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VAN BE ON PINH VA TUONG PUGNG CUA MANG CNN
GIAlI PHUONG TRINH THUY LUC HAI CHIEU

VU DUC THAI

Khoa Cong nghé thong tin, Pai hoc Thdi Nguyén

Abstract. Cellular Neural network was introduced in 1988, and then the applications have been
researching and developing. This paper presents a CNN architecture for solving set of partial dif-
ferential equation describe phenomena happening in a bay with parameters water level and velocity
in two directions. There are 4 parts: 1st introduction; part 2nd describe problem model; part two
analyzes, finds CNN algorithm, then propose CNN hardware architecture, proof the stability and
equivalence of CNN partial difference differential (CPDDE) to original PDE model, simulate in some
case using FPGA chip; the conclusion part evaluates method and gives some trends for developing.

Tém tiat. Cong nghé mang noron té bao dwge dwra ra tir nhirng nam 1988 dén nay nhiéu linh virc
dang dwogc nghién ciru phét trién. Bdo cdo nay gidi thidu mé hinh mang CNN gidi hé phirong trinh
dao ham riéng md td hién twong xdy ra trong mot ving vinh véi céce dai lwgng do cao muyce nude,
van téc dong chdy trong hé toa do hai chieu Ox, Oy. Bdo cdo gém 4 phan: phan 1 gidi thiéu; phan
2 mo ta bai todn thiy lwc hai chiéu; phan 3 phan tich bai toan, xay dung thuat gidi trén CNN, dé
xuat kién tric khéi tinh todn 1am co s& cho ché tao phan ctimg, chitng minh tinh twong dwong cia
m6 hinh CNN vA mé hinh sai phan, m6 phéng tinh todn. Phin két ludn ddnh gid thuit todn va
hwéng trién khai ché tao mang st dung cong nghé FPGA.

1. GIOT THIEU

Hang ndm nhirng tai nan xay ra trén cdc dai dwong ¢6 hau qud rat 16n, viéc nghién ciru
tinh hinh dién bién x4y ra trén cdc ving bién, dai dwong la rat can thiét phuc vu cho cic
hoat dong cta tau be trén bién. Nhiéu nha nghién citu da de xuat va tién hanh nghién citu
cac thong sd can theo doi tinh todn nhir van toc dong chdy, do cao muc nuwée, nhiét do, do 6
nhiém tham chi hién twrong mwa giong, bién doi khi hau trén khoang khéng [3 — 7).

Céc téac gid J. Chen, Z. Shi va Y. Hu [3], da dung phwong phdp s6 gidi bai todn cho mot
ving hinh tru ban kinh 11 m lwéi & day c6 kich thwée 50x50 diem. Téc gid Tran Gia Lich
va Phan Ngoc Vinh [5], nghién cttu tinh toan thire nghiém cho mé hinh véi chiéu sau 14 m
véi ledi 31x15 didm véi mot s6 trueomg hop bude thoi gian tinh 1a 2 giay.

Bdo céo nay dé xuat kién tric mang CNN cho bai todn hé 3 16p, CNN 2D twong doi phite
tap hoan toan khdc v&i cdc kién tric trirde day.

2. MO HINH BAI TOAN THUY LUC HAI CHIEU

Giai quyét bai toan trén thie té 1a chiing ta do cdc thong s trén tai thoi diém ban dau
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sau dé tinh todn dir bdo cho mot thoi diém nao dé can theo doi trong tirong lai. Pat viing
bién cin quan sat vao hé toa do hai chiéu Oxy (Hinh 1).
_,—-—'_"‘-\-._‘_-ir-_'_'_‘_‘_‘_\_
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Hinh 1. M6 hinh todn hoc cia bai todn thiy luc hai chieu

Goi dd cao mat nuwde 14 H, do sau mure nuwde 1a h, van toc dong chdy theo hai phwong x, y
véi van toc twong tng 13 u,v. PAy bién c¢6 do doc theo phurrong z,y 14 s,, Sy, gla st bang
nhau ta dat 1& s, h¢ s6 ma sét theo hai phwong z,y la K,, K,. Gia toc trong truong la g.

Céc phwong trinh mo td gom [7,9]:
Phuong trinh moé ta do cao mure nude:
oh __ouh _owh "
ot Ox oy

Phwong trinh mo ta su bién thién van téc dong nude theo chiéu Ox

ou__gu( +)"? o oh D @
or Yo oy

at K2h?
Phwong trinh mo ta su bién thién van téc dong nude theo chiéu Oy

1/2 2
ov Oh  Ouv
(3)

ov gv(u? + v?) R
oy g@y ox

ot K22

vGi cac dieu kién bién: h(z,y,0) = ho(x,y); u(z,y,0) = uo(z,y); v(z,y,0) = vo(z,y).

3. PHUONG PHAP GIAI BAI TOAN THUY LUC HAI CHIEU
BANG CONG NGHE MANG NO RON TE BAO

Giadi phwong trinh dao ham riéng trén can so liwong tinh todn rat lém néu gidi trén may
PC ¢6 thékhong dap ting dwoc vé téc do tinh todn. V&i cong nghé mang noron té bao CNN
c6 kién tric tinh todn song song 1a mot hwdng gidi quyét ¢é tiém ning cho yéu cau tinh toin
cua bai toan.

OV 1 o
C ajjw _ _Evm-j + Z A, 5 ky Doy +
C(k,1)ESr(i,9)

DE gidi céc phirong trinh bang cong nghé CNN, chiing ta can phan tich va kién tao mang
CNN phu hop véi bai todn can gidi. Véi bai todn thuy lire néu trén ta chon lwdi sai phan hai
chiéu. Thirc hién sai phan vé phdi cdc phwong trinh cho hai bién khong gian z, y.

Z B(Z7]7 kvl)vukl"i'zij
C(k,)eSr(i,5)
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Sai phan phwong trinh (1)

Oh Uit1,j Ui—1,j Vit1,j Ui—1,j
= _ R TR s — U U 4
ot 2Ax i1+ 20z M 2Ay i1+ 2Ay " Lg )
Sai phan (2):
) 5 \1/2
% . (ui,j ‘|"Ui,j> B (ui+17ju, o ui—Lju, > B hi—l—l,j B hi—l,j
ot U K2h, 20z M 2Ag M I\ 2Ax 2Ax (5)
Wi +1Vig1 W11
2Ay 2Ay
Sai phan (3):
) 5 \1/2
00 _ (2 + %) (v, o Vieg ) (g Py
ot TR, 2 Ay T T oAy U ) TIN oAy T 2Ay (6)
_ <Ui+1,jvi+1,j _ ui—1,jvi—1,j>
2Ax 2Ax

A. Xdy dung mau cho hé CNN ciia bai todn

So sanh véi phwong trinh trang théi cia CNN, ta dwge cdc mau cia phwong trinh (4),
(5), (6), ta dwoc:

- Mau cho an ham h: (néu chon C = 1)

0 0 0 0 N 1
o 1 Uit s 1
/L it B PN — 0 | By=0;2,=0
2Az RM 2Az Rh " "
0 0 0 0 “Vit1,5
2Ay
- Mau cho an ham wu: (néu chon C = 1)
! ! 2 .2 1(/)2 o 0 0
o | Wizi g(ui,j‘i’vi,j) n A Uiy | gen g 0 g
2Az K%h?j Rv 2Ax 2Az 2Az
0 0 0 0 0 0
Vi j+1
0 0
2Ay
Aw — | o 0 0| BU=0 2"=0
0 0
2Ay
- Mau cho &n ham v: (néu chon C = 1)
" 0 Vi j1 0]
27y o 2 9
Av — 0 2] % + — 0 A’l)h = 0 0 0
K2h? . Rv —
'Y j g
0 Vi1 0 { O Ay, VY ‘
L 2Ay i Y
0 0 0
vu Ui-1,j Wit1,j v o_ (. 7V _
A 2Ax 2Ax BT =0;2"=0

0 0 0
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Sau khi tim dwoc cdc mau cho bai todn chiing ta thiét k& hé CNN dé thire thi bai todn.
Kién tric cia mang CNN véi cac mau néu trén cé 3 16p 2D nhir mo ta trong Hinh 2

. meds] )
5 3 3 g
T e e
I 1
Léop B — ™ ~ ",
C R
‘ 1 b
=1 J:D_L.-;,Pv
_Q_ oy

Hinh 2. M6 hinh todn hoc cia bai todn thiy lwc hai chiéu

Trude khi ché tao phan citng chiing ta phai chitng minh cdc mau tim dwoc théa man diéu
kién kién tric mach ddm bao cho hé lam viéc 6n dinh va twong dirong véi mé hinh sai phan.
B. Chitng minh tinh twong duwong gitta hai mo hinh
P& ddm bdo do chinh x4c va on dinh giita viéc tinh todn trén may PC va trén mang CNN
ching ta can chimg minh tinh twong dwong gitra hai mo6 hinh cho tirng ham [§].

Ta phéi tinh cdc ham T ;(¢) va 1; j(t). Xét cdc mau cua h, do mau chita céc gid tri ham s6
nén ta khai trién theo 3 diém:

Al Ao
AZm = AZm,O + k —+ k‘27 (7)

Ta xay dung lroc d6 CPDDE cho A tai vi tri t& bao C(i,j):

LM (De)his( Z Z A" iy jm + Z Z A" i jm (8)

n=—1m=-1 n=—1m=-1

véil<i< N;1<j< M. Khai trién Taylor v&i buée k cho hai chiéu (i,j), cia h:

7 7 aﬁ($lv Yi, t) 6 h($lv Yi, ) k2
i + s Yy t) = iy Yiy t) =
hxi £k, yi, t) = h(wi, yi, t) 9t T2 3
T T aﬁ($lv Yi, t) 62B($i7 Yi, t) k2
i Y + ) t) = iy Yiy t) = o
h(zi, y; £ k,t) = h(z;, y;, t) a9 k + RIE 5
Thay vao (8). Dé (8) x4c dinh khi k — 0 thi:
1 1 1 1 1
Z Z numl_o Z Z Anm2 0; Z (A1m2 Ah1m2) 0
n=—1m=-1 n=—1m=-1 m=—1
1 1 1
Z (An,1,2 Ahu12 =0: Z Z Anml_o Z Z Anm2
n=-—1 n=—1m=-1 n=—1m=-1
1 1

Z (A1m2 Ah1m2)203 Z (An12 AZT}—L2):0'

m=—1 n=—1
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Sau khi x4c dinh céc gid tri cu thé cla cdc tham s6 trong mau chiing ta cé thé chon dwoc cac
gid tri twong img thod man diéu kién (7) mot cach dé dang.
Ta tinh: . .

)= > > AMh(z;+nk,yi +mk,t)

n=—1m=-1
1 1 N
+ S > A™h(x; 4 nk,y; +mk,t)

:[ DS A:u]j(ziayli,t)+[ > (Al - A’i“lm)]iaﬁ(:‘gfi’t)

n=—1m=-1 m=—1

k

[ aﬁ is Yir ! aﬁ i Yiy
H| 5 (a0 | 5 (g e 2D

L m=-1 n=-—1

[ 2 Oh(xi, yi, t) 1 O?h(x;, yi, t) k>
hu _ pAhu ) I hu s Iy
o S atrap| el Ts 5 gy | ZRO 0D

Ln=—1 n#0m=-—1
[ 1 O%h(xy, s, t) 1 O%h(x;, i, t)
+ Ah“:| 1y Juy + [ A?#n] 1y Yy
L n%é:O mgj—l a 2 n:Z:—I mZ;é:O ayz

e O°h(x4, yi, k? ! !

o £ 5 am) P DT S5 [

L n=—1 m#0 n=—1m=-1
[ L v v oh Ti, Yiy b 1 v v oh Ti, Yi, T

—1m —1m
L m=-1 Ox m=—1

[ Oh (s, yi, t ! Oh(xi, yi, t
o > (A%—Azzl)]i(:”ayy | 3 (A%—Azzl)]i(:”ayy :

L n=—1 n=-—1

[ 1 O%h (s, s, t) k2 1 O%h (s, i, t)
Ao | 2 0D 7 Ao | Z 020 J6 7

R R PIR e

4 o 19%h(xi, yi t) K2 1 O (s, yi, t
o[ 2, p | P | g Pt

L n=—1 m##0 n=—1m#0

Ham zﬁ:fj(t) du'orc xac dinh:
1 1 Oh(z,y,t
Zj(t): |: Z Z Anm 0:| (:E Y, ) + |: Z (A?fun,l - Af—mlm,l):| ¥

n=—1m=-1 m=-—1
! U U ah :E ' Y, a2il T, Y, t
"‘[ > (A’?Ll,l — Al 1)] ) [ > Z hu 2] %

n=—1 n#0m=—1

RPN ey

n=—1m=#£0
+(Al o+ AF—L1—1,2 — Ay 2 Al Q)Tay
1 v 1 U U aﬁ(l"? y? t)
|: —Z:I Z: A?Lm 0:| (:E Y, )+ |: Z: L (A?m,l - AF—le,l):| T

SRR N LI Bl S LAl

n=—1 n#0 m=-—1
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1 O?h(z, y,t
H £ T ap,| R

n=—1m#0 Yy

0*h(z,y,t)

‘1‘(14%2 +AM 2~ Al 2 Al 2) D20y

Nhu vay, ta tinh dwoc AZj = FZj — ffj
! u u ah($za Yi, t)
A?,j(t) :[ Z: (A?m,l - Afi1m,1)] Tk‘

! u u aﬁ Tiy Yis T
+[ > (AR —Aﬁ_m)]%k‘

k

)] ah(:cézpyi, t)

! u 0%h Ti, Yir b kz ! v v
n#0 m=—1 m=—1
! aﬁ(‘fz Yi t) ! 9* h($z Yi )kz
hv _ pAhv » IV hv y Y1y

n=—1 n#0 m=-—1
2 1 2
:| a h(:plv Yi, ) k + |: Z Z Azu :| a h(:plv Yi, ) k

1
Ahv
+[ 2, &, A o> 2 |[WEado oyr 2

n=—1m%#0
Va ro rang:

Vit i, g %13% |Aﬁj(t)| = 0.

Ta dwoc lwoc dé CPDDE cho ham A la:

Hpon= L_Z_lm_z_ A%O] hla,y, 1) + [m:f_l (A??n,l—Aﬁqmﬁl)]%
+[n§j_1m§0 Al 2] %
H(A, + AT, — AT, — AT, 2)%
2,2 Ao+ | 3 (A?fn,l—Aﬁamﬁl)]%
+:nzzlj_1m§0 Al 2]%
HAW AP, A, - A%’z)%'

Xét tinh twong dwong vé khong gian dong hoc: Theo cach chitng minh cho hé CNN tong quét
trong [8] luén luon ton tai mot bude sai phan k* sao cho véi moi 0 < k < k+ thi hé CNN
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khong ton tai diem ré nhénh va twong dirong véi PDE ban dau. Do vay véi bai todn nay,
trong cic mau c6 chita cdc tham so vat Iy nhw g (gia toc trong trueong), J (hé s6 ma sét); cdc
gid tri thire té gia dinh cia bai todn b, I, ching ta c6 thé chon buéc sai phan, va tham sé
dién trd trong mach t€ bao R dé tim gid tri k* thich hop, (trromg hop nay ta tim dwoc k*

=0,05). Chitng minh cho ham u

Cung nhw véi ham h, chiing ta phai tinh cdc ham I . va ¢ . Xét cadc mau da tim dwoc cia

ham w & trén, do mau chita céc gid tri ham s6 nén ta khai trlen theo 3 diem:

Afuzm = Afuzm,O + n]::m + 7]:;7
Auh Auh
h 1 )2
Ao A
h 1 2
Av = A;)Lm ,0 + n]::n 7]:;

vl (-1 <n<1L;-1<m<1).
Ta xay dumg lwge do CPDDE cho A tai vi trf t& bao C(i,j):

L (Dt)h Z Z A" Witn,j+m + Z Z Auh Uitn,j+m

n=—1m=-1 n=—1m=-1
1 1
uv
+ g g A Ui4n,j4+m
n=—1m=-1

voil <i< N;1 <5< M.
Khai trién Taylor véi bude k cho hai chigu (i,j), tai diem trung tam m;,;:

~ ~ aﬂ($la Yi, t) azﬂ(:niv Yi, t) kz
== ka isl) = i Yir + k

iz Yirt) = (i, yir ) ox * Ox? 2

aﬂ($zv Yi, t) azﬂ(:niv Yi, t) k2

Y Tk t)= i Vi, t) £ k —

i ) = i 1) LYy O O

bé (10) xéc dinh khi k — 0 thi :

1

Z Z A = O’Z Z Ayma =

n=—1m=-1 n=—1m=-1
1 1
u u _n. u u —_0N-
E (A} o — A%y n2) = 0; E (A 10— An_19) =0;
m=—1 n=—1
1
Anm1_07 Anm2_0
n=—1m=-1 n=—1m=-1

1 1

Z (A1m2 Au1m2)20§ Z (An12 A”fulfl—l,2) =0;

m=—1 n=—1

(10)
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1

)DIDETHETD b PR TSI

n=—1m=-1 n=—1m=-1

1 1

Z ( ﬁnz - Agvl,mﬂ) = 0; Z ( 7’“{71,2 - A”fu‘L’fj—l,2) = 0.

m=—1 n——1
Véi cée rang bude tir (9) FZ-Qj(t)7 dwoc xéc dinh:
1 1 ~
ng(t) = > > A'Q(zi+nk,y; +mk,t)

n=—1m=-1
1 1 ~
+ > 3 AYQ(x; + nk, y; + mk,t)
n=—1m=-1
1 1 ~
+ 3 > A™Q(x; 4 nk,y; + mk,t)
n=—1m=-1
1 1 . B 1 u “ aﬂ :Eiayiat
:[ S Anm]h(:u,yi,t)+[ > (Al A—lm)]%k

n=—1m=-1 m=-—1

o o (a, - a )]er[ > (Agl_Ag_l)]wk

L m=-1 —hm Ox n=-—1 ay
[ L a’LNL(:EZ Yi t) [ L :|62’L~L(:Ei Yi t) k‘2
+ Av — AV ]%—F e
! 0%u(x;, yi, t) 1 0u(x;, yi, t)
+ A?Lm:| 1y Iy +|: A?Lm:| 1y Iy
L n%é:O mgj—l dx? n:zj—l mZ;é:O ay2
[ azﬂ T, Yi, t kz ! !
oI oR T LR [ oD o L
L n=—1 m##0 Yy n=—1m=-—1
i ! U, (2 aﬂ(l’l? yi? t) ! U, U, aﬂ('xla yi7 t)
+_m§1 (Ayh — A_qm)]TkJr m;_l (Agh — Auh ) T
= u u ou(zi, yi, t ! w “ ou(x;, v, t
#| 2 (- ag)| oDy | 5 (agh -y | )
L n=-—1 n=—1 Yy
[ 1 2 (:Ezv Yi, ) ! u 82,&(:1%’ Yi, t)
+ 2 X AR ] -5 t [ > An?n:| o2
L n#0 m=—1 n#0 m=—1
[ o%u(wi, yi, t) k‘2 [ ! O%u(ws, yi t)
v Az’fz]%—+ raal il
L n:zj—l mZ;é:O ayz 2 n:zj—l mZ;é:O ayz
e ! ! ou Tiy Yis T
H 2 v a3 (g - an,)| 2o
l n=—1 m=-—1 m=-—1 €z

[ ) ) ou Ziy Yi, t ! v ) ou Ziy Yi, t
#| B (a5 (g |

L m=—1

e aﬂ(:plv Yi, t) |: ! :| 82,&(:1%7 Yi,s t) k2

H| 2 (- g o) Ay, | T D

_nZZ:—I ( ! 1) ay n%é:O mgj—l dx? 2
azﬂ($i7 Yi, t) azﬂ(:niv Yi, t) k2

5§ )Pt [ & ¢ it

L n£0 m=—1 n=—1 m#0
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! azﬂ :Eivyivt
H| 2 g, | i)

n=—1m#0

Dai hrong Y (t) duwoc xac dinh:

! u u du(z,y,t)
()= [ > Z Anmo] a(z,y, )"’[ > (Alm,l_A—lm,l):| ~or
n=—1m=-1 m=—1 X
1 du(z,y,t) 1 d*u(z, y,t)
Al — AU _ Al [ B
+[n;_1( ni1 n—l,l):| 9y + 5 n%;(]m;l nm,2 22
1 0%u(x,y,t)
I Av ]%
[n:2—1 mZ;tﬁ:O ? dy?
0%u(z,y, 1)
u AU _ u _ Au ) bl
+(Af1 0+ A% 9 1-1,2 _11’2)78:1:811
! " u du(z,y,t)
+ 21 Z: Aun 0] a(z,y,t) + [ Z: (A1:Ln,1 —A—qu)] ~or
[ (g “ diz,y.t) 0%z, y, )
+ Z (Anfll,l _Anfil 1):| |: Z Z Anm 2:| ) 2
L n=—1 n#0 m=—1 €z
= d*u(z,y )
+ Az?n :| Y
_n:2—1 mZ;tﬁ:O ? dy?
0%u(z,y, 1)
A Auh _Auh Au s I
+(AfT o+ A% o 1-1,2 — A1 2)78:1:811
[ ! ! uv uv aﬂ('x?y?t)
+ Z Z Anm 0:| (:Evyvt) + |: Z (Alm,l _A—lm,l):| )
L n=—1m=-1 m=—1 €
[ 1 a’LL !E Y, ) |: :|62ﬂ($7y7t)
_nZZ:—I ( bt ) y n%é:O mZ:—I 2 dx?
0 ]P0
+ Z Z nm,2 a
L n=—1m#0
uv uv uv uv 621’1('1/" y7 t)
(A o+ A% 10— ATV 0 — _11’2)78:1:811
Ta cling thdy rang
t, 1,7 i A ()] =
vt,4, 5+ im A (t)] =0,
voi AY(t) = T, (1) — ¢it;(t). Nhu vay, néu céc rang budc trong (9) thod man ta luén tim

dwoc mot lwge do CPDDE cho ham u thod man diéu kién xap xi. Ve diéu kién twong dwong
duong ching ta cing dé dang x4c dinh dwoc k* giong nhu véi h & trén. Vi ham v ching ta
thdy mau cia ham v ciing c6 dang tirong tw véi ham w chi khdc mot s6 gid tri cu thé, tuy
nhién do phép nhan chap nén gid tri két qua 1a vo hudng khong bi dnh hwdng. Do dé lap
luan tirong tir ta cé thé khiang dinh cdc dieu kién twong dwong gitra hai lrge d6 diroce thoda
man.
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C.Thiét ké phan citng cho cdc khoi tinh todn

T cdc mau da tim dwgc chiing ta thiét ké céc khdi tinh todn cho mang tinh todn cho cdc
ham h,u,v. Trén co s& thiét k& nay ching ta cé thé cau hinh trén chip FPGA dé thuc thi
viéc tinh todn theo thuat todn va cdc mau tim dwge. Hinh 3 13 kién tric tinh todn cho 16p
h Dira trén kién tric thiét ké ta c¢é thé tinh todn tai nguyén va thoi gian cho mang: Cho

A™ by gy gy by opm

Ta

Hinh 3. Kién tric tinh toan cho 1ép h

1‘3 0 10 2 ;'g \\?\v—,/;
0o

i

00

(b)
Hinh 4. Gi tri ban dau va két qud tinh todn cia h (a), u (b)

ham h can khoang 300 phan tir logic (LE) thoi gian tinh khodng 750 ns; cho ham u, v can
khodng 5000 phan tir thoi gian tinh khodng 750 ns. Nhw vay tai nguyén danh cho mot khai
t& bao (h,u, v) 1a khodng: 13000, néu chip FPGA Vertex 4 c6 khodng 800000 phan tir c6 thé
cdu hinh cho khodng 60 t& bao (60 diém trén lwéi sai phan). Thoi gian tinh todn cho mot
lan khodng 1 micro gidy. Néu ching ta diing chung mot sé khdi DSP phdi hop tinh toan song
song véi tuan tir thi s6 diem hréi cé thé ting lén téi 250x250 hodic cao hon nira, thoi gian
tinh todn khodng 50 micro giay. Cdc két qua tinh todn mo phdng cho bai todn (xem hinh 4).
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4. KET LUAN

Béo cdo da dé xuat viéc ap dung CNN vao gidi phwong trinh thiy lire hai chiéu, gi¢i thiéu
va chitng minh tinh kha thi cia viéc stir dung mang noron té bao trong viéc gidi phwrong trinh
thiy Iwc hai chiéu. Viéc str dung cong nghé FPGA cho phép cau hinh tao ra cdc mang CNN
da 16p bang ngoén ngit mo6 td phan ciing cling khong qué phite tap. Céc chip FPGA doi méi
¢ tai nguyén 16m, gid thanh ré 1a mot thuan loi vé mit cong nghé cho viée phat trién ng
dung tinh toan song song CNN cho cac bai toan khoa hoc va ing dung.
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