASED chay tot hon. Piéu nay c6 thé duoc giai thich 1a do khi chay
bd gié tri cac trong sb ¢ xu huoéng tdt hon. Do do, viéc dot bién thay thé gia tri géc
bang cac gia tri ngdu nhién xung quanh gia tri gdc (BIASED) s& cho két qua tét hon
1a thay thé bang cac gia tri ngiu nhién xung quanh 0 (UNBIASED).

b. P4t bién nut (mutate nodes)
Toan tir dot bién nut s& chon ra n nat khong phai 1a cac nut dau vao. TAt ca cac

lién két t&i cac nit ndy sé 1an luot duge cong thém maot gia tri ngau nhién.
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CHUONG 3

UNG DUNG MANG NORON TRUYEN THANG VAO BAI TOAN PANH
GIA CAM QUAN THUC PHAM

3.1. Giéi thigu bai toan dénh gia cam quan thyc pham

Dénh gid cam quan thyc pham la mot thanh phan quan trong trong viéc danh gia
chét lugng thuc phém. N6 ¢6 thé duge st dung dé diéu tra cac thuc phém chat lugng
theo yéu cu ctia ngudi tiéu dung cam giac thyc té hodc tiém ning, phan tich mac do
anh huong ciia yéu t6 bén ngoai dén chat lugng cam giac, tao co sé cho viée xdy
dung tiéu chuan chit luong cam giac, kiém tra chat lugng cam quan cta thuc phim
va dé lya chon cac loai thuc phém chét luong.

Panh gid cam quan thuc pham 13 viéc st dung cac giic quan cta con ngudi voi
cac phuong phap nhit dinh va diéu kién nhat dinh dé kiém tra va danh gia cac dic
tinh chat lugng cam quan thuc pham.

Trén co s& cua su khac biét trong thuc phém dic tinh chét lugng cam giac, danh
gia cam quan c6 thé duoc chia thanh hai loai:

- Danh gia cdm quan phan tich

- Danh gid cdm quan uvu dai.

Co6 hai loai dic tinh chét lugong cam quan thyc phém:
- Dic tinh chat luong cu thé

- Dac tinh chat luong sau sac.

Vi du, mau séc, huong vi, mui vi, hinh dang va két cAu cua thuc phém 1a vbn ¢o6
trong bat ky thuc pham nao dé, va ho khong c6 gi dé lam véi danh gia chi quan cia
mot nguoi. Viéc phan tich cac dac tinh cac dac tinh chét luong von ¢6 duoc goi la
danh gid cam quan phan tich. Mt khac, dic diém chat luong nhan thiic dugce anh
huéng béi sy nhay cam cia con ngudi va cac yéu td chu quan. Vi dy, nhiing mui
thom hap dan, huong vi thom ngon, sy xuat hién xinh dep va cac két cau d& chiu, tat
ca phu thudc rat nhiéu vao su phan xét toan dién cta con ngudi dua trén phan Gmg
tam 1y ctia ho. Phan tich cac loai dic tinh chat lwong cam giac goi 1a ddnh gid cam

quan vu ddi.
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Trong nhitng nim gin day, do sy phat trién manh mé& cta ky thuat phén tich,
nhiéu dung cu do luong hién dai, tinh vi d3 dugc gidi thiéu dé phan tich nhitng pham
chat vén c6 cua thuc phdm nhu moét phuong phap bd sung cho danh gia cam quan
phan tich. Nhung nhiing héa chat phan tich véi cac cong cu do ludng hién dai chi ¢6
thé xac dinh thanh phﬁn hoa hoc va trang thai vat ly. Hon nira, huong vi déac biét ctua
bat ki thuc phém nhét dinh cling dugc xac dinh bdi cac tac dong cua su déng b0, su
dbi 1ap, tuong phan, hoi tu cia cac thanh phan. Khong c6 thiét bi do luong hién dai
nao co thé danh gia nhimg yéu t6 nay, nhung con ngudi c6 thé cam nhan duoc nhimng
yéu td d6 mot cach tinh té. Vi vay, néu chung ta chi c6 thé xac dinh mbi lién hé giira
cac thanh phan thuc pham va két qua danh gia cam quan cta chung ta, chiing ta s& c6
thé str dung két qua phan tich cong cu dé dua ra mot danh gia cho cac dic tinh chat
lwong cam quan cta thuc pham.

Vé 1y thuyét, sy phat trién cua khoa hoc va cong nghé c6 thé thay thé danh gia
cam quan phan tich, nhung n6 s& khong bao gior co thé thay thé danh gia cam quan
wu d3i, danh gia cam quan chil yéu phy thudc vao con ngudi, ndi cach khac do nhay
clia cac gidc quan va su phan xét chi quan cua con ngudi déng mot vai trd quyét
dinh. Bén canh d6, danh gia nay ciing c6 thé bi anh huong boi tudi tac, didu kién sirc
khoe, moi trudng sdng, théi quen dn udng va quan diém thim my. Vi vy, danh gia
cam quan vu déi 1d mot hanh dong chil quan rat phire tap.

Vi vay, ca hai danh gia cam quan phan tich va cam quan vu d3i ddi mat véi van
dé 1am thé nao cac thanh phan cua thuc phim c6 lién quan dén danh gid cam quan
clia con ngudi. Mdi quan hé nay 1a phi két cdu, khong dinh luong va khong chic
chén, va chiu su anh hudng cua rat nhiéu yéu td.

Bai bdo cdo niy sé gidi thiéu mot cach sir dung cac mang than kinh nhan tao
(Neural Network) di dugc 4p dung rong rdi trong cac linh vuc diéu khién thong
minh, nhan biét va xtr 1y tin hiéu. Phuong phap niy cho phép chiing ta thiét lap mot
cau ndi giita cac thanh phan ctia thyc pham va danh gid cam quan ma khong can phai

thiét 1ap mé hinh truyén théng.
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3.2. Thu thap, phan tich va xi ly dir ligu ,
Dir li¢u dong vai trd rat quan trong trong cac gidi phap sir dung mang noron. Chat

lwong, do tin cdy, tinh sdn c6 va phu hop cua dir liéu duoc st dung dé phat trién hé
thdng giup cho cac giai phap thanh céng. Cac mo hinh don gian ciing ¢ thé dat duoc
nhiing két qua nhat dinh néu nhu dir liéu duoc xir 1y tot, boc 16 duoc cac thong tin
quan trong. Bén canh d0, cac mé hinh tét c6 thé s& khong cho ta cac két qua mong
mudn néu dir liéu dua vao qua phuc tap va ric roi.

Viéc xir 1y dir liéu bat dau bang viéc thu thap va phan tich dit liéu, sau d6 13 budc
tién xir 1y. Dit liéu sau khi qua budc tién xir 1y dugc dua vao mang noron. Cudi cung,
dir liéu ddu ra cia mang noron qua budc hau xir 1y, bude nay s& thuc hién bién d6i
két qua tra vé ctia mang noron sang dang hiéu duoc yéu cau cua bai toan. Sau day, ta

xem qud trinh xur 1y dir lidu.

Thu thép, phan tich dir
ligu

Tiénxur 1y

@.

Mang noron

L
Y

Hauxu ly

Hinh 3. 1. M0 hinh xu ly diz liéu

3.2.1. Thu thap dir ligu
Thu thap dir liéu bao gom 3 budc.
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3.2.1.1. Xac dinh yéu cau dir liéu

Pau tién can thyc hién khi 1ap ké hoach thu thap dir liéu 1a xac dinh xem cac dir
liu nao 1a can thiét dé co thé giai quyét bai toan. Vé tong thé, ta c6 thé can su tro
gilip clia cac chuyén gia trong linh vuc ciia bai toan can giai quyét.

Ta can phai biét

- Céc dir liéu chic chin c6 lién quan dén bai toan

- Céc dir liéu nao co thé lién quan

- Céc dit 1i¢u nao 1a phu tro

Céc dit liéu c6 lién quan va co6 thé lién quan dén bai toan can phai dugc xem la

cac dau vao cho hé thong.
3.2.1.2. Xac dinh nguon dir liéu

Budc ké tiép la quyét dinh no1 sé€ léy dit liéu, diéu nay cho phép ta xac dinh dugc
cac udc luong thuc té vé nhitng khé khan va phi tdn cho viéc thu thap dir liéu. Néu
tmg dung yéu cau cac dir liéu thoi gian thuc, nhimg wdc luong nay can tinh dén kha
nang chuyén doi cac dit liéu twong ty thanh dang sb.

Trong mdt s6 truong hop, ta c6 thé chon dit liéu mé phong tir cac tinh hudng thuc
té. Tuy nhién, can phai quan tdm dén do chinh xé4c va kha nang thyc hién cua dir li¢u

d6i voi cac truong hop cu thé.
3.2.1.3. Xac dinh luwgng dir liéu

Ta can phai udc doan sb lugng dir lidu can thiét dé co thé st dung trong viéc xay
dung mang. Néu 1iy qua it dir liéu thi nhirng dit liéu nay s& khong thé phan anh toan
bd cac thudc tinh ma mang can phai hoc va do d6 mang s& khong c6 duoc phan tng
mong doi ddi véi nhirng dir liéu ma n6 chua duogc huin luyén. Mit khac, cling khong
nén dua vao huén luyén cho mang qua nhiéu dit liéu. Vé tong thé, lugng dit liéu can
thiét bi chi phdi boi sb cac truong hop can luyén cho mang. Ban chit da chiéu cua dit
liéu va cach giai quyét mong mudn 1 cac nhan té chinh xac dinh sb cac truong hop

can luyén cho mang va kéo theo la luong dir liéu can thiét.
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Vi¢c dinh lugng gﬁn ding luong dir liéu can dua vao luyén mang la hét strc can
thiét. Thong thuong, dir liéu thuong thiéu hoan chinh, do ¢4 néu mudn mang c6 kha
ning thuc hién duoc nhirng diéu ma ta mong doi thi né can phai dwoc luyén voi
lugng dit liéu 16n hon. Puong nhién, néu c6 duge do chinh xac va hoan chinh cua di

lidu thi s6 cac truong hop can thiét phai dwa vao mang co thé giam di.

3.2.2. Phan tich dir liéu

C6 hai k¥ thuat co ban phan tich dir liéu.
3.2.2.1. Phan tich thong ké

Mang noron cé thé duge xem nhu 13 mot mo rong cia cac phuong phéap thong ké
chuan. Cac thu nghiém co thé cho ta biét dugc kha nang ma mang co thé thuc hién.
Hon nita, phan tich co thé cho ta cac diu mdi dé xac dinh cac dic trung.

Vi du, néu dir liéu duge chia thanh cac 16p, céc thir nghiém théng ké co thé xac
dinh duoc kha ning phan biét cac 16p trong dit liéu tho hodc dit liéu da qua tién xu 1y.
3.2.2.2. Truc quan héa dir li¢u

Truc quan héa dir liéu bang cach vé& biéu do trén cac dit liéu theo mot dang thich
hop s€ cho ta théy dugc dac trung phan bi¢t cua dit ligu, chéng han nhu: cac diém
l1éch hay cac diém dinh. Diéu nay néu thuc hién dugc, c6 thé ap dung thém céc thao
tac tién xtr Iy dé ting cuong cac dic trung do.

Thong thudng, phan tich dit liéu bao gom ca céc kiém tra thong ké va tryc quan
hoa. Cac kiém tra nay s& duoc lap di ldp lai. Truc quan hoa cho ta sy danh gia vé dir
lidu va cac khai niém so khéi vé& cac miu nam sau dit liéu. Trong khi cac phuong

phap thong ké cho phép ta kiém thir nhitng khai niém nay.

3.2.3. Xir ly dir liéu
3.2.3.1. Tiénxirly

Chuyén d6i dit liéu vé khuon dang phu hop ddi v6i dau vao ciia mang noron —
diéu nay thuong don gian héa qua trinh xir 1y cia mang phai thuc hién trong thoi
gian ngan. Cac chuyén d6i nay c6 thé bao gdm:

- Ap dung mdt ham toan hoc cho dau vao
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- Ma hoa cac dir liéu van ban trong co s¢ dir licu

- Chuyén ddi dir lidu sao cho né cé gia tri nam trong khoang [0, 1]

Lya chon cac dir 1iéu xac dang nhat — vi¢c lya chon nay can can than cac dir liéu
phu hop s€ Iam cho mang d€ xay dung va tang cuong hi¢u nang ctua ching doi véi

cac dit liéu nhiéu.
3.23.2. Hauxuly

Hau xir Iy bao gém céc xtr 1y 4p dung cho dau ra ciia mang. Hau xir Iy hoan toan
phu thudc vao cac ting dung cu thé va c6 thé bao gém ca viéc phat hi¢n cac tham sb
O gia tri vuot qua khoang cho phép hoic sir dung dau ra ctia mang nhu mét dau vao
ctia mot hé khac. Doi khi, hau xir Iy chi don gian 14 qua trinh nguoc lai ddi véi qua

trinh tién xtr 1y.
3.3.  Xay dung chwong trinh danh gii cim quan thyc phim

3.3.1. Cac bwéc chinh trong qua trinh thiét ké xay dwng
Trude hét, dudi diy néu ra cac bude chinh trong qua trinh thiét ké va xay dung
mot ing dung dya trén mang noron. Co rat nhiéu van dé can phai xem xét khi xay
dung mang noron nhiéu 16p st dung thuat toan giai thuat di truyén:
- Tién xit Iy
O Phan tich gia tri cac tham s6 dau vao, dau ra cta mang.
0 Cach thic chuan hoéa dir liéu: (Trung binh)/(P6 léch chuan) hay
max/min
- Cdu triic mang
0S4 16p dau vao, sb noron trong 16p dau vao
0S4 16p an, sb noron trong 16p an
0S4 16p déu ra, s6 noron trong dau ra
0 Ham chuyén cho cic noron
- Hudn luyén
0 Sé luong quan thé

0 Phuong phéap chon lya
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0 Xac suit lai ghép
0 X4c suat dot bién
0 Ngudng dung lap
0 Kich thudc ciia cac tap huan luyén, kiém tra va kiém dinh
Céac bude chinh can thue hién khi thiét ké mo hinh mang noron st dung cho bai
toan d4nh gia cam quan thyc pham 1a:
0 Chon lua cac bién
Thu thap dir li¢u
Tién xir ly dir liéu
Phéan chia tap dir li¢u thanh céc tap: Huén luyén, Kiém tra
Xac dinh cau trac mang
Xac dinh tiéu chuan danh gia
Huéan luyén mang

Thuec thi

O O 0o o o o o

3.3.2. Xay dung chwong trinh

Chuong trinh danh gia cam quan thuc phdm — ruou vang dugc xay dung dua trén
Iy thuyét néi trén. Mang sir dung trong bai toan 1a mang truyén thang, dugc huin
luyén bai thuat toan lan di truyén.

V& tong thé, mang noron truyén thiang duoc huan luyén bang thuit toan di truyén
can c6 kha ning linh hoat dap ng duoc nhiéu bai toan. Trong chwong trinh c6 st
dung cac tham sé nhu sb lwong quan thé, phuong phap chon lya, xac xuit lai ghép,
xac sudt dot bién, ngudng dimg lip, nhim dé ting kha ning tong quat hoa cia
chuong trinh.

i voi chuong trinh da néu ra vi du ctia bai toan du bao dit li¢u: “Bai toan danh
gia cam quan rugu vang”.

“Trong nganh cdng nghé thuc phdm, ngudi ta biét lam ruou vang tir 3000 nim
truéc cong nguyén. Pén thdi trung c¢d nhu ciu vé ruou vang khoang
150lit/ngudi/nam. Cho dén nay trén thé gidi da co hang loat rugu vang khac nhau va

cong nghé ché bién rugu vang da phat trién mirc do rat cao, tro thanh nghé that sy
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mang lai tinh thuong mai tai nhiéu qudc gia thuéc Chau Au, Chau My... nhu: Phap,
Italia, My, B6 Pao Nha, Nga, Puc, .... v6i tong san luong gan 29 ty lit/nim

Trude kia ngudn nguyén liéu dé san xuit ruou vang hau hét & cac quc gia chi 1a
qua nho chin thu hoach tir mét s6 giéng nho da dugc tuyén chon ki danh riéng cho
san xuat ruge vang va duoc trong & mot sb ving nhat dinh. Ngay nay do sy phat trién
manh mé€ cua cong nghé sinh hoc nhét 1a linh vuc sinh hoéa, vi sinh vat va nguén
nguyén lidu dé san xuat vang ciing di chuyén dan sang mot s6 qua khac nhu dau,

mo, sori, tao, 1€, dua,...”

Su phat trién cong nghé ché bién rugu vang tai mot s6 quoc gia trén thé gidgi dugce

thé hién qua bang sau:

Bang 3. 1. Sdn lirong Ciia 10 nuwdC san Xudt rwou vang trén thé gidi nam 2014

Nuwdc San lugng
(triéu lit)
Phép 4500
Y 4400
Tay Ban Nha 4300
My 2100
Argentina 1300
Uc 1000
buc 900
Nam Phi 885
Bo6 Dao Nha 700
Chi-1é 650

Tur bang s0 li€u ¢ trén, ta nhan thay rang viéc san suat rugu vang dugc cac nha
san xuat quan tdm do nhu cau st dung ctiia nguoi ti€u dung tang cao. Vi thé, viéc
danh gia rugu vang cling gép phan quan trong do d6 can phai xay dung hé du bao tin

cay dua trén cac yéu t lap ké hoach hoat dong.
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3.3.2.1. Cac yéu t6 anh hwéng dén chit lwgng ruou vang

Phan nay kha 1 quan trong trong viéc xay dung mo hinh 1 x4c dinh va thu thap
cac dir liéu huén luyén va kiém tra. Dé dam bao qua trinh 1én men tt can dam béao
cac thong sb6 anh huong dén qué trinh Ién men nhu: nhiét do, pH, n6ng do duong,
ham luong CO,, néng do ruou....

- Anh hudng cia nong dé dwong: néu nong d6 duong cao s& lam e ché hoat
dong cua ndm men. Lam cho ham lugng duong sot lai cao, lugng ethanol hinh
thanh it 1am cho chit luong ciia rugu giam. Néu nong d6 duong thap s& khong
du co chat thuc hién trong qua trinh 1én men lugng ethanol tao thanh it, 1am
cho ndéng dong con thap nén chat luong rugu vang giam.

- Anh huéng ciia pH méi truong: tri s6 pH anh hudng rat 1on dén doi sdng 1én
men. Tuy thudc tung loai qua khac nhau sé c6 ham lugng axit khac nhau, tic
gia tri pH khac nhau va ¢ tung giai doan sinh trudng, giai doan chin khac
nhau thi d6 pH ciing khac nhau. Nhu vdy mudn ning cao chét luong san pham
can phai diéu chinh pH thich hop d& nim men sinh trudng va phét trién tét.
Viéc diéu chinh pH trong dung dich 1én men 1a can thiét dé tao nhiéu ruou ¢
chat lugng tot.

- Anh hwong CO, va né‘ng do ruou.

0 Su sinh san ctia nAm men cham lai khi néng dd rugu cd trong modi
truong 13 2% va nglimg o ndng d6 ruou 1a 5%. Pa sé nAm men chi 1én
men duogc tdi néng dd ruou 12 — 14% chi c6 mot sd it 1én men & néng
do ruou 17 — 20%.

0 Khi CO, tic ché 1én men nhung viéc thoat khi CO, s& lam cho méi
truong 1én men ludn bi khudy dong, kéo dai duoc trang thai lo limg cia

nam men do d6 lam tang nhanh su 1én men.

Nhitng yéu té trén 1 nhimg yéu t6 c6 thé anh hudng truc tiép dén chit luong
rugu. Ngoai ra con cd cac nhan td khac, chéng han nhu cac anh hudng ctia nhiét do,

anh hudng cta oxy, anh hudng cta cac thanh phan trong rugu.
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3.3.2.2. Dir liéu dau vao

Dir liéu str dung trong md hinh nay chinh 1a cac thanh phan chinh trong rugu

vang nhu sau:

Bang 3. 2. Thanh phdn chinh ciia riou vang

Ruwou vang trflng
Thudc tinh _ _
Gida tri nho nhat | Gia tri lon nhat

Fixed Acidity (g(axit tartaric)/dm?) 3.8 14.2
Volatile Acidity (g(axit axetic)/dm?®) 0.08 1.1
Citric Acid (g/dm°) 0 1.66
Residual Sugar (g/dm°) 0.6 65.8
Chlorides (g(sodium chloride)/dm®) 0.009 0.346
Free sulfur dioxide (mg/dm°) 2 289
Total Sulfur Dioxide (mg/dm?®) 9 440
Density (g/cm®) 0.98711 1.03898
pH 2.72 3.82
Sulphates (g(potassium sulphate)/ dm?®) 0.22 1.08
Alcohol (% vol.) 8 14.2

3.3.2.3. Tién xir ly

Tién xtr 1y dit liéu 1én quan dén viéc phan tich va chuyén doi cac gia tri tham sb
dau vao, dau ra cla mang dé toi thiéu hoéa nhidu. Cac dau vao, dau ra cla mang
noron hiém khi duoc dua truc tiép vao mang. Chiing duoc chuin hoa vao khoang can
trén va can dudi ctia ham truyén (thudng 1a giita doan [0; 1] hodc [-1; 1])
3.3.2.4. Huén luyén

Bai toan sir dung mang noron truyén thang két hop giai thuat di truyén dé huan
luyén.

a. Luu dd huin luyén
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Khoi tao mang noron

¥

Khéi tao quan thé ban diu

¥

Str dung mang noron tinh fitness cia mdi nhidm sat thé ban diu

Y

»|  Luwachon nhieém sic thé fitness cao

L J

Lai ghép tao cac nhiém sic thé con

h J

D&t bien tao cac nhiém séc the con

¥

T4 tao quén thé méi

¥

St dung mang noron tinh fitness ciia c4c nhiém séc thé trong quén thé méi
 Kiémtradiéu kién dimg? =

Y
L J

Két thiec, lwu nhidm sic thé ti v

Hinh 3. 2. Luu do hudn luyén
b. Cac budc huan luyén
Buée 1: Khoi tao mang noron truyén thang
- S6 lwong dau vao 1a 11, sé noron ting vao la 11.
- S6 noron téng an duoc lua chon theo cong thirc sau:
m <= (2p+1)
Trong do:

m la s0 noron tang an
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p 1a s0 noron tang vao
- SO noron tang ra 1 noron.

- Ham truyén duoc st dung trong mang 1 ham Sigmoid.
Xay dyng dugc mé hinh cdu tric mang noron cho bai toan nhu sau:

Tang vao Tang an Tang Ra

Fixed Acidity

WVolatile

Residual

Chlorides
Free Sulfur —— . >
Panh gia chat hwong
Total Sulfur — g:;;ll \giri (t)hang diém
Density
pH ——
Sulphates

Alcohol ———'O

Hinh 3. 3. M6 hinh cdu trdc mang noron truyén thang iing dung trong bai toan

Buwéc 2: Khoi tao quan thé ban dau
Céc tham s khdi tao quan thé:
-S4 lugong quﬁn thé (mic dinh) 400 nhiém sac thé.

- M6i nhiém sac thé tuong tng véi mdt bo trong s6 cho mang noron

truyén thang duoc khoi tao & Bude 1.

- Nhiém sac thé dugc ma hoéa & dang s6 thuc.
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Sénoron thng ra 1

0.012 0.08 0.06

S noron thng in m <= (2pt])

0.01 0.03 0.013 0.03

Sé noron thng vao p = 11

Hinh 3. 4. M& hoa nhiém sdc thé bang s thuc

Nhiém séc thé: (0.01, 0.03, 0.05, ...0.02, 0.013, 0.03, 0.012, 0.04, ..., 0.06)
- S6 lwong gen trong mdt nhidm sic thé dwogc tinh nhu sau:
mg=(p*m)+(m*n)+m+n
Trong do:

mg s6 lugng gen trong 1 nhiém sic the.
p s noron tang vao (cu thé bai toan nay p = 11).

m s6 noron tang an (M <= (2p+1) ).
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n sO noron tang ra (cu thé bai toan nay n = 1).

Buéc 3: St dung mang noron truyén thang tinh fitness ciia moi nhiém sac thé

duoc khoi tao & Buoc 2

- Ung v6i moi nhiém sac thé (mot bo trong so ciia mang noron) tinh tong error

trén toan tdp mau hoc.

terror= Y |y, —d;|

i=0
fitness = 1 / terror
- Trong do:

terror 1a tong error rng v&i moi nhi€ém sac thé (mot bo trong so cua mang

noron)
yi 1 gia tri output tinh toan ctia mang noron truyén thang tmg voi mau hoc thi i.
d; 1a gia tri output mong mudn Gng véi mau hoc thir i.
- Sip xép quan thé theo giam dén fitness.
Bude 4: Lua tron mot nhidm sic thé co fitness cao nhat
Buwdc 5: Lai ghép

- Sir dung phuong phap banh xe roulette dé Iyra chon cac nhiém sic thé cha me
co fitness cao.

- Sau d6 thyc hién lai ghép hai nhiém séc thé cha me dé tao ra cac nhiém sic
thé con méi.

-S4 lwong cac nhiém sic thé duoc lai ghép con duoc phu thude vao xac xuat lai ghép.
Bude 6: Dot bién

- Céc nhiém sic thé méi duoc tao ra & Budc 5 déu duge dot bién phu thude vao

xac xuat dot bién.



65

Bwéc 7: Thyc hién gidng Burde 3 dé tinh fitness trén quan thé moi
Buwéc 8: So sanh diéu kién dimg
- Néu thoa diéu kién ding:
o Két thuc huin luyén
0 Liru nhiém sic thé (bé trong sé) toi uu
- Néu khéng thoa diéu kién dirng:
0 Quay lai Buoc 4
3.3.2.5. Kiém thir két qua
Str dung mang noron truyén thang dé danh gia cam quan thyc pham.

a. Luwu do kiém thi

: Khoi tao mang noron

( Tai bé trong sb t6i wu

St dung mang noron dé tinh gia tri diu ra cia dif liéu test

L
Danh gia chat lrong cia nrou vang
Hinh 3. 5. Luu @ kiém the

b. Cac buéc kiém thir
Budée 1: Khoi tao mang noron truyén thang

Str dung lai mang noron truyén thang da dugc khoi tao trong Budc 1 (3.3.3.4.
Huén luyén)
Budc 2: Tai bo trong s6 ti uu

Tai b trong s6 da dugc huan luyén dugc ¢ phan trén
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Budc 3: Tinh gid tri dau ra cta dit lidu test
Ung v6i miu dir liéu test mang noron tinh duoc gi tri dau ra twong (mg
Buwéc 4: Danh gia chit luvong rugu vang
Cin cir vao két qua dau ra tinh toan clia mang noron trén ting mau di liéu test

danh gia dugc chat lvong ruou vang theo thang diém 0-10.
3.3.3. Cai @it phin mém d4anh gia cim quan thye pham

Pé ng dung mang noron truyén thang va giai thuat di truyén vao bai toan danh
gia cam quan thyc pham, em xdy dung phin mém mé phéng mang noron truyén
thang st dung giai thuat di truyén dé huan luyén mang.

Phian mém duoc xay dung trén nén tang ngdn ngii C#, sit dung thu vién .NET
Framework 4.5.2, EntityFramework 5.0, Genetic Algorithm Framework. M6 hinh
mang noron, giai thuat di truyén dugc ty cai dat 1ap trinh.

CAu hinh hé théng yéu cau dé cai dit phan mém 1a:

- CPU:corei3

- RAM: 2G

- Dung lugng dia cing: 120G

- Hé diéu hanh: Windows 7
3.3.3.1. Giao di¢n phin mém

a. Giao dién tai dir liéu huén luyén
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B Neural Netwo — o *®
Load Data  Training Parameter Training  Testing

Load DataBases Datas

beta Encaing and Homaliton mehod Fued Acidiy VolatieAcidity Circ Acid Residual Sugar Chlorides Free Sufur Diaxide Total Sul A

® M b Nomaizaion » 0.30763230769230776 0.18627450980392157 0.21686746987951308 0.308282208588957 0.10682482581602374 0.14382578397212543 0.37354¢

) Gausston Kommatzston D 24038461538461542 D21568627450980331 D20481927710843376 | 0015337423312883436 | 011869435201780417 | 0.041811846689895474 | 0285385

0.41346153846153849 0.19607843137254902 0.24096385542163677 | D.096625766871165655 |  0.12166172106824328 0.0975609755097561 020417

Datas record 4898 0.326323076523077 01470588235294118 0.19277108433734941 0.12116564417177914 0.14540058347131011 0.156734425087108 0410672

W 0.326323076923077 0.1470588235294118 0.19277108433734941 0.12116564417177914 0.14540059347181011 0.156794425087108 0410672
0.41346153846153849 0.19607843137254902 0.24096385542163677 | 0.096625766871165655 |  0.12166172106824328 0.0975608756097561 020417
Splting Datas 0.23076923076523084 0.23529411764705882 0.0963855421686747 0.09815950920245399 0.10682492581602374 0.0975609756097561 0.294657
Split Rate (%) [20% 0.30763230769230776 0.18627450980392157 0.21686746987951308 0.308282208588957 0.10682482581602374 0.14382578397212543 0.37354¢
D 24038461538461542 D21568627450980331 0D20481927710843376 | 001533742331288343 | 011363436201780417 | 0.041811846689895474 |  0.28538%
0.41346153846153849 0.13725490196078433 025003614457831325 | 0.013B03680961595092 | 010385756676557864 | (0.090502334494773524 | 0.27B4%
0.41346153846153849 0.18627450980392157 0.24698795130722891 0.01303680981595092 0.0712166172106525 0.0313588850174216 0.125290
D 46153846153846156 0147 294118 D24096385542168677 | 0.055214 D077151335311572714 | 0.05 023201
0.39423076923076933 0.098039: 45 [3 4 [) 3006 | 0.091988130563756232 |  0.04878048730437805 015313
D 26523076923076927 0.0784313725490196 D24036395542168677 | 0.013B03680981595092 | 0 10385756676557864 D 16027874564459929 031090
0.43269230769230782 0.33333333333333331 0.37349397590361449 028604294478527603 | 0.091983130563798232 |  (0.13588850174216027 0.37819(
D26323076523076927 | (088235294117647065 |  D22891566265060243 | 0.013303680981595092 0.0682492531602374 0090552334434773524 | 023897
D 24038461538461542 D.392156862745098 [) 12168676 | 00076687116564417195 | 010979228486646885 0.0975609756097561 020881
0.23076923076923024 0.56862745098039225 [3 [} 3006 | 0.059347131008902093 | 0.09407 3 015313
D 34615384615384626 D.25450196078431371 025301204819277107 | (0.0076687116564417195 |  D.0712166172106825 0.052264808362369339 | 037587
0.25961538461538459 022549019607843135 | 0034337349387530369 | 0.10582822085889571 0.10385756676557864 0.11143825783972125 0.28770:
0.230763: 4 0568627 5 [} 0 3006 | 0059347181008902093 | 0.094076655052264813 015313
0.2500000000000001 1 0.22549019607843135 0.22891566265060243 0.0352760736196319 0.086053412462908013 | 0.050233449477351915 | 0215773
0.28846153846153849 0.1764705882352941 025301204819277107 | D.O16S71165644171779 |  0.11869436201780417 0.13588850174216027 0.26218C
D 36538461538461542 D57843137254901966 | 00B4337349357590369 | 0.013803630381595092 | 019287833827893178 | 0.080139372822299645 | 0.36BI0E
0.26323076923076927 0.18627450980392157 0.24698795130722891 0.010726196319018405 |  0.12759643916313346 0.04878048780487805 0.3085¢
0.30763230769230776 D.16666666666666666 0.19277108433734541 0128834 010973 01881533 0547562 v
< >
~ 1A A A \ A 1A \ A 5 <
Dir liéu sy dung trong phan mém la s6 li¢u thanh phan cua rugu vang trang.

A A X 5 \ X . \ A ~ 1A A ~ \ ~ 1A
Tong s6 mau st dung la 4898 mau chia lam 2 phan dir li¢u huan luyén va dir liéu
kiém tra theo ti 1¢ 80/20

A A 5 . \ A ’ ~ ‘A A \ \ .
Trong phan mém st dung hai ham chuan hoa dir li¢u dau vao la Min-Max
Normalization [3], Gaussian Normalization [3].
. oA
b. Giao dién Setup Network
W@ Neural Netwo - o x
Load Data  Training Parameter Training Testing
Setup Nueral Networks Datas
Fued Acidity VolatieAcidty Citic Acd Residual Sugar Chlorides Free Sufiur Dioxide “A
Humbers Ofinputs Neurals 11 018527450980392157 |  0.21636746387951808 0.303282208533957 010632492581602374 | 0.14982578397212543 | €
Numbers Of Outputs Neurals. |1 D24038461538461542 0.21568627450980391 D20481927710843376 | 0015337423312883436 | 011863436201780417 | 0041811846689895474 | @
Numbers OF Hidden Nevrals 0.41346153346153849 0.19607843137254902 [} 42168677 | 0.096625766871165655 | 0.12166172106824328 0.0975608756097561 [}
0.326523076923077 014 294118 019277108433734341 0.12116564417177914 0/14540058347181011 0156734425087108 [
Humbers O rpuls L D.326523076923077 D 1470588235294118 019277108433734341 0121165644171 77914 014540058347181011 0 156734425087108 [
Setup Ganelic Agerthm 0.41346153346153849 0.19607843137254902 [} 42168677 | 0.096625766871165655 | 0.12166172106824328 0.0975608756097561 [
Podaim sz [ D23076923076923084 0.23529411764705882 D.0963855421636747 D.09815950920245359 010682452581602374 0.0975609756097561 [}
i 0.30769230769230776 0.18627450980392157 0.21686746987951308 0.308282208588957 0.10682492581602374 0.14382578397212543 [
Temination Leaming D.2403846 1538461542 0.21568627450980351 020481327710843376 | 0015337423312883436 | 011369436201780417 | 0041311346689895474 | 0@
Select Eite * D41346153346153849 0.13725450196078433 025503614457831925 | 0013803680981595092 | 010385756676557864 | 0090592334494773524 | @
Crossover Value 03 0.41346153346153849 0.18627450980392157 0.2463879510722891 0.01303680981595092 0.0712166172106525 0.0313588850174216 [
Crossover Type [ngePornt ] 0.46153846153846156 0.1470588235254118 0. 42168677 0.055214 0.077151335311572714 0.05: [
Mtate Ve 0.39423076923076933 0.0380392156862745 0.22289156626506024 0.00952024539773006 | 0.091988130563796232 |  0.04B7B048780467805 |
0.26323076923076927 0.0784313725490196 [} 42168677 | 0013303680981595092 | 0.10385756676557864 0.16027874564459929 [
Finess D43269230769230782 033333333333333331 0.37343397590361449 029604294470527603 | 0.091968130563798232 |  0.13588850174216027 [}
Replacemert Methed |Generational Replar - 0.26923076923076927 0.088235234117647065 0.22891566265060243 0.013803580581595092 0.0682452581602374 0.030592334434773524 [}
Copy Value @ [ 0.24038461538461542 0.392156862745098 0.024096385542168676 | 0.0076687116564417135 0.10979228486646885 0.0975609756097561 [
Copy Method 0.23076923076923084 0.56862745098039225 0.28915662650602408 0.00920245398773006 | 0.059347181008902093 | (0.094076655052264813 |
N 0.34615384615384626 0.25430196078431371 0.25301204819277107 | D.0076687116564417195 |  0.0712166172106825 0.052264808362369339 | 0
Fardom Feplac Value : D25961538461538469 022543019607843135 | 0.034337349397590369 | 0.1058222085889571 0103857566 76557864 0.11148825783972125 [}
Object Based Geres | Real hd 023076523076523024 | (.56B627450S2033225 | (02891566265002408 |  D.00920245358773006 | DOSS371S1008502093 | 00S4076655052264213 | |
0.2500000000000001 1 0.22543019607843135 0.22891566265060243 0.0352760736196319 D.086053412462908013 | 0059233443477351915 | O
D28846153346153849 D 1764705882352941 025301204819277107 | 0D1BB71165644171779 |  011863436201780417 0135888501 74216027 [
0.36538461538461542 057843137254901966 | 0.084337349397590369 | 0013803680981595092 | 0.19287833327893178 | 0.080139372822299645 |
0265230 01862 157 D 24638795180722831 0.010736196319018405 | 0.12759643916313946 D.04878048780487805
0.30769230769230776 0.16665668666656655 0.19277108433734341 0.1288343 20 0.1097922! 0.18815331010452963 [
< >
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Trong giao dién nay cu hinh théng s6 mang noron nhan tao truyén thang va thong
sO giai thuat di truyén
CAu hinh mang noron truyén thang:
S6 noron tang vao 1a 11
S6 noron tang 4n 1a 15
S6 noron tang ra 1a 1
Céu hinh thong s6 giai thuat di truyén:
Sb lugng cé thé trong quan thé (Population Size) 1a 400
S6 1an 13p (Temintion Learning) 1a 2000
Phuong phap chon lua (Elite = true)
Gia tri chon lya 1a (Select Elite) 5%
Xac xuét lai ghép (Crossver Value) 0.3
Phuong phap lai ghép (Crossver Type) Singe Point, Double Point
Xac xuat dot bién (Mutate Value) 0.1
Ngudng dung 1ap 1a (Fitness = 100)
Phuong phéap thay thé (Replacement Method) Generational Replacement,
Delete Last
Gi4 trj thay thé ngau nhién (Random Replace Value) 10 %
Phuong phap sao chép (Copy Method) Random, Fitness
Gia tri sao chép (Copy Value) 50%
Kiéu dir liéu trong s6 (Object Based Genes) trong bai toan str dung kiéu sb
thuc (Real)
(Céc thong tin cdu hinh cu thé vé ting gia tri dugc trinh bay chi tiét & phan Phu

Luc)
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c. Giao dién Training Network

B Mewral Ne - o x
Load Dats  Training Parameter  Training  Testing
Datas Training
Fied Acidity Volatile Acidity Citric: Acid Residual Sugar Chlorides Free Suffur Dicxide Total Sutfur Dioxide Density pH ]
4 DRIV PR TR () 275490196078... | 0.228915662650. 0.00920245338773006 0.080118694362. 0.027874564459930314 0.26682134570765659 0.101985733564. . | 0.3818318181818.. | 0.2
0.355765230769... | 0.220588235294... | 0.228915662650... | (0.012269938650306747 | 0.112759643916.. 1 56097561 0. 03015 0.086176920913... | 0.454545454545.. | 0.3
0.288451538461... | 0.235294117647... | 0126506024036 0.024533877300613438 | 0.103857566765. 0.045256167247386762 0.1368509512761021 o 0.405090905030... |01
Chatt Repott 0.336538461538... | 0.196078431372... | 0.325301204813 0.18865030674846625 0118694362017 0.20905923344347736 0.33178654292343385 0217659533445 . | 0.309050909090... | 0.2
0.211538461538... | 0.196078431372... | 0.162650602409... | 0.22852760736196318 0.080118694362.. 0.10104529616724739 0.25002320185614849 0.134374397532... | 0.427272727272... |02
Enror Train 0.394230769230... | 0.166666666666... | 0204819277108 D.16564417177914112 0.091988130563. 0.17770034843205576 0.44779582366589327 0192211297474, | 0.354545454545 | 0.4
0.230765230765... | 0.215686274509... | 0.102409638554... | (0.033742331288343551 | 0.091988130563.. 0.076655052264808357 0.26914153132250579 0.130904183535... | 0.263636363636... | 0.2
0.336538461538... | 0.235294117647... | 0.210843373433 0.012265938650306747 | 0.121661721068, 0.020505523344947737 0.35730858468677435 0.102756852230... | 0472727272727 .. |02
0.336538461538. . | 0.107843137254... | 0.162650602409... | 0.20398773006134571 0.142433234421 . 0.14982578397212543 0.33874709976738145 0.211297474455... | 0.199999999939... |02
0.336538461538... | 0.245098039215... | 0.132530120481... | 0.01 4 0 14. 0.12240418118466852 0.38579118329466356 0.111046847882... | 0.381818181818... |03
0.269230769230... | 0.372549019607... | 0.295180722891 0.10429447852760737 0127596439163 0.059233443477351915 0.40603248259860791 0.163678426836 | 0.354545454545 | 0.1
0.250000000000... | 0.156862745098... | 0.174698795180... | 0.0061349693251533744 | 0.086053412462.. 0.055749128919860627 0.26218097447735824 0.0672835923599... | 0.527272727272... |02
0.240384615384... | 0.127450980392... | 0.198795180722 0.20398773006134571 0.105792284866. 0.22996515673442509 0.35443155452436136 0.192556876807... | 0.581818181818... |03
0:240384615384... | 0.166666666666... | 0.319277108433... | 0.018404907975460124 | 0.035608308605.. 0.13588850174216027 0.21345707656612528 0.04251N21457... | 0.427272727272... |01
0.240384615384... | 0.107843137254... | 0.126506024096... | 0.018404907975460124 | 0.113634362017.. 0.11498257835721254 0.35730858468677435 0.101985733564. . | 0.536363636363... | 0.3
0.201923076923... | 0.450980392156. o 0.0030674846625766881 | 0. 0 451289 01693 3 0.110854058222 | 0.481818181818.. | 0.1
0.221153846153... | 0.196078431372... | 0.1 0.18265030674846625 0.133531157270.. 0.11149825783972125 0.41763341067285381 0.208020050125... | 0.481818181818... |02
0. 15... | 014 023 0.019538650306748462 | 0.080118694362. 0.13588850174216027 0.20649651572157773 0055716213610 | 0.427272727272 . |02
0.269230769230... | 0.166666666666... |0.198795180722... | 0.12116564417177914 0.097922848664 . 0.094076655052264813 0.30626450116009279 0.160979371505... | 0.509090909090... | 0.4
0.336538461538... | 0.156862745098... | 0.204819277108... | 0.22699386503067434 0.121661721068.. 0.1254255 1 0. 116 0215731636784, | 0.281818181818... |02
0.365384615384.... | 0.245098039215... | 0.246987951807 0.20092024533877298 0.106824325816. 0.14634146341463414 0.43619489559164731 0227255016772 | 0.418181818181_ |04
0.240384615384... | 0.156862745098... |0.331325301204... | 0.11503067484662576 0.091982130563.. 0.2264808362369338 0.48027842227378132 0.170618854829... | 0472727272727 ... | 0.3
0.269230769230... | 0.127450980392... | 0.186746387951 D.16564417177914112 0.083020771513. 0.15331010452361671 0.3615489559164733 0208583998457 | 0627272727272 . |02
0.278846153846... | {).166666666666... | 0.198795180722... 0.0352760736196319 0.142433234421 . 0.17421602787456447 0.38051044083526681 0121264700212, | 0.272727272727 ... |03
0.086538461538... | 0.578431372549... | 0.054216367463 0.0061349633251533744 | 0.032640945554 0.010452561672473863 0 0.002120686331.. | 0.527272727272... |01
0.403846153846... | 0.166666666666... | 0210843373493 0.0076687116564417135 | 0.133531157270. 0.038327526132404173 0.29466357308584684 0126277231540, | 0.327272727272 . |03 v
< >
. oA
d. Giao di¢n Test Network
adl - [m} x
Load Data  Training Parameter Training  Testing
Datas Test
Foed Acidity Volatile Acidity Citric: Acid Residual Sugar Chlorides Free Suffur Dicxde Total Sulfur Dicxide *
» 0.4423076923076924 0.088235294117647065 0.18674698795180725 0.0726196319018405 0.12759643916913946 0.1567944250871028 0.3271461716937355
0.26923076923076327 0.27. 15686 0.31325301204819278 0.14570552147239263 0.12166172106824528 0.034076655052264813 0.3039443155452435%
0.26923076923076927 0.13725430196078433 0.13855421686746988 0.25613496932515334 0.11275964391691395 0.12195121951219512 0.25250023201856149
0.31720769230769235 0.16666666666666666 0.16867469879518074 0.015337423312883436 0.12759643916913946 0.15321010452361671 0.37122969837587005
0.25961538461538469 0.088235294117647065 0.18674638795180725 0.013803680981595092 0.094555489614243341 0.11149825783972125 0.25986073886310904
0.451923076923077 0.0980392156862745 0.18072289156626506 0.0076687116564417155 0.056379821958456391 0.11149825783972125 0.19953596287703015
0.21153846153846159 0.23523411764705882 0.18072289156626506 0.010736196319018405 0.04747774480712167 0.055745128919860627 0.23857911832946636
0.29807692307632318 0.12745098039215685 0.16867463879518074 0.027607361963130181 0.1394658753709139 0.16376306620203058 0.3480278422273782
0.201923076923077 0.3529411764705882 0.21686746987951808 0.029141104294478526 0.062314540059347182 0.03484320557491289 0.148491287935034802
0.25961538461538469 0.0380392156862745 0.1387951807228516 0.012269338650306747 0.059347131008902093 0.11438257839721254 0.29930334431554525
0.28246153846153849 0.0294117647058282353 0.16265060240963858 0.12269938650306748 0.10385756676557864 0.14982578397212542 0.22041762341067286
0.28846153846153845 0.15607843137254302 0.21686746987951808 0.11345693251533742 a 1602374 0. 13524 0.26450116009280744
0.34615384615384626 0.22543019607843135 0.1686 79518074 0.015337423312883436 0.12166172106824928 0.10801393728222957 0.29638375870063604
0.38461538461538465 0.23529411764705882 0.18674698795180725 0.016871165644171779 0.0801186943620178 0.15321010452361671 0.43155452436194897
0.326923076923077 0.1764705882352941 0.44578313253012047 01 48465 0.12166172106824928 0.18815331010452963 0.35458833507192575
0.19230769230769235 0.18627450980352157 0.13253012048192772 0.18558282202588955 0.1454005934718101 0.13937282225965156 0.45707656612529
0.26923076923076927 0.0784313725430196 0.1746987951807229 0.018404307975460124 0.12166172106824928 0.13240418118466898 0.32018561484918795
0.201923076923077 0.24509803921568626 0.19277108423734541 0.11503067484662576 0.086053412462908013 0.024350243902435025 0.058004640371229656
0.22115284615384617 0.10784313725450197 0.22289156626506024 0.030674846625766871 1 14243341 0.0 480835 0.20881670533642691
0.24038461538461542 0.392156862745098 0.28915662650602408 0.018404307975460124 0.077151335311572714 0.11438257839721254 0.20185614849187936
0.36522461538461542 0.12745098039215685 0.21084337249357589 0.00920245298773006 0.094955485614243341 D.017421602787456445 0.22505200464037123
10.25000000000000011 0.15686274509803313 0.29518072289156627 0.079754601 0.13056379821358458 00801393 3645 025
0.21152846153846159 0.13725450196078433 0.15060240963855423 0.16104294478527606 0.1394658753709199 0.38327526132404183 0.38579118329466356
0.25000000000000011 0.24509803921568626 0.16867469879518074 0.052147239263803678 0.091988130563798232 0.076655052264808357 0.16705336426514152
0.26923076923076927 0.24509803521568626 0.14457831325301204 0.2369631501840451 0 1602374 0.10104529616724739 0.32018561484918795
0.25000000000000011 0.26470588235254112 0.21084337249357589 0.076687116564417179 0.0741829762611276 0.024350243902435025 0.3225053004640371 v
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7

e. Giao dién xuat b trong so toi wu

- [m} *
0.00809663534541458, 0.00809663534541458, 0.00809663534541458, 0.00803663534541458, 0.00803663534541 0. 0.00809663534541458, 0.00809663534541458, 0.00809663534541458, 0.00809663534541458,
4541458 41452, 0.00209663524541452, 0.00809653524541453, 0.00809562524541458, 000313291641330948 0.00813291641330948, 0.00813291641330948, 0.00809663534541458, 0.00813291641330948,
ODMMMHE)E DODMMMH&E 0.00813231641330948, 0.00813291641330948, 0.00809663534541458, 0.00809663534541458, 0.0080966353454
0.608324736640009, 0.04064412°

1458, 0.00813291641330948, 0.00809663534541458, 0.00813291641330948,
18408961, 0.236848052701376, 0.387107900524096, 0.608324736640009, 0.704521734595542, 06033247369!0009 0.510887739020813, 0.743872802585304, 00123259923478244 0178372752470138
0.0123259923478244, 0.35161104395595, 0.0123259923478244, 0.608324736640009. 0.00813291641330948, 0.00813291641330948, 4541458, 4541458,

4541458, 0.00813291641330948, 4541458, 0.00809663534541458, 0.00313291641330348, 0.00813291641330948, 0,00813291641330948, 0.00809663534541458, 0730150152221697 0603324736640009
00957%0601173588 038 4096, 0.387107500524096, 0396926!&53111‘]52 0.611802922846658, 0.0238675358816364, 0.608324736640009, 0.32038602899778, 0.349577843840037, 0.52342765011053, 0.608324736640009,
0704521734595542 0.15161104.195596 000313291611.130948 0. 1458, 0.00813291641330948, 0.00809663534541458, 0.00809663534541458, 0.00809663534541458, 0005086615&1541453 0008132]1611330943

4541458, 0.00813291641330948, 0.00309663534541458, 0.00809663534541458, 0.00813291641330948, 0, 4541458, 4541458,
4541458, 41458, 4541458, 0, 3 0. 4541458, 0, 4541458, DDD31329164133{B48 0.00309653534541458,
DODMMMHE)E 0008133164131843 0.124673860205651, 025&173525324482 0.00991515396624578, 025&173525324482 020111E'135497673 0.168660658537091, 0.251184770023071, 0.00813251641330348, 0.0123259923478244,
0.0530442912378555, 0.00813251641330348, 0.00813231641330948, 0.253478525324482, 0.178372752470138, 0.445450633530421, 0.241995267247505, 0.105299881242821, 0.105239881242821, 0.133373714159337, 0.104318154936711,
0.24510945810243, 0.0388709698053407, 0.253478525324482, 0.236848052701376, 00123259923178244 0.160237801335863, 0608324736640009 DD12325992MT&M 0131144330257593 0.00813291641330348, 0.780150192221657,
0.780150192221697, 0.981476726001816. 0. 10292, 18245, 0.

8. 0.00809663534541458,

D 1, DGDB3247 . 0.996926495803952, 0.608324736640009,
0.704521734595542, 0743872 038710 3891, "0704521724595542, 0 091, 0.743872802585304, 0.608324736640009,
DHJ5259831242&1 DHJ5259881242&1 DDDE13291641330948 0242561010712972 0.365147723520708, 0603324736640009 0124673560205651 0,00809653524541458, 0, 4541458, 0. 4541458, 0.4 4541458,

458, 0.00209663534541458, 0.00813291641330948, 0 4541458, 0 4541458, 0 4541458, 454 4541458,
DODMMMHE)E 00123258923473244 0023867
0.01 41458, 41458,

41458, 0.0493060923411074, 0.0388703638053407, 0.0456730844665659, 0.0406441218408961, 0.00991515396624578, me&w&m&m 0104313154&%'711
1541450, 0 00991515996624578, 0 160272012539335,

f. Giao dién Chart Train

- o x
Chart Train Datas
—line v
0.95 1 —line d
0.9 -
0.85 -

0.35 -
0.3+
0.25 -
0z -
015 -
I
0,05 -
1)

e R B BT, I B e . = Y R e i S e e g g gy g A A T T A A A s R R R R R R R R R R )

LR ORI, B e o e O O e e S K R R R T I B I I = i P e e o B e e i i e s e e == R R Ry R i = =

L = e S W N i R Y« e S BN e o o e s O v e e s O e B v e e S N e e N e - e o B R B e

[ e N = i i o S i T = Y e e i S o = O = P < TR - B = = PR ]

g. Giao dién Train error
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B8 Eest Error Train

[mput Emor Walue Fitness Value
3387 0.000993643218355533 1006.39744 88253544
3502 0.000992070404 10476122 1007 5525765726317
2575 0.00098573217562558657 1014.47434174025992
132 0.000985714311438631 1014 4927270860557
2443 0.00098505853 750588935 1015.1676838057432
1374 0.00098452414550236643 1015.3066102554073
185 0.000978795081655072 1021 6643081502348
631 0.000977659350687835 1022 8511171937367
635 0.00097458628228306133 1025 6554554213547
1323 0.00057465038522 748386 1025.5668205025557
3373 0.00097223133534754014 1028 5617831154211
1775 0.00096663872855126254 1034 5126575441032
2732 0.00096595610030203445 1035.2437338377185
555 0.000561035222672766 1040 5402572632565
2207 0.000958322459124642 1043 4900577972733
756 0.00094751813337350356 1055.3887728134764
333z 0.00093788504338376821 1066.2287527180613
07 0.000937045435207549 1067.1841060401 205
1047 0.00093134366453125225 1073.7175085331322
2822 0.00092935356867393705 1075.9704 324405307
65 0.00092808096310470485 1077 4922013858627
2834 0.0009254 3257402502751 1080.5752853675961




h. Giao dién Test

error
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B8 EBect Error Test

Input Ermor Value Fitness Value

674 0.00027381177272062396 3652.1439156714819
210 0.0002725982515174856 3668.4015673647097
1533 0.00024439174053071614 4091.791 3027326655
625 0.00024062157154655761 4155 5033627372552
781 0.0002354 7556621916555 4246 6529731470628
252 0.00023307875368954477 4250.39460593451055
663 0.0002301317544328251¢6 4345 3361246635342
215 0.00022015152001451214 4541 5009621355675
511 0.00021747064963451024 4538 3216663055566
kY 0.00017898862502951918 5586.9472142596683
395 0.00017800415342528517 5617 84517569643

258 0.0001731150556615303 B776.3716155742148
967 0.0001724106948 7883287 5800.1042261485747
918 0.00016453255096349138 6077 8232088468349
524 0.00016233334226511644 6160.1639319555106
385 0.00016030261 867054886 6238 2012738836611
2 0.00014554 149465307904 6852 0608369615748
747 0.00013932738683675172 T177.3398088036229
250 0.00013932738683675172 ¥177.3398088036229
514 0.00012736478722730205 7851 4636715436521
733 0.00012733422502599934 7853.3478550615105
a84 0.00012733422502599934 7853.3478550615105




73

i. Giao dién Chart Test

Chart Test Datas

—line ¥
—lined

0.85 -

0.8 -

075 -

0.7 -

065 -

0.6 -

0.55

0.5 -

0.45 -

0.4 -

0,35 -

0.3 -

025 -

0.z -

015 -

ol -

0.05 -

Két qua thir nghiém

V6i bo dir liéu huén luyén gom 4898 mau hoc.
Cau hinh mang noron truyén thang:

S6 noron tang vao l1a 11
Sb noron tang an 1a 15
Sb noron tang ra 1a 1
Céu hinh thong s6 giai thuat di truyén:
S6 lugng cé thé trong quan thé (Population Size) 1a 400
S 1an 1ap (Temintion Learning) 1a 2000
Ngudng dung 1dp 1a (Fitness = 100)
Duéi day 1a bang thdng ké so sanh vé sai s6 khi thay do6i xac suét lai ghép va xac suit

dot bién.
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Bang 3. 3. thong ké so sanh vé sai sé khi thay doi Xac sudt lai ghép

Lan chay thir Xac suat lai ghép Xac suat dot bién Sai s trung binh
1 0.1 0.1 0.03027931666
2 0.3 0.1 0.0227703677
3 0.4 0.1 0.0211134457
4 0.5 0.1 0.0199691523
5 0.6 0.1 0.0187764163
6 0.7 0.1 0.0185093780
7 0.8 0.1 0.0201721973
8 0.9 0.1 0.0178807827
9 1 0.1 0.0172754215
10 1 0.2 0.0174875985
11 0.8 0.3 0.0191294154
12 0.8 0.4 0.0191391410
13 0.8 0.5 0.0183207866
14 0.8 0.6 0.0184763009
15 0.8 0.7 0.0165941370
16 0.8 0.8 0.0192049562
17 0.8 0.9 0.0166796399

Nhén xét: ta thay khi ting x4c suat lai ghép thi sai s6 trung binh giam.
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Hinh 3. 6. Biéu d

N o e LA M LA 0 s Y W e W 2 T B WL B}

line RMSE

a

LOI TRUNG BINH
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a

LOI TRUNG BINH

line: RMSE
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LOI TRUNG BINH

line: RMSE
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Hinh 3. 10. Biéu d
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! LOI TRUNG BiNH i
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Hinh 3. 12. Biéu do ham RMSE Véi xdc sudt lai ghép 0.8, dét bién 0.9
Nhan xét: khi tdng x4c sut dot bién thi thoi gian hoi tu cia GA giam.
Qua qué trinh chay thir v&i xic sut lai ghép 1a 1, xic suat dot bién 14 0.1 thi do sai s6
ludn dat trong khoang [0.016; 0.018]. Két qua thtr nghiém t6t nhat dat RMSE =
0.0165181116519632.

Két luan chwong

Chuong nay em di tng dung mang noron nhén tao truyén thing vao viéc danh
gia cam quan thuc phém. Thuat todn hoc cia mang noron nhan tao truyén thrflng
duogc sir dung 13 giai thuat di truyén duogc dé cap trong chuong 2.

Mo ta chi tiét cu thé quy trinh huin luyén, kiém thir trong bai toan dénh giad cam

quan thyc pham.
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KET LUAN

Luan vin dinh huéng ndi dung nghién ciru vao mang noron nhan tao truyén
thang, giai thuat di truyén. Ung dung giai thuat di truyén vao huan luyén mang noron

nhan tao truyén thang. Dé tmg dung vao bai toan danh gia cam quan thyc pham.

1. Mgt s6 két qua dat dwoc
1.1. V& ndi dung
- H¢ théng hoéa chi tiét vé cdu trac to chirc, hoat dong cia mang noron nhan tao
truyén thing.
- Xay dung chi tiét vé ing dung giai thuat di truyén vao huan luyén mang noron
nhan tao.
- Xay dyng chi tiét vé ung dung mang noron nhéan tao vao bai toan danh gia
cam quan thyc pham.

- Giam thiéu chi phi, thoi gian trong bai toan danh gia cam quan thuc pham.

1.2. Vé xay dung chwong trinh
- Pi xay dung dugc Gng dung cai dit st dung mang noron nhén tao truyén
thang.
- Xay dyng duoc ung dung st dung thuét toan di truyén dé huan luyén mang
noron nhan tao truyén thang.
- Ap dung dugc mang noron nhan tao truyén thing va ung dung danh gia cam

quan thyc pham.

1.3. Vé 4p dung thuec té
Ung dung luan vin vao bai toan danh gia cam quan thyc pham cuy thé 1a danh

gi4 chat luong ruou vang trang.

1.4. Vé két qua méi thuc hién dwoc
- Xay dung cdu trac mang noron nhén tao truyén thang dugc hun luyén bing
thuat toan di truyén.
- Ung dung duoc mang noron nhén tao truyén thing vao tmg dung danh gia

cam quan thyc pham.
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2. Mgt s6 van dé con ton tai
- Két qua huin luyén mang van chua that sy dat duoc do chinh xéc that su cao.
- Thoi gian hudn luyén van twong dbi dai.

3. Hwong phat trién twong lai

Cai tién thuat toan huin luyén mang noron, két hop thuat toan di truyén vO1 mot
sd thuat toan khac nhu lan truyén nguoc... trong viée tdi wu trong s ting cao dd
chinh x4c va giam thoi gian hoc ctia mang noron truyén thang.

Dbi v6i ung dung mang noron nhan tao truyén thang vio bai toan danh gia cam
quan thuc pham ddy 1a mé hinh c6 thé ung dung hiéu qua. Vi vay, trong tuong lai
luan van hudng phat trién 1a xay dung phén mém thanh bd cong cy hd tro hoan thién
hon trong linh vire nghién ctru, danh gia chat luong thuc pham.

M& rong ra nhiéu linh vyc danh gia chat luong cac loai san pham khac nhu beer,
nudc giai khat, stra, my phém,

Tuy nhién, em nhan thay dé két qua tmg dung danh gia cam quan dat két qua tot
anh hudng rat 16m tir tap dir liéu dau vao. Vi thé, ddng hanh véi viéc phét trién Gmg
dung em ciing s& mé rong thu thap, tim kiém thém nhiéu b s6 liéu phuc vu huin

luyén dau vao.
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PHU LUC
Théng s6 cAu hinh huin luyén mang noron bang giai thuit di truyén trong phin
mém d4nh gia cim quan thye pham
1. Théng so cAu hinh huin luyén mang noron bang giai thuit di truyén

a. So lwong ca thé trong quan thé (Population Size)

Thong sb nay st dung dé khai tao sb lugng ca thé ban dau cua quan thé.

b. S6 lan 1ap (Temintion Learning)

Ngudng dung hoc cua mang noron.

c. Phwong phap chon luwa (Elite), Gia tri chon lua (Select Elite)

Elitism 13 phép chon lya trong nhitng giai phap t6t nhét trong ca thé di qua dé cac
thé hé tiép theo ma khong bi bién doi. Mot gia tri tiéu biéu cho ty 1¢ 1a 5-10%. Mot ty
16 5% véi s6 luong quan thé 100, c¢6 nghia 1a 5 ca thé hang dau tao thanh mot phan
cta thé hé tiép theo. Piéu ndy c6 nghia 1a bat ky thé hé twong lai 1a it nhat ciing t6t
nhu céc thé h¢ hién tai.

Diéu nay giup bao vé ca thé tot. Tuy nhién, n6 co thé duoc chi ra rang khi ty
1¢ phan tram ciia nhitng nguoi quyén quy duoc tang 1én, sé lwong ban sao trong dan
sd tang. Pay 1a hanh vi binh thudng dbi véi mot cach tiép can ma khong xir Iy mot
cach r0 rang ban sao va chi don gidn l1a do sy hoi tu cta thuat toan.

Mai c4 thé duge xac dinh 14 mét wu ta qua thudc tinh IsElite ctia n6 1a true.

d. Xac xuét lai ghép (Crossver)

Su giao nhau trong xac suat don gian chi 1a mot gia tri giita 0 va 1 dai dién cho
x4c suét cta cha me vuot qua dé san xuét ca thé con. Mot gia tri 1 c6 nghia la tat ca
cac bac cha me lya chon s& tao chéo véi ca thé con. Mot gia tri 1a 0,85 c6 nghia la
85% s€ dugc vuot qua va phén con lai cua céc bac cha me s€ duge di qua bi anh
huong dén cac thé hé méi. Khi thir nghiém véi xac suat lai ghép, mot diém khoi dau
t6t s& 13 mot noi nao dé gitra 0,65 va 1.

e. Phwong phap lai ghép (Crossver Type)

Phuong phap lai ghép trong GAF c¢6 ba phuong thirc lai ghép.

Single Point



Mot diém ngau nhién duy nhit duoc chon cho mdi nhiém sic thé phy huynh va
mot phan duoc chuyén doi gitta chung.

Double Point

Hai diém duogc chon dé xac dinh mot phan trung tdm trong mdi phu huynh, diéu
nay duoc hoan d6i gitra chung.

Double Point Ordered

Mot phu huynh duy nhét dugc st dung dé tao ra mot dua tré tuy nhién thu ty cia
cha me thr hai xac dinh cach nhiém sic thé dugc sip xép. Phuong phap nay chi 1am
viéc voi nhiém sic thé co mot bd duy nhit ciia gen (bang gia tri). Poi véi diéu nay 1a
gen ddi twong dua trén tuy chinh st dung duoc yéu cau va cac phuong phap Equals
nén dugc ghi de trong dinh nghia gen dé tra vé mot gia tri.

f. X&c xuat dot bién (Mutate)

Phuong thirc dot bién trong GAF ¢6 hai phuong thirc.

Swap Mutate

Di qua mbi gen trong quan thé va dua trén cac hop dong hoan doi kha ning quy
dinh mot gen trong nhiém sac thé véi nhau. Muc dich 1a dé cung cap cac dot bién ma
khong thay doi bat ky gia tri gen.

Binary Mutation

bi qua mdi gen trong quén thé va dya trén xé4c suit, hoan ddi mot gen tir mot tiéu
bang khac. Muc dich 1a dé thém su da dang cho quan thé. Toan tir nay khong thé
duogc sir dung voi cac gen cua cac loai dbi tugng (Object).

Pa dang 1 quan trong dé c6 cac giai phap tiém ning tot nhat co thé dugc tim thiy
trong ving canh quan.

g. Ngwong dirng lap 1a (Fitness)

La thong sb xac dinh diéu kién dimg huin luyén ciia mang noron khi dat ngudng
Fitness mong mudn.

h. Phwong phap thay thé (Replacement Method)

Phuong phap thay thé trong GAF c6 hai phuong thc.

Generational Replacement



Giai phap méi (ca thé con) dugc tao ra tir cac giai phap (cha me).

Delete Last

C4 thé modi tao ra dugce str dung dé thay thé cho cac giai phap yéu nhét trong quan
thé hién tai.

i. Gia tri thay thé ngau nhién (Random Replace Value)

Toan tir nay s& thay thé cac nhiém séc thé c6 fitness thap trong quan thé méi véi
x4c xuét dugce chon (béng ty 1€ phﬁn tram) cta cac nhiém sdc thé duge tao ra mot
cach ngau nhién tir quan thé hién tai. Bt ky nhiém sic thé danh dau 1a Elite s& khong
duogc thay thé. Do d6, 50% quan thé ctia 100 ma c6 10 nhiém sic thé 'Elites' s& thay
thé 45 giai phap.

Toan tir chi 4p dung trong trudng hop kiéu dit liéu Genes 1a nhi phén.

J. Phwong phap sao chép (Copy Method)

Phuong phép sao chép nhiém sic thé c¢6 hai phuong thirc.

Random

Lua chon ngiu nhién cac giai phap dé sao chép

Fitness

Céc giai phap c6 do tuong thich cao dé sao chép

k. Gia tri sao chép (Copy Value)

Toan tir ndy s& ndi cac ty 18 Iya chon cac giai phap (nhiém sic thé) tir quan thé
hién tai voi1 qué“m thé méi. Phan tram cac sd duoc lya chon cua cac giai phap s€ dugc
sao chép vao quan thé mdi mién 14 c¢6 trong quan thé. Khong phan biét ty 1¢ quy dinh
dé sao chép. Phuong phap Copy c6 thé rat hitu ich nhu mét phuong tién dé thém sy
da dang cho mot GA.

|. Kiéu dir liéu trong so (Object Based Genes)

Trong bai toan sir dung kiéu so thuc (Real)

Thong thuong nhiém sic thé trong mot thuat toan di truyén duoc tao ra tir mot
chudi nhi phan. No6i cach khac mdi gen trong nhiém sic thé chira 1 hodc 0. Tuy
nhién, cd nhitng truong hop nay la khong phu hgp. Cac bai todn nhu Traveling

Salesman (TSP) la mdt vi du vé di€u nay vi n6 phu thuoc vao moi gen 1la mot so



nguyén dé xac dinh cac yéu té trong mot danh sach bén ngoai dinh nghia cua cac
thanh phd.

GAF di ludn hd tro cac gen ma dai dién cho sb nguyén va s thuc, tuy nhién, tir
phién ban 2, mdt gen cd thé cling dai dién cho mét ddi tuong. Thay vi luu trit mot s6
nguyén dai dién cho mot phan tir cia mang nhu trong TSP, gen c6 thé luu trit cac
thanh phd chinh no. Trong thuc té, mdi gen co thé luu trit mot danh sach cac dbi
tugng cho phép cac nhiém sic thé da chiéu néu mudn. Loai cta gen dugc dua ra boi
thudc tinh Gene.GenoType. Thudc tinh nay trda mot gid tri 1iét ké cua mdt trong cac
loai sau day trong ngon ngir 1ap trinh C#.

- Binary (nhi phén)

- Integer (sd nguyén)

- Real (s6 thuc)

- Object (d6i twong)
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