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MO PAU
1. Tinh cép thiét caa dé tai

Du bao thuy van, thay Iuc la cong viéc du bao trong twong lai truée mot cach céd
khoa hoc vé trang thai bién ddi cac yéu té thuy vin, tuy nhién su bién d6i nay 1a mot
qua trinh tu nhién phac tap, chiu tdc dong cua rat nhiéu yéu té. Tinh bién dong cua céc
yéu té nay phu thudc vao ca khong gian va thoi gian nén gay kho khan rat Ié6n cho qua
trinh du bao, tim ra dwgc méi lién quan giira cac yéu t6. Thém vao d6, do thiéu céc
tram quan trac can thiét va thiéu su két hop gitta cac nganh lién quan cho nén di liéu quan
tric thuc té thuong 1a khdng day du, khdng mang tinh chat dai dién.

Hién nay, c6 rat nhiéu phuong phap du bdo da dwoc dua ra dua trén md hinh vat ly
va mé hinh toan hoc, két qua cua cac mé hinh néi trén da dat dugc mot sb thanh cong
dang ghi nhan. Tuy nhién, van dé tim kiém phuong phap du tét, dap (ng céc yéu cau thuc
té giai quyét bai toan du bao thuy van, thuy luc van 1a néi dung nghién ctu thoi sy
hién nay.

Mot hudng tiép can méi dé mé hinh hoa céc hién tuong thuy van, thay luc 1a dua
trén cac céng nghé hoc may. M6 hinh nay dua trén mot co so dit liéu thyuc té du 16n va
4p dung ky thuat tinh toan hién dai - phuong phap hoc may, mot phan cua tri tu¢ nhan
tao — tan dung sy phat trién cua cong nghé tinh toan da dang 1a mot trong nhiing linh vuc
nghién ctru phét trién manh mé.

2. Muc dich nghién curu

— Mang noron nhan tao va cac giai thuat lién quan,

— Xay dung phan mém dy bao bang mang noron nhan tao.
3. Phuong phap nghién ciru

— Phan tich, thng ké va tinh toan cac tu liéu thu thap duoc,

— M0 hinh hda bai toan du béo bing viéc phét trién chuong trinh tinh toan ngdn ngit
Fortran.
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CHUONG I
GIO1 THIEU VE MANG NORON NHAN TAO

1.1 Khéi niém, mo hinh va kha ning &ng dung
1.1.1 Khai niém [5]

Theo cac nha nghién ctru sinh hoc, hé thdng than kinh ctia con ngudi bao gdbm khoang
10 té bao than kinh, thudng goi 13 cac noron. Mbi té bao noron gdm ba phan:

— Than noron vé&i nhan bén trong (goi 12 soma), 14 noi tiép nhan hay phéat ra céc xung
dong than kinh.

— Mbt hé théng dang cay cac day than kinh vao (goi 1a dendrite) dé dua tin hiéu toi
nhan noron. Céc day than kinh vao tao thanh mét luéi day dic xung quanh than noron,
chiém dién tich khoang 0,25 mm?

~ Pau day than kinh ra (goi 1a soi truc axon) phan nhanh dang hinh cay, cd thé dai
tr mot cm dén hang mét. Ching ndi véi cac day than kinh vao hoac truc tiép véi nhan té
bao cua cac noron khac théng qua cac khap néi (goi 1a synapse). C6 hai loai khap néi,
khép ndi kich thich (excitatory) s& cho tin hiéu qua né dé téi noron con khép néi tc ché
(inhibitory) c6 tac dung lam can tin hiéu téi noron. Ngudi ta uéc tinh mdi noron trong bo
ndo cua con ngudi c6 khoang 10* khép noi.

Chtrc ning co ban cua cac té bao noron 1a lién két véi nhau dé tao nén hé théng than
kinh diéu khién hoat dong ctia co thé séng. Cac té bao noron truyén tin hiéu cho nhau thong
qua cac day than kinh vao va ra, céc tin hiéu d6 c6 dang xung dién va duogc tao ra tir cac
qua trinh phan trng hoa hoc phurc tap. Tai nhan té bao, khi dién thé cua tin hiéu vao dat t&i
mot ngudng nao d6 thi né s& tao ra mot xung dién dan t6i truc day than kinh ra. Xung nay

truyén theo tryc ra ti cac nhanh r& va tiép tuc truyén tdi cac noron Khac.

Hinh 1.1 Céu tao cua té bao noron sinh hoc
Mang noron nhén tao, Artificial Neural Network (ANN) goi tit 1a mang noron, neural
network, 1a mdt mé hinh xur 1y thong tin phdng theo céch thire xur Iy thong tin ctia cac hé

noron sinh hoc. Né duoc tao nén tir mot s6 luong 16n cac phan tir (goi 1a phan tir xtr 1y hay
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noron) két ndi véi nhau thong qua céac lién két (goi 1 trong s6 lién két) 1am viéc nhu mot
thé thong nhat dé giai quyét mot van dé cy thé nao do.
Mot noron 1a mot don vi xur Iy thong tin va 1a thanh phén co ban cia mot mang noron.

Cau trac cua mot noron dugc mo ta trén hinh dudi.

He &8 hien
chinh b
1 Ty
Ham kich
X, hoat
Cic tin
higu ddu Ol) —» Diura ¥,
Va0

Céc trong =6
synpase

Hinh 1.2 Noron nhdn tao

Céc thanh phan co ban ctia mot noron nhan tao bao gom:

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

— Tap céac lién két: Mdi lién két duoc thé hién boi mot trong s6 (goi 1a trong sb lién
két — Synaptic weight). Trong s6 lién két giira tin hiéu vao th j véi noron k thudong duoc
ki hiéu 12 wik. Théng thuong, cac trong sé nay duoc khai tao mot cach ngau nhién o thoi
diém khoi tao mang va duoc cap nhat lién tuc trong qua trinh hoc mang.

— B6 téng (Summing function): Thudng dung dé tinh tong cua tich cac dau vao voi
trong sé lién két caa no.

— Ngudng (con goi la mot do 1éch - bias): Nguong nay thuong duge dua vao nhu
mét thanh phan caa ham truyén.

— Ham truyén (Transfer function) — con goi la Ham kich hoat (Activation function):
Ham nay duoc dung dé gigi han pham vi dau ra cia mdi noron. N6 nhan dau vao la két
qua cia ham téng va ngudng di cho. Thong thudng, pham vi dau ra ciia mdi noron duoc
gidi han trong doan [0,1] hoac [-1, 1]. Cac ham truyén rat da dang dugc liét ké trong bang
1.1, c6 thé Ia cac ham tuyén tinh hozc phi tuyén. Viéc lya chon ham truyén nao 1a tuy thudc
vao ting bai toan va kinh nghiém cua nguoi thiét ké mang.
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Bang 1.1 Cac ham kich hoat thuong dwoc sir dung

ST Tén ham Dang dd thi Phwong trinh
T
1 | Identity flz) ==
2 | Binary step | f(z) = 0 forz<0
| |1 forz=>0
3 | Logistic B 1
[ 1, T 11 f[a:] - 1 + e—:r
4 | TanH _— 2
— tanh(z) = ——— — 1
fEEdA: f(z) = tanh(z) = -——
5 | ArcTan / — |f(z) = tan"(x)
6 | Softsign T
| —— €IL) =
——t -f( } 1 + |$|
7 | Rectified linear 0 forx <0
unit (ReLU) - { x forz >0
8 | Leaky rectified 0.0lz forz <0
linear unit : {ﬁ forz >0
(Leaky ReLU) / B
9 | Parameteric  Jazr forz<0
rectified linear : fla,z) = z forz>0
unit (PReLU) /
10 | Randomized _Jaz forz<0
leaky rectified ’ fley2) = { z forz>0
linear unit /
(RReLU)
11 | Exponential _ Ja(ef =1) forz <0
linear unit (ELU) TP flayz) = T forz >0
12 | Scaled Jeale®—1) forz<0
exponential fleyz) = }'{ T forz >0
linear unit _
(SELU) with A = 1.0507 and o = 1.67326
13 | S-shaped

rectified linear
activation unit
(SReLU)

fort) <z <t

tr+ar{m_t1-) fDr £ :_""" tr
t;, ap, t;, a, are parameters

ti+ai(z—t;) for z < ¢
-]




14 | Adaptive o -
piecewise linear f(z)=max(0,2)+ aimax(0,~= +5)
(APL) !

15 | SoftPlus jx’ f(z) = In(1 + &)

16 | Bent identity 4 vei+1l-1

/ fl@)= ————+=

2

_ In(1—a(z+a))

17 | SoftExponential

m fora <0
flayz) = ¢ = fora=10
“u;_l +a fora >0
18 | Sinusoid ~ ~ f(z) = sin(z)

19 SInC ey 1 fﬂr r = ﬂ
"'mh__/f 'x_\-_r___ f{xl = sinfz) for'z 10
20 | Gaussian flz) = i

N

— Paura: La tin hiéu dau ra cua mot noron, Vi mdi noron sé& ¢d ti da 1a mot dau ra.

Nhu vay tuong tu nhu noron sinh hoc, noron nhan tao ciing nhan cac tin hi¢u dau vao,
xtt 1y (nhan cac tin hiéu ndy véi trong s lién két, tinh tong céc tich thu duogc rdi giri két qua
t61 ham truyén), va cho mot tin hiéu dau ra (1a két qua ctiia ham truyén).

1.1.2 M6 hinh mgng noron nhan tao [6]

Mic dit m&i noron don 1é ¢6 thé thuc hién nhing chirc nang xtr 1y thong tin nhét dinh,
sirc manh cua tinh toan noron chu yéu c6 duge nho sy két hop cac noron trong mat kién
trac théng nhat. Mot mang noron la mot mo hinh tinh toan dugc xac dinh qua cac tham $6:
kiéu noron (nhu 13 cac nut néu ta coi ca mang noron 1a mot d6 thi), kién trac két ndi (su t6
chire két ndi gifra cac noron) va thuat toan hoc (thuat toan dung dé hoc cho mang).

Vé ban chit mdt mang noron c6 chirc ning nhu 1a mot ham anh xa F: X — Y, trong
d6 X 1a khong gian trang thai dau vao (input state space) va Y 1a khong gian trang thai dau
ra (output state space) ctia mang. Cac mang chi don gian la lam nhiém vu anh xa cac vec-
to dau vao x € X sang c4c vec-to dauray € Y thong qua “bo loc” (filter) cac trong sd. Tirc
lay = F(x) = s(W, x), trong 6 W 13 ma tran trong s6 lién két. Hoat dong ctia mang thudng

la cac tinh toan so thuc trén cac ma tran.
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Trong bd ndo cua con nguoi, cac t€ bao noron lién két voi nhau chang chit va tao nén

mot mang ludi vo cung phuc tap, tuy nhién mang noron nhan tao dugc chia thanh cac loai

chinh sau:
\
g

Hinh 1.3 Mang noron chi ¢é 1 nit va ¢ sw phdan hoi

Mang noron truyén thang mét 16p (perceptron) 12 loai mang chi c¢6 16p noron dau vao
va mot 16p noron dau ra (thuc chét 16p noron dau vao khong c6 vai tro xtr 1y, do d6 ta néi
mang chi c6 mot 16p). Loai mang ndy con dugc goi 1a mang perceptron mot 1ép. Mdi noron

dau ra c6 thé nhan tin hi¢u tir cadc dau vao xi, Xz, ..., Xm dé tao ra tin hi¢u dau ra tuong ung.

O—
O—

Hinh 1.4 Mang noron truyén thang 1 16p (Single-layer feedforward network)

Mang c6 phan hdi (feedback network) 1a mang ma du ra cia mét noron c6 thé tré
thanh dau vao cua noron trén ciing mét 16p hodc cua 1p trude d6. Mang feedback c6 chu
trinh khép kin goi 1a mang quy hoi (recurrent network).

—ol

O—

Hinh 1.5 Mang noron héi quy 1 16p
Mo hinh mang truyén thang nhiéu 16p: M6 hinh mang noron dugc st dung rong rai
nhat 13 mo6 hinh mang nhiéu tang truyén thing (MLP: Multi Layer Perceptron). M6t mang
MLP tong quat 13 mang c6 n (n > 2) 16p (théng thuong 16p dau vao khong duoc tinh dén):
trong d6 gdm mét 16p dau ra (16p tha n) va (n-1) 16p an.



Lépan (n-1) Ldpra

Hinh 1.6 Mang MLP téng quéat

Mot s6 két qua da dugce ching minh v6i mang MLP:

— BAt ki mot ham Boolean nao cling co thé biéu dién duoc boi mot mang MLP 2
16p trong d6 cac noron st dung ham truyén sigmoid.

— Tt ca cac ham lién tuc déu c6 thé xap xi boi mot mang MLP 2 16p str dung ham
truyén sigmoid cho cac noron 16p an va ham truyén tuyén tinh cho cic noron 16p ra véi
sai s6 nho tuy ¥.

— Moi ham bét ky déu c6 thé xap xi boi mét mang MLP 3 16p st dung ham truyén
sigmoid cho cac noron 16p an va ham truyén tuyén tinh cho céc noron 16p ra.

Mo hinh mang két hop : Trong thuc té, ngudi ta thuong két hop nhiéu loai mang dé
giai quyét cac bai toan. Cé thé tham khdo mé hinh ANN hé thong choi cd vy AlphaGo
ctiia Google bao gdm két hop 3 mang ANN. Mang 1 SL ¢6 ciu trac xodn bao gdbm 13 16p
an voi tap dir 1iéu hoc c6 giam sat 1a hang triéu nudc co da co thu thap tir cac van cod cac
ky thtt d4 choi. Mang 2 RL ¢6 cau tric gidng mang SL nhung dugc téi vu hda bo trong sb
qua bd huan luyén 1a cic van co tu choi voi nhau giira cac may. Mang 3 Value dy doan két
qua tro choi dya trén RL, gié tri cta vi tri p duoc dinh nghia nhu 1 ky vong phan phbi cac
két qua phat tir vi tri p dén cudi van co. Cudi cung, AlphaGo két hgp mang trén voi thuat
toan Monte Carlo Tree Search dé dua ra danh gia vi tri cubi cung cho nudc di tiép theo.
Qua trinh hgc ciia mang noron

Hoc la qua trinh cép nhat trong s6 sao cho gia tri ham 16i 1a nho nhét. Mot mang noron
dugc huan luyén sao cho véi mot tap cac vec-to dau vao X, mang c6 kha ning tao ra tip
cac vec-to dau ra mong mudn Y cta no. Tap X dugc sir dung cho huin luyén mang duogc
goi 13 tap hudn luyén (training set). Cac phan tir x thudc X dugc goi 1a cdc miu hudn luyén
(training example). Qua trinh huan luyén ban chit 13 sy thay ddi cac trong sb lién két cua
mang. Trong qua trinh nay, cac trong sd ctia mang s& hdi tu dan t6i cac gia tri sao cho véi
mdi vec-to dau vao x tur tap huin luyén, mang s€ cho ra vec-to dau ra y nhu mong mudn.

C6 ba phuong phap hoc phd bién 14 hoc c6 giam sat (supervised learning), hoc khong
giam sat (unsupervised learning) va hoc tang cuong (Reinforcement learning).



Hoc c6 giam sat trong cAc mang noron

Hoc c6 giam sat c6 thé dugc xem nhu viéc Xfip xi mot anh xa: X— Y, trong d6 X
13 tip cac vAn dé va Y 1a tap cac 101 giai twong tng cho van dé d6. Cac miu (x, y) véi x
= (X1, X2, ..., Xn) € X, ¥ = (Y1, Y2, ..., Ym) € Y duogc cho trude. Hoc ¢6 giam sat trong cac

mang noron thuong dugc thuc hién theo cac budc sau:

— Buéc 1: Xay dung cau trauc thich hop cho mang noron, ching han c6 n noron
va0, m noron dau ra, va khéi tao cac trong s6 lién két cua mang.

— Budc 2: Pua mot vec-to X trong tip miu hudn luyén X vao mang

— Budc 3: Tinh vec-to dau ra z ciia mang

— Budc 4: So sanh vec-to dau ra mong mudn t (1a két qua duoc cho trong tap huan
luyén) véi vec-to dau ra z do mang tao ra; néu co thé thi danh gia 16i.

— Budc 5: Hiu chinh céc trong s6 lién két theo mot cach nao d6 sao cho & lan tiép
theo khi dua vec-to x vao mang, vec-to dau ra z s& gidng véi t hon.

— Budc 6: Néu can, 1ap lai cac budce tur 2 dén 5 cho t6i khi mang dat téi trang thai
hoi ty. Viéc danh gia 18i ¢6 thé thuc hién theo nhiéu cach, cach dung nhiéu nhat 1a st
dung 16i tirc thoi: Err = (z - t), hodc Err =|z - t| ; 16i trung binh binh phuong (MSE: mean-
square error): Err = (z- t)%/2.

C6 hai loai 16i trong danh gia mot mang noron. Thir nhét, goi 13 18i rd rang (apparent
error), danh gia kha niang x4p xi cac mau huan luyén ciia mot mang dd dugc huan luyén.
Thir hai, goi 1a 15i kiém tra (test error), danh gia kha ning tong quat hoa ciia mot mang
d3 duoc hudn luyén, tic kha ning phan Gmg voi cac vec-to dau vao méi. Dé danh gid 16i
kiém tra chiing ta phai biét dau ra mong mudn cho cic mau kiém tra.

Thuat toan tong quat & trén cho hoc c6 giam sat trong cac mang noron c6 nhiéu cai
dit khac nhau, sy khac nhau cha yéu 1a cach cac trong s lién két duoc thay ddi trong
sudt thoi gian hoc. Trong d6 tiéu biéu nhat 14 thuat toan lan truyén nguoc sai so.

1.1.3 Khd nang irng dung cia mang noron nhan tgo

Pic trung ciia mang noron nhan tao 1a kha nang hoc. N6 co thé gﬁn ding mbi quan
hé twong quan phirc tap giita cac yéu td ddu vao va dau ra cua cic qua trinh can nghién
ctru va khi d3 hoc dugc thi viéc kiém tra doc 14p thudng cho két qua tot. Sau khi da hoc
xong, mang noron nhan tao c¢6 thé tinh toan két qua dau ra twong Gmg véi bd sb liéu dau
vao moi.

Vé mit ciu tric, mang noron nhan tao 1a mot hé théng gém nhiéu phan tir xir 1y
don gian cing hoat dong song song. Tinh ning nay ctia ANN cho phép né cé thé dugc

ap dung d¢€ giai céac bai toan 16n.
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Vé khia canh toan hoc, theo dinh 1y Kolmogorov, mot ham lién tuc bt ky f(xu,
X2,..., Xn ) x4c dinh trén khoang I" ( voi I =[0,1]) ¢6 thé dugc biéu dién duéi dang [4]:

flx) = ZX,‘ (Z ‘Pij(xi)>
= i=1

trong d6: %, ¥ij 1a cac ham lién tuc mot bién. Wi 1a ham don diéu, khong phu thudc vao
ham f. Mit khac, m6 hinh mang noron nhan tao cho phép lién két c6 trong s cac phan
tir phi tuyén (cac noron don 1¢) tao nén dang ham tong hop tir cac ham thanh phan. Do
vdy, sau mot qué trinh diéu chinh su lién két cho phu hop (qua trinh hoc), cac phan tir
phi tuyén d6 s& tao nén mot ham phi tuyén phtc tap c6 kha ning xap xi ham biéu dién
qua trinh can nghién ciru. Két qua 12 dau ra ciia n6 s& tuong tu véi két qua dau ra cia tap
dir li¢u dung dé luyén mang. Khi dé ta n6i mang noron nhan tao da hoc duoc mbi quan
hé tuong quan dau vao - dau ra clia qua trinh va luu lai méi quan hé twong quan nay thong
qua bo trong so lién két gitta cac noron. Do d6, mang noron nhan tao c6 thé tinh toan trén
b6 s6 lidu dau vao mai dé dua ra két qua dau ra twong Gng.

Véi nhitng dic diém d6, mang noron nhan tao da duoc sir dung dé giai quyét nhiéu
bai toan thudc nhiéu linh vuc ciia cac nganh khac nhau. Cac nhom tng dung ma mang
noron nhan tao da dugc ap dung rat ¢6 hiéu qua la:

— Bai toan phan 16p: Loai bai toan nay doi hoi giai quyét van dé phan loai cac d6i
tuong quan sat dugc thanh cac nhom dya trén céc dac diém cta cac nhoém dbi tuong do.
Py 1a dang bai toan co s& cta rat nhiéu bai toan trong thuc té: nhan dang chit viét, tiéng
n6i, phan loai gen, phan loai chit lugng san pham, ...

— Bai toan du bao: Mang noron nhan tao da dugc trng dung thanh cong trong vi¢c
xay dung cac mo hinh du bao sir dung tap dit liéu trong qua khtr dé du doan sb liéu trong
tuong lai. Pay 1a nhom bai toan kho va rat quan trong trong nhiéu nganh khoa hoc.

— Bai toan diéu khién va t6i wu hoa: Nho kha ning hoc va xap xi ham ma mang
noron nhan tao di duoc sir dung trong nhiéu hé thng diéu khién tu dong ciing nhur gop
phan giai quyét nhitng bai toan tbi wu trong thuc té.

Toém lai, mang noron nhan tao dugc xem nhu 1a mot cach tiép can déy tiém nang
dé giai quyét cac bai toan co tinh phi tuyén, phirc tap va dic biét 1a trong tinh hudng mdi
quan hé ban chit vat Iy cta qua trinh cn nghién ctiru khong dé thiét 1ap tudong minh.

1.2 Mang noron truyén thang nhiéu Iép [1]
Mang perceptron mét 16p do F.Rosenblatt dé xuat nim 1960 12 mang truyén thang
chi mot 16p vao va mot 16p ra khong co 16p an. Trén mdi 16p nay c6 thé c6 mot hoic

nhiéu noron. Rosenblatt di chirg minh ring qua trinh hoc ciia mang Perceptron s& hoi
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tu to1 bd trong s6 W, biéu dién dung cac mau hoc véi diéu kién 1a cAc mau nay biéu thi
cac diém roi rac ctia mot ham kha tach tuyén tinh nao d6 (f: R —R dugc goi 1a kha tach
tuyén tinh néu cac tap {F (X«)}, voi xk thudc mién trj cia f, ¢6 thé tich duoc véi nhau
bai cac siéu phang trong khong gian Rn).

Nam 1969, Minsky va Papert da chimg minh mét cach chit ch& ring 16p ham thé
hién sy phu thudc gitra dau vao va diu ra c6 thé hoc béi mang Perceptron mot 16p 1a 16p
ham kha tach tuyén tinh. Kha tach tuyén tinh 13 trudong hop ton tai mot mit siéu phing
dé phan cach tat ca cac ddi tuong ctia mot 1op nay véi mot 16p khac, vi du mot mit phing
s& phan chia khong gian ba chiéu thanh hai ving riéng biét. M& rong ra, néu c6 n dau
Vvao, n>2 thi cong thirc Y%, wy;x; = 6; tao nén mot siéu phang c6 n-1 chiéu trong khong
gian n chiéu, n6 chia khong gian d6 thanh hai ntra. Trong nhiéu bai toan thuc té doi hoi
chia cac ving cia cac diém trong mot siéu khong gian thanh céc 16p riéng biét. Loai bai
toan nay goi 13 bai toan phéan 16p. Bai toan phan 1p c6 thé giai quyét bang cach tim cac
tham s thich hop cho mot siéu phang dé né co thé chia khong gian n chiéu thanh céc
vung riéng biét.

Véi tinh chat ctia nhu di néu trén, mang perceptron mot 16p c6 thé mé ta cac ham
logic nhue AND, OR va NOT. Tuy nhién né khong thé hién dugc ham XOR. Nhu vay
chtng t6 mé hinh perceptron mot 16p khong thé giai quyét bai toan nay. Van dé nay s&
duogc giai quyét bang mo hinh mang noron perceptron nhiéu 16p (Multi Layer Perceptron
- MLP)

Mang perceptron nhiéu 16p (Multilayer Perceptron — MLP) con duoc goi 1a mang
truyén thang nhiéu 16p 1a su mo rong ciia md hinh mang perceptron véi sy bo sung thém
nhing 16p an va cac noron trong cac 16p an nay c6 ham truyén (ham kich hoat) dang phi
tuyén. Mang MLP ¢6 mot 16p an 1a mang noron nhan tao dugc st dung phd bién nhat,
n6 c6 thé xép xi cac ham lién tuc dugc dinh nghia trén mot mién ¢6 gidi han cling nhu
nhitng ham 1a tap hop hiru han cua cac diém roi rac.

CAu triic cuia mot mang MLP téng quat c6 thé mo ta nhu sau:

— Déu vao 1a cac vec-to (Xg, Xz, ..., Xp) trong khdng gian p chiéu, dau ra l1a cac vec-
to (Y1, Ya, - Yg) trong khong gian g chiéu. Dbi voi cac bai toan phan loai, p chinh 1a
kich thuéc cia mau dau vao, q chinh 1a sb 16p can phan loai.

— MBJi noron thudc 16p sau lién két véi tit ca cac noron thudc 16p lién trudc no.

— Dau ra clia noron 16p trude 1a dau vao ciia noron thude 16p lién sau né.

Hoat dong cua mang MLP nhu sau: tai 16p dau vao cac noron nhén tin hiéu vao xir ly
(tinh téng trong sb, giri toi ham truyén) roi cho ra két qua (1a két qua ctia ham truyén); két

qua nay s€¢ dugc truyén tdi cac noron thudc 16p an thir nhat; cac noron tai day ti€p nhan
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nhu 1 tin higu dau vao, xir 1y va giri két qua dén 16p an thir 2 ; ... ; qué trinh tiép tuc cho
dén khi cac noron thudc 16p ra cho két qua.
1.2.1 Mt s6 vin dé can chii y khi siv dung mang MLP

Mang noron perceptron nhiéu 16p 1a loai mang noron duoc sir dung trong nhiéu tng
dung thuc té. Tuy nhién, dé mang c6 thé dua ra két qua tdt, ching ta can quan taim dén mot
s6 van dé c6 anh huong kha quan trong dén hiéu qua 1am viéc ctia n6 bao gdm: van dé
chuan hoa sd liéu dau vao, van dé hoc chua da va hoc qué cua mang, van dé lya chon mot
cAu trac mang phu hop véi bai toan.
a. Vin dé chudn hoa sé ligu ddu vao

Mang MLP thuong st dung ham truyén 12 ham sigmoid c¢6 dang nhu sau:

*l a(x) = 1/(1+e™)

Hinh 1.7 Ham sigmoid g(x) = 1/(1+e™%)

Vi dang ham nay, gia tri & dau ra ctia mdi noron nam trong pham vi khoang (0,1) va
n6 dat cac gia tri bio hoa (xap xi 0 hay 1) khi |X | 16n. Do d6, khi dau vao clia mang c6 gia
tri tuyét d6i 1on thi ta can chudn hoa né vé khoang c6 gia tri nho, néu khong thi cac noron
tai cac 16p an ngay ban dau di co thé dat gia tri bao hoa va qua trinh hoc ciia mang khong
dat két qua mong mudn. Véi dang ham nhu trén thi gia tri dau vao ciia mang thuong duoc
chuan hoa vé khoang thudc doan [-3, 3]. Mit khac, do tin hiéu diu ra ctia noron nam trong
khodng gia tri (0,1) nén cac gia tri dau ra thuc té trong cic mau hoc ciing can chuan hoa vé
khoang gia tri nay dé cé thé dung cho qua trinh luyén mang. Do vay trong qua trinh tinh
toan, dé co cac gia tri thyc té & dau ra clia mang chiing ta can phai chuyén cac gia tri trong
khoang (0,1) vé mién cac gia tri thuc té.

b. Vin d@é hoc chwa dii va hoc qud thupc ciia mang

Van dé mau chét khi xay dung mQt mang noron nhan tao la lam thé nao mang c6 kha
nang téng quat hoa cao dé dua ra két qua tét ca voi nhitng truong hop dau vao ctia mang
khong nam trong tap miu da dung dé luyén mang. Giong nhu cidc md hinh héi quy phi
tuyén khac, d6i véi mang noron nhan tao ta cling phai giai quyét hai van dé 1a ANN hoc
chua du (underfitting) va hoc qua (overfitting). Khi mang c6 cdu trac (s6 nat an va lién két)

ciing nhu s6 1an hoc chura du so véi nhu cau cua bai toan thi s& dan t6i tinh trang mang
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khong du kha ning mé ta gin dung moi quan hé twong quan giita dau vao va dau ra cia
qua trinh can dy bao va din t&i hoc chwa du. Trai lai, néu mang qua phtc tap (qua nhiéu
nat an va qua nhiéu tham s6) va dugc hoc “quéa khit” d6i véi cac mau dung dé luyén mang
thi c6 thé dan t6i tinh trang mang hoc ca thanh phan nhiéu 14n trong cdc mau do, day la tinh
trang “hoc qua thudc” cua mang. Van dé néu trén c6 thé 1am cho nhiéu loai mang noron,
dac biét la mang MLP co thé c6 nhirng truong hop cho két qua du doan rat sai 1éch véi thuc
té.

Mot sb giai phap cho van dé hoc qua clia mang:

— St dung tap sb liéu co tinh dai dién tdt dé luyén mang: Pay dugc xem la mot
cach kha tot dé tranh hién tuong overfitting. Khi tdp mau ding dé luyén mang thé hién
dugc nhiéu trang thai c6 thé xay ra clia qua trinh can nghién ctru thi sau khi hoc mang sé
c6 kha ning téng quat hoa twong dbi tot tir tap dit liéu d6 va s& khong chiu anh hudng
nhiéu ciia hién tuong overfitting. Ngoai ra mot sd bién phap dudi day ciing co thé gop
phan quan trong gitup khic phuc hién tugng overfitting ctia mang.

— Lua chon céu triic md hinh phu hop: Viéc lya chon mo hinh cua mang (sé 16p
an, s6 noron trén mdi 16p an) c6 anh hudng quan trong dén hién tugng hoc chua du
(underfitting) va hoc qua (overfitting) cua mang. Cac mang c6 dd phuec tap hon tuy n6 co6
thé hoc kha chinh xac cac mau dugc sur dung nhung chinh diéu nay lai lam cho né hoc
qua nhiéu ca thanh phan nhidu nén kha ning tong quat hoa giam va dan t6i hién tuong
hoc qué (overfitting).

~ Dumng hoc dung luc: giai phap dimng hoc diing ltic dé tranh hién tuong hoc qua
cua mang nhu sau :

+ Tap mau dugc chia lam hai phan: mot phan dung dé luyén mang va phan con
lai dé kiém thir.
Str dung cac gia tri khoi tao nho.

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

+ + o+

Tinh toan su thay ddi 16i kiém thir trong qua trinh luyén mang.
+ Dumg hoc khi thiy 15i kiém thir bat dau tang.

C. Lwa chon kich thuwdc mang

Céc cong trinh dra trén dinh 1y ctia Kolmogorov du kién ring toan bd cac anh xa lién
tuc tir [0,1]° dén [0,1]" déu c6 thé duoc x4p xi bang mot mang perceptron ba 16p o 16p vao
gdm p noron, 16p ra gdm n noron Va 16p 4n gdm (2p+1) noron. Tuy nhién khong thé chi ra
dugc chinh xéc sd luong noron tdi wu trong mang, tinh chit cia cac noron, tirc 1a dang phi
tuyén cu thé thuc hién phép x4p xi nay. Mot sb cong trinh nghién ctru vé chu dé nay cho
rang sd noron t6i wu & 16p an thudng nhod hon (2p+1). Ngoai ra ciing can phai noi co so dir

liéu hoc phai c6 kich thudc phit hop véi kién triic mang. Theo Vapnik va Chervonenkis, co
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so dit liéu hoc phai c6 s6 mau thoa man: N = 10.Nw, & d6 Ny 1a s6 trong s6 cia mang. Goi
s6 noron thudc 16p 4n 14 L, s6 noron & 16p vao 13 p thi trong s cua cac két ndi giira 16p vao
va 16p an thtr nhat (ké ca ngudng) 1a: D=(p+1).L. Theo mdt sb két qua nghién ctru, s6 mau
ctia co s6 dit liéu hoc can phai thoa mén: N = 4.D. Khi ) lugng mau cia co so dit liéu hoc
chua dat dén gi61 han can thiét thi ta nén 1am giam ) luong céc két ndi dé tranh hién tuong

hoc thuoc long.
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CHUONG II

MOT SO GIAlI THUAT TOI UU HOA TRONG SO MANG
NORON NHAN TAO

2.1 Thuit toan hoc theo phwong phap lan truyén ngwoc sai s6 [3]

Thuat toan hoc theo phuong phap lan truyén nguoc sai sé 1a mot trong s nhirng két
qua nghién ctru quan trong nhat dbi voi sy phat trién ctia mang noron nhan tao. Thuit toan
nay duoc ap dung cho mang truyén thing nhiéu 16p trong d6 cac noron cé thé str dung cac
ham truyén 1 cac ham lién tuc c6 cac dang khac nhau.

2.1.1 Mé hinh ciia thugt todn lan truyén ngwoc sai sé

Thuat toan sit dung mot tip cac mau gém cac cap dau vao - dau ra dé luyén mang.
Véi mdi cip dau vao - dau ra (x®, d®) thuat toan lan truyén nguoc sai sé thuc hién hai giai
doan sau:

— Giai doan thtr nhat, mau dau vao x(¥) duogc truyén tir 16p vao t&i 16p ra, va ta co
két qua dau ra tinh toan duoc 1a y(X).

— (Giai doan tiép theo, tin hiéu 15i dugc tinh toan tir sy khac nhau giita dau ra quan
sat duoc d(¥) véi dau ra tinh toan y(¥) s& dugc lan truyén nguoc lai tir 10p ra dén céac 16p
trudc dé diéu chinh céc trong s ciia mang.

Pé 1am vi du ta xét mang truyén thiang c6 mot 16p an dudi day, d6i voi cac mang c6
kich thudc 16n hon thi thao tac cling tuong tu.

Mang noron dugc xét c6 m noron & 16p vao, 1 noron trong 16p an va n noron & 16p ra.
Puong ké lién thé hién ludng tin hiéu dugc truyén tir dau vao téi dau ra con cac duong ké

nét dut thé hién luéng tin hiéu 16i duogc truyén nguoc trd lai tr dau ra.

Hinh 2.1 Lan truyén tin hiéu trong qua trinh Aoc theo pp lan truyén nguoc sai sé

Chung ta xét mot cap dau vao - dau ra dé luyén mang (x, d), &é don gian chung ta bo
ky hiéu mii k thé hién sd thir tu cta cip mau nay trong bd mau dung dé luyén mang. Khi

dua vao dau vao x, noron thur q trong 16p an s€ nhan tin hi¢u vao cia mang la :
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m
netq = z quXj

j=1
Noron ¢ & [p an s& tinh toan va tao két qua ¢ dau ra cia né 1a :
m

zg =g(nety) =g qujxj

j=1

Do do tin hi€u vao ctia noron thir i trén 16p ra s€ 1a :

l m
netl- = Z qu'Zj = Z qug qujxj
q=1 q=1 j=1
Va cudi cung, dau ra cua noron i trén lop ra sé 1a :
l l m
yi=get) =g Z WqiZj | = 9 z Wgqig zvqjxj

Cong thirc trén cho biét qua trinh lan truyén tin hiéu tir ddu vao qua 16p an t&i dau ra.
Tiép theo chiing ta xét tin hiéu 16i dugc lan truyén nguogc lai tir 16p ra. Trudc hét, d6i véi

mdi cip gia tri vao — ra chiing ta xay dung mot ham gia nhu sau :

E(w) = %Zn:(di -y = %Zn:[di — g(net))* = %zn:

Nhu vay véi mot tap gom p mau hoc, chiing ta 1an lugt xay dung duoc p ham gia nhu

2

l
di=g() Waiz))
q=1

vdy. Viéc hoc ctia mang hay nhiém vu cta giai thuat thyc chat 13 tim kiém tap trong s6 W
trong khdng gian RM (M 1a s trong s6 ¢6 trong mang) dé 1an luot t6i thiéu hod cac ham
gia nhu vay. Dicu déng cha ¥ 1a viéc t6i thieu hoa dugc tién hanh lién tiép nhau va theo
chu ky d6i voi cac ham gia.

Dé t6i thiéu hoa cac ham gia nhu vay, giai thuat Lan truyén nguoc sai s6 sir dung
phuong phap giam gradient dé diéu chinh cac trong sb lién két giita cac noron. Ban chat
ctia phuong phap nay 1a khi sai s6 E dugce v& nhu ham cta tham sé gay ra sai sd s& phai c6
mot cuc tiéu tai bo gia tri nao dé cua tham $6. Khi quan sat do dbc cua duong cong, ching
ta quyét dinh phai thay d6i tham sb thé nao dé c6 thé tién gan dén cuc tiéu can tim kiém

hon. Trong hinh v& duéi ddy, gia tri cia trong sb phai giam néu dao ham de/dw 1a dwong.
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dg/d,, =tano >0

k

wYw
Hinh 2.2 Sai sé E dwoc xét 1a ham cia trong sé6 W
Bang biéu thuc, chung ta c6 thé biéu dién phuong phap giam gradient nhu sau :
Aw=weW) _ WD) = . OE/ow
O day 1 1a hang s6 duong xac dinh téc do giam gia tri ciia w, con dau am chi chiéu
giam gradient.
Ap dung phuong phap giam gradient dbi voi cac trong sb lién két giita cac noron
trong 16p 4n tGi cac noron ciia 16p ra ta cé:
O0E
1 0w;q

AWiq = —

Do ham sai s6 E 1a mot ham phuc tap va 1a ham gian ti€p cua trong s6 wig, si dung

taco

A gk s \ 5 \ s A 0E
nguyén tac tinh dao ham ctia ham gian ti€p cho
0wiq

dy; 1|(0net; | _ ) .
Awy = [ayl] [6neti] [awiq ] =-nld; —y;llg (neti)][zq] £ 1624

Trong do doij 12 tin hi€u sai sO va chi s o1 c6 nghia la nuat thur 1 trong 16p ra.

Tin hiéu sai s0 dugc tinh nhu sau:

Ooi [ath ] [Oyl] [a?:ti] = ldi = y:]lg'(net,)]

Trong do6 net; 1a tin hiéu vao cta noron thir i trén 16p ra va g’(net) = dg(neti)/Onet;.

Dé diéu chinh trong s6 clia cac lién két giira 16p vao t6i 16p an ta ciing sir dung phuong
phap giam gradient va 1y dao ham theo cac bién trung gian nhu da ap dung & trén. Xét lién
két giita noron thir j & 16p vao va noron thir q trén 19p ra:

oE 0E E)netq azq anetq
Avg; = noo— =71 | =N )
avq, anetq avq] azq anetq avq,

n
Avgj =1 Z[(di —y1)9' (net )wy,| g’ (nety )x;

i=1
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n
Avgj = ’72[501' Wiq] 9'(nety )x; = b x;

i=1

Trong d6 8hq 13 tin hiéu 131 cta noron thir q trong 16p an va duoc dinh nghia nhu sau:

n
. oE JE || 0z, ,
6hq = — [@] - - [a [ ] =9 (neti)zl[Soi Wiq]
l:

dnet,
Véi netq 1a tin hidu vao cua noron thtr g, nhu vay tin hiéu 16i ctia noron trén 16p an

khéc véi tin hiéu 16i cua noron trén 16p ra. Vi sy khac nhau nay, thi tuc diéu chinh trong
s6 dugc goi 1a luat hoc delta md rong. Nhin lai cong thire tin hiéu 16i nq ctia noron thir g
trong 16p an duoc xac dinh tir cAc tin hiéu 16i Soi clia cac noron trén 16p ra.

Téng quat doi véi lop bdt ky, ludt lan truyén nguwee ¢ dang:

Aw;; =10 6; x; = N Soutput.i Xinputj trong do “output i” la dau ra ctia noron i va
“input_j” 1a dau vao cta noron j, & 1a tin hiéu hoc duoc dinh nghia trong cong thuc trén.
Thudt todn lan truyén ngwoc sai sé6 dwoc xdy dung nhw sau:

Xét mot mang noron truyén théng c6Qlép,q=1,2,...,Q, va goi neti va yila tin hiéu
vao va ra ctia noron thit i trong 16p q. Mang nay c6 m dau vao va n dau ra. Dat wij 14 trong
s6 cua lién két tir noron tht j trong 16p -1 t6i noron thir i trong 16p q.

DPau vao: Mot tap cac cap mau hoc {(x®, d®) |k=1, 2, ..., p}

— Budc 1 (khdi tao): Chon mét hang sé 1> 0 va Emax (dung sai cho phép). Khoi
tao ngau nhién céc trong sd wij trong khoang gia tri nho. Pat E =0 va k = 1.

— Budc 2 (thyc hién mot qua trinh 13p cho viéc huan luyén mang)

+ Sir dung mau hoc thir k ;
+ Tai l6p vao (q =1), véi moi i ta cd: %y; = ty; = x&);

— Budc 3 (lan truyén tin hiéu tir 16p vao t6i 16p ra)

Ty; = g(net;)) = g Z Twi; 1y,
j

— Budc 4 (xac dinh tin hiéu 16i 95 tai 16p ra)

n
1 2
E=2>(d®-) +E
i=1

5, = (di(k) — %y;)g'(%net;)
— Buéc 5 (lan truyén nguoc sai sd)
Lan truyén nguoc sai s6 dé diéu chinh cac trong s6 va tinh toan tin hiéu 15i
418 cho cac 16p trude :
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Aquj =n. q5i. q_lyi
quj = qujOld + Aqu'j
q_15i = g'(q_lneti) Z] quj q5i Vo1 q:Q,Q'l,.. 2
— Budc 6 (kiém tra diéu kién lap)
If (k<p) then
k=k+1 ;
goto 2 ;
End if
— Budc 7 (kiém tra 16i tong cong hién thoi da chap nhan dugc chua)

If ( E > Emax) then

E=0;

k=1;
Else

{két thuc qua trinh hoc va dua ra bo trong s6 cudi cung}
End if

M3i lan toan bd tap mau hoc dugc lan truyén qua mang duogc goi 1a mot epoch. S6
epoch phu thudc vao timg truong hop cu thé va sy khoi tao ban dau. Co truong hop thuat
toan phai sau hang chuc nghin epoch méi hoi tu t6i 101 giai. Néu tham sb khai tao khong
phtt hop c6 thé 1am cho qua trinh hoc khong dat két qua mong mudn.

D461 vé1 moi epoch ta tinh sai sO trung binh ctia mang theo cong thirc sau:

Z=1 ?:1(di —y;)?
p.n

RMS =

Trong d6 p 1a s6 miu dugce dung dé luyén mang, n 1a sb bién cua véc-to du ra. Sai
s6 RMS thuong duoc dung dé danh gia két qua hoc ctia mang noron.
2.1.2 Mét sé yéu té anh hwéng dén qud trinh hoc theo phwong phdp lan truyén ngwoc
Khdi tao cdc trong sé

Céc gia tri duge khéi tao ban dau cho cac trong s6 trong mang lan truyén nguoc sai
s6 anh huodng rat 1on dén két qua hoc cudi cung ctia mang. Cac gia tri ndy thudng dugc
khoi tao ngau nhién trong pham vi gid tri twong d6i nho. Thong thudng ham truyén sir dung
cho mang MLP Ia ham sigmoid, do vay néu ta chon cac gia tri trong s6 khoi tao 16m thi cac
ham nay c6 thé bio hoa ngay tir dau va dan t6i hé théng co thé bi tic ngay tai mot cuc tiéu
dia phuong hoic tai mot ving bang phiang nao d6 gan diém xuét phat.

Hang so hoc
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Héng s6 hoc n cling 1a mot yéu to quan trong anh hudng dén hiéu qua va do hdi tu
cta giai thuat lan truyén nguoc sai s6. Khong c6 hing s6 1 pht hop cho tat ca cac bai toan
khac nhau. Hang sd hoc nay thuong duge chon bang thuc nghiém cho mdi bai toan ting
dung cu thé bang phuong phap thr sai.

Trong nhiéu tmg dung thyuc té cho thiy mot hiang sé hoc c¢6 thé phu hop ¢ thoi diém
bét dau ctia qué trinh hoc nhung lai khong phu hop véi giai doan sau cta qua trinh hoc. Do
d6, c6 mot phuong phap hiéu qua hon d6 1a sir dung hang s6 hoc thich nghi. M6t cach xir
1y don gian cho van d& nay d6 1a kiém tra xem céc trong s6 méi c6 1am giam ham gia hay
khong, néu khong thi c6 thé cac trong s6 di vuot qua xa ving cuc tiéu va nhu vdy hing sb
n can phai giam. Trai lai, néu sau vai vong lap, ham gia lién tuc giam thi ta c6 thé thir ting
hﬁng ) n dé déy nhanh hon téc d6 hoi tu dén gia tri cuc tiéu.

Hang sé qudn tinh

Tdc d6 hoc cua gidi thuat Lan truyén nguoc sai s6 ¢6 thé rit cham néu héng s6 hoc
nho, nhung néu hang sb hoc 16n thi n6 lai c6 thé gay ra su dao dong 16n trong qué trinh tim
gia tri cyc tiéu theo phuong phap giam gradient. Dé giai quyét vin dé nay nguoi ta thuong
thém thanh phan quan tinh vao cac phuong trinh hiéu chinh trong s6 nhu sau:

AW(t) = -nVE(t) + o AW(t-1)  v&i a 13 hing s quan tinh, o € [0, 1]

Nho thanh phan nay, qué trinh hoc ¢6 thé vuot qua diém cuc tiéu dia phuong dé tim
dén diém cuyc tiéu toan cuc, dong thoi thanh phan quén tinh cling ngin can sy thay doi dot
ngdt clia cac trong sb theo hudng khac véi hudng ma 101 giai dang di chuyén dén.

A

Hinh 2.3 Minh hoa vé y nghia cua quan tinh trong thyc té
Ham gia
Trong phan nghién ctru trén ham gia duoc chon 14 ham binh phuong sai sb.
1 n
B0 = 3) (=)’
Tuy nhién, n6 ¢ thé dugc thay thé bang mot ham F(y,d) bat ky c6 dao ham va dat

cuc tiéu khi hai d6i s6 di vayi bang nhau. Thong thuong ham gia duoc chon c6 dang:

1'".
Hm=5;wrww



20

Véi 1 < p < oo, nhu vay khi chon p = 2 ta ¢6 ham gia 1a ham binh phuong sai s6 nhu
da xét ¢ trén.

2.2 Giai thuat di truyén [2]

Tir trude t6i nay, trong cac nghién ciu va tng dung tin hoc dd xuit hién nhiéu
bai todn chua tim ra dwoc phwong phap giai nhanh va hop 1y. Phan 16n d6 1a cac bai toan
t61 uu nay sinh trong cac tng dung. Dé giai cac bai todn nay ngudi ta thuong phai tim
dén mot giai thuat hiéu qua ma két qua thu dugc chi la xap xi tdi vu. Trong nhiéu truong
hop chlng ta c6 thé sir dung giai thuat xac sut, tuy khdng bao dam két qua t6i wu nhung
cling c6 thé chon cac gia tri sao cho sai s6 dat duoc s& nhé nhuw mong mudn.

Theo 101 giai x4c suit, viéc giai bai toan quy vé qua trinh tim kiém trén khong gian
tap hop cac 101 giai c6 thé. Tim duogc 101 giai tot nhat va qua trinh dwoc hiéu 13 téi uu.
V&i mién tim kiém nho, mot sb thuat toan c6 dién duge st dung. Tuy nhién ddi véi céac
mién 16n, phai st dung céac k¥ thuat tri tu¢ nhan tao dac biét, giai thuat Di truyén la mot
trong nhitng cong cu d6. Y tudng cua giai thuat Di truyén 1 moé phong nhitng gi ma tur
nhién da thyc hién. Giai thuit Di truyén hinh thanh dya trén quan niém cho rang: qua
trinh tién hoa tu nhién 12 qua trinh hoan hao nhat, hop 1y nhat va ty n6 da mang tinh tdi
wu. Qua trinh tién hoa thé hién tinh t6i wu ¢ chd thé hé sau bao gio cling tot hon thé hé
trude.

Giai thuat Di truyén ap dung qua trinh tién hoa tu nhién dé giai cac bai toan toi wu
trong thuc té (tir tap cac 101 giai c6 thé ban dau thong qua nhiéu budc tién hoa hinh thanh
céc tap hop méi voi 10 giai tot hon va cudi cliing s& tim duogc 101 giai gan tbi wu).

Giai thuat Di truyén 1a mot k¥ thuat ctua khoa hoc may tinh nham tim kiém giai
phap thich hgp cho céc bai toan t6i wu to hgp (combinatorial optimization). Giai thuat Di
truyén 1a mot phan nganh cia giai thuat tién hoa van dung cac nguyén 1y cia tién hoa
nhu di truyén, dot bién, chon loc ty nhién, va trao doi chéo.

Giai thuat Di truyén thudng duoc tng dung nhdm sir dung ngdn ngir may tinh dé
mo phoéng qua trinh tién hoa cua mot tap hop nhitng dai dién triru twong (goi 13 nhitng
nhiém sic thé) cta cac giai phap co thé (goi 1a nhitng c4 thé) cho bai toan tdi uu hoa van
dé. Tap hop nay sé tién trién theo hudng chon loc nhimng giai phap tot hon.

Thong thuong, nhiing giai phap duoc thé hién dudi dang nhi phan voi nhimng chudi
0 va 1, nhung lai mang nhiéu théng tin ma héa khac nhau. Qué trinh tién héa xay ra tir
mot tap hop nhiing ca thé hoan toan ngiu nhién & tt ca cac thé hé. Trong timg thé hé,
tinh thich nghi cua tap hop nay dugc udc lugng, nhiéu ca thé dugc chon loc dinh hudng
tir tdp hop hién thoi (dya vao thé trang), duoc stra dbi (bang dot bién hoic t6 hop lai) dé
hinh thanh mot tap hop moi. Tap hop nay sé€ tiép tuc duoc chon loc 1ap di lap lai trong

cac thé hé ké tiép cua giai thuat.
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2.2.1 Cac khdi ni¢m co ban

Giai thuat D1 truyén dua vao qué trinh tién hoa trong tu nhién nén cac khai ni€ém va
thuat ngit cua né déu co lién quan dén cac thuat ngit cua di truyén hoc.
a. Ca thé, nhiém sdc thé

Mot ca thé trong giai thuat Di truyén, biéu dién mot giai phap cua bai toan. Tuy
nhién khong gidng véi trong tu nhién, mot ca thé co nhiéu nhiém sic thé (NST), ¢6 1 thi
goi 1a thé don boi, con néu ¢ nhiéu thi 14 thé da boi, & day dé gisi han trong giai thuét
Di truyén ta quan ni€ém mot ca thé c6 mot nhidm sic thé. Do d6 khai niém ca thé va nhiém
sdc thé trong giai thuat Di truyén coi nhu 1 trong duong.

Mot NST duoc tao thanh tir nhiéu gen, mdi gen co thé co cac gia tri khac nhau dé
quy dinh moét tinh trang nao d6. Trong giai thuat Di truyén, mot gen dugc coi nhu mot
phan tir trong chudi NST.

b. Quén thé

Quan thé 12 mot tap hop cac ca thé c6 cing mot s6 dic diém nao day. Trong giai
thuat Di truyén ta quan niém quan thé 1a mot tip cac 101 giai ciia mot bai toan.
c. Cdc todn tir di truyén

—  Chon loc: Trong ty nhién, qua trinh chon loc va dau tranh sinh ton da lam thay

d6i cac ca thé trong quan thé. Nhitng ca thé tot, thich nghi duoc véi diéu kién
song thi c¢6 kha ning d4u tranh 16n hon, do d6 c6 thé t6n tai va sinh san. Cac ca
thé khong thich nghi duoc véi diéu kién séng thi dan mat di. Dya vao nguyén
1y ctia qué trinh chon loc va dAu tranh sinh ton trong tu nhién, chon lya cac ca
thé trong giai thuat Di truyén chinh 1 cach chon cac ca thé c6 do thich nghi tot
dé dua vao thé hé tiép theo hodc dé cho lai ghép, v6i muc dich 14 sinh ra cac ca
thé méi t6t hon. Co nhiéu cach dé lya chon nhung cudi cung déu nham déap Gng
muc tiéu 1a cac ca thé tdt s& co kha nang dugc chon cao hon.
—  Lai ghép: Lai ghép trong tu nhién 1a su két hop cac tinh trang ctia bd me dé sinh
ra thé hé con. Trong giai thuat di truyén, lai ghép duoc coi la mot sy to hop lai
céc tinh chat (thanh phan) trong hai 15i giai cha me nao d6 dé sinh ra mot 15i
gidi méi ma c6 dac tinh mong mudn 1a tét hon thé hé cha me. Pay 1a mot qua
trinh xay ra cha yéu trong giai thuat Di truyén.

— Dot bién: Dot bién 1a mot su bién doi tai mot (hay mot sd) gen cta nhiém sic

thé ban dau dé tao ra mot nhiém sac thé moi. Dot bién co xac suat xay ra thap

hon lai ghép. Dot bién c6 thé tao ra mot ca thé méi tot hon hodc x4u hon ca thé

ban d4u. Tuy nhién trong giai thuat Di truyén thi ta luén mudn tao ra nhirg phép

dot bién cho phép cai thién 10i giai qua timg thé hé.
2.2.2 Mé hinh gidi thudt di truyén
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Véi cac khai niém dugc néu & trén, giai thuat Di truyén duoc md ta nhu sau:
1. [Bét dau] Nhan cac tham s6 cho thuét toan.
2. [Khéi tao] Sinh ngiu nhién mot quan thé gdm n cé& thé (1a n 101 giai cho
bai toan).
3. [Quén thé méi] Tao quan thé méi bang cach lap lai cac budc sau cho dén khi
quan thé mai hoan thanh.

a. [Thich nghi] Uéc lwong d6 thich nghi eval(x) ctia mdi cé thé.

b. [Kiém tra] Kiém tra diéu kién két thlic giai thuat.

c. [Chon loc] Chon hai ¢4 thé bd me tir quan thé cii theo do thich nghi
ciia ching (ca thé c6 do thich nghi cang cao thi cang c6 nhiéu kha
nang dugc chon).

d. [Lai ghép] V&i mot xac suat lai ghép dwoc chon, lai ghép hai ca thé
bd me dé tao ra mot ca thé méi.

e. [Pot bién] Vi mot x4c sudt dot bién duoc chon, bién d6i ca thé méi.

4. [Chon két qua] Néu diéu kién ding dugc théa man thi thuat toan két thuc va
tra vé 101 giai tot nhat trong quan thé hién tai.
2.2.3 Ap dung gidi thudt Di truyén cho bai todn mang noron nhan tao

Pé c6 thé st dung duogc giai thuat Di truyén vao viéc hoc clia mang noron can phai
thuc hién mot sb budce nhu sau:

— Xay dung ham gia: Ham gid nay s& duogc str dung dé tao nén do phd hop cia cac
c4 thé va clia ca quan thé trong GA. Trong nghién ctru nay st dung ham sai s6 RMS
tuong tu nhu trong giai thut Lan truyén nguoc sai so.

— M3 ho4 nhiém sic thé: Mdi ca thé trong GA s€ thay mdt cho mot bd trong sb cua
mang noron. O ddy ta khong can phai phan biét trong s ndo & 16p ndo ma ta chi can trai
tat ca cac trong s 1én so do gen ciia nhidém sic thé.

— Thuyc hién giai thuat Di truyén:

+ Chon loc: Gan 1 nhiém sac thé con bang mot nhidm sac c6 ham gia nhé hon
ctia 2 nhiém sic thé bd me ngau nhién (hoic la bd, hodc 1a me).

+ Lai ghép: Toan tir lai ghép ndy s& dua mot gia tri vao mdi vi tri cia nhiém
sdc thé con bang cach 1ay ngiu nhién mot gia tri tai ciing vi tri ciia nhiém sic
thé cha hodc me.

+ Dot bién: Mot gen (trong sé) duoc lya chon ngau nhién véi mot xac suit

Prutation d€ tién hanh dot bién sir dung phuong phap BIASED: véi mdi gen
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dugc chon dot bién no s& duoc cong thém mot gia tri ngau nhién quanh gia

tr1 goc ban dau.

2.3 Két hop cac giai thuat

Nhu chung ta d3 biét sir dung giai thut Lan truyén nguoc sai s6 dé tdi uu hoa trong

sO cua mang noron nhan tao dang dugc st dung rong rai hién nay. Tuy nhién, giai thuat

nay hoat dong theo co ché giam gradient nén né kho c6 thé tim ra dugc cuc tri toan cuc.

Trong nghién ctru ndy sir dung giai thuat Di truyén dé t6i wu hoa trong sé cia mang gitp

qua trinh hoc ciia mang duoc t6t hon.

Thir nghiém hai phuong phéap v6i bai toan ndi tiéng XOR. C6 4 miu hoc nhu sau:

Bang 2.1 Gid tri dau vao va ra ciia bai todn XOR

X1 X2 Y
0 0 0
0 1 1
1 0 1
1 1 0

Tham s6 chung cho ca hai phuong phap:

Mang noron sir dung 1a mang c6 mot 16p an
S6 noron trong 16p an: 3

Ngudng diung 1ap: 1000 vong lap

Lip vao Lép &n Lépra

Hinh 2.4 M6 hinh mang noron cho bai toan XOR

Tham s6 cua giai thuat lan truyén ngugc sai so:

Hang s6 hoc: 0.3

Tham sé cua giai thuat di truyén:

S6 lugng quan thé: 100
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- X4c suét lai: 0.3

—  Xéc suét dot bién: 0.1

a. Két qua trong 1.000.000 lan chay véi sai s6 dimg 0.05:
—  Giai thuat Di truyén chay thanh cong duoc 837.532 lan, trung binh 19 vong lip
mot 1an chay.
—  Giai thuat Lan truyén nguoc sai sd chay thanh cong dugc 763.908 1an trung binh

214 vong lap.

Ta c6 thé thay rang giai thuat Di truyén c6 kha nang dat duoc yéu cau vé hoi tu (sai
s6 < 0.05) tirc tim ving chira cuc tri toan cuc dé& dang hon so véi giai thuat Lan truyén
nguoc sai s6. Hay noi cach khac giai thuat Lan truyén nguoc sai s6 dé roi vao ving chira
cuc tiéu cuc bd hon giai thuat di truyén.

b. Két qua trong 1.000.000 1an chay véi sai s6 dimg 0.02:

—  Giai thuat Di truyén chay thanh céng duoc 402.466 1an trung binh 51 vong lap

mot 1an chay.

—  Giai thuat Lan truyén nguoc sai s chay thanh cong duoc 567.466 1an trung binh

202 vong lap.

Maic du giai thuat Di truyén c6 kha nang dat t&i1 cyc tri toan cuc cho qua trinh tim
kiém nhung do c6 két hop nhimng yéu td ngiu nhién nén toc do tim kiém noi chung 1a rat
cham. Mat khac n6 khong thé hoan toan dat dugc téi cuc tri toan cuc ma chi cho nhirng
két qua xung quanh d6. D6i 1ap véi GA, giai thuat Lan truyén nguoc sai sb lai cho phép
dat dugc nhimng cuc tri néu nhu diém xuat phat cta qua trinh tim kiém nam trong ving cuc
tri toan cuc.

Tir 2 két qua trén ta c6 nhan xét: giai thuat Di truyén co thé dat dén ving chtra cuc
tiéu toan cuc (sai s6 0.05) dé& dang hon so voi Giai thuat Lan truyén nguoc sai so. Tuy
nhién, dé dat dén chinh xac vi tri cuc tiéu toan cuc (sai s6 nho dén) thi giai thuat Di truyén
lai rat kém. Trong khi d6, hau hét cac trudng hop Giai thuat Lan truyén nguoc sai s6 khi
d3 dua mang dén duogc ving chira cuc tiéu toan cuc (sai s6 0.05) thi Giai thuat Lan truyén
nguoc sai s6 s& dua mang dén chinh xac cuc tiéu toan cuc. Do d6, viéc két hop giai thuat
Di truyén va Giai thut Lan truyén nguoc sai s6 ¢6 nhiéu co hoi dua mang dén dugc chinh
X4c cuc tiéu toan cuc.

Ta thiy rang co thé két hop giai thuat Di truyén va Giai thuat Lan truyén nguogc sai
s6 nhim nang cao hiéu qua cua BP. Giai thuit Di truyén s& khoanh vung chira cuc tiéu
toan cuc ctia ham 151, sau d6 Giai thuat Lan truyén nguoc sai s6 xudt phat tir bd trong sd

nay dé tién dén cuc ti€u toan cyc.
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C6 nhiéu cach dé két hop giai thuat Di truyén vao mang noron nhung cach don gian
va khé hiéu qua 13 ta thuc hién lai ghép hai giai thuat ndi tiép nhau.

Tap trong s6 duge ma hoa thanh cac nhiém sic thé va duoc tién hod nho GA. Két
thuc qua trinh tién hoa, b trong s tot nhét twong tmg véi ca thé vu viét nhét trong quan
thé duoc lua chon lam nhiing trong s6 khéi tao cho giai thuat BP. N6 chinh 1a bd tham )
cho phép x4c dinh diém gan cyc tri nhat cia ham gia.

Véi viée lai ghép nay, giai thuat Lan truyén nguoc sai sd luoc bo di mot s6 budc sau:

—  Khong khéi tao cac gia tri trong s6 ban dau vi tap trong sb da duoc lay tir két
qua cta giai thuat di truyén.

—  Thanh phan quéan tinh trong cic phuong trinh hiéu chinh trong s6 1a khong can
thiét vi tap trong s6 xuat phat di kha gan 10i giai; tac dung chdng dao dong va
thay doi dot ngodt cac trong sd theo huéng khac véi hudng cua 101 giai tré nén
khong can thiét.

Viéc thir nghiém giai thuat két hop nay dugc tién hanh voi bai toan XOR ngudng sai
s6 mong muén 1a 0.001. Cac tham sé ciling nhu cac phan trudc. Giai thuat gdm hai budc
chinh:

— (1) GA s& dua mang dat dén sai s6 0.05;

— (2) BP s& nhan b trong sb t6t nhat cua giai thuat Di truyén dong vai trd 13 trong

s6 khoi tao (co sai s6 0.05) dé dwa mang dén sai s6 mong mudn 0.001.

Ta co thé tom tit kha ning hoi tu ciia mang véi hai phuong phép hoc: giai thuat Di
truyén va giai thuat Lan truyén nguoc sai s6 khi ngudng sai s6 dimg 13p khac nhau trong
bang 2.2.

Bang 2.2 So sanh kha nang hoi tu cua mang khi s dung hai phwong phap hoc GA

va BP véi sai s6 dirng ldp khdc nhau

. S6 1an hoi tu trong 1.000.000 14n thir nghiém
Sai so0 dung lap
GA BP Két hop
0.05 83,75% 75,64%
0.02 40,25% 56,75%
0.001 0% 18,44% 60,45%

So sanh v&i viée sir dung GA va BP riéng r& thi giai thuat két hop nay cho két qua

tot hon rat nhiéu.
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CHUONG III

XAY DUNG PHAN MEM DU BAO BANG MANG NORON
NHAN TAO
3.1 Ngon ngir va giao dién phan mém
a. Ngon ngir phat trién

Chuong trinh tinh toan duoc xay dung tir dau khong st dung nén tang hay ma ngudn
san c6 ndo, trén co sé két hop giai thuat lan truyén sai s6 nguoc va giai thuat Di truyén
cho mang MLP. N6 bao gém hai giai doan luyén mang. Giai doan dau tién st dung thuat
toan di truyén nham day nhanh toan bd qué trinh luyén mang. Thuat toan di truyén thuc
hién tim kiém toan cuc va tim ra ving chira diém ti vu cho giai doan thir hai. Trong d6,
mdi nhiém sic thé duge sir dung dé ma hoa cac trong sd cia mang noron. Ham gia (ham
muc tiéu) cho cac thuat toan di truyén dugc xac dinh 13 sai s6 quan phuong (RMS) cia
mang noron tuong tng. Trong giai doan thtr 2 s& st dung k¥ thuét lan truyén nguoc voéi
cac budc hoc dugc thay doi.

Phién ban F nhiam két hop v6i cac phan mém co hoc dugc xay dung bang ngdn ngir
Fortran bang bo cong cu lap trinh Visual Fortran. Phién ban duoc t6i wu trén nén hé diéu
hanh 64bit nham tan dung hét sttc manh ctia hé diéu hanh khi lam viéc vai dit liéu lon. Vi
phién ban Fortran nay, chiing tdi ciing da két hop xu 1y song song (duoc gidi thidu chi tiét
& phan 3.5.1) nham nang cao tbc do tinh toan cua chuong trinh.

Phién ban C phuc vu céc tng dung khic mang tinh ing dung nhén dang nhu phan
tich xtr Iy anh, 4m thanh, dich ngon ngi,... dugc xay dung trén ngén ngit C# nham tan
dung cac thu vién tién tién nhu xir Iy ban d6 GIS, phén tich anh OpenCV, két ndi cac thiét
bi ngoai vi may tinh,... dé tao thanh mot cong cu hoan chinh dap ing cac bai toan thuc té
khéc.

b. Danh sé&ch cac file ctia phin mém

Danh sach cac file so liéu dau vao:

— File tham s ban dau:
+ CAu tric mang noron: s 16p vao, s6 16p an, s6 16p ra;
+ Loai ham truyén cua twong (ng véi tung 16p;
+ Tham sé giai thuat di truyén: gia tri ngudng sai s, s6 luong quan thé, ti Ié di
truyén, lai ghép, dot bién, sé budc dirng hoc;
+ Tham s6 giai thuat lan truyén nguoc: s6 budc ding hoc, gi tri ngudng sai
s6, gia tri buéc hoc ban dau, quan tinh hoc,...

— File sé liéu huan luyén: céc tin hiéu dau vao, dau ra cho trude dé huan luyén.
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— File s6 lieu kiém tra, du bao: cac tin hiéu dau vao can du béo.

Danh sach céc file duoc két xuat:

— File két qua ma tran trong sé lién két cua ting budc.
— File két qua s liéu dau ra cua phuong an tinh.

¢. Giao dién ciua phan mém

o IMECH-A]
File Edit Help

Phuong an tinh

Mang Truyen Thang 2 Lop
S mau huan luyen:

S0 neuron lop vao:

S0 neuron lop an:

So neuron lop ra:

S0 mau kiem dink:

— Giai Thuat Di truyen——
S0 buoc lap:

Sai so RMS:

So ca the:

He so di truyen:

He so dok bien:

—Lan Truyen Mguoc Sai So —
Sa buac lap:
Sai so RMS:
Toc do hoc:
Diew chinh buoc hoc:

Quan tinh:

" Tinh Lan truyen nguoc 55
" Tinh giai thuat di truyen
© Tinh ket hop

" Doc ma tran trong so

HUAK LUYEM MANG

Ghi file ma tran trong so

IMECH-AI : Phin mém sir dung mang
neuron nhén tao du bao thuy luc - thuy van

Xay dung va phat trién: TS. Nguyén Chinh Kién - 2017
Bén quyen cua phong Thiy déng hre va giam nhe thién tai trong luu vye

Email: nckien@imech.vastvn.

Hinh 3.1 Giao dién cua phan mém dy bdo bang mang noron.
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st IMECH-AL X
File Edit Help
Mew
Open...
Save
Save As... ¢
Print...
Print Setup.. 1 <« Data » RR_20152016 HY mo... v | O Search RR_20152016 HY mod 4 0
Exit Organize ¥ New folder m O
So mau kiem dinh: [&] Pictures " MName Type L
T EE = @ OneDrive Backup File folde
Sobuoc lap: Backup2 10/18/2017 6: File folde
5ai s0 RMS: B This PC = Inputset 10/20/2017 9:43 AM  Text Doct
So ca the: I Desktop 5 InputForecastSet.bt 10/19/2017 10:48 .. Text Doct
He so di truyen: Documents D InputTrainingSet.tet Text Doc
He =o dot bien: ‘ Downloads D InputWeightMatrix.bd Text Docy
 Lan Truyen Nauoc Sai So J, Music D Ouput_BP_Wei.ghtMatri.x.bct Text Docy
) =] Pictures D Ouput_GA_WeightMatrix.bet Text Docy
SOEuCCES ) |5 cuput_WeightMatrix 0.0 Text Doct
EaboHE B Videos [E| Output_BP_Calibrateidt 0/20/2017 Text Doct
kb s Windows 10(C;) D Output_BP_Forecast.bet 10/20/20 Text Docu
Dieu chinh buoc hoc: = LAPTRINH (D) [E Output_Calibrate 0.6t 10/19/20 Text Doct
Quan tinh: - DATA (E) D Output_Forecast_0.txt 10/19/20 Text Doc
£~ Tinh Lan truyen nguoc 55 - WORK (F) wlz B nenes on ot T n')"
" Tinh giai thuat di truyen
" Tinh ket hop File name: |Ir1put.txt V| Data input.
” Docma tran trong so
Cancel
HUAM LUYEN MANG |
Hinh 3.2 Lwa chon phwong an tinh
= IMECH-Al X
File Edit Help
Phuong an tinh RM5=0.0160, NSE(J= 0.9407 0.7753
Du bao muc nuoc Son Tay
—Mang Truyen Thang 2 Lop -
Somau huan luyen: 320
So neuron lop vao: 5
So neuron lop an: 100
So neuron lop ra: i
Somaukiemdinh: 1541
— Giai Thuat Di truyen ——
So buoc lap: 300
Sai so RMS: 0.015
So ca the: 5000
He so di truyen: 0.80
He so dot bien: 0.10
—Lan Truyen Mguoc 5ai So—| 1642.0
So buoc lap: 1000000 1493.0
Sai so RMS: 0.0050 1344.0
Toc do hoc: 0.00 1195.0
Dieu chinh buoc hoc: 0.00
Quan tinh: 0.00 1045.9
¢~ Tinh Lan truyen nguoc 55 896.9 A’h
™ Tinh giai thuat di truyen 747.9 h"\ o v
" Tinhket hop 598.9 'J wwkwﬂrmw w“
' Docma tran trong so 449.9 &MR’“ noa G"d
HUAN LUYEN MANG | 300.9 WW
151.8
32 64 96 128 160 192 224 256 208 320

Ghi file ma tran trong so

Hinh 3.3 Cdu triic mang, théng sé6 va cdc gid tri ban dau ciia phirong dn da chon.
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3.2 Modun Giai thuat di truyén
Néu phuong an tinh c6 lya chon giai thuat Di truyén hoic Két hop, modun giai thuat
Di truyén duoc sir dung véi so d6 khdi nhu duéi day:

==

Nhan cac tham s
cla bai toan

!

Khéi tao qgfﬁn thé
ban dau

[
v

Tinh gia tri thich nghi

Piéu kién
dirng

Sinh san
L A
Y
Lai ghep i
Lwa chon giai phap tot
nhat
kA
Dot bién
I
Két
thuc

Hinh 3.4 So do thudt todn ciia gidi thudt di truyén
Chi tiét duoc dién giai nhu sau:
Buée 1: Tao n (n 1a sb lugng ca thé ciia quan thé di truyén) vecto mang 1 chiéu bao

gom m s0 la tong cua s phan tr ma trdn trong so 16p an va 16p ra. Cac gié tri cia vecto
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ndy dugc mdy tinh sinh ngau nhién trong khoang dinh trude. Theo kinh nghiém cta chiing
t6i, thudng cac gia tri ngau nhién xuat phat trong khoang [-6,6]. Mdi vecto nay chinh 1a 1
nghiém cua bai todn can tim.

Buédce 2: Vi mdi vecto nghiém, thyc hién tinh cac ham gia tuwong Ging ctia mang
noron. Néu gia tri nho nhat cia ham gia vecto nao d6 théa man didu kién dirng thi giai nén
vecto d6 thanh cac ma trin trong sb cta cac 16p an, 16p ra.

Bwde 3: Thuc hién cac toan tir di truyén:

+ Sinh san (chon lgc): Thay thé toan bd n vecto: Gia tri mot vecto méi duoc léy boi
gia tri vecto c6 ham gia nho hon gitta 2 ciip vecto ngau nhién.

+ Lai ghép: Vi ti 18 lai ghép cho trudc (khong 14y toan bd sd luong n), mdi vecto
moi duoc ldy ngau nhién mot phan gia tri tir 2 vecto ci.

+ Dot bién: Vi ti 18 dot bién cho trude (khong lay toan bo sb luong n), mdi gia tri
trong vecto méi duge cong thém ngau nhién [-1,1] vao gid tri clia vecto cil.

Lap lai budc 2 va 3 khi gap diéu kién ding.

Sau mdi budc thuc hién cac toan tir di truyén, cac gié tri danh gia (RMS, NSE) toan
mang dugc cap nhat lién tuc va dugc luu lai cac gié tri nho nhét, 16n nhat tuong Uing cua

toan by mang noron va dugc hién thi truc tiép 1én man hinh tinh toan dé theo dai.

3.3 Modun Giai thuat Lan truyén ngwoc sai s6



31

Bit dau

\4

Khoi tao mang: n>0; Emax; w;; ;E=0;k=0

A 4

k=k+1;y=x®;;

1y; = g(Inet;) = g 2 w1y,
J

v

1 k 2 . X .
E = 5 ?:1(d§ )~ QJ’i) +E; 95 = (dl( ) — Qyi)g (%net;)
Aqwij = 1. Q6i_ q—1yi => qujneW — qujOld + Aquj

q_15i = g'(q_lneti) Z] qujq6i vOl qu,Q‘l,...2

k>p (Chay quét mau hoc)
YES
E=0;k=0 (Diéu kién hoi tu)
YES

Hinh 3.5 So do thudt todn lan truyén nguoc sai sé

Chi tiét cac budc thuc hién da dugc trinh bay & phan trén, tuy nhién ddi véi timg
phuong 4n tinh todn ma giai thuat Lan truyén nguoc sai s6 duoc ap dung linh hoat khac
nhau.
3.4 Két hop cac giai thuat

Chuong trinh cho nguoi ding c6 thé lya chon phuong 4n tinh c6 st dung giai thuat
Lan truyén nguoc sai ) riéng ré hodc két hop véi giai thuat Di truyén hoac doc ma tran
trong s6 dd c6 dé tinh tiép thi modun nay duogc sir dung theo nhiing cach khac nhau twong
ng véi cac dau vao khac nhau:
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+ Phuong an chi tinh giai thuat Lan truyén nguoc sai s6: Mot vecto ban dau duoc
sinh ngau nhién tuong tu giai thuat Di truyén. Tir nghiém ngau nhién ban dau nay, thuc
hién cac budc nhu trong so dd khdi dé tim duoc nghiém cudi cung thda man diéu kién
dung.

+ Phuong an doc lai ma tran trong s6 cii: Poc tur file vao céc gia tri cia phuong an
d3 tinh va gan cho vecto nghiém xuit phat (khéng can sinh ngiu nhién nhu phuong an
treéc). Sau d6 thue hién cac bude nhu trong so dd khoi dé tim dugce nghiém cudi cing
thoa man diéu kién dimg.

+ Phuong an tinh két hop: Thuc hién tinh giai thuat Di truyén, vecto nghiém cubi
cung cua giai thuat Di truyén (c6 ham gia nho nhét) dugc lay lam vecto nghiém xuét phat
cta giai thuat Lan truyén nguoc sai s6. Sau d6 thuc hién cac budc nhu trong so dd khoi dé
tim duoc nghiém cudi cing thoa man diéu kién dimg. Chi tiét két hop hai giai thuat dugc
md ta & so do khoi Hinh 3.6.

Sau mdi bude thye hién huin luyén mang cho toan cac mau hoc, cac gia tri danh gia
(RMS, NSE) toan mang dugc cdp nhat lién tuc va duoc luu lai cac giai tri nho nhat, 16n
nhat trong Gng cta toan bé mang noron va duoc hién thi tryc tiép 1én man hinh tinh toan
dé theo dai.
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Bt 4 o v-iainfnd?;t F: Giai doan 2
m e GiAi thujt lan truyén nguorc sai sb

k.

Khéd tao mét gquin ' r Flhii tao t:rnng'sé tir cdc
thé cdc nhigm sic thé E f nhigm g4c the cd him |«
cho the he hign ta thich nghi nhd nhat
I
v_ v

r | Truyén thang cho mang
Tinh todn him thich MLP sirdung ham host
nghi che mgi_ nhiém héa sigmoid

sac the
v
Tinh E;
Ung dung cdc phép
todn di truyen tao ra
thé hé méi . ;
Tinh todn ting binh phuong
l 161 gaira diu ra thue 18 vi
a z
Thay the quan the cii DeTmem
bang th hé méi Y
Cap nhit cac trong 50 strdung gid
thuit lan truyén ngupe va chinh dinh
barire hoe theo thust todn
Brin

g

Chu teinh cho gial doan 1 —
Chu trinh cho giai doan 2: e

Hinh 3.6 So do thudt todn két hop gidi thudt Di truyén va Lan truyén ngiege sai sé

3.5 Mgt s6 k§ thuat xir ly
Trai ngugc v6i bude ap dung bd trong s dé tinh toan du bao chi bao gdm nhén lién

tiép vai budc cac ma tran kich thudc xac dinh nén chi mat thoi gian tinh ¢& don vi gidy,
budc huan luyén mang dé tim bo trong sd bao gdbm hang chuc ngan vong lap (c6 thé 1én
dén hang triéu — tiy theo dicu kién ding cua sai s6) 4p dung cho hang ngan, chuc ngan
mau hoc, do d6 thoi gian huén luyén rat dai. Doi voi mot s bai toan thuc duon gian cling
c6 thé 1én dén vai ngay, vi du nhu véi tién luc manh cia Google, ¢ mdy choi cd vay
Anpha Go phai mat dén 40 ngay méi huin luyén xong mang tir vai triéu nudc ¢ c6 san.
Do d6, cin phai nang cao kha ning tinh toan nhd qua viéc song song héa dé dap ung nhu
cau thyc tién.
3.5.1 Ky thudt tinh toan song song

Tinh toan song song hi¢u suit cao duoc thuc hién b?mg cach tach cac nhiém vu 16n
va phtrc tap ra nhiéu phan dé chay trén nhiéu don vi xir Iy. Mic du c¢6 nhiéu phuong phap

c6 thé sir dung dé cai thién hiéu suat hé thdng cac may tinh, nhung phuong phéap thong
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dung nhat dé t6 chuc va diéu phdi qua trinh xir 1y song song 1a viét code ty dong phan tich
bai toan sap dén va cho phép cac don vi xir Iy lién lac v6i nhau khi can thiét trong khi thuc
hién cong viéc.

Khong phai tit ca cac bai toan déu c6 thé tinh toan song song. Néu khéng c6 cong
viéc con nao ¢6 thé thuc hién déng thoi hodc néu hé dang duoc mo ta phu thudc 1an nhau
manh (bai toan "fine-grained"), moi nd lyc song song hoa n6 cé thé dan tdi ting thoi gian
tinh toan. May mén 1 rat nhiéu cc bai toan khoa hoc phtrc tap c6 thé phan tich thanh cac
nhiém vu riéng biét dé thuc hién doc lap va déng thoi boi nhiéu don vi xtr 1y. Thong thuong
nhét 1a viéc tach cac toa do khong gian (hodc thoi gian) cua hé dugc mo hinh thanh cac
ving khong gian con (hay khoang thoi gian con) va c6 thé tinh toan dong thoi. Nhiing tng
dung loai nay, duoc goi 1a "coarse grained", kha dé dang song song hoa va chung ta co thé
¢6 duoc loi ich 16n nhét tir xir Iy song song.

Viéc song song héa mot bai toan phu thudc vao diéu kién vé phan ciing va phan mém
dé tir d6 lva chon phuong phap t6i wu cho bai toan d6. Cac phwong phap song song thuong
dwa trén kién tric b nhé co ban - bo nhé chia sé, bo nhd phan tan, hay hén hop. Cac ngon
ngit 1ap trinh chia sé bd nhé giao tiép bang cach diéu khién cac bién chia s¢ bo nho
(OpenMP 1a API pho bién nhat st dung bo nhé chia sé), bd nhé phan tan st dung phuong
phap truyén tin trong d6 (giao dién truyén tin MPI 1a API sir dung hé thdng truyén tin noi
bat nhat). Trong 10 nam trd lai day, cac hé thong sir dung card d6 hoa (GPU) tinh toan
duogc phat trién manh mé nhod vu diém cua ching so véi CPU (s6 16i tinh toan 16n — hang
ngan don vi xt ly trén 1 card), mdi card dd hoa c6 1 bd nhé riéng, cac b nhé nay dugc
giao tiép vai bo nho ciia CPU qua cac thu vién riéng (vi du nhu CUDA cua dong card db
hoa Nvidia).

a. OpenMP

OpenMP dugc coi nhu mot giao dién lap trinh ing dung API (ApplicationProgram
Interface) chuan danh cho Iap trinh véi bo nhé chia sé. Hé thdng bo nhé chia sé bao gom
nhiéu bo xt Iy CPU, mdi bo xir Iy truy cap toi bé nhé chung théng qua céc siéu két ndi
hoac cac dudng bus. Viéc sir dung khong gian dia chi don lam cho mdi bo xur 1y déu co
mét céi nhin gidng nhau vé b nhé duogc sir dung. Truyén thong trong hé théng bo nha chia
sé thong qua cach doc va ghi dir liéu gitra c&c bo xur ly vai nhau 1én b nhé. Véi cach nay,
thoi gian truy cap téi cac phan dit liéu 1a nhu nhau, vi tt ca cac qué trinh truyén thong déu

thong qua duong bus.
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Uu diém cua kién trdc nay 1a dé dang lap trinh, boi vi khdng yéu cau sy truyén thong
gitra cac bo xu ly vai nhau, ching chi don gian la truy cap tai bo nhé chung.

C6 thé xem mo hinh lap trinh OpenMP nhu 1a mot mo hinh Fork-Join, Hinh 3.4.

S N, 3 & s il .
Viing song song Ving song song Vilng song song

Hinh 3.7 M6 hinh Fork-Join

Trong md hinh Fork-Join, tat ca cac chuong trinh OpenMP déu bat dau béi mot tién
trinh don. D6 1a master thread (ludng chinh), ludng chinh nay duoc thuc hién tuan tu cho
dén khi gap chi thi khai béao viing can song song hoa.

Fork: sau khi gap chi thi khai bao song song, master thread s& tao ra mot nhém céac
ludng song song. Khi do, cac cau 1énh trong ving dugc khai bao song song sé duoc thyc
hién song song hoa trén nhém cac ludng vira duoc tao.

Join: khi cac ludng da thuc hién xong nhiém vu cia minh, ching sé& tién hanh qué
trinh dong bo hoa, ngat ludng, va chi dé lai 1 ludng duy nhat 13 master thread.

b. MPI

MPI 1a mét chuan chinh thiic vé truyén thong gitra cac bo nhé phén tan tao ra bai mot
uy ban, goi 1a Message Passing Interface Forum (MPIF), phat hanh nim 1994. Chuan nay
mo ta cac dic diém va cl phap cua thu vién l1ap trinh song song can phai cd. C6 rat nhiéu
cac thu vién dua trén chuan MPI d3 duoc c4c nha phéat trién phan mém viét trén nhiéu hé
may tinh khac nhau. N&i bat nhat trong sé ching la MPICH va LAM/MPI. Hién nay MPI
d3 nang cap 1én chuan MPI phién ban 3.0 nim 2012 nhanh hon va c¢6 tinh kha chuyén cao
hon va duoc st dung hau hét & céc hé théng siéu may tinh trén thé gioi.

c. GPU

K3 thuat tinh toan dung don vi xtr Iy d6 hoa da dung - General-Purpose computing
of Graphics Processing Units (GPGPU, hay con goi tit 1a GP2U) 1a ki thuat sir dung don
vi xtr Iy @b hoa GPU (vén duoc thiét ké dé tinh toan dd hoa may tinh) dé thuc hién nhitng
tac vu trude day duoc xu ly boi CPU. Thong thuong cac chirc nang ctia GPU duoc gidi

han trong viéc xt Iy d6 hoa may tinh. Trong rat nhiéu nim, GPU chi duogc st dung dé ting
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tc mot vai phan trong db hoa dudng dng (graphics pipeline). Tir doi hoi cua thi trudng

cho dd hoa 3D thoi gian thyc va d6 hoa véi do phan giai cao, cac GPU da phat trién voi

kién trdc song song hda mic cao, xu 1y da ludng véi kién tric manycore processor da dem

lai kha ning tinh toan cing vé6i bang thong bd nhé rat cao, tham chi con vuot qua nhing

CPU thong thuong.

Ly do dan dén viéc GPU c6 kha ning tinh toan cac phép tinh dau phay dong cao hon

CPU la vi GPU duoc thiét ké cho cac tac vy doi hoi su song song héa & mic cao, dé ciing

chinh 1a doi hoi cua viéc rendering dd hoa. Chinh vi thé nén trong thiét ké, GPU st dung

phan 16n transitors cho viéc xir 1y dit liéu hon 1a viéc diéu khién ludng va dua dir liéu vao

bo nhd dém (data caching).

Control

ALU ALU

ALU ALU

FURNETN]

CPU GPU
Hinh 3.8 So sanh kién tric CPU va GPU.

GPU c6 cac dac tinh sau:

Nhan manh xir ly song song (Emphasize parallelism): GPU 1a vé co ban mdy
song song va viéc str dung hi€u qua n6 phu thudc vao mirc d6 xir ly song song
trong khdi luong cong viée. Vi dy, NVIDIA CUDA chay hang ngan ludng chay
tai mot thoi diém, t6i da hoa co hoi che gidu do tré bo nhd bang cach st dung
da ludng. Nhan manh xt 1y song song doi hoi lya chon cac thuét todn ma chia
mién tinh toan thanh cang nhiéu manh doc 1ap cang tot. Pé t6i da hoa sd luong
ludng chay dong thoi, GPU lap trinh ciing nén tim cach giam thiéu viéc sir dung
thread chia sé tai nguyén (nhu dung cac thanh ghi cuc bd va bd nhé dung chung
CUDA), va nén su déng bo gilra cac 1u6ng la it di.

Giam thiéu sy phan ky SIMD (Minimize SIMD divergence): GPU cung cap mot
mo hinh 14p trinh SPMD: nhiéu ludng chay ciing mot chuong trinh tuong tu,
nhung truy cp dit liéu khac nhau va do d6 cé thé c6 su khac nhau trong thyc
thi cua chung. Tuy nhién, trong mot $6 truong hop dac bi¢t, GPU thuc thi ché

do SIMD cho cac 16 cac 1u6ng. Néu luéng trong mot 16 tréch ra, toan bo 16 s&
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thue thi cing cac dudng code cho dén khi cac ludng hoi tu lai. Tinh toan hiéu
nang cao GPU doi hoi co cdu code sao cho giam thiéu sy phan ky trong 16.
Tang toi da cuong do sb hoc (Maximize arithmetic intensity): Trong khung canh
tinh todn ngay nay, cac tinh toan thuc té 13 twong ddi tot nhung bang thong bi
han ché. Biéu nay that sy rat dung véi GPU noi hd tro rat tét tinh toan diu phay
dong. Pé tan dung tdi da sttc manh do can cau trac thuat toan dé tdi da hoa
cuong do sb hoc, hodc sb lugng cac tinh toan trén s6 thuc hién trong mdi thao
tac voi bd nhd. Truy cap dir liéu mach lac bang cac ludng trg gitip riéng biét boi
Vi céc thao tac nay c6 thé két hop dé 1am giam téng sb thao tic bd nhé. Sir dung
bd nhd dung chung CUDA trén GPU NVIDIA ciing gitip giam overfetch (do
cac ludng c6 thé giao tiép) va cho phép cac chién luoc "blocking" viée tinh toan
trén bg nhd cua chip.

Khai thac bang thong dong (Exploit streaming bandwidth): Mic du ¢6 tam quan
trong cta cudong do sé hoc, n6 13 can luu ¥ rang GPU c6 bang thong rat it (very
high peak) trén bo nhd di kém, ¢& 1/10 bing thong bo nhé thong dung trén nén
may PC. Pay 1a 1y do tai sao GPU c6 thé thyc thi tot hon CPU & cac tac vu nhu
sap xép, trong do6 c6 ty 1¢ tinh toan/bang thong thap. Pé dat duoc hidu ning cao
trén cac ung dung nhu thé doi hoi cac mau truy cap bd nhd dong (streaming)
trong d6 cac ludng doc va ghi vao cac khoi 16n lién mach (t6i da hoa bang thong
cho mdi giao dich) nam trong cac khu vuyc riéng bi¢t cia bd nhd (tranh cac rai
ro dir liéu).

Thre hign song song
trone moi 16

Hinh 3.9 Tién trinh thuc hién ciia I chwong trinh CUDA
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d. Mo hinh két hep

Tan dung wu diém caa cac md hinh trén, phan 16n cac siéu may tinh hién nay dugc
xay dung 12 su két hop cua cac cdng nghé trén. Hé théng ndy bao gdm nhiéu may chu, trén
mdi may chi bao gom nhiéu CPU va GPU ciing thyc hién chirc ning tinh toan. Chung
duoc lién két véi nhau qua cac card mang Ethernet c¢6 toc do Gbps hoic cac card chuyén
dung c6 téc do 1én dén 100Gbps truc tiép gitta cac bo nhé cia GPU.

Memor Memor ‘W
1 2 . .

PCl-e

Network

Network Network
Card ‘ - ’ Card

Hinh 3.10 M6 hinh siéu may tinh c6 card mang két néi chuyén dung GPUDirect RDMA

Bén canh d6, cac hdng san xuat hién nay ciing dang tap trung nghién ciru san xuat cac
bo vi xir Iy ¢6 cau trdc tdi wu phyc vy tinh toan tri tué nhan tao nhu cac dong FPGA (Field-
Programmable Gate Arrays).

e. Ung dung k§ thuat song song vao xay dwng phan mém mang noron than kinh nhan
tao

Pé tao diéu kien thuan loi cho phat trién ma ngudn ciing nhu st dung, chiing toi thuc

hién 2 giai phap song song cho phan mém caa minh 14 ki thuat OpenMP va ky thuat dung
card d6 hoa GPU cua Nvidia trén nén CUDA. Sy tién loi cia hai giai phap nay 1a nguoi
lap trinh khdng can phai co kién thirc vé cai dit, cau hinh chinh xac mang may tinh ma chi
dong gbi kém thu vién dong hoic can cai cac driver mic dinh ciia nha san xuat phan cing
la str dung duoc. Khi dugc chuyén giao, ngudi st dung ciing d& dang chay trén cac may
tinh c& nhan nhanh chdng ma khdng can kién thirc chuyén sau vé song song.
+ OpenMP: Ung dung dugc cho moi may tinh pho théng CPU da 15i hién cd trén thi
truong. Trong thir nghiém nay, chdng toi st dung CPU Intel i7 3770 4 16i 8 thread voi toc
d6 3.9 Ghz, ning luc tinh toan dau phay dong theo cong b cua nha san xuat 12 125 GFLOP.
Khai bao thu vién sur dung:

#ifdef _OPENMP

include 'omp_lib.h'
#tendif
#ifdef _OPENMP
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Déi véi ca hai giai thuat, trong vong lip diéu kién ding (RMS nhé hon sai s6 cho
truéc hodc sé bude 1p 16n hon sb cho trudc), thao tdc huan luyén mang dwoc chay cho
nhiéu mau hoc. M&i mau hoc nay duoc chuong trinh phan bd trén cac 161 CPU. Do do, sau
dong 1énh vong lap diéu kién dimg va truéc dong 1énh vong Iap huan luyén theo cac mau,
biy song song dugc dit dé chia nhd cong viéc cho cac CPU, c6 kém ghi chi céc bién dung
chung ciing nhu cac bién riéng cho ting 16i.

I$omp parallel SHARED(danh sach bién chung...) private(danh siach bién riéng...)
I$omp do

Két thac vong lap huan luyén, dat bay chan dé cho cac 16i hoan tat phan tinh cua
minh, c4c gia tri tinh dugc nay duoc tap trung cap nhat vao bo nhé chung va hoan tat phan
tinh song song.

I$omp end do
I$omp barrier
I$omp end parallel

+ GPU: Trong khudn kho dé tai co s nay, ching t6i c6 sir dung kinh phi dé mua thiét bi
tinh toan 12 01 card NVIDIA GeForce GTX 1060 6GB vai thong s6 duoc trinh bay nhu
bang 3.1. Pay 1a mot cau hinh khuyén céo téi thiéu cia nhiéu chuyén gia danh cho mot hé
théng tri tué nhan tao phuc vu cdng viéc nghién ctu, tng dung co ban,... ciing nhu tham
gia san d6i khang Kaggle danh cho cac chuong trinh hoc may.

Bdng 3.1 Thong sé card NVIDIA GeForce GTX 1060 6GB

Thong sb Chi tiét
Tén ma thiét bi GP106 (8/2016)
Transistors 4.4t
S6 16i tinh 1280
Xung nhip tinh 1708 Mhz
Bé nho 6144 MB / GDDR5 / 192 bit / 192.2 GB/s
Bing thong giao tiép PCle 3.0 x16 / 16Gbps
Ning luc tinh toan dau phay déng 4.375 TFLOPS

Céch thac thyuc hién véi GPU nhu sau:

Déi voi module Giai thuat Di truyén, ching tdi chon phwong an song song dya trén
s6 lugng quan thé, mdi ca thé trong quan thé s& dugc 1 don vi tinh toan xt ly (xtr ly trén
tat ca cac mau hoc cua cé thé do). Diéu nay s& gidp thuat toan song song c6 loi khi s6 lwong
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quan thé 12 16n. Tuy nhién, ching tdi chi xir Iy song song vai cac ca thé khi tinh toan cac
ham muc tiéu (ham thich nghi), con bo qua phan xu 1y cac phép toan di truyén chi chiém
mét khdi lugng nho tinh toan, chii yéu 1a cac phép géan gia tri mang.

Déi véi giai thuat Lan truyén nguoc sai s6, do chi con 1 ¢4 thé tdi wu nhat, cac phép
lip chi thuc hién theo cac mau hoc, do d6, can chia mdi lan xt Iy 1 mau hoc cho 1 don vi
xir ly. Viéc xir 1y trén mdi nat tinh toan chi bao gdm céc budce tinh xudi va lan truyén
nguoc, diéu nay gidp thuat toan song song cd loi khi sé lwong mau hoc 12 16n. Uu diém
cua phan song song nay so véi Giai thuat Di truyén 1a song song dugc phan 16n cac budc
tinh, dit liéu truyén sau mdi budgc tinh 1a nho.

So d6 khdi chung cho ca 2 giai thuat khi song song trén GPU duoc thé hién nhu hinh
3.11.

Bit dau

Truyén di liéu tir
Host dén Device

Device thuc hién tinh
toan trén cac dur liéu

Truyeén dir liéu sau khi
tinh tir Device dén Host

Két thuc
Hinh 3.11 So d6 khéi céach thuc hién song song trén GPU
Trong d6:  Host: 1a nhirng tac vu va ciu tric phan cang, phan mém duoc xir ly tir CPU.
Driver: 1a nhitng tc vu va cau tric phan cting, phan mém dugc xir Iy tir GPU.
Qua trinh duoc dién giai nhu sau:
— Dit liéu can duoc tinh toan ludn & trén bo nhé cia Host vi vay bude 1 1a truyén
dir liéu can tinh toan tir bo nhd Host qua bo nhé Device.

— Sau d6 Device s& goi c4c ham riéng cua minh dé tinh toan dit liéu do.

— Sau khi tinh toan xong, dir liéu can dugc tra vé lai cho bo nhé ciia Host.
f. Mot sé két qua thu dwoc
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Pé danh gia hiéu qua cua phuong phap song song, ching tdi lya chon 2 bai toan voi
cac s liéu thuc co cau tric mang va sb lugng mau hoc, sb lugng quan thé khac nhau duoc

mo ta trong Bang 3.2.

Bang 3.2 Thong sé cac bai toan thi nghiém.

STT Théng sé Bai toan 1 | Bai toan 2
1 | Sb noron 16p vao 8 49
2 | Sé noron I6p an 13 100
3 | Sé noron 16p ra 1 1
4 | Sb lugng trong quan thé di truyén 1.000 2.000
5 | S6 bude lap di truyén 100 50
6 | S6 budc lap phuong phap Lan truyén nguoc sai s6 100.000 100.000
7 | S6 lwong mau hoc 480 1.000

Do tinh chat ngau nhién caa nghiém ma tran trong s6 ban dau, sai s6 dirng cua 2 giai
thuat duoc dit that nho dé dam bao khdng hdi tu trudce khi dat sé vong lap ding (bat budc
moi 1an tinh toan phai c6 cing 1 s6 luong phép tinh). Nhu vay rd rang, sé phép tinh cua
bai toan 2 13 hon hon nhiéu so v&i bai toan 1. Khi do, tir két qua 2 bai toan co thé danh gia
duoc ca thoi gian tré khi truyén dit liéu qua lai giira cac don vi tinh toén.

MJi bai todn duoc chiing ti chay 100 lan dé tinh thoi gian trung binh cia mdi phuong
phap, két qua duoc thé hién ¢ bang 3.3 dudi day.

Bang 3.3 Thoi gian tinh trung binh cua céc bai toan thu nghiém

Phwong an | Tinh don nhan | Tinh da nhan CPU | Tinh da nhén Ti I1€ thoi
tinh CPU (OpenMP) GPU gian
Bai toan 1 52s 19s 90s 1:0.36:1.73
Bai toan 2 1h:22m:53s 0h:20m:24s 0h:04m:34s 1:0.25:0.055
(4973s) (12245) (274s) ~(1:4:18)

Nhan thay: Khi kich thuéc cac ma tran 1a nho, sé luong mau hoc nho, sb lugng quan
thé 1a nho, viéc song song trén GPU lai khong mang lai hiéu qua, tham chi con gay ra sy
cham tré tong thé tinh toan do phai truyén dit liéu nhiéu; tinh da 156i CPU bang OpenMP
dat hiéu qua tét nhung ciing chwa dat hét mirc d6 thiét ké. Khi sé luong noron céc 16p ting,
s6 lwong mau hoc tiang, sé lwgng quan thé ting, viéc tinh toan song song cho bai toan mang
noron nhan tao cang hiéu qua do tinh song song cua cac bai toan nay Ién. Tinh song song
thé hién & chd: cac mau huan luyén mang, cac budc huan luyén mang 1a doc lap. Do do,
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khi &p dung tinh song song cho bai toAn mang noron nhan tao dem lai hiéu qua cao. Ddi
véi c4c bai toan khac trong thuc té, thoi gian huan luyén 1én dén don vi hang thang, hoic
cac tac vu yéu cau xu ly thoi gian thuc, viéc song song hda tinh toan 1a mot yéu cau bat
buoc.

Ngoai ra, chiing toi danh gia két qua qua viéc phan tich biéu d6 do hiéu ning card d6
hoa caa Windows bing phan mém théng dung Task Manager (phién ban Windows 10 Fall
Creator phat hanh vao 17/10/2017) nhu hinh 3.12.

1% Task Manager — a >
File Options  View

Processes Performance App history Startup Users Details  Services

CPU
o 21% 4.33 GHz G PU MWIDIA GeForce GTX 1060 6GE
~ Compute_0 743~ Copy 0%
Memory
3.9/7.9 GB (49%) ,'-——'—'
1= A
Disk 0 (C: D) | III|I ARERE “ll I|I
15 . Lk |
i ARIRARIR
~ Video Encode % ~ Video Decode 0
Disk 1 (E2)
0%
Disk 2 (F: G2}
0% Dedicated GPU memory usage 6.0 GB
Ethernet
50 R: 0Kbps
Ethernet Shared GPU memory usage 3.9 GB
50 R: D Kbps
| | Ethernet
" t 50 FR: DKbps
1.l Utilization Dedicated GPU memory Driver version:
GPUO 0% 0.1/60GB  Dmedne
irect version:
E‘I;IDIA GeForce GTX 1060 6GB GPU Memory Shared GPU memory Phveical location:

0.1 f99 GBE 0.1 ,{39 GB Hardware reserved me...

Fewer details '\E" Open Resource Monitor

Hinh 3.12 Biéu d6 hiéu ning card dé hoa khi dang xit Iy song song trén GPU bai toan 2
Ta c6 mot vai nhan xeét:
+ Thuat toan song song ap dung cho tap dit liéu 2 bai toan trén chua tan dung hét
1280 18i cua card d6 hoa nén chua dat hiéu qua cao nhat. Khi xu Iy giai thuat
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Di truyén chi dat ~50%, khi xir ly giai thuat Lan truyén nguoc sai sé chi dat
75% cdng suat.
+ Giai thuat Di truyén nhu d3 mo ta & trén chwa duoc song song cac phép toan
di truyén, khéi luong truyén dix lidu lai 16n, nén xay ra hién tuong ngat quéng
thoi gian xtr 1y trén card d6 hoa mac du bai toan 2 1 bai toan c6 khéi luong
tinh toan 16n so véi bai toan 1. Do d6 can tbi wu viéc song song trén giai thuat
Di truyén thém nita dé cd hiéu nang t6t cho moi bai toan tir nho dén 16n.
3.5.2 Kj thugt phan tich di liéu dau vao
Khi ta thu nhan dit liéu do dac dé lam dir liéu dau vao thi gap phai van dé dang lo
ngai anh huong dén tinh ding dan cua dir liéu 1a ty 18 nhiéu co trong dit liéu. Nhin chung,
nhiéu dugc xem nhu 1a mot dit liéu va 1a thanh phan khéng mong mudn trong di liéu thay
van dau vao. Vi vay, dit liéu do dac thu dugc cung cap nhiing thong tin ban dau dugc goi
la dix liéu thd. Chat luong cua dit liéu dau vao cé thé duoc xac dinh theo:
— Ty lé dit liéu trén nhiéu cao nhét trong théng tin cta dit liéu dau vao thi cang tot
va s lwong nhidu nén thp nhat.
—  Su bién dang cua dir liéu dau vao cang it cang tot.
Do d6, dé co dugc dir lidu dang tin cdy nguoi ta da sir dung rat nhiéu phuong phap
khac nhau dé phan tich va xu ly dir liéu.
a. Bién ddi Fourier
Bién ddi Fourier dua trén co s¢ chia mot dir liéu thanh tong cac ham sin véi tan sé
khéc nhau hay n6 1a k¥ thuat bién doi dit liéu tir mién thoi gian sang mién tan s6. Phép bién
d6i Fourier 14 phuong phap phd bién nhit duoc sir dung dé xac dinh pho tan sé cua dir liéu.
Nhung han ché 16n cia phuong phap nay 1a khi bién d6i sang mién tan s thi thdng tin thoi
gian bi mat di, khi nhin vao mét bién doi Fourier cua dit liéu khdng thé biét duoc thoi gian
xay ra su kién. NO chi thich hop vaéi céc dir liéu dung, khong thich hgp trong xur ly nhitng
dir ligu khong dimg nhu dit liéu thity van, thiy luc.
b. Phép bién ddi wavelet
Mot ly do chinh trong viéc nghién ctu va sir dung phép bién doi wavelet 1a phép bién
d6i Fourier khdng chira théng tin cuc bo cua dir liéu. Vi thé phép bién dbi Fourier khdng
duoc sir dung dé phan tich dix liéu trong cuing mot mién thoi gian va tan sb. Trong khi do,
wavelet lai c6 wu diém chinh 1a kha ning thuc hién phan tich cuc bo, thé hién duoc dic
tinh caa dir liéu ma cac ky thuat phan tich khac khéng c6. Wavelet la dang song co thoi
gian duy tri téi han véi gié tri trung binh bing khéng. Wavelet c6 thoi gian gidi han, bat
thuong va bat dbi xing. Phan tich wavelet chia céc dit liéu thanh cac tham sé dich chuyén
va tham sé ty Ié cua cac wavelet me.
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Nhu d3 phan tich & trén, vai cac dic tinh phd hop, ching tdi lya chon phép bién dbi
Wavelet dé chuan hoa céc dit liéu dau vao phuc vu cho md hinh hoc méay da duoc xay
dung.

Xét tin hiéu chudi tin hiéu lién tuc theo thoi gian f(t), phép bién doi wavelet lién tuc
(continuous wavelet transform - CWT) c6 thé dinh nghia nhu 13 mot &nh xa chuyén ham
mét bién f(t) thanh ham 2 bién W(a, b) nhu sau:

W (a,b) = %T f (t)w*(%jdt

Trong do:

+ y(t) = ham wavelet me (mother wavelet) thoa man tinh chat song (nghia
1a dao dong véi gia tri trung binh ciia ham wavelet bang khong) va c6 ning
lugng 1a don vi; Ky hiéu “** d@é chi lién hop phuac (complex conjugate).

+ a: Nghich dao cua tan sé (n6 chia ty 1é mot ham bang viéc nén hoic gian
mot tin hiéu).

+ b: Dich chuyén cua tin hiéu doc theo truc thoi gian.

Thuc chat CWT tim kiém sy twrong quan gitra tin hiéu lién tuc va cac ham wavelet.
Hién tai cd thé tim thay nhiéu loai ham wavelet me khéac nhau, chang han nhu Haar wavelet,
Daubechies wavelet, Coiflet wavelet hoac Biorthogonal wavelet. Tuy nhién, viéc ap dung
loai ham wavelet me nao hoan toan phu thudc vao tirng bai toan cu thé ciing nhu 1a dic
trung cua tap dix liéu duoc sir dung.

Trong thuc té chudi tin hiéu quan trac ludn ludn 12 roi rac, vi vay néu ta chon tham sb
a va b trén co 6 ham mii caa 2 thi khi d6 phép bién doi wavelet sé tro nén don gian hon.
Ngudi ta goi n6 1a bién d6i wavelet roi rac (discrete wavelet transform - DWT). Khi do, ta
c6 phép bién d6i DWT cho mdi tin hiéu roi rac fi nhu sau:

mN-1

W, =225 f¥(2™i-n)
i=0

Trong d6: chisbicogiatrii =0, 1,2,..., N-1 va N = 2M: hai chi s6 m va n kiém soét
tan sé va vi tri; Wmn = hé sé wavelet cho tham sé a = 2™ va b = 2™. Sir dung phép bién
d6i DWT nguoc (inverse discrete wavelet transform) ta c6 thé nhan duoc biéu thic cho tin
hiéu roi rac fi ban dau nhu sau:

ey

f=Ay,+ i D wm,nz‘r;\{f(zmi —n)

m=l n=0
Hozc c6 thé viét lai duéi dang don gian hon:
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fi=Au, +iDm,i
m=1

Trong d6: m&i mét tin hiéu fi duwoc phan tich thanh hai thanh phan: thanh phan xap xi
(approximation) Awm,i (tuong tng vai tan sb thap) va thanh phan chi tiét (detail) Dm; (turong
{rng Vi tan sb cao) tai cac tang (level) m khac nhau (m = 1, 2,..., M). Thanh phan xap xi
cung cap thong tin chung va co ban nhat cua tin hiéu, trong khi d6 cac thanh phan chi tiét
cung cap théng tin vé nhitng di biét cua tin hiéu. Viéc phan tich tin hiéu thanh hai thanh
phan thdng qua hai bd loc thong thap va théng cao nhu mé ta trong hinh 3.10. Trong do,
bo loc thong cao str dung ham wavelet y(x) va bo loc thong thap sir dung ham ti 1¢ (scaling

function) O(x).

Céc phép loc duoc tién hanh véi nhiéu tang (level) khac nhau va dé khéi luong tinh
toan khong ting, khi qua mdi bd loc, tin hiéu duoc lay mau xudng 2. Ung véi mdi tang, tin
hiéu c6 d6 phan giai khac nhau. Do d6, phép bién d6i wavelet roi rac duoc goi 1a phan tich

da phan giai (Multiresolution analysis).

Sin]
|

g[n]

h[n]

Al

Phép ldy mau xudng 2

v

'

gln]

h[n]

2[n]

hin]

X

Bién do1 wavelet
roi rac tang mot

%Y

Bién doi wavelet
roi rac tang hai

Hinh 3.13 Phdn tich da phdn gidi sir dung bién déi wavelet roi rac
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Phuong phap WT c6 thé két hop voi md hinh ANN cho céc bai toan lién quan dén viéc
phan tich chudi sé liéu roi rac theo thoi gian. Trong truong hop do, trudc hét chudi sé liu
s& dugc chuyén doi thanh bo sé liéu méi véi céc thanh phan xap xi va thanh phan chi tiét
dua vao phép bién doi DWT tai mot ting thich hop nhat. Céac thanh phan nay sau d6 s&
duoc sir dung nhu 14 dau vao cho mang ANN.

Ther nghiém véi chudi s6 liéu myuc nuée do duoc tai tram thay vin Hung Yén mua 1
nam 2016, sir dung ho wavelet Daubechies phan tich 3 bac thanh cac chudi sé liéu l1am tin
hiéu dau vao cho mang ANN dwgc mé ta nhu hinh 3.14.
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Hinh 3.14 Phan tich chudi di ligu muc nuréc tram Hung Yén
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CHUONG IV
MOT SO KET QUA TINH TOAN

4.1 Két qua md phéng va dy bao thiry lwe lwu vwre dong biang séng Hong

Hang nam, tir 15 thang 6 dén 15 thang 9 cu dan ving chau tho song Hong - Théi
Binh ludn séng trong tinh trang bi uy hiép boi nan I lut. Chi trong may thap ky vira qua,
chung ta di phai chimg kién cac tran 1 16n trong cdc nam 1945, 1971, 1996. Nén kinh té
cang phat trién thi thiét hai do 1 lut gdy ra cang 16n. Pé chi dong phong tranh va han ché
cac tac hai cua 1i lyt, song song véi viéc phat trién kinh té, ching ta phai luon ludén tim
kiém cac bién phap hiru hiéu dbi pho voi 1ii lut. Tap thé phong Thuy dong lyc hoc va Gidm
nhe Thién tai trong luu vure — Vién Co hoc d3 xay dung va phét trién nhiéu mé hinh thity
Iyc nham mé phong va dy bao cac yéu tb thiy van thay luc, tir d6 phuc vu cho viée dé
xuat, danh gia va diéu hanh phong chéng lut bao.

Trong dé tai nay, s€ st dung lai mot phén s6 liéu duge chon loc [7] cia md hinh thuy
luc da phat trién dé tinh toan, thtr “du bao” lai muc nudc va luu lugng tai mot s6 tram
trong hé thong.

S Maay

j

Hinh 4.1 So dé mang séng viing nghién ciru
Phwong an 1: Liy dit liéu 4 ngudn tai Hoa Binh, Yén Bai, Him Yén, Na Hang cic nim
2000, 2002, 2003 1am thanh tdp huin luyén, dit liéu nim 2004 dung dé lam tap kiém dinh

“du bao lai”.
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Hinh 4.2 Két qua so sanh myc nwoc Son Tdy nam 2000,2002,2003 giita thuc do va mang
ANN hiéu chinh.

16

Thuc do = = = ANN - Dy bdo

14

12

10

mau hoc

0 100 200 300 400 500 600 700 800 900 1000

Hinh 4.3 Két qua so sanh mye nwée Son Tay nam 2004 giita thiee do va mang ANN kiém
dinh.

Céc két qua phuong an tinh dugce trinh bay trong bang 4.1
Bang 4.1 Két qud tinh phirong dn 1

Gidi thuat RMS NSE Hi¢u chinh NSE duw bao

GA 0.0164 0.918 0.775

GA+BP 0.0095 0.933 0.826
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Phwong an 2: Ngoai dir liéu cac nam 2000, 2002, 2003, léy thém nua tap dir li€u nam
2004 1am thanh tap huan luyén, dit liéu con lai cia nim 2004 dung dé 1am tap kiém dinh

“du bao lai”.
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Hinh 4.4 Két qua so sanh muc nuwoc Son Tay nam 2000,2002,2003 va niea nam 2004
gitta thuc do va mang ANN hiéu chinh.
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Hinh 4.5 Két qua so sanh myc nwée Son Ty nira sau nam 2004 gitta thiee do va mang
ANN kiém dinh sau khi hoc bo sung.

Céc két qua phuong an tinh duogc trinh bay trong bang 4.2
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Bang 4.2 Két qua tinh phirong dn 2

Giai thuat RMS NSE Hiéu chinh NSE du bao
GA 0.0173 0.905 0.795
GA+BP 0.0106 0.922 0.909

Nhan xét: Khi cap nhat thém dit li¢u cho tap huin luyén dé “hoc thém”, mang ANN da

cho két qua tdt hon. Dit liéu hoc thém kha gﬁn voi dir liéu du bao nén phan anh tdt hon

quan h¢ gifta dau vao va dau ra cua mang, b6 sung cac yéu to co thé da thay doi (long dan,

nham, cau tric mang song,... cua h¢ thong song ndm 2004) ma cac nam trude chua co.

Tuy nhién van c6 sy sai khéc tai cac dinh 1di, diéu nay 1y giai boi dang 1ii cac nim 1a khac

nhau, con cac yéu té anh huong khac chua duoc str dung 1am tin hiéu dau vao,... Do d6

can ti€p tuc thém vao mod hinh cac dir liéu dau vao khac cling nhu tiép tuc cho chuong

trinh hoc cac dang 1d khac nhau.

Phwong 4an 3: Pau vao ciia phuong an nay van liy nhu phuong an 1, tuy nhién két qua

dau ra khong chi la 1 gid tri muc nudc ¢ tram Son Tay ma con thém tram Ha Noi (s6 noron

16p ra la 2).
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Hinh 4.6 Két qua so sanh myc nwée Son Tay va Ha Néi nam 2000,2002,2003 giita thire
do va mang ANN hiéu chinh.
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Hinh 4.7 Két qua so sanh myc nwée Son Tdy va Ha Néi nam 2004 giita thwe do va mang
ANN kiém dinh
Céc két qua phuong an tinh 3 dugc trinh bay trong bang 4.3
Bang 4.3 Két qud tinh phirong dn 3

Giai thuat | RMS NSE Hiéu NSE du bao NSE Hi¢u NSE du bao
chinh tram tram Son chinh tram | tram Ha Noi

Son Tay Tay Ha Noi
GA 0.0245 0.855 0.691 0.855 0.790
GA+BP 0.0107 0.942 0.864 0.928 0.892

Nhan xét: Qua phuong 4n 3 thir nghiém cho thay, mang ANN hoan toan c6 thé huan luyén
dé cung cho két qua tot v6i nhiéu noron 16p ra. Nhu cau thuc té cta bai toan dy bao dit ra
1a cing mot lic phai dua ra duge nhiéu diém trong mang ciing nhu birc tranh don gian

toan b hé thong tuy khong day dii nhu cac mé hinh sé tinh thay van, thiy luc.

Phwong an 4: Lay dit liéu 4 ngudn tai Hoa Binh, Yén Bai, Him Yén, Na Hang nam 2015

lam thanh tap huan luyén, dit liéu nam 2016 dung dé lam tap kiém dinh “dy béo lai”.
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Hinh 4.8 Két qua so sanh muwc nuwde Son Tay nam 2015 gitka thwe do va mang ANN hiéu
chinh.

12

Thyc do = = = ANN - Dy bdo

10

mau hoc

0 200 400 600 800 1000 1200 1400 1600
Hinh 4.9 Két qua so sanh myc nwée Son Tay nam 2016 giika thire do va mang ANN kiém
dinh

Céc két qua phuong 4n 4 tinh dugc trinh bay trong bang 4.4
Bang 4.4 Két qua tinh phwong dn 4

Giai thuat RMS NSE Hiéu chinh NSE dw bao

GA 0.0266 0.903 0.535

GA+BP 0.0177 0.946 0.709
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Nhéan xét: Nam 2015, myuc nudc Son Tay dudi 600cm 1a khong nhiéu, do do khi mang
ANN hoc bo dit liéu nay, mang trong s6 chua thé hién ding quan h¢ dau vao — dau ra khi
muc nudc thép. Sang dén nam 2016, myc nude Son Tay chu yéu lai nam duéi mac 600cm,
tuy nhién, cac két qua “dy bao la1” van nam & mirc chép nhan dugc (NSE > 0.7 — dat loai
kha). Thém mét lan nita ching t6, du con thiéu cac yéu té anh huong khéc cling nhu chua
hoc dugc cac dit liéu phit hop nhung mang ANN c6 thé phan anh dugc kha tot quan hé

dau vao — dau ra cua mo hinh mang thuy luc.

Phwong an 5: Cac sb liéu dau vao va ra twong ty nhu phuong an 4 nhung b sung thém
tin hiéu dau vao tram Hung Yén ¢ ha du. Theo nguyén tac, viéc bod sung thém tram ha du
nay s& lam ting tinh chinh x4c ctia mé hinh. Do d6, chiing t6i Iya chon phuong an 5 dé
danh gia viéc bd sung tin hiéu nay.

m
Thue do ANN - Hiéu chinh
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Hinh 4.10 Két qua so sanh miec nwée Son Tay nam 2015 gitta thie do va mang ANN

hiéu chinh co bo sung so liéu tram Hung Yén.
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Hinh 4.11 Két qua so sanh miec nwée Son Tdy nam 2016 gitka thiee do va mang ANN
kiém dinh ¢6 bo sung dir licu tram Hung Yén
Céc két qua phuong an 5 tinh dugc trinh bay trong bang 4.5
Bdng 4.5 Két qua tinh phwong dn 5

Gidi thuit RMS NSE Hi¢u chinh NSE du bao
GA 0.0238 0.927 0.684
GA+BP 0.0154 0.953 0.821

Nhan xét: Ping nhu nguyén tic cia mang hoc may, khi ta bo sung thém dir liéu (tin hiéu
dau vao) c6 anh huong, mang da phan hoi véi két qua tot hon (cac chi s NSE cua cac
phép thur déu tt hon 15 rét). Pay cling chi ra mdt loi thé ctia md hinh hoc may: khi con
thiéu dit liéu, hodc dir liéu khong gian khong dﬁy du, mang ANN van cho ra dugc két qua
du bao du do chinh xac chua bang dugc khi cé day du dit lidu vao nhung ciing két qua dat
sai s6 chap nhan duoc.

4.2 Két qua md phéng va du bao thity vin lwu hreng vao ho
4.2.1 Dw bdo lwu lwong vé ho Hoa Binh

Bai toan dy bao luu lugng dong chay dén ho Hoa Binh phuc vu tdt muc tiéu diéu tiét
van hanh hd. Ngudn nude chinh cung cip cho hd Hoa Binh 1a ngudn nudc tir song Da.
Doc theo hé théng song Da c6 cac tram do quan tric khi twong va thuy van bit dau hoat

dong tr nam 1902. Tram do thuy van gﬁn hd Hoa Binh nhét 1a tram do Ta Bu. Dy béo
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nuéc dén hé Hoa Binh thyc chat 1a dy bao luu lugng nudc tai tram Ta Ba. Tuy hién tai
trén luu vuc song Pa da c6 thém 2 nha may dién 16n chinh la Lai Chau va Son La, tuy
nhién diém dy bao Ta Ba khong bi anh hudng khi tinh theo phuong phép nay.

Chung t6i sir dung s6 liéu trong [8] bao gdm cac sb liéu tir naim 1964 dén nam 2002
tai tram do Ta Bu trén song Da, tram do luu lugng gén hd Hoa Binh nhét. S liéu nay dugc
do trong mua can tir thang 12 nam trudc dén thang 5 nam sau. Céac gia tri dugc ldy lam
dau vao cho mé hinh nhu sau:

— Luu lugng nudc trung binh hién tai: Q(t)

— Luu lugng nudc trude do 10 ngay: Q(t-10)

— Luu lugng nudce trude do 20 ngay: Q(t-20)

— Trung binh luvong mura hién tai: X(t)

— Trung binh luvgng mua trude d6 10 ngay: X(t-10)

— Trung binh lugng mua trudc dé 20 ngay: X(t-20)

— Luu lugng nudc cua ngay hién tai: Qng(t)

— Luong mua cua ngay hién tai: Xng(t)

B0 dit liéu dugc chia 1am hai phén:

— Phan dit liéu hoc (training set): Tt cudi nim 1964 dén dau nam 1995 c6 tdng cong

480 mau hoc.

— Phan dir liéu kiém tra (test set): Tir cudi nam 1995 dén ddu nam 2002 tong cong

c6 90 mau kiém tra.

3
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Hinh 4.12 Két qua so sanh lweu lwong vao hé Hoa Binh giita thwe do va mang ANN tinh
kiém dinh
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Hinh 4.13 Két qua so sanh lweu lwong vao hé Hoa Binh giita thwe do va mang ANN tinh
du bao
Céc két qua phuong an tinh dugc trinh bay trong bang 4.6
Bdng 4.6 Két qua tinh phwong dn di bdo luu lwong vao hé Hoa Binh

Gidi thuit RMS NSE Hi¢u chinh NSE du bao
GA 0.0285 0.726 0.521
GA+BP 0.0215 0.758 0.579

Nhan xét: Vi tap dit lidu thu duoc trai dai tir nam 1964 dén 2002, s6 lugng mau hoc khong
nhiéu, cac gia tri dau vao cach nhau kha roi rac, mang ANN ciing da tao dugc quan hé dau
Va0 — dau ra mot cach tuong doi thé hién & két qua tinh (NSE hiéu chinh chi dat 0.75, NSE
du bao chi dat 0.58).
4.3 Két qua mo phéng va du bao d§ man tai ving T Giac Long Xuyén

Vung PBSCL c¢6 3 khu vuc nhiém min dang chi y, d6 1a: ving man song Vam Co,
ving Ban dao Ca Mau, viing ven bién phia Tay cua Tt Giac Long Xuyén. Tt Giac Long
Xuyén la vung nam doc theo kénh Rach Gia - Ha Tién, bi anh huong truc tiép cua nudc
man phia bién Tdy. Ving ndy co cac kénh tiép nude déu xuat phat tir mién nudc ngot clia
song Hau, 46 min & day dugc quyét dinh chu yéu boi kha ning tai nude cua cac kénh dan
va luong nude di dung trén doc cac tuyén kénh d6. Tuy nhién cac tram do min trong viing

rat it va sd liéu ciing khong dong bo, ddy du.
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Hinh 4.14 M6 hinh tinh tai viing Tir Gidc Long Xuyén

Mo hinh ctia bai toan 1a tinh gid tri man tai Rach Giad qua céc gia tri tin hiéu dau vao

tai cac diém nhu Chau Pdc, Vam Nao, Can Tho, tir dao dong muc nude bién xa (tinh theo

cac hang so diéu hoa) cling nhu tur gid tri muc nudc tai chinh Rach Gia.

Trong dé tai ndy, sir dung cac kich ban tinh theo Bang 4.7 ma tac gia di thuc hién

trong luan an tién sy dé xay dung b trong sO mang noron nhan tao, tir dé c6 thé dy béo

cac gia tri min khi chudi s6 liéu thuc do khong c6 hoac khong dﬁy dt nham 1am dau vao

tinh toan cho cac bai toan khac.

Bang 4.7 Kich ban va két qua do man tinh toan cua mo hinh thuy luc

Niam Mua Triéu Tram Phwong an tinh toan NSE
2008 | Muakhd | Triéu cuong | Rach Gia | Hiéu chinh 0.96
2011 | Moakhd | Tridu cuong | Rach Gia | Kiém dinh 0.61
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Hinh 4.15 Két qud so sanh d¢ mdn Rach Gid gitta thyc do va mang ANN hiéu chinh
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Hinh 4.16 Két qua so sanh do man Rach Gia giita thuc do va mang ANN dy bao
Céc két qua phuong 4n tinh min dugc trinh bay trong bang 4.8.

Bang 4.8 Két qua tinh phirong dn tinh mdn

Giai thuat RMS NSE Hiéu chinh NSE dw bio

GA+BP 0.0426 0.9094 0.6159

Nhan xét: voi dau vao it, tuy nhién cac két qua tinh toan cia mo hinh mang ANN
dua ra dat gia tri tot so v&i két qua tinh toan ctia mo hinh thity luc doi hoi nhiéu dir liéu
nhu cac dir liéu mat cat, dir lidu dia hinh day bién,... Két qua tinh cling dat gia tri chap
nhan dugc (chi s6 NSE > 0.61) cho du cac yéu t6 dir liéu anh huong con chua dugc danh
gia hét (do khong co dir licu).
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KET LUAN VA KIEN NGHI

bé tai dinh hudng ndi dung nghién ciru vao mang noron nhan tao, thuat toan di
truyén, mé hinh két hop gitta phwong phap hoc may mang noron véi thuat toan di truyeén,

ung dung vao bai toadn du béo thuy lyc, thuy van, moi truong,...

Céc déng gop khoa hec ciia dé tai

— Hé théng hoéa cac ndi dung co ban vé mang noron nhan tao va thuat toan di
truyén.

— Nghién ctru cac phuong phap két hop giai thuat Di truyén véi giai thuat Lan
truyén nguoc sai s6 nham dat t&i mot két qua tron ven cua bai toan tdi wu trong sb mang
noron nhan tao.

— Xay dyng chuong trinh dy bao theo phuong phap két hop giai thuat Di truyén va
giai thuat Lan truyén nguoc sai so két hop véi cac k¥ thuat song song OpenMP trén da
I6i CPU dat hiéu ning ting gip 4 lan trén chip Intel Core 17 3770 4 15i 8 ludng, song
song CUDA trén da 161 GPU dat hiéu ning ting gap 18 lan trén card Nvidia 1060 so véi
giai tuan ty trén 1 18i tinh thong thuong, 4p dung phép bién doi Wavelet dé loai bo nhidu
va tao dir liéu dau vao cho mang ANN. Ngoai ra, chuwong trinh ¢ kha ning tiy chon sd
16p an cling nhu tuy chon loai ham kich hoat (20 loai khac nhau) dé phuc vu céc bai toan
khac nhau.

— Két qua mé phong va du bao thuy luc cac tram Son Tay, Ha Noi trén hé théng
luu vuce song Hong, cac két qua thu duge cua viéc hiéu chinh va kiém dinh dat t6t (NSE
> 0.75).

— Két qua md phong va du bao thily vin luu luong dén ho dat duoc két qua kha.
Do cac yéu to dau vao (mua phan bd) mang tinh ngiu nhién, chua dai dién hét cho cac
yéu t6 anh huong, tuy nhién két qua thu duoc tir viéc mé phong va du bao ciing dat mirc
trung binh dén t6t (NSE ~ 0.6).

— Du béo gié tri man tai viing Tt Giac Long Xuyén: Két qua mang ANN mo phong
duoc rat tot, tuy nhién céc gia tri dg bdo con & mirc trung binh chép nhan dugc, tuong
duong v6i két qua tinh bang mé hinh thuy luc — lan truyén chit trén mang séng va bién
(1-2D).

— Cac phuong 4n mo phong va du bao duoc chay nhiéu kich ban khac nhau dé qua

d6 danh gia dugc wu nhuge diém ciia mang ANN di xay dung.

Huéng phat trién
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— Thu nghiém Gng dung cong tac du bdo 1i lut hang nam, thtr nghiém phat du bao
trye tuyén thoi gian thuc qua website tin dung viéc tinh két qua du bao nhanh chong cia
mang ANN.

— Téi vu ma ngudn song song GPU dé sir dung toi da cong suat ciia card d6 hoa.

— Két hop voi thu vién phén tich anh OpenCV dé tmg dung du bédo mua tir anh vé
tinh.

— Ung dung vao cac bai toan khac trong thuc tidn: nhan dang chit viét tay, nhan
dang chuyén dong, nhan dang dd vat, nhan dang bién sb xe, nhan dang va gia lap giong
néi qua viéc hoc cac mau am thanh,. ..

— Xay dung mot hé théng siéu may tinh mini phuc vu cong viéc huan luyén mang
ANN ciing nhu céc cong viéc khéac cua phong chuyén mon.

— Pé ung dung dugc nhiéu hon nita cdc bai toan du bao thuy luc, thuy van & céac
phan 16p khac, vi du nhu cac gia tri dau ra f(X) c6 gian doan, khong lién tuc, can cai tién

mo hinh mang ANN ciing nhu két hop céc phuong phép hoc khac.
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