HOI CO HOC VIET NAM

Tuyén tap cong trinh khoa hoc
Hoi nghi Co hoc toan gudc lanthir X

Ha N¢i, 08-09/12/2017

| Tap 2. Co hoc Thay khi
d Co hoc Tinh toan
- Co hoc Dt Da va Mai trudng rai




: X Ha Noi, 08-09/12/2017

. Ac lan thir y VB Lo 2L T -
‘o hoc toin QU | v Co hoc Dat PBa va Mol truong rg
Hoi nelt “H . Co hoc Tinh toan, LGOI E
) - Thuy Kht,
rap 2. Co hot

PHAN 1. COHOC rHuUyY Kl

A \ B
A an tur hat xoay
ai Anh wong phap phan tu hg ay

guyén H - : cuc bo cho ph
Nguyen I hich nght cc b¢

—_— q h]'("l'i Bl v AR R e A SR iy 2
[hudt toan \ iy 00 cho D PO TRRON
one tinh toan dong chay1
trong Binl Nguv5n Thé Hung . ‘ng N
oz : inh, . .o hav aua hé tho L PR
N O 50 b g tinh toan dong chay qua he¢ y

So sanh so do soO tron

Nguyén Chi Cong, Lwrong Ngoc Loi

Nghién ¢t

va Ngo Van H¢
) o chiéu day 1 doi
e clia (v sO chieu day tuong ' o
ru anh huong cua ty so € ’ ‘ . o e L
: .”; :::m, déng hoc bién dang canh NACA 66 sur dung trong cz it tau thity, 9,
den dac tinh thu i i
' 3 ulU
Figm Th 2 B Nglec Tlllnvl]clll‘x"lltl!:?hn;I}m véytinh nén moi truong
) ién ctru khao sat anh huong cuz : e ol i
Nohién ctru khao sat anh e g cody tdirac...
\f‘;&n dic tinh khi dong cua canh quay truc thang bang phuong phap xoay AC o 2
dac ¢ Y 1B i
' ’ ’X - -
Nguyén Trong Dire, Bi Dinh Tri, Nguyen Vin Thang

‘ 1a dc 10 X ' g A cao tan
Nehién ciru anh huong cua dong gio xung quanh toa nha c g

hﬂ"u I,)hu.ong ph{lp lhuy déng IUC I]OC SO (CFD) .......................................................................... 36

e d Nguyen Van Tung
Tran Thu Ha, Nguyen Anh Son an . _ o o |
Simulation correction in super cavity model with application of data assimilation ... 44

Duong Ngoe Hai, Nguyén Quang Thii, A. A. Gubaidullin,
Nguyén Tat Thang va N. G. Musakaev o _ o . )

OpenFOAM va tng dung trong tinh todn thuy dong luc hoc dong chay co chuyén pha........... 53
Ngé Vin Hién ‘ ‘ )

Mo hinh diéu khién phoi hop cho AUS/M-AUVs

bing Automate lai va Real Time UML/MARTE ....o.oooooooooooo 6l
Ngd Vin Hién, Pham Gia {),iém’ ‘ .

M6 hinh phan tich, thiét ke va thye thi hé thong diéu khién cho AUV/ASV

VOi chudn MBSE/SYSML .........coooovvooerimnoeeeccooeeoeeooeoooooooooo 70
Dang Trung Hieu and Vu Cong Hoa

Simulation ofan Airfoil Flutterby Coupling Fluid Structure Depend on CFD Solver........c....... 81
Vi Manh Hiéu, Nguyén Trung binh, Lé Quéc Dinh

Xac dinh dic tinh khi dong cua khicau ..o 91
Nguyén Ngoc Hoa

Bai todn truyen song trong moi truong dan hdi dién day chat long bao hoa ... 98
Bui Mrl\n;!l Ho‘:‘mg,:Nguyf'n Thé Mich, Nguyén Thé bire, Nguyén Duy Chinh
N 0 phong s6 cho dong hai pha rin - long trong bom ly tam bflng mO hinh DDPM.......cooooveee 107

am Chi Hing, Dj a
Stk g, Dinh Thz:nh ‘l"‘hong, Pham Huy Diéu,
oang Phung, Nguyen Tién Pat vi Noyva ;
Nghién ciry dong khi va hat nl"\i.lh‘(")' guy‘e'n | uome Long 4
ahat me 1 i p '

Vo Duy Hung QUavVorphun Laval ...

An im'cslig'xlion of wi
N é wind flow pattern ' ‘ : 2
I'rin Dink Khoi, Trin b Cu'(‘rngp( fl 4Cross staycables at high wind speeds..............oc 12

Dic tinh chuyén 4

. yen dong doc ciig may

v e 2 d ma ay S. H ‘ oaa

zu) Vée o lye dgy thay dd; _ Y bay S-30 khi trang bj dong co 3]
Neguyén Chinh Kign =~~~ o |

Thir nghiém (

EMung dung me
g dung mang neuron nhap 136

40 trong dyr bao thiy van va thily Iue ..o

k



A1 7,
an qufxc lin thir X, Ha No1, 8-9/12/2017

H¢i nghj Co hoc to o hoc DAL D vi Moi trudmg roi

Tép 2. Co hoe Thiy khi, Co hoc Tinh toan, C

Thir nghiém (mg dung mang noron nhan tao
trong du bao thuy van va thuy luc
Nguyén Chinh Kién

. - r e 5 * vA y ;
Vién Co hoc, Vién Han lam Khoa hoc va Cong nghe
Email: nckien@imech.vast.vn

Viet Nam

Tém tit: Bai bao trinh bay nhirng nghién ciru budc diu ve mang, noron nhan tao ‘,"i :p dung trong
bai todn dy bao thuy van, thuy lrc. Mot chuong trinh duoc xay dung bﬁng' "%0"h”&l d‘_?l‘lfan C.é két
hop nhiéu giai thudt (giai thuat di u'uyép. giai thudt lan truyen ngugce sat 59, 2 ay 01~toc do hOF
mang,..). Chuong trinh sit dung phép bién doi wavelet dé chuan l}éa qﬂ li¢u dau vao ciing nhuxsu
dung cdac ky thudt tinh todn song song OpenMP va GPU ting toc 'dQ nhanh; hoP hang chuc [an,
Chuong trinh da chay thi nghiém cho mot sb bai todn mau va cde vi du cu thé, ciing nhur sin sang

cho viéc tac nghiép du bido.

Tir khéa: Mang noron nhan tao, Dir bdo, Thuy van, Thuy luc.

1. Mé dau

Mot huéng tiép can mai dé mé hinh hoa cac hién tugng thuy van, thuy luc la dya trén cic cong
ngh¢ hoc may. Md hinh nay dya trén mdt co so dir ligu thuc té du 1on va ap dung ky thudt (mg dung
mang than kinh nhan tao da va dang la mét trong nhitng linh vire nghién ctru phat trién manh mé. Gn
day, nhd su phat trién cua cong nghé phan cimg ciing nhur dir liéu thu thap, da thuc day viéc nghién
ctru va dat duge céc bude tién méi trong linh vire nay. Ngoai ra, v&i wu thé duwa ra cic két qua tinh
nhanh va tinh dugc céc truong hop thiéu dir liéu dau vao, bai bao da thur nghiém ap dung céc Iy thuyel
mai (mang hoi tiép) ciing nhu cac ky thudt tinh toan song song tan dung tdi da céc 16i tinh cia CPU v
GPU dé xdy dung mét chwong trinh tinh cho mét s6 bai toan dir bio thuy van va thuy lye.

2. Mang thin kinh nhin tao va cic thuit todn
2.1. Gioi thiéu mang noron nhan tao

2.1.1. Khai niém, mo hinh [5]

Tuong ty nhu cdu triic noron sinh hoc, noron nhan t
(nhu cac day than kinh vao) la cdc tin hi¢u vao dudi d
tran trong s6: ham tong la to hop luyén tinh ¢
pham vi cia dau ra sau khi nhan diu vao la
ciia moi noron.

20 bao gdm cac thanh phén: cic dau vio
| ang vée to m chiéu; cdc lién két biéu dién boims
> tin hi¢u vao véi cac trong s6; ham kich hoat gioi ha
ham tong va nguong — dd Iéch: dau ra la tin higu diu ra

He 50 hien
chinh b,
(™ i T
Ham kich
X, O—{w
Cic tin ’ = | hogt
hieu ddu . T
Yo 3 - N Bluray,
- ° =
P // B0 18 hey
Xm 0—*@— tuy&n tinh
Cdc trong s6
synpase

Hinh 1. Noron nhan tao
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A[ TN b‘-; r']rdot Cualcon T:&_!ETO'I. cac te bao noron lién két vai nhau ching chit va tao nén mot mang

5 vo cung phure tap. tuy nhién m: - At s : Rl .

|qu1 \I( E f!.: [:ibq‘kei) t ) . .’»” mang noron nht‘ln tao dugce chia thanh céc loai chinh sau: Mang c6

phan hoi (fee (c. ' network): Lqu_g noron truyen thang mot 1Gp (perceptron); Mang cé phan hoi
(feedback network); Mang truyen thang nhiéu lgp; Mang hoi quy....[6]

Lap vao Lopan |

Lap an (n-1) Lopia

Hinh 2. Mang MLP tong quat

M(pt mang noron dugc huan luyén sao cho voi mot tap cac véc to dau vao X, mang c6 kha nang
tao ra tap cac véc to dau ra mong muon Y cua no. Tap X duge sir dung cho huan luyén mang dugc goi
la tap huan luyén (traiping set). Cac phﬁn tr x thude X dugce goi la céc mau huan luyén (training
example). Qua trinh huan luyén ban chét la sy thay dbi céc trong s lién két cua mang. Trong qua trinh
ny. cac trong so clia mang s& hoi tu dan téi céc gid tri sao cho vai mdi véc to diu vao x tir tap hudn
luvén. mang s€ cho ra véc to dau ra y nhu mong muén. C6 ba phuong phip hoc pho bién la hoc c6
giam sat (supervised learning), hoc khong gidm sat (unsupervised learning) va hoc ting cuong
(reinforcement learning). Sau khi hoc xong, n6 co thé mo ta gan ding moi quan hé twong quan phirc
tap gitra cac yéu to ddu vao va dAu ra cua cdc qué trinh can nghién ctru va khi da hoc duge thi vigc
kiém tra déc lap thuong cho két qua tét. Khi do, mang noron nhan tao c6 thé tinh toan két qua dau ra
wong (g vai bo s6 liéu déu vao mai.

2 1.2. Mang noron truyén thang nhiéu lép [1]

Mang perceptron nhiéu I6p (Multilayer Perceptron — MLP) con duge goi la mang truyén thing
nhiéu 16p la sy ma rong cia mé hinh mang perceptron vai sy bo sung thém nhirng I6p @n va cac noron
trong cac lop an nay c6 ham truyén (ham kich hoat) dang phi tuyén. Mang MLP ¢6 mot 16p an la mang
noron nhan tao duge str dung pho bien nhat, né co thé xap xi cac ham lién tuc duge dinh nghia trén
mot mién c6 gioi han cing nhu nhitng ham la tip hop hitu han cia cac diém roi rac [4].

CAu tric cua mot mang MLP tong quat co thé mo ta nhu sau:

: . . X X ai i ;

- Piu vao la cac véc to (X|, Xa2,.--, Xp) trong khong gian p chicu, dau ra la.cac vec torz(yl,;yz,..., Ya)
trong khong gian q chidu. Pbi vai cac bai toan phan loai, p chinh la kich thudc cua mau dau vao, q
chinh la sb 16p can phan loai.

- Mdi noron thugc lop sau lién két véi tit ca cac noron thude ldp lien trude no.

- PAu ra cia noron l6p trude la dAu vao cua noron thude 16p lien sau n6.

— A s . - ’ . n - - 4 ’, M

Hoat dong cua mang MLP nhu sau: tai IOp'dalf vao cac noron ‘nhan tmlhl?u vao xur ly‘ (t|f1h tong
trong 50, giri t6i ham truyén) roi cho ra két qua (1 ket qua cua ham truyén); ket. qua nay sé dugc
trﬁ)rén t6i cac noron thude 16p in thir nhit; cac noron tai ddy tiép nhan nhu la tin hi¢u dau vao, xir ly
va gui két qua dén 1op in thir 2;...; qua trinh tiép tuc cho dén khi cac noron thude 16p ra cho ket qua.

Trong bai bao nay c6 nghién ciru ung dung mang hdi tiép (recurrent neural network) la mo hinh
mang dugc phat trién tr MLP.
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3 « A
2.2. Cac thudt toan lan truyén nguoc sai so
2.2.1. Thugt todn lan truvén nguoe sai so (BP) [3]

nmu ;:,om cac Ldp déu vao - dau ra dé luyén mang. Véi mai cdp

< dapn tlL
]hll\“ toan sur dunb I]]Ql {¢ || C thu—‘v h[g’]] hdl blc“ (l()d" sau:

ddu vio - diu ra (x, d) thudt todn lan truyén ngugc sai s0 o |
- Giai doan thir nhit, mau ddu vao x dugce truyén tir 16p vao t6i 16p ra va ta 6 ket qua day ry
tinh todn dugce la y.
- Giai doan tiép theo, tin hiéu 16i dugc tinh toan tir sy khic nhau gitra dau ra qu};ln ;dlwducjc d vi
déu ra tinh todn y s& dugce lan truyén nguoc lai tir 1op ra dén cac 16p trude dé dicu chinh cac trong 4
cua mang.

2.2.2. Thudat toan di truyén (GA) [2]
Cac bude dp dung thuit todn Di truyén vao viée hoe cuia mang noron nhu sau:

- Xdy dyng ham gia: Ham gia nay s& dugce str dung dé tao nén do phi hop cua cdc ¢a thé va cig
¢i quin thé trong GA. Trong nghién ciru nay s dung ham sai s6 RMS tuong tu nhur trong thudt todn
Lan lruyen ngugc sai so.

4 X ’ A ~ = ~ A A A 4 SIT ¢ .
- Mi hoa nhiém sic thé (NST): Moi ca thé trong GA s¢ thay mdt cho mot bg trong so cua mang
noron.

- Thyc hién giai thuét Di lruyén:

+ Chon lgc: Gan 1 NST con ban}_. mot NST ¢6 ham gia nho hon cua 2 NST bo me ngau
nhién (hodc 1a bd, hoic la me).

+ Lai g,hcp Toén tu lai g:h(.p ndy s¢ dua mot gid tri vao mdi vj tri cua NST con b:lnh. cach
lay ngau nhién mot gia trj tai cung vi tri cua NST cha hodc mg.

+ Dot bién: Mot gen (trong s0) dugce lya chon ngdu nhién voi mot xdc qual Prnutation 48 tién
hanh dot bién: cong thém mot gia tri ngau nhién quanh gia trj goc ban dau.

2.2.3. Két hop cac thudt todn

C6 nhiéu cich dé két hop thudt toan Di truyén va thudt todn Lan truyu\ nguoc sai s6 nhung cich
don gian va khé hi¢u qua la ta thyc hi¢n lai ghép hai giai thuat noi tiep nhau. Tdp trong $O duge md
hod lhdnh ca(. nhiém sic thé va duge ticn hoa nhe thudt toan Di tmycn Két thie qua trinh tién hod, bo

trong sO tot nhat tuong (mg voi cé thé wu vn;l nhit trong quén thé dugc Iya chon lam nhitng trong s
khoi tao cho thudt toan Lan tr uym nguge sai so.

Thur nghi¢m bai toan XOR cho hai thudt toan riéng ré

cing nhu két hop véi ciing mot cdu tric
mang va diéu kién dimng. B &1

Bang 1. So sanh kha nang héi ty cia mang khi sir dung hai

phurrong phap hoe GA va BP
Vi sai 50 dimg Iip khac nhau SIS A

Sai s6 dimg I3p 56 in hoi w trong 100,000 fan nghigm
(IA Bl) L
. Ké
0.05 83.75% ‘_*m ~Kethop
%02 40,25% 56,75%,
0.001 0%

]8 44:)
' D 0484 60,45%
So sanh vai vige sir dung GA va Bp riéng ré thi gi N |

A A » A
nhiéu. A1 thudt két hop nay cho két qua (6t hon it
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3. Xay dung chuong trinh
3.1. Giao dign va so do khoi

Chuong trinh dugce xay dung bﬂ"g ngon ngir Fortran bing bo u)n;:, cu lap trinh Visual Fortran.
Phién ban dugc toi wu trén nén h¢ dicu hanh 64bit nhim tan dung hét sirc manh cua h¢ diéu hanh khi
Jam vige vo1 dir licu Ién. Chuong trinh cling duge xir 1y song song nhim néing cao toc dj tinh toan,
phUC vu cac bai toan thuc té vai kich thudce dir licu 16m.

——

Hinh 3. Giao di¢n cua chuong trinh

Chuong trinh c6 thé tinh ddc lap ciing nhu két hop cac thuat toan khac nhau. Tuy timg phuong
an tinh toan ngum dung Iya chon ma cac thudt toan theo cac so do khéi Hinh 4 dugc ap dung linh hoat
khac nhau. Néu phuong an tinh c6 sir dung giai thuat Lan truyen nguoc sai s6 riéng ré hoac két hop
voi thudt toan Di truyén hodc doc ma trén trong s6 da co dé tinh tiép thi cic modun nay dugc st dung
theo nhirng cach khac nhau tuong tmg véi cac dau vao khac nhau.

Bl du

Khird tao meng n > 0 ; Bnax , "wy, ;E=0, k=0 I

i

- Kmk ol
P L .
[Von e o e “y, = gCner) =2 (E-wv--',.)
ﬁ ‘
N £=2n(a)! —ay) 4 £ 95 = (@ -9y )0’ Ener)
P3P - S e WM -
- A%y = 0,587y == Ty = Ywy, + A%y,
7 X S8, = gl 'mer) K, Yw, %8, wiq=0Q,Q:1,.2

. =
® T o
Thuét todn Di truyén Thuét toan Lan tguyén ngugc Két hop 2 thudt toan
sal SO

Hinh 4. So dd khdi cac thudt toan va két hop

3.2. Ky thudt song song

Pé tao diéu kién thudn lgi cho phat trién md nguon ciing nhu sir dung, ching toi thyre hi¢n 2 giai
phap song song cho phin mém cta minh 1a k¥ thuit OpenMP va ky thudt ding card dd hoa GPU cua
Nvidia trén nén CUDA. Sy tién loi cta hai giai phap nay 1a ngudi 1@p trinh xdy dung khong can phai
co kién thirc vé cai dat, cau hinh chinh xdc mang may tinh ma chi dong géi kem thu vi¢n ddng hodc
can cai cac driver mic dinh cua nha san Xuit phan ctrng la sir dung dugce. Khi du'qc chuyen giao, nguoi
st dung ciing dé dang chay trén cac may tinh ca nhan nhanh chong ma khong can kién thire chuyén

sdu ve song song.
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3.2 v it song song OpenMP
3.2 1. Kv thudt song song Ope y tinh phé thong CPU da 161 hjén ?é trén’ thi tr‘_,’f’”g.
{73770 4 161 8 thread vai toc do 3.9 Ghz. .E-.)Ol véi
4c huan luyén mang dugc chay cho nhiéu mj,
i CPU. Do d6, sau dong Iénh vong g
bay song song duoc dit dé chj,

K9 thudt nay duge tng dung cho moi ma
Trong thir nghiémﬁﬁ_v, ching toi sir dung CPU Inte
cd hai thudt todn. trong vong lip diéu kién ding, tI:aoAt e
hoc. M&i mau hoc nay duge chuong trinh phén bo tl;en cac IO’ :
didu kién dimg va trude dong 1énh vong Iap huan luyén theo cac mat,
nho cdng viée cho cac CPU.

-

3.2.2. Ky thudt song song GPU

la 01 card NVIDIA GeForce GTX !960 6GI? vGi thong
khuyén cao téi thiéu cua nhiéu chuyén gia danh
dung co ban,... ciing nhu tham

Trong nghién ciru nay su dung thiét bi
s6 duge trinh bay nhu Bang 2. Pay la mét cau hinh ) B H
cho mdt h¢ tl16ng tri tué nhan tao phuc vu cong viéc nghién cuu, ung
gia san d6i khang Kaggle danh cho cac chuong trinh hoc may.

Bang 2. Thong sé card NVIDIA GeForce GTX 1060 6GB

Théng s6 Chi tiét

Tén ma thiét bi GP106 (8/2016)

S6 16i tinh / Xung nhip tinh 1280/ 1708 Mhz

B nhé 6144 MB / GDDRS5 / 192 bit / 192.2 GB/s
Bang thong giao tiép PCle 3.0 x16 / 16Gbps

Nang lyc tinh toan dau phay dong 4.375 TFLOPS

~ Doi vai thudt toan Di truyén, chiing t6i chon phuong an song song dua trén sd luong quan the,
moi ¢ the trong quén thé s& dugc | don vj tinh toan xur ly. Tuy nhién, chi xur ly song song vai cac ca
thé ,khi tinh to§i|1 cac ham muc tiéu (ham thl',Ch nghi), con bo qua phﬁn xur ly cac phép toan di truyén chi
chiém mét khoi lugng nho tinh toan, chi yéu 1a cac phép géan gia tri mang.

Péi vai thudt g_oe’m Lan lruyéq nguoc sai s, do chi con | ca thé
llu,{c hi¢n theo cac mau hoc, do d6 can chia mdi lan xir ly I m
phan song song ndy so véi thudt toan Di truyén |a song son
truyén vé by nhd chung sau moi budc tinh la nho.

! tdi uu nhét, cac phép lap chi
au hoc chc; I don vi xir ly. Uu diém cua
g dugce phan Ién cac bude tinh, dir liéu

3.2.3. Két qua thu dwoc

Dé danh gia hiéu qua cla phuong phap son , .
g song, chiing toj | T
3 cau tri A x £ ac
thuc ¢6 cau tric mang va so lugng mau hoc, sé | 18 Lot lva chon 2 bai toan véi cac so liéu

Bang 3. Thong s6 céc bai todn th nghiém

STT  Théng s6
1 S6 noron l6p vao: lop an: 16p ra Bai toan | Bai toan 2
2 S6 lugng trong quan thé di truyén 8:13:1 49:100:1
3 Sébude lap di truyén 1.000 2.000
4 Sc:) bude lap phuong phap Lan truyén nguge saj sé 100 50
5 S6 lugng mau hoc 100.000 100.000

et Al e L AR0, 1.000

x. . v
. Moi bai toan duge ching t6i cha
sai 50 ding nho (moi phuong an chay hét sd bug ‘lhcl_gian rung binh ¢y
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Bang 4. Thoi gian tinh trung binh cua cac bai toan thir nghi¢m

Phurong dn Tinh don nhan Tinh da nhan ¢ CPU o

tinh CPU (OpenMP) I'inh da nhan GPU  Ti I¢ thoi gian
Bai toén 1 - 9s 90s  1:036:1.73

Bai todn 2 1h:22m:53s (4973s) ~ 0h:20m:24s (1224s)  Oh:04m:34s (274s)  1:0.25:0.055

Nhan th'w Khi kich thude cadc ma tran la nho, s6 lugng mau hoc nho, $O lugng quan thé 1a nho,
viée song song trén GPUlai khong mang lai hiéu qua, tham chi con gay ra su cham tré tong thé tinh
toan do phai H"U)’C“ du heu nhiéu; tinh da 16i CPU bang OpenMP dal hi¢u qua tot nhung cting chua dat
hét mire do thiét ke. Khi s luong noron céc 16p tang, s6 lugng mau hoc tang, so lugng quan thé ting,
viéc tinh todn song song cho bai toan mang noron nhan tao cang hiéu qua do tinh song song cua cac
bai toan nay lon. Ngoai ra, phan tich biéu d6 do hiéu ning card do hoa cho thay, ky thuat song song ap
dung chua tan dung hét 1280 161 cua card d6 hoa nén chua dat hiéu qua cao nhét (chi dat I6m nhat la
75%). Thuat toan Di truyén chua duge song song cac phép todn di truyén, kh01 lucmg truyén dir liéu

lai 16n, nén xay ra hién tugng ngat quéang thoi gian xu ly, can phai tiép tuc cai tién viéc song song cho
thuat toan nay thém ntra.

3.3. Ky thudt phan tich di ligu dau vio

Mot ly do chinh trong viéc nghién cuu va sir dung phep bién d6i wavelet la c6 kha nang thuc
hién phan tich cuc bo, thé hién duoc dic tinh cua dit liéu ma cac ky thudt phan tich khac khong co.
Wavelet 1a dang song c6 thoi gian duy tri toi han voi gia tri trung binh bang khong. Wavelet co thoi
gian gioi han, bit thuong va bat d6i xtng. Phuong phap wavelet c6 thé két hgp v6i md hinh ANN cho
cac bai toan lién quan dén viéc phén tich chudi so liéu roi rac theo thoi gian. Trugc hét chuo; 56 ligu s&
dugc chuyen doi thanh b b ligu méi vai cac thanh phan xap xi va thanh phén chi tiét dwa vao phép
bién ddi wavelet roi rac tai mot tang thich hgp nhit. C4c thanh phan nay sau d6 s& duge sir dung nhu
la dau vao cho mang ANN.

Thir nghiém véi chudi s6 liéu myuc nude do duoc tai tram thuy van Hung Yén mua It nam 2015,
sir dung ho wavelet Daubechies phan tich 3 béc thanh cac chudi s6 liéu lam tin hi¢u dau vao cho mang
ANN duge mé ta nhu Hinh 5.
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Hinh 5. Phin tich chudi dit liéu myc nudc (cm) tram Hung Yén theo chudi thoi gian

4. Thir nghi¢m ng dung tinh toan

4.1. Két qud mo phong va dw bdo thiy luc luu vuc dong bang Song Hong

5 thang 6 dén 15 thang 9 cu dén vung chéu thd Song Hf)ng, Thai Binh luén
séng lrong, tinh trang bj uy hlep bai nan 10 lut. Pé chu dong phong tranh va han ché cac tac hai, song
Song vai vige phat trién kinh te, chung ta phai luén lubn tim kiém céc bi¢n phap hiru hi¢u d6i pho voi

1 yt, Tap thé nghién ciru 1t lut vién Co hoc da xdy dung va phat trién nhiéu mo hinh thuy lyc nhim
m6 phong va dy bao cac yéu t§ thay van thuy luc, tir d6 phue vu cho vige dé xuat, danh gia va dicu

Hang nam, tir |
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ung lai mot phﬁn 0 liéu dugce chon loc [7] cia

lai mure nudc va luu luong tai mot so tryy,

142
% x 8 | ay sur d
hanh phong chong lut bdo. Trong nghién ciru nay

, . 2 A or A i a0”
mo hinh thuy lye di phat trién d¢ tinh toan, thur “dur bé

trong hé thong theo céc phuong an sau day.

Sap You

-
Hinh 6. So d6 mang song vung nghién ciru

Yén, Na Hang cac nam 2000,

Phuwong 4n 1: Léy dir li¢u 4 ngudn tai Hoa Binh, Yén Bai, Ham
kiém dinh “dy bao lai”.

2002, 2003 1am thanh tdp huan luyén, dit liéu naim 2004 dung dé lam tap

20
—— Thue do = = = ANN - Dir bdo

= = = ANN - Hiéu chinh

P
" Thuc do
15

15
|
10

10
1000

. ]

200 400 600 800

5
300 400 500 0

100 200

{;Alé ‘ll\lash-‘:Sutcl%ffc' (NSE) ciia Phuong an higu chinh va du béo lan

Otcho thay kha ning dyr bag cla mé hinh |3 hi¢u qua

004 41 2903. Ly thém nia i i g nam 2004 i
ung dé lam tap kiém dinh “dy béo lai”.

Nhan xét: véi chi sé danh
lrotla 0.933 va 0.826 déu dat loai
Phum}g an 2: Ngoai di li¢u cac nam 20

thanh tép huén luyén, dir ligu con lai cua nam 2
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20 ——Thucdo = = =ANN-Hiéu chinh X Thucdo = = = ANN-Dirbio
15 15
10 10 m
5 5
0 200 400 600 800 1000 0 100 200 300 400 500

Nhan xét: NSE ciia phuong an hiéu chinh va du béo lan lugt 1a 0.922 va 0.909 cho thiy khi cap
nhat thém dir liéu cho tap huan luyén dé “hoc thém”, mang ANN da cho két qua tdt hon. Dir liéu hoc
thém kha gan v&i dir liéu du bao nén phan énh tot hon quan hé giita dau vao va diu ra cia mang, bo
sung cac yéu to co thé da thay doi (Iong dan, nham, cau tric mang song,... cua hé thdng song nam
2004) ma cac nam trudce chua c6. Tuy nhién van c6 su sai khéc tai cac dinh 1, diéu nay ly giai boi con
cac yéu t0 anh hu{mg khac chua dugc sir dung lam tin hi¢u dau vao,... Do d6 can tiép tuc thém vao mo
hinh cac dir liéu dau vao khac cling nhur tiép tuc cho chuong trinh hge thém cac méu di ligu.

Phwong an 3: Pau vao cia phuong an nay van ldy nhu phuong an 1, tuy nhién két qua dau ra
khong chi la 1 gid tri myc nudce ¢ tram Son Tay ma con thém tram Ha Noi (s noron 16p ra la 2).

20 Thue do tram Son Tay 20 Thure do tram Son Tay
= Thuc do tram HaNai = Thitrc lo tram Ha N 61
15 — — — ANN - Hiéu chinh tram Son Tay 15 ~ = = ANN-Du bao tram Son Tay
10 10
5 5
0 100 200 300 400 500 0 200 400 600 800 1000

Nhan xét: Tai tram Son Tay, NSE cua phuong an hi¢u chinh va dy bao lan luot 1a 0.942 va
0.864. Tai tram Ha Noi, NSE cua phuong an hi¢u chinh va dy bdo lan lugt 1 0.928 va 0.892. Qua
phuong 4n 3 thir nghi¢m cho thay, mang ANN hoan toan c6 thé huan luy¢n dé cung cho k&t qua tot
v&i nhiéu noron 16p ra. Nhu ciu thue té cta bai toan du bao dat ra la cung mot ll’lcxphz'li dua ra dugc
nhiéu diém trong mang ciing nhu birc tranh don gian toan by h¢ thong tuy khong day du nhu cac mo
hinh s6 tinh thuy vén, thay lwc.

Phuong an 4: Liy dir liéu 4 nguon tai Hoa Binh, Yén Béi, Ham Yén,.Na Hang nam 2015 lam
thanh tap huén luyén, dir ligu nam 201 6 dung dé¢ lam tap kiém dinh “dy bao lai”.

1200 1200
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144 - N |
va du bao lan lugt 1a .94 .
.« A 4 1 : ang ANN ) ) q
5 600cm la khong nhicd, do d-o khi- mas Eth" r\?oc b§ di
i hé diu vao d4u ra khi mirc nuoc thap. im 2016
v (e A P z a2 3 3
00c uy nhién, cac ket qua du [?d() I.;u' van nim, ¢
on thiéu cac yeu to anh hudng khéc ciing thy
ha t6t quan h¢ dau vao — dau ra cua dir Jig,
(&

hwong 4n 4 nhung bo sung thém tin hig,

o hiéu chinh
Nhin xét: Tai tram Son Tay,NSE cua phuong an hi¢u chir

0.709. Nam 2015, mye nude Son Tay durc
licu nay, mang trong sO chua th¢ hi¢n ding t,l““
muc nude Son Téy chi yéu lai nam dudi mue ()()Qcm‘, t
mire kha (NSE > 0.7). Thém mt lan nira chimg 0 duc
mau hoc con it nhung mang ANN c6 thé phan dnh duge k

Phwong dn 5: Cic s6 li¢u dau vio va ra trong nhu p
dau vao tram Hung Yén & ha du.

1200 ) 1200 ——Thucdo = = =ANN-Drbio
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Nhan xét: Tai tram Son Tay, NSE cua phuong 4n hiéu chinh va dy bao lan lugt 1a 0.953 v
0.821. Pung nhu nguyén tic ctia mang hoc may, khi ta bé sung thém dir ligu (tin hi¢u dau vao) co dnh
huong, mang da phan héi voi két qua tot hon (céc chi so NSE cua cac phép thir déu tot hon rd rér).
Diy ciing chi ra mét lgi thé ciia mé hinh hoc mdy: khi con thiéu dit liéu, hodc dir li¢u khong gian
khong diy du, mang ANN van cho ra duge két qua du bao du dé chinh xac chwa bang duoc khi cé diy
du dir li¢u vao nhung cling két qua dat sai sO chﬁp nhan duoc.

4.2. Két qui mé phong va dw bdo thiiy vin luu lwong vao ho

‘ Bai toan dy bdo luu lugng dong chay déq hé Hoa Binh phuc vu tét muc tiéu diéu tiét van hanh
ho. Nghién ciru str dung s0 li¢u trong [8] bao gom cde s6 liéu tir nim 1964 dén nam 2002 tai tram do
Ta Bu trén song Da, tram do luu lugng gan ho Hoa Binh nhit. S§ liu nay duogc do trong rﬁﬁa éan tr
thang 12 ndm trude dén thang 5 ndm sau. Cac gia trj duge ldy 1am diu vao cho mo hinh nhu sau-. Luu
lugng nude trung binh hién tai: Q(t); Luu lugng nuée truge do 10 ngay: Q(t-10); Luu lw 'HU('TC
trude do 20 ngdy: Q(t-20); Trung binh lugng mua hi¢n tai: X(t): Trung b{nh liton ' ¢ Qr,ngdé 10
ngay: X(t-10); Trung binh lugng mua trude do 20 ngdy: X(t-20); Luu i " Png . ruohc tai
Qng(1); Lugng mua cua ngdy hién tai: Xng(t). B dir ligu duge (’:hia ” th, mr?c-cuaknga)j ién h.c.
(training set): Tir cudi ndm 1964 Qén dau nam 1995 ¢4 téng cong 480 T o phani Phefn .cnhr llgu 04
(test set): Tur cudi ndm 1995 dén dau nam 2002 téng cong 6 90 igu kig)niut hoc; Phan dir li¢u kiém tra
ra.

2000
—— Thucdo = = = ANN-Hiéu chinh 1500 -
S — 9 ’
1500 Wcdo = = — ANN- Dy bdo
1000
1000
500 500 /J "
0 ‘A
0 0
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0

Nhin xét: NSE cua phuong an higy chj
thu duge trai dai tr ndim 1964 dén 2002 $0
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Khd rin rac, Mang /\NN t‘ﬁllg dit o duge quan hé diu vio — diu ra mét cach trong dbi thé hién o ket
qua tinh (NSE hi¢u chinh chi dat 0.75 NS dyr bao chi dat 0,58),

4.3. Két qua mé phong va dy bio d man tgi ving Tir Gide Long Xuyén

Tir Gide Long Xuyén 1i 1 trong 3 khu vire nhiém min dang chi ¢ cua dong bing song Ciru
Long bi anh hm,mg tryre tiep cua nude min phia bién Tay. Ving nay co6 cac kénh tiep nurdre déu xuat
phat tur micn nuge ngot cua Song Hju, do min o diy duge quyét dinh chi yéu bai kha nang tai nuée
cua cac kénh dz:n va lugng nude di dung trén doc cae tuyén kénh do. Tuy nhién cac tram do man trong
vung rat it va so li¢u cting khong dong b, diy du.

L taand

L ]
-
s

— e S —

Hinh 7. Mé hinh tinh tai vang T Gide Long Xuyén.

Yéu chu cua bai toan la tinh gia tri man tai Rach Gia qua cac gia tri tin hi¢u déu‘vz‘io tai c_z'}c diém
nhir Chau Pée, Vam Nao, Cin Tho, tir dao dong myc nude bién xa (tinh theo cic hing s6 dicu hoa)

cling nhur tir gi4 trji myc nudc tai chinh Rach Gia. Trong nghién ctru nay, st dung cac kich ban tinh

theo Bang 5.
Bang 5. Kich ban va két qua do man tinh todn
B - NSE mé hinh thiy lye
Nim Mila Tridu Tram Phuong an tinh toén kdt néi 1-2D da tinh
2008  Muakhod  Triéu cuong Rach Gia Higj:u chinh 0.96
2011 Muoakho Triéucuong  Rach Gid  Kiém dinh 0.61
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Nhan xét: NSE gia tri man tai Rach Gia lan luot la 0.9094 Vil 0.615?. V:Ul da1u Vvao i, tUY_,nhlél.I
cac két qua tinh toan ciia mé hinh mang ANN dua ra dat gia tri tot 50 VO ke’t Gue. tinh Ve, cua m
hinh thuy lyc doi hoi nhiéu di li¢u nhu cac dir liéu mat cat, dir liéu dia hinh day bicn,... Ket qua tinh
ciing dat gia tri chip nhan duge (chi s6 NSE > 0.61) cho du céc yéu to dir liéu anh huong con chug
dugc danh gia hét (do khong co dir liéu).

5. Két luan

Tir cac tap s6 liéu dau vao - diu ra, cho du ¢6 chira cic nhiég, mang noron nhan tao co the tim
ra dugc ham sd mo ta quan hé d6 ma khong doi hoi kién thire vé moéi lién hé gitra cac yéu to do. Cing
véi nhiéu thanh tyu trong cac linh vue khac, ANN hién dang la mo hinh hira hen giai quyét duge nhiéu
van dé dua trén dir liéu 16n va su phat trién cua cac cong cu tinh toan. Trong nghién ciru nay, mang
noron nhin tao da két hop nhiéu thut toan va céc ky thuét khac nhau (song song CPU, GPU va bién
doi wavelet) dé thir nghiém 4p dung cho bai toan thiy vén, thuy Iye dat két qua tot. Nghién ciru cling
chi ra nhirng uu diém nodi bat cua mo hinh mai, d6 1a yéu cau vé loai dit li¢u it, tuy thoi gian hudn
luyén lau nhung khi kiém dinh, du bdo lai rat nhanh, céc chi sé danh gia NSE dat muc tot tuong
duong voi cac mo hinh thuy van, thiay hre da xdy dyng,

Loi cam on

Téc gia xin cam on DE tai cap Thanh phé Ha Noi ma s6 01C-07/1-2016-3 da ho trg cho nghién
ctlru nay.
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