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TOM TAT—Viéc dir bdo luu lwong nuée vé ho Hoa Binh ¢é vai tro rdt quan trong cho cong tdc vdn hanh cong trinh thiy loi, thiy
dién muc voi tidu phong Iii cho dong bang séng Hong, gép phdn phong tranh han hdn va 6n dinh ndng leong dién cho cd nude.
Trong bai bao ndy, ching t6i ing dung phiwong phdp Deep learning duw bao hiong nudc vé hé Hoa Binh truée 10 ngdy. Két qua
thuc nghiém cho thiy mé6 hinh dy bao tim dwoc co chdt lwong die bao vuot troi so voi cdc phwong phap hoc mdy Khac nhu mdy
véeto hé tro, riemg ngdu nhién, LASSO, cdy quyét dinh, k ling giéng gan nhdt; hé sé xac dinh béi R® ciia phwong phdp Deep
learning dat t6i 92%. Nghién citu ndy ciing mé ra huéng g dung méi cho cdc bai todn dir bdo chudi thoi gian khi ding Deep
learning, phiong phdp nay gitip cdi thién @ chinh xdc ciia mé hinh va cé thé vmg dung réng rii trong cac linh viee kinh té, xi hoi
tai Viét Nam.

Tir khéa— Deep learning, mang noron, may vécto hé tre, rimg ngau nhién, LASSO, khai phé dé liéu, hoc may.
I. PAT VAN PE

Ho chira Hoa Binh 1a hd chira 16n nhéat Viét Nam nam trén dong séng Pa, cach Ha Noi khoang 70km, hé thong
thily dién cta hd Hoa Binh dugc dua vao van hanh tir ndm 1990 giit vai trd quan trong trong kiém soat 1ii, han han va
cung cép dién cho ddng bang chau thé séng Hong. Dung tich hd 14 9.6*10° m® véi kha niang xa 16n nhét dat 2,400 m?/s.
Diéu tiét nudc trong mua 1d ludn 14 bai todn quan trong trong van hanh ho chira, viée du bao chinh xac luu lugng nudc do
vé hd chira trudc mot khoang thoi gian cha dong ludn 1a thach thic 16n dbi voi nha quan 1y trong cong tac van hanh to
hop cong trinh tai thiy dién Hoa Binh.

Du bao chinh x4c Iuu lugng 13 yéu cAu chu yéu trong viée xdy dung thanh cong mot hé thdng quan 1y va giam nhe
anh hudng cua 1, an toan hd dép trong mot luu vuc séng. Cac phuong phap hoc may tiép can bai toan du bao luu luong
nude db vé ho chira da duoc nghién ciru va dat duge nhiéu két qua kha quan [17, 18, 19]. Mang noron (neural) nhan tao
(ANN) dugc chimg minh bang thuc nghiém cho thiy 1a mot trong cac phuong phap hiéu qua nhét va dwoc dung nhiéu
trong tinh toan du bao dang chudi thoi gian dbi Vi bai toan thudc dang nay [18, 20-24]. ‘Trong nhirg nam gan day,
phuong phép Deep learning (Hoc séu) dua trén nén tang mang noron nhan tao dang phat trién rat nhanh va thu hat dong
dao cong dong nghién ctru tham gia. Trong nghién ctru nay, phuong phap Deep learning dugc nghién ctru dé phan tich, du
bao trung han Iuu lwong nudc d6 vé hd Hoa Binh trude 10 ngay, tir d6 trg gitip cong tac hd tro ra quyét dinh trong diéu
hanh hd chtra; phuong phap Deep learning ciing c¢6 thé mé rong voi cac bai toan dy béo Iuu luong tai cac hd chira khac
cta Viét Nam phuc vu phong, tranh va giam nhe thién tai.

Bai toan dy bao luong nudc dd vé hd Hoa Binh
thuong dua trén vao cac dir liéu quan sat dugc trong qué
khir va cac yéu tb tac dong dén luu luong nude d6 vé hd.
Du béo lru lugng nuée s& chiu tac dong cia nhiéu yéu td
anh huong dén két qua du bao nhu mua, dong chay, dia £
hinh, tham phu thuc vat, d6 4m, khi hau va cac tac dong | STt |
cua con nguoi trén luu vyc,... Trong nhiing yéu té do thi é : {FT trugt
mua dong vai tro quan trong nhat, con cac yeu to vé dia — il { >
chat, thd nhudng, tham phu thuc vat it thay doi, nghién &
clru ndy chua xét dén yéu t6 khi hau va tac dong ciia con Ao
ngudi lam thay d6i lwu vue. Ching t6i tap trung nghién e i Livw lwgng
ctru vao xay dung moé hinh Deep learning cai thi¢n chat Ma hinh Hoc may nuée vé ho
luong bai toan du béo luu luong nude dén hd Hoa Binh PR
dua trén $6 li€u mua quan tric dugc va cac quan sat luu
luong nuée vé hd trong quéa khi.

Huan luyén du béo 'x‘ N
ey leong Q VA A

L —=%

v

Hinh 1. M6 hinh du bao sir dung ANN.

Céc sb liéu quan tric vé luong mua la nhitng yéu t6 quan trong anh huéng truc tiép dén chét luong du bao. Hinh 1
md ta qua trinh thu thap s6 lidu quan tric theo chudi thdi gian, théng thudng ta xét trong 1 khoang thoi gian cb dinh (ctra
50 truot) c6 di ligu quan sét phan énh di nhing kich ban du bao. Nhiing di ligu nay duoc goi chung Ia tap di ligu huan
luyén hay dir liéu dé hoc md hinh du bao. Ta ky hiéu tap di licu dau vao nay 1a D = {(X1,Q), (X2,Q2),.. (XN, Qn),
trong d6 N 1a s6 lugng miu quan sat duoc trong qué khir, tap bién dau vao X (predICtorS) 1 cac s0 liéu quan trac vé lugng
mua va bién dich Q (response feature) Iuu gia tri quan sat cia luu lugng nudc d6 vé hd Hoa Binh. Xét md hinh du bao
téng quat dé uéc luong luu luong nude (M*/s) vé hd dudi dang sau:

Q=1fX) + ¢ (1)
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Trong d6 € 13 18i cia mé hinh. Trong biéu thirc (1), ta ¢6 cAc bién ngéu nhién véi M bién dau vao X € RM va mot
bién dau ra Q € R'. Muc tiéu ciia bai toan dy bao luu lugng nudc d6 vé hé Hoa Binh trong nghién ctru nay la ding
phuong phap Deep learning tim ham phi tuyén fo: X — Q dé cuc tiéu héa I5i du béao Err (f) = Exy {L(Q, fo(X))}, trong
d6 L(Q, fo(X))} = (Q — fo(X))? 12 ham mét mét (loss function), ham fp(X) xay dung duoc tir dit liéu quan sat D.

Céc yéu cau phuc vu diéu hanh hd chira thuong ¢6 4 dang du bao: Thoi gian du bao ngin han (truéc 1-2 ngay)
trung han (5-10 ngay) dai han (1 thang) va siéu dai han (1 mua). Dy bao ngén han doi hoi d6 chinh xac cao va cép thiét
cho viéc ra quyét dinh d1eu hanh. Trong bai bao ndy, chung tdi s dung phuong phap Deep learning, mot trong nhimg
phuong phap phat trién rat nhanh trong thoi gian gan dy va thu hit nhiéu nghién ciru trén thé gidi, img dung cho bai toan
dyu béo luu luong nude d6 vé ho Hoa Binh trude 10 ngay. Ket qua thyc nghiém cho thay phuong phéap Deep learning
mang lai két qua tot hon so v6i mot s6 phuong phap hoc may ndi tiéng khac nhu May vécto hd trg, rimg ngiu nhién, cay
quyét dinh, k lang giéng gan nhat, LASSO khi so sanh vé 15i du bao va do chinh x4c ctia md hinh. Ngoai ra, viéc cai dat
phéan tan Deep learning gitp cai thién toc do tinh toan va xur Iy dugc dir liéu huan luyén c6 dung lwong 16n. Nghién ciru
nay cling mé ra hudng tmg dung méi cho cac bai toan du bao, gilp cai thién d chinh xac va thoi gian tinh toan khi ap
dung trong linh vuc tai nguyén nudc noi riéng va trong linh vuyc kinh té & Viét Nam noi chung.

II. DEEP LEARNING

Deep learning la mot tp cac thuat toan hoc may véi y tuong xay dung mé hinh dir liéu ¢6 mirc d6 triru twong cao
dua trén cac dir liéu c6 mirc do triru tugng hoda thap hon, bang cach phéan 16p dit liéu va cac bién doi phi tuyén [3].

Deep Neural network (DNN) 12 md hinh deep learning dua trén mang noron nhén tao véi s 16p an 16n; DNN ciing
la mo6 hinh dugc str dung véi bai toan du bao luu luvgng nude dén ho Hoa Binh. Phan Il nay trinh bay cac khai niém va
thanh phan co ban dugc stt dung trong mo6 hinh dugc dé xuat — mang noron sau truyén thang véi 3 16p an duoge két noi
day du.

Do dic diém ciia mo hinh 1a mang truyén thing véi sb o Wy
nut twong doi 16n, két noi day di nhung tap dit liéu huan luyén 7~ ————"""*@ synapse
twong doi nho; mot so dieu chinh dya trén [1] dugc thu woZy

nghiém dé tranh tinh trang qua khép.

A. Noron nhén tao / (Z“’ ¢ t‘)
Cau tric ctia noron nhan tao mo phong hoat dong ciia output axon
t€ bao than kinh trong tu nhién duoc minh hoa trong Hinh 2; activation
function

trong d6 cac tin hi€u kich hoat (xq, Xg,.. ) duoc gu:1 t&1 noron
va duoc diéu chinh nhan boi céc trong so két ndi (wo, Wi,...).
Téng cac tin hidu nay tiép tuc duoc diéu chinh béi hé s thanh
kién b (bias) — thé hién ngudng loc ndi tai cia té bao. Cubi
clng, tin hiéu dau ra cia noron dwoc bién ddi béi ham kich
hoat (activation function) [5].

Hinh 2. C4u triic mét neural nhan tao

C6 nhiéu lua chon cho cac ham kich hoat khac nhau, tuy vao muc dich thiét ké va loai dit liéu dau ra mong mudn.
Mo hinh d& xuat trong bai bao nay sir dung ham kich hoat hyperbolic tangent f(x) = tanh(x) cho tat ca cac noron; ham
hyperbolic tangent va cac bién thé ctia n6 1a ham kich hoat phii hop véi xir 1y dir liéu dang sb va Ia ham kich hoat ph bién
str dung cho cac mo hinh deep learning [4].

B. Mang truyén thing két néi day di

CAc noron két ndi v6i nhau tao thanh mang noron, cé rat nhiéu kién tric mang khac nhau da dugc thir nghi€ém va
su dyng trong thyec te.

O kién tric mang nhiéu 16p truyén thing, cac noron duoc chia thanh cac nhom hay cac 16p (layer), cac 16p dugc
sap xép theo thir tr tuyén tinh. Cac noron trong cting mot 16p khéng duoc két nbi voi nhau. Mot noron thude 16p trude két
néi t&i cac noron thude 16p lién sau. Nhu vay tin hiéu dugc truyén tir 16p dau vao dén 16p du ra theo mot hudng.

Viéce cac noron giira hai 16p lién tiép dugc két ndi nhu thé nao tiry thudc vao bai toan cu thé va topo mang noron
thuong dugc Iya chon dya trén goc nhin chi quan ciia mé hinh dugce dé xuat cho bai toan do.

Trong bai toan dy bao luu lugng nuée dén ho chira Hoa Binh, do chua thé biét tham sb nao 1a quan trong véi két
qua dau ra, mo hinh dé xuat sir dung két néi day du: noron thude 16p trude két noi vai tat ca cac noron thude 16p ke tiep.
Viéc lya chon dédc trung va tham so s€ do thuat toan hoc quyét dinh, dya vao viéc danh gia trong so két noi.

Hinh 3 minh hoa noron 16p thir i 1a L;; dugc két ndi day du véi tat ca cac noron thuge 16p trude va sau n6. Nhu vay

gitra hai 16p mang noron L. ] va L chiing ta sir dyng mdt ma tran trong s ki hiéu 1a W ¢6 kich & IL¢-y| X Ly, tuong tur
nhu vy, ma tran trong s6 W' ¢6 kich c& ILy| X |Lg+1y| Iuru tri cac trong so6 két ndi gitra cac noron thude 16p Ly va Ly
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C. Thudgt todn lan truyén téi (feed forward)

Thuét toan nay st dung dé tinh toan két qua dau ra clia mang noron voi dau vao 1a vécto xX@, W = {W WO
w l)} 1a tap hop cac ma trén trong s, W@ 12 ma tran trong s6 cuia cac két ndi giita cac noron thude lop ivaldpi+l.

function FeedForward (x‘® € R
for 1 =1 to L do
SRR TIEEEE B EES
X(l) - f(Z(l))
end for
return x, Loss(z™)

end function
D. Ham mit mit (loss Sfunction)

Téng cua cac do sai léch giira dir liéu ra ciia mang noron h(Xg;
W), va dit liéu ra can dat duoc, 8(Xq), thé hién do tot cua tap tham so
hién tai. Néu tap huén luyén 1a co dinh, tong nay v& ban chat 1a mot
ham s6 chi phu thudc vao tap tham s6 W dugce dinh nghia:

Loss(W) = Z dist(h(xq; W), g(xq)) Hinh 3. K&t ndi ddy du cia mot neural nhan tao
deD

v6i D 1a tap huén luyén, dist 1a mot ham tinh d6 chénh 1éch giita hai diém dit liéu ra [2].

Trong qua trinh huan luyén, gia tri cia ham mat mat cang nho thi dau ra ctia mang noron cang gan voi dich huan
luyén. Nhu vay ¢ goc nhin nay viéc huan luyén mang noron vé ban chat 1a viéc diéu chinh tham s6 W dé cuc ti€u hoa ham
s6 Loss(W) [6].

E. Thugt todn hudn luyén bing lan truyén ngwoc 16i (back-propagation)

Thuat toan lan truyén nguoc 18i dua trén y tuong rat don gian: khi du ra cia mang noron khong dugc nhu mong
mudn, ching ta s& diéu chinh gia tri cic tham s6 ctia mang noron. ‘Do mang la phén l6p va truyén thang, qué trinh diéu
chinh s& di theo chiéu ngugc lai, didu chinh tir 16p dau ra, cac 10p an,... cho dén 16p dau tién (day la xuat xir cta tén goi
“lan truyén nguoc”) [6].

function BACKPROP (x'® € R™ , (w®})
Dung thudt todn FeedForward véi x'© dé& tinh cédc gid tri z
va ham mi&t mat Loss (z™)
3 — 9/8z"™ Loss
for 1 =L -1 to 0 do
0/9z"Y Loss « £’/ (z™®) o (@mPT . s
a/0WY Loss « W . x T
end for
return {8/6w'® Loss, - - -, a/8uw’*™ Y Loss }
end function

(1)
4

Céc vén @& vé thuat toan duoc trinh bay chi tiét trong [6]; d6i véi viéc tinh toan tham sé diéu chinh W, mé hinh d&
xuét sir dung thuat toan SGD (Stochastic Gradient Descent), chi tiét xin xem trong [7]; thuat toan nhanh hon so voi
phuong phap GD (Gradient Descent) thong thudng, ngoai ra cho phép hudn luyén mang ngay ca khi khong c6 toan bo tap
dit liéu huin luyén ngay tir dau.

F. Khd ndng xip xi ciia mang novon va hi¢n twong qud khop (overfitting)

Mang noron da dugc ching minh c6 kha nang xap xi van ning [8] Vol s6 16p khong qua 16n (4 16p). Tuy nhién
nghién ciru khong chi ra dugc viéc huan luyén xap xi nhur thé nao va kha nang tong quat hoa (dy bao) ctia mang. Ngoai ra,
khong co phuong phap nao ude lugng s6 noron can c6 trén mdi 16p va topo két ndi giita cac 16p voi nhau.

Kha nang xap xi v md hinh hoa rat manh ciia mang noron khong phai lu6n luon c6 loi; n6 din dén viéc mang
noron rat dé& b hién tuong qua khop (overfitting). Hién twong nay xay ra khi qua trinh huén luyén mang noron din dén
viéc mang da lya chon xap xi mdt ham phue tap qua muc can thiét, ham nay mo phong hoan hao cac tinh hudng huén
luyén, nhung do cAu truc phtrc tap, ham lai khéng c6 tinh tong quat héa cao hodc rat thiéu én dinh, h¢ qua 1a mang du
doan khong chinh x4c véi cac mau khong cé trong tap hudn luyén. Cac phuong phap khic phuc hién tuong qua khop
dugc trinh bay trong [1], véi bai toan du bao lugng nude dd vé hd Hoa Binh, I;-norm [12] dwoc Iya chon sir dung, 1y do
Iwa chon vi hun luyén véi |; cho tap tham sb thwa gitp ting téc do tinh toan va giam yéu cdu vé& bo nhd [1].

G. Deep learning
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Mang noron dwoc chimg minh kha niang xp xi van nang chi v6i khong qua 4 16p, nhung chwa c6 phwong phap
nao cu thé udc lugng sb noron can thiét trén moi 16p. Cac mé hinh hoc sdu c6 kién tric trong tw mang noron nhung dya
trén cach tiép can khéc, voi ¥ tuong co ban 1a dir lidu tai mdi 16p s& co mirc d¢ triru tugng hoa (khai quat) cao hon bing
cach t6 hop cac dit liéu c6 mirc triru twong hoa thip &
16p trude [3].

Hinh 4 biéu dién mot mé hinh hoc siu tiéu
biéu [9] sir dung trong nhan dang miat ngudi, trong
d6 dir liéu dau vao cua mang c6 thé 1a dir liéu & dang
thd nhat 1a cac diém anh RGB (thdm chi khong can
qua tién xir 1y). Cac dic trung duoc to hop va tao
thanh cac chi tiét nho ¢ 16p an dau tién, sau d6 tiép
tuc duogc tai tao va to hop muc chi tiét 16n ¢ 16p 4n
thr hai va cudi ciing céc hinh anh dic trung cta toan
bd khudn mat & 16p 4n thu 3. Lép déu ra cho ra danh
gia xac sudt khudén mit thudc phan 16p nao (nguoi
nao).

t

v Byer 2

hidden layer 1 Kidddes

Mot m6 hinh hoc sau thuong ¢6 3 nhiém vu
duoc két hop trong mot kién tric mang duy nhat:

- Cac 16p dac trung (features): c6 nhiém vu
chuyén ddi cac dic trung thanh dang dir
liéu pht hop dé xir 1y, chang han nhu cac ting tich chap
(convolution), mau (subsampling), pooling, ...

Hinh 4. M6 hinh hoc sau trong nhan dang mat nguoi

. Output
- Céc 16p mo hinh (modeling): sir dung céc thuat toan hoc de
khai quat hoéa dir liéu, chang han noron network, restricted
BM, DBN, autoencoder,... Hidden 3
- Céc 16p gidi ma (decoding): dua trén dit liéu khai quat bién
doi thanh dau ra (markov random field hodc nhiing cong cu
tuong tu). Hidden 2
Cac mang hoc siu déu ¢6 ciu tric xac dinh tyuc’rc, nhu vay bai
toan tap huan van la viéc xéq dinh gia tri cac th‘am ) tréq mang. Hién
chua c6 phuong phap tdp huan nao cho phép di€u chinh cau triic mang )
hié . Hidden 1
i€u qua [3].
H. Céu trisc DNN thik nghiém cho bai todn duw bdo lwong nwéc dé vé
ho Hoa Binh
Input

Bai toan dy bao luong nudc d6 vé hé Hoa Binh dd dwoc thir
nghiém voi nhidu mdé hinh dy bao nhu ANN (Artificial Neuron  Hinh 5. CAu trac DNN 3 16p 4n cho bai toan dy
Network), SVR (Support Vector Regression), RF (random forest), bao lwgng nude d6 vé& hd Hoa Binh
LASSO [14]. Trong bai bao nay, c4u tric DNN don gian duoc dé xuat
v6i muc dich kiém ching cht luong du bao cua phuong phap deep learning so v6i cac phuong phap di co, két qua thuc
nghiém cho thiy chét lvong du bao chinh x4c hon so v&i cac phuong phép trén, trong cac nghién ciru tuong lai ching toi
s& tiép tuc cai tién mo hinh va tién hanh thir nghiém thyc té (dwa mé hinh vao chay thue su véi hé thong van hanh da c).

MO hinh thtr nghi¢m:

- Lép dau vao: dit lidu quan sat dau vao khong qua chuin héa, dang chudi s6 liéu véi ctra so truot 1a 8 gdm ca
dit liéu vé lugng mura va luu lugng nude d6 vé ho (xem chi tiét hon trong phan I11.A), khong c6 thong tin vé
mdc thoi gian (gia thiét 1a quang thoi gian 1a déu nhau). Vector di liéu du vao dugc lya chon c6 cau tric
tuong tu véi cac phuong phap dbi sanh khac dé dam bao su khach quan va dé dang khi so sanh cac két qua
tinh toan cudi cling.

- Céc 16p dac trung bi lqai bo glo dir liéu diu vao kha don gian. Viéc loai bo t}a‘ly cﬁng kiém tra kha nang mo6
hinh hoéa dur liéu truc tiép tur sO li€u thércﬁa cac lc’rp“ modeling. Viéc DNN c6 két qua tot chua khang dinh duoc
vigc loai b cac tang features la ding dan, do c6 thé 1a chu dé€ cuia mét bai bao khac.

- Céc 16p 4n: 3 16p 4n mdi 16p 500 nut va két ndi day du, X 1a vécto dir liéu dau vao va Q 1a bién du ra.

- Piura: 1 ddu ra duy nhat Q 1a du béo trung han (10 ngay), thiét ké ban dau duoc dy kién ddu ra 1a vécto Q co
|Q| = 4 gdbm du bao ngan han (2 ngay), trung han (10 ngay), dai han (30 ngay) va toan mua, do muyc ti€u chi
¢ tinh danh gid m6 hinh va can rat ngan thoi gian tap huan mang nén c6 diéu chinh lai véi mot dau ra trung
han duy nhat.
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- Thuét toan huan luyén: lan truyén nguoc 16i voi ludt stra 16i ha ddc ngéu nhién (stochastic gradient descent).
- X ly qua khép: str dung phuong phap binh thudng héa tham sé (regularization) norm-1 [12].
III. KET QUA THUC NGHIEM
A. Mé ti di liéu va thiét ké kich bin dw bdo

Dir liéu dung trong thyc nghiém duoc thu thdp tai tram Ta B0 trén song Pa tir nam 1964 dén nam 2002, day la
tram do luu lugng gan hd Hoa Binh nhét. Bo s lidu ndy dugc do trong mua can (tir thing 12 nam truge dén thang 5 nam
sau). Chung t0i chia dir liéu lam 2 tap, tap dir licu huén luyén (training set) gdm 510 ban ghi do dugc tir cudi nim 1964
dén dau nam 1998, phan dir liéu con lai gdm 60 ban ghi ding lam tap kiém thir dé dénh gia hi¢u nang ciia phuong phap
Deep learning.

Dé mo hinh héa bai toan dy bao luu lugng nude @6 vé hé Hoa Binh trude 10 ngay, chung t6i dat Q(t+10) 14 bién
dau ra ctia mo hinh du béo. Cac s6 liéu quan tric mua, luu lugng Q do dac duoc ciia ngay hién tai va nhiing ngay trudc dé
déu dugce xem xét va dua vao mo hinh. Viée lua chon cac tiéu chi can kinh nghiém chuyén gia va thir nghiém céc kich ban
dé Iya chon, trong nghién ctru nay chung t6i str dung kich ban t6t nhit dugc trinh bay trong nghién ciru cia Chen va dong
nghiép [10]. MGi quan hé giira bién diu vao va bién du ra ciia mo hinh dy bao dwoc xay dung nhur sau:

Q (t+10) = £(Q, Q(t — 10), Q(t— 20), X(©),X(t = 10), X(t = 20), Xga (1), Quay (), ()

trong do Q(t), Q(t — 10), Q(t — 20) 1a luu lugng nude vé hd & thoi diém hién tai, thoi diém trude d6 10 va 20

ngdy tuong Umg. Luong mua quan tric ¢ thoi diém hién tai, thoi diém trude do6 10 va 20 ngay dugc luu trlr tuong (g

trong cac bién X(t), X(t — 10) va X(t — 20) Hai bién Xaay (t) Va Qqgqy (1) chi s6 liéu mua quan tric va luu luong nuée vé

ho cua ngay hién tai. Ly do chon cac yéu t nay dé xay dung mo hinh du béo vi trong nghién ctru thity van, lwong mua tai

lwu vuc lubn anh huong nhidu dén luong nude chiay vé ho chira. Him quan hé f(-) duoc xdy dung tir dir lidu sir dung
phuong phap Deep learning. Luu lugng Q duoc do theo m¥/s va sb liéu mua quan tric duoc do theo don vi mm.

B. Phwong phap danh gia

Chung t6i ding can binh phwong sai so (Root mean squared error-RMSE) va hé s6 xéc dinh boi (coefficient of
determination) R? dé danh gia tinh hiéu qué ctia cic md hinh dy béo dua trén phuong phap hoc may:

RMSE = /— L1(Qi —Q0)? va 3)

RZ =1 it (Qi - Qi)
Qi — Q)
o ) (4)
Trong dé: Q;, Q; va Q chi gia tri luu lugng do dac duoc, gia tri du doan Vé gia tri trung binh cta méu thtr i twong
mg. M&é hinh dyu béo cho két qua tdt 1a md hinh dat duoc sai s6 RMSE nhoé va R? 16n. Hé sé xac dinh bdi R? cao 1a mot
dAu hiéu cho thay méi lién hé gitra cac yéu t6 dau vao va bién luu lugng Q chit ché. Gid tri R’ cang cao cho thiy mo hinh
stir dung dé du bao c6 kha ning giai thich cang t6t cac thay doi ctia luu lwong nude d6 vé ho gitra cac yéu td mua quan tric
va luu lugng do dugc trong qua khir.

C. Két qua dw bdo lwu lwong nwde dé vé ho Hoa Binh truée 10 ngay

Thuc nghiém dugc tién hanh trén moi truong R (https://cran.r-project.org/), chung t6i sir dung goi h2o [11] de xay
dung mé hinh du bao dung Deep learmng Phan cau triic cia mang ching t6i da néu & muyc Il va Hinh 5, tham s6 phat
¢,=10° va ty 18 hoc rh0=0.999, s6 14n lap dit liéu huén luyén epochs = 10. Dé kiém nghiém tinh hiéu qua ctia phuong phap
nghién citru, ching t6i thir nghiém cac thuat toan hoc may ndi tiéng khac nhur Rimg ngiu nhién (RF), May vécto hd trg
(SVM), k lang giéng (KNN), cay hdi quy, LASSO; cdc mé hinh nay dugc thuc nghiém ding qua giao dién goi phin mém
caret [13] Khi xay dyng m6 hinh du bdo, ching t6i st dung ky thuat kiém tra chéo 10-fold dé lya chon mé hinh va tim
tham s t6i uu cua ting m6 hinh. Cac thyc nghiém duge tién hanh trén may tinh sir dung hé diéu hanh Windows Server
2012 64-bit, c6 céu hinh IntelR XeonR CPU E5-2640 2.5 GHz, 24 cores, 8 MB cache va 128 GB RAM. Phuong phap
Deep learning duoc cai dit phan tan va cac mo hinh hoc may khac déu dwoc cai dit song song sit dung hét 24 cores trén
dé huén luyén, tim tham s6 t6i uu va cac thuc nghiém khac.

Bang 1 trinh bay két qua dy bao cua phuong phap Deep Learning so sanh véi cac giai thuat hoc may ndi tiéng
khéc. O 2 cot R? va RMSE két qua du doan v6i R? cao nhit va 16i du doan thdp nhét duoc in ddm va gach dudi.

Ta ¢ thé thdy nhan thiy két qua du bao do phuong phap Deep learning mang lai c6 két qua t6t nhat, hé sé xac
dinh boi R? dat 92%, diéu nay phan anh mé hinh giai thich tét sy khac biét cac s6 liéu mua quan tric, luu lugng do dac
(bién dAu vao) vai su thay doi vé Iuu luong nude d6 vé hd. Cau trac mang cai dat trong thuc nghiém nay ¢6 3 16p an, mdi
16p ¢6 500 noron két ndi day di va ding ham kich hoat tanh(x) cho tit ca cac noron trong mang. CAc mo hinh LASSO va
Rung ngiu nhién ciing cho két qua 4n tuong voi R? dat gin 90% va sai sb du bao twong tmg 13 66.3 m*/s va 68.5 m’/s.
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Phuong phép LASSO dat 13i du béo chi sau Deep learning, day la phuong phép céi tién tir mo hinh hdi quy tuyén tinh c6
dua thém ham phat d€ giam 161 cua mé hinh [12], LASSO la phuong phap hoi quy tuyén tinh kha hi€u qua va dugc ung
dung nhiéu trong thyc té boi tinh dé dién gidi va chat luong dy bao cao.

Bang 1.Két qua du bao ctia phuong phap Deep learning trén dit lidu kiém thir

TT Mb hinh dw bio Tham s6 tbi wu R’ RMSE (m’/s)
1| LASSO 2=0.9 0.89 66.3
2 | K lang giéng (KNN) k=16 0.87 87.9
3 | Cay hoéi quy (CART) Complexity parameter (cp)=0.0022 0.82 89.2
4 | May vécto hd trg (SVR) | Nhan Radial: 6 =0.545va C = 2 0.73 119.9
5 | Rimg ngdu nhién (RF) mtry = 3 va K=1000 0.89 68.5
6 | Deep Learning Ba 16p an két ndi day du voi 500 noron mdi 0.92 60.37
16p; Rho=0.99, £,=10®, epochs = 10

Hinh 6 hién thi duong du bao luu lwgng nudc d6 vé ho Hoa Binh trude 10 ngay, cac cdt luu lugng thyc do hién thi
mau xanh trén biéu dd, duong du bao hién thi v6i mau nau d6. Trén mdi diém du bao co cac dd thi nho dang thanh ngang
biéu thi d6 1éch chuan vé 1i du béo. Ta co thé thay rang cac gia tri luu lugng du bao bam kha sat véi gia tri thuc do, dic
biét 1a cac mau thir nghiém tir 1 dén 12, tir 44 dén 54. Tai mot s6 diém c6 luu luong Q kha 16n (trén 1,050 m%/s) nhu mau
thir 15 va mau thir 30, phuong phép Deep learning cho két chua dugc kha quan. Tuy nhién day 1a nhimg mau bat thudong
va ton tai khong nhiéu trong tap dir liu thir nghiém. Nhin chung, chét luvgng dy bao ctia phuong phap nghién ctru 1a kha
quan dya trén gia tri R? va dudng du bao truc quan trong Hinh 6 bam khé sat véi gia tri luu luong thuc do.

Dw bao lwu lwgng dén hé Hoa Binh trwéc 10 ngay sir dung
phwong phap Deep learning
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Hinh 6. Két qua du bao luu lwong nude vé hd Hoa Binh khi so sanh véi gid tri luu luong thye do

IV. KET LUAN

Chiing t6i da trinh bay phuong phap Deep learning tmg dung cho bai toan du bao trung han lwu lugng nuéc vé hd
Hoa Binh truée 10 ngdy. Dong gop chinh cua bai bao 1a nghién ctru phuong phap Deep learning ing dung vao mot bai
toan thyc té, mé hinh nghién ctru Deep learning trong bai bao nay la mét phuong phap thude linh vuc dang phat trién rat
nhanh va nhan dugc nhiéu su quan tam nghién ctru trén thé gi6i trong thoi gian gén day. Cac phuong phap hoc may nbi
tiéng khac nhu LASSO, cay hdi quy, k lang giéng, vécto hé trg hdi quy, rimg ngau nhién di dugc nghién ciru, cai dat thir
nghiém va so sanh v6i Deep learning dé danh gia hiéu nang cua cac mo hinh du bao. Két qua thyc nghiém cho thiy
phuong phéap Deep learning cho két qua du bao tot nhat véi R? dat 92% va vuot troi so véi cac phuong phéap khéc khl S0
sanh duya trén R” va RMSE. Trong twong lai, chiing t6i s€ ap dung két qua nghién ctru mé rong cho cac bai toan kinh té va
nhiing bai toan lién quan dén dy doan véi s6 chidu cao ¢ Viét Nam.
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V.LOI CAM ON

Bai bao dugc hd trg boi dé tai "Ung dung Cong nghé thong tin xay dung mo hinh hd trg cong tac du béo Iii trén
song va canh bao ngap lut luu vue séng Tich - song Bui" thuée S6¢ KHCN Thanh pho Ha Noi. Nhom tac gia xin cam on
GS. Ha Vin Khéi, Khoa Thiy vin va Tai nguyén nudc, Truong Pai hoc Thuy loi da hd trg cung cap s6 liéu thir nghiém.
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DEEP LEARNING: AN APPLICATION TO HOABINH RESERVOIR’S
INCOMING FLOW FORECAST

Truong Xuan Nam, Tung Nguyen

ABSTRACT—The prediction of the incoming flow plays an important role for the operation of the Hoa Binh reservoir as well as
prevention of natural hazards in Vietnam. In this paper, we apply a Deep learning method to forecast the incoming flows on
HoaBinh Reservoir in the period of 10 days. Experimental results showed that our predicted model provided positive results and
outperformed some well-known machine learning methods such as LASSO, KNN, CART, Support Vector Machine, Random Forests;
the coefficient of determination R? of Deep learning achieves 92%. We finally concluded that the Deep learning method is useful
and feasible and opens a new direction for solving time series problems.

Keywords—Deep learning, LASSO, k nearest neighbors, SVR, random forests, data mining, machine learning.



