
Ta.p ch́ı Tin ho. c và Diè̂u khiê’n ho. c, T.26, S.3 (2010), 278–288
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Khoa Công nghê. thông tin, Da. i ho. c Thái Nguyên

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.

Tóm tắt. Công nghê. ma.ng no.ron tế bào du.o.. c du.a ra tù. nhũ.ng năm 1988 dến nay nhiè̂u l̃ınh vu.. c
dang du.o.. c nghiên cú.u phát triê’n. Báo cáo này gió.i thiê.u mô h̀ınh ma.ng CNN gia’i hê. phu.o.ng tr̀ınh
da.o hàm riêng mô ta’ hiê.n tu.o.. ng xa’y ra trong mô.t vùng vi.nh vó.i các da.i lu.o..ng dô. cao mu.. c nu.́o.c,
vâ.n tốc dòng cha’y trong hê. toa. dô. hai chiè̂u Ox, Oy. Báo cáo gồm 4 phà̂n: phà̂n 1 gió.i thiê.u; phà̂n
2 mô ta’ bài toán thu’y lu.. c hai chiè̂u; phà̂n 3 phân t́ıch bài toán, xây du.. ng thuâ.t gia’i trên CNN, dè̂
xuất kiến trúc khối t́ınh toán làm co. so.’ cho chế ta.o phà̂n cú.ng, chú.ng minh t́ınh tu.o.ng du.o.ng cu’a
mô h̀ınh CNN và mô h̀ınh sai phân, mô pho’ng t́ınh toán. Phà̂n kết luâ.n dánh giá thuâ.t toán và
hu.́o.ng triê’n khai chế ta.o ma.ng su.’ du.ng công nghê. FPGA.

1. GIÓ
.
I THIÊ. U

Hàng năm nhũ.ng tai na.n xa’y ra trên các da. i du.o.ng có hâ. u qua’ rất ló.n, viê.c nghiên cú.u

t̀ınh h̀ınh diẽ̂n biến xa’y ra trên các vùng biê’n, da. i du.o.ng là rất cà̂n thiết phu. c vu. cho các

hoa. t dô.ng cu’a tàu bè trên biê’n. Nhiè̂u nhà nghiên cú.u dã dè̂ xuất và tiến hành nghiên cú.u

các thông số cà̂n theo dõi t́ınh toán nhu. vâ.n tốc dòng cha’y, dô. cao mu.
. c nu.́o.c, nhiê.t dô. , dô. ô

nhiẽ̂m thâ.m ch́ı hiê.n tu.o.. ng mu.a giông, biến dô’i kh́ı hâ.u trên khoa’ng không [3− 7].
Các tác gia’ J. Chen, Z. Shi và Y. Hu [3], dã dùng phu.o.ng pháp số gia’ i bài toán cho mô. t

vùng h̀ınh tru. bán ḱınh 11 m lu.́o.i ó. dáy có ḱıch thu.́o.c 50×50 diê’m. Tác gia’ Trà̂n Gia Li.ch

và Phan Ngo. c Vinh [5], nghiên cú.u t́ınh toán thu.
. c nghiê.m cho mô h̀ınh vó.i chiè̂u sâu 14 m

vó.i lu.́o.i 31×15 diê’m vó.i mô. t số tru.̀o.ng ho.. p bu.́o.c thò.i gian t́ınh là 2 giây.

Báo cáo này dè̂ xuất kiến trúc ma.ng CNN cho bài toán hê. 3 ló.p, CNN 2D tu.o.ng dối phú.c

ta.p hoàn toàn khác vó.i các kiến trúc tru.́o.c dây.

2. MÔ HÌNH BÀI TOÁN THU’ Y LU
.

. C HAI CHIÈ̂U

Gia’ i quyết bài toán trên thu.
. c tế là chúng ta do các thông số trên ta. i thò.i diê’m ban dà̂u
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sau dó t́ınh toán du.
. báo cho mô. t thò.i diê’m nào dó cà̂n theo dõi trong tu.o.ng lai. Dă. t vùng

biê’n cà̂n quan sát vào hê. to. a dô. hai chiè̂u Oxy (Hı̀nh 1).

H̀ınh 1. Mô h̀ınh toán ho.c cu’a bài toán thu’y lu.. c hai chiè̂u

Go. i dô. cao mă. t nu.́o.c là H , dô. sâu mu.
. c nu.́o.c là h, vâ.n tốc dòng cha’y theo hai phu.o.ng x, y

vó.i vâ.n tốc tu.o.ng ú.ng là u, v. Dáy biê’n có dô. dốc theo phu.o.ng x, y là sx, sy , gia’ su.’ bằng

nhau ta dă. t là s, hê. số ma sát theo hai phu.o.ng x, y là Kx, Ky. Gia tốc tro.ng tru.̀o.ng là g.

Các phu.o.ng tr̀ınh mô ta’ gồm [7,9]:

Phu.o.ng tr̀ınh mô ta’ dô. cao mu.
. c nu.́o.c:

∂h

∂t
= −∂uh

∂x
− ∂vh

∂y
(1)

Phu.o.ng tr̀ınh mô ta’ su.
. biến thiên vâ.n tốc dòng nu.́o.c theo chiè̂u Ox

∂u

∂t
= −gu(u

2 + v2)1/2

K2
xh

2
− ∂u2

∂x
− g

∂h

∂x
− ∂uv

∂y
(2)

Phu.o.ng tr̀ınh mô ta’ su.
. biến thiên vâ.n tốc dòng nu.́o.c theo chiè̂u Oy

∂v

∂t
= −gv(u

2 + v2)1/2

K2
yh

2
− ∂v2

∂y
− g

∂h

∂y
− ∂uv

∂x
(3)

vó.i các diè̂u kiê.n biên: h(x, y, 0) = h0(x, y); u(x, y, 0) = u0(x, y); v(x, y, 0) = v0(x, y).

3. PHU
.
O
.
NG PHÁP GIA’ I BÀI TOÁN THU’ Y LU

.
. C HAI CHIÈ̂U

BÀ̆NG CÔNG NGHÊ. MA. NG NO
.
RON TÉ̂ BÀO

Gia’ i phu.o.ng tr̀ınh da.o hàm riêng trên cà̂n số lu.o.. ng t́ınh toán rất ló.n nếu gia’ i trên máy

PC có thê’không dáp ú.ng du.o.. c vè̂ tốc dô. t́ınh toán. Vó.i công nghê. ma.ng no.ron tế bào CNN

có kiến trúc t́ınh toán song song là mô. t hu.́o.ng gia’ i quyết có tiè̂m năng cho yêu cà̂u t́ınh toán

cu’a bài toán.

C
∂vxij

∂t
= − 1

R
vxij +

∑

C(k,l)∈Sr(i,j)

A(i, j; k, l)vykl+
∑

C(k,l)∈Sr(i,j)

B(i, j; k, l)vukl+zij

Dê’ gia’ i các phu.o.ng tr̀ınh bà̆ng công nghê. CNN, chúng ta cà̂n phân t́ıch và kiến ta. o ma.ng

CNN phù ho.. p vó.i bài toán cà̂n gia’ i. Vó.i bài toán thuy’ lu.
. c nêu trên ta cho.n lu.́o.i sai phân hai

chiè̂u. Thu.
. c hiê.n sai phân vế pha’ i các phu.o.ng tr̀ınh cho hai biến không gian x, y.
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Sai phân phu.o.ng tr̀ınh (1)

∂h

∂t
= −ui+1,j

2∆x
hi+1,j +

ui−1,j

2∆x
hi−1,j −

vi+1,j

2∆y
hi+1,j +

ui−1,j

2∆y
hi−1,j (4)

Sai phân (2):

∂u

∂t
= guij

(
u2

i,j + v2
i,j

)1/2

K2
xhi,j

2 −
(ui+1,j

2∆x
ui+1,j −

ui−1,j

2∆x
ui−1,j

)
− g

(
hi+1,j

2∆x
− hi−1,j

2∆x

)

−
(
ui,j+1vi,j+1

2∆y
− ui,j−1vi,j−1

2∆y

) (5)

Sai phân (3):

∂v

∂t
= gvij

(
u2

i,j + v2
i,j

)1/2

K2
yhi,j

2 −
(
vi+1,j

2∆y
vi+1,j −

vi−1,j

2∆y
vi−1,j

)
− g

(
hi+1,j

2∆y
− hi−1,j

2∆y

)

−
(ui+1,jvi+1,j

2∆x
− ui−1,jvi−1,j

2∆x

) (6)

A. Xây du.. ng mẫu cho hê. CNN cu’a bài toán

So sánh vó.i phu.o.ng tr̀ınh tra. ng thái cu’a CNN, ta du.o.. c các mẫu cu’a phu.o.ng tr̀ınh (4),

(5), (6), ta du.o.. c:

- Mẫu cho â’n hàm h: (nếu cho.n C = 1)

Ahu =




0 0 0
ui−1,j

2∆x
1
Rh

− ui+1,j

2∆x
0 0 0


 Ahv =




0
vi−1,j

2∆y
0

0
1
Rh

0

0
−vi+1,j

2∆y
0



Bh = 0; zh = 0

- Mẫu cho â’n hàm u: (nếu cho.n C = 1)

Au =




0 0 0
ui−1,j

2∆x
g
(u2

i,j+v
2
i,j)

1/2

K2
xh

2
i,j

+
1
Ru

− ui+1,j

2∆x
0 0 0


 Auh =




0 0 0
g

2∆x
0 − g

2∆x
0 0 0




Auv =




0
vi,j+1

2∆y
0

0 0 0
0 − vi,j−1

2∆y
0


 Bu = 0; Zu = 0

- Mẫu cho â’n hàm v: (nếu cho.n C = 1)

Av =




0
vi,j+1

2∆y
0

0 g
(u2

i,j+v
2
i,j)

1/2

K2
xh

2
i,j

+
1
Rv

0

0 − vi,j−1

2∆y
0



Avh =




0
g

2∆y
0

0 0 0

0
−g
2∆y

0




Avu =




0 0 0
ui−1,j

2∆x
0 − ui+1,j

2∆x
0 0 0


 Bv = 0; Zv = 0
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Sau khi t̀ım du.o.. c các mẫu cho bài toán chúng ta thiết kế hê. CNN dê’ thu.
. c thi bài toán.

Kiến trúc cu’a ma.ng CNN vó.i các mẫu nêu trên có 3 ló.p 2D nhu. mô ta’ trong Hı̀nh 2

H̀ınh 2. Mô h̀ınh toán ho.c cu’a bài toán thu’y lu.. c hai chiè̂u

Tru.́o.c khi chế ta.o phà̂n cú.ng chúng ta pha’ i chú.ng minh các mẫu t̀ım du.o.. c tho’a mãn diè̂u

kiê.n kiến trúc ma.ch da’m ba’o cho hê. làm viê.c ô’n di.nh và tu.o.ng du.o.ng vó.i mô h̀ınh sai phân.

B. Chú.ng minh t́ınh tu.o.ng du.o.ng giũ.a hai mô h̀ınh

Dê’ da’m ba’o dô. ch́ınh xác và ô’n di.nh giũ.a viê.c t́ınh toán trên máy PC và trên ma’ng CNN

chúng ta cà̂n chú.ng minh t́ınh tu.o.ng du.o.ng giũ.a hai mô h̀ınh cho tù.ng hàm [8].

Ta pha’ i t́ınh các hàm Γi,j(t) và ψi,j(t). Xét các mẫu cu’a h, do mẫu chú.a các giá tri. hàm số

nên ta khai triê’n theo 3 dıê’m:

Ahu
nm = Ahu

nm,0 +
Ahu

nm,1

k
+
Ahu

nm,2

k2
(7)

Ta xây du.
. ng lu.o.. c dồ CPDDE cho h ta. i vi. tŕı tế bào C(i,j):

Lh(Dt)hi,j(t) =
1∑

n=−1

1∑

m=−1

Ahuhi+n,j+m +
1∑

n=−1

1∑

m=−1

Ahvhi+n,j+m (8)

vó.i 1 ≤ i ≤ N ; 1 ≤ j ≤M. Khai triê’n Taylor vó.i bu.́o.c k cho hai chiè̂u (i,j), cu’a h:

h̃(xi ± k, yi, t) = h̃(xi, yi, t)±
∂h̃(xi, yi, t)

∂x
k +

∂2h̃(xi, yi, t)
∂x2

k2

2
+ . . .

h̃(xi, yi ± k, t) = h̃(xi, yi, t)±
∂h̃(xi, yi, t)

∂y
k +

∂2h̃(xi, yi, t)
∂y2

k2

2
+ . . .

Thay vào (8). Dê’ (8) xác di.nh khi k → 0 th̀ı:

1∑

n=−1

1∑

m=−1

Ahu
n,m,1 = 0 :

1∑

n=−1

1∑

m=−1

Ahu
n,m,2 = 0;

1∑

m=−1

(
Ahu

1,m,2 −Ahu
−1,m,2

)
= 0

1∑

n=−1

(
Ahu

n,1,2 − Ahu
n,−1,2

)
= 0 :

1∑

n=−1

1∑

m=−1

Ahv
n,m,1 = 0 :

1∑

n=−1

1∑

m=−1

Ahv
n,m,2 = 0

1∑

m=−1

(
Ahv

1,m,2 −Ahv
−1,m,2

)
= 0 :

1∑

n=−1

(
Ahv

n,1,2 −Ahv
n,−1,2

)
= 0.
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Sau khi xác di.nh các giá tri. cu. thê’ cu’a các tham số trong mẫu chúng ta có thê’ cho.n du.o.. c các

giá tri. tu.o.ng ú.ng thoa’ mãn dıè̂u kiê.n (7) mô. t cách dẽ̂ dàng.

Ta t́ınh:

Γh
i,j(t) =

1∑
n=−1

1∑
m=−1

Ahuh̃(xi + nk, yi +mk, t)

+
1∑

n=−1

1∑
m=−1

Ahv h̃(xi + nk, yi +mk, t)

=
[

1∑
n=−1

1∑
m=−1

Ahu
nm

]
h̃(xi, yi, t) +

[
1∑

m=−1

(
Ahu

1m − Ahu
−1m

)]∂h̃(xi, yi, t)
∂x

k

+
[

1∑
m=−1

(
Ahu

1m −Ahu
−1m

)]∂h̃(xi, yi, t)
∂x

+
[

1∑
n=−1

(
Ahu

n1 −Ahu
n−1

)]∂h̃(xi, yi, t)
∂y

k

+
[

1∑
n=−1

(
Ahu

n1 − Ahu
n−1

)]∂h̃(xi, yi, t)
∂y

+
[ ∑

n 6=0

1∑
m=−1

Ahu
nm

]
∂2h̃(xi, yi, t)

∂x2

k2

2

+
[ ∑

n 6=0

1∑
m=−1

Ahu
nm

]
∂2h̃(xi, yi, t)

∂x2
+

[
1∑

n=−1

∑
m 6=0

Ahu
nm

]
∂2h̃(xi, yi, t)

∂y2

+
[

1∑
n=−1

∑
m 6=0

Ahu
nm

]
∂2h̃(xi, yi, t)

∂y2

k2

2
+

[
1∑

n=−1

1∑
m=−1

Ahv
nm

]
h̃(xi, yi, t)

+
[

1∑
m=−1

(
Ahv

1m −Ahv
−1m

)]∂h̃(xi, yi, t)
∂x

k +
[

1∑
m=−1

(
Ahv

1m −Ahv
−1m

)]∂h̃(xi, yi, t)
∂x

+
[

1∑
n=−1

(
Ahv

n1 − Ahv
n−1

)]∂h̃(xi, yi, t)
∂y

k +
[

1∑
n=−1

(
Ahv

n1 −Ahv
n−1

)]∂h̃(xi, yi, t)
∂y

+
[ ∑

n 6=0

1∑
m=−1

Ahv
nm

]
∂2h̃(xi, yi, t)

∂x2

k2

2
+

[ ∑
n 6=0

1∑
m=−1

Ahv
nm

]
∂2h̃(xi, yi, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Ahv
nm

]
∂2h̃(xi, yi, t)

∂y2

k2

2
+

[
1∑

n=−1

∑
m 6=0

Ahv
nm

]
∂2h̃(xi, yi, t)

∂y2

Hàm ψh
i,j(t) du.o.. c xác di.nh:

ψh
i,j(t)=

[
1∑

n=−1

1∑
m=−1

Ahu
nm,0

]
h̃(x, y, t) +

[
1∑

m=−1

(
Ahu

1m,1 − Ahu
−1m,1

)]∂h̃(x, y, t)
∂x

+
[

1∑
n=−1

(
Ahu

n1,1 −Ahu
n−1,1

)]∂h̃(x, y, t)
∂y

+
1
2

[ ∑
n 6=0

1∑
m=−1

Ahu
nm,2

]
∂2h̃(x, y, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Ahu
nm,2

]
∂2h̃(x, y, t)

∂y2

+(Ahu
11,2 + Ahu

−1−1,2 − Ahu
1−1,2 − Ahu

−11,2)
∂2h̃(x, y, t)
∂x∂y

+
[

1∑
n=−1

1∑
m=−1

Ahv
nm,0

]
h̃(x, y, t) +

[
1∑

m=−1

(
Ahv

1m,1 −Ahv
−1m,1

)]∂h̃(x, y, t)
∂x

+
[

1∑
n=−1

(
Ahv

n1,1 −Ahv
n−1,1

)]∂h̃(x, y, t)
∂y

+
1
2

[ ∑
n 6=0

1∑
m=−1

Ahv
nm,2

]
∂2h̃(x, y, t)

∂x2
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+
[

1∑
n=−1

∑
m 6=0

Ahv
nm,2

]
∂2h̃(x, y, t)

∂y2

+(Ahv
11,2 +Ahv

−1−1,2 − Ahv
1−1,2 −Ahv

−11,2)
∂2h̃(x, y, t)
∂x∂y

·

Nhu. vâ.y, ta t́ınh du.o.. c ∆h
i,j = Γh

i,j − ψh
i,j

∆h
i,j(t) =

[
1∑

m=−1

(
Ahu

1m,1 − Ahu
−1m,1

)]∂h̃(xi, yi, t)
∂x

k

+
[

1∑
n=−1

(
Ahu

n1,1 −Ahu
n−1,1

)]∂h̃(xi, yi, t)
∂y

k

+
[ ∑

n 6=0

1∑
m=−1

Ahu
nm

]
∂2h̃(xi, yi, t)

∂x2

k2

2
+

[
1∑

m=−1

(
Ahv

1m − Ahv
−1m

)]∂h̃(xi, yi, t)
∂x

k

[
1∑

n=−1

(
Ahv

n1 −Ahv
n−1

)]∂h̃(xi, yi, t)
∂y

k +
[ ∑

n 6=0

1∑
m=−1

Ahv
nm

]
∂2h̃(xi, yi, t)

∂x2

k2

2

+
[

1∑
n=−1

∑
m 6=0

Ahv
nm

]
∂2h̃(xi, yi, t)

∂y2

k2

2
+

[
1∑

n=−1

∑
m 6=0

Ahu
nm

]
∂2h̃(xi, yi, t)

∂y2

k2

2
·

Và rõ ràng:

∀t, i, j : lim
k→0

|∆h
i,j(t)| = 0.

Ta du.o.. c lu.o.. c dồ CPDDE cho hàm h là:

Lh(Dt)h(t)=
[

1∑
n=−1

1∑
m=−1

Ahu
nm,0

]
h̃(x, y, t) +

[
1∑

m=−1

(
Ahu

1m,1 −Ahu
−1m,1

)]∂h̃(x, y, t)
∂x

+
[

1∑
n=−1

(
Ahu

n1,1 −Ahu
n−1,1

)]∂h̃(x, y, t)
∂y

+
1
2

[ ∑
n 6=0

1∑
m=−1

Ahu
nm,2

]
∂2h̃(x, y, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Ahu
nm,2

]
∂2h̃(x, y, t)

∂y2

+(Ahu
11,2 + Ahu

−1−1,2 − Ahu
1−1,2 − Ahu

−11,2)
∂2h̃(x, y, t)
∂x∂y

+
[

1∑
n=−1

1∑
m=−1

Ahv
nm,0

]
h̃(x, y, t) +

[
1∑

m=−1

(
Ahv

1m,1 −Ahv
−1m,1

)]∂h̃(x, y, t)
∂x

+
[

1∑
n=−1

(
Ahv

n1,1 −Ahv
n−1,1

)]∂h̃(x, y, t)
∂y

+
1
2

[ ∑
n 6=0

1∑
m=−1

Ahv
nm,2

]
∂2h̃(x, y, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Ahv
nm,2

]
∂2h̃(x, y, t)

∂y2

+(Ahv
11,2 +Ahv

−1−1,2 − Ahv
1−1,2 −Ahv

−11,2)
∂2h̃(x, y, t)
∂x∂y

·

Xét t́ınh tu.o.ng du.o.ng vè̂ không gian dô. ng ho. c: Theo cách chú.ng minh cho hê. CNN tô’ng quát

trong [8] luôn luôn tồn ta. i mô. t bu.́o.c sai phân k* sao cho vó.i mo. i 0 < k < k∗ th̀ı hê. CNN
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không tồn ta. i dıê’m rẽ nhánh và tu.o.ng du.o.ng vó.i PDE ban dà̂u. Do vâ.y vó.i bài toán này,

trong các mẫu có chú.a các tham số vâ. t lý nhu. g (gia tốc tro.ng tru.̀o.ng), J (hê. số ma sát); các

giá tri. thu.
. c tế gia’ di.nh cu’a bài toán b, I, chúng ta có thê’ cho.n bu.́o.c sai phân, và tham số

dıê.n tro.’ trong ma. ch tế bào R dê’ t̀ım giá tri. k* th́ıch ho.. p, (tru.̀o.ng ho.. p này ta t̀ım du.o.. c k*

=0,05). Chú.ng minh cho hàm u

Cũng nhu. vó.i hàm h, chúng ta pha’ i t́ınh các hàm Γu
i,j và ψu

i,j. Xét các mẫu dã t̀ım du.o.. c cu’a

hàm u o.’ trên, do mẫu chú.a các giá tri. hàm số nên ta khai triê’n theo 3 dıê’m:

Au
nm = Au

nm,0 +
Au

nm,1

k
+
Au

nm,2

k2

Auh
nm = Auh

nm,0 +
Auh

nm,1

k
+
Auh

nm,2

k2

Avh
nm = Avh

nm,0 +
Avh

nm,1

k
+
Avh

nm,2

k2
(9)

vó.i (−1 ≤ n ≤ 1;−1 ≤ m ≤ 1).
Ta xây du.

. ng lu.o.. c dồ CPDDE cho h ta. i vi. tŕı tế bào C(i,j):

Lh(Dt)hi,j(t) =
1∑

n=−1

1∑

m=−1

Auui+n,j+m +
1∑

n=−1

1∑

m=−1

Auhui+n,j+m

+
1∑

n=−1

1∑

m=−1

Auvui+n,j+m

(10)

vó.i 1 ≤ i ≤ N ; 1 ≤ j ≤M.

Khai triê’n Taylor vó.i bu.́o.c k cho hai chiè̂u (i,j), ta. i dıê’m trung tâm xi,j :

ũ(xi ± k, yi, t) = ũ(xi, yi, t)±
∂ũ(xi, yi, t)

∂x
k +

∂2ũ(xi, yi, t)
∂x2

k2

2
+ . . .

ũ(xi, yi ± k, t) = ũ(xi, yi, t)±
∂ũ(xi, yi, t)

∂y
k +

∂2ũ(xi, yi, t)
∂y2

k2

2
+ . . .

Dê’ (10) xác di.nh khi k → 0 th̀ı :

1∑

n=−1

1∑

m=−1

Au
n,m,1 = 0;

1∑

n=−1

1∑

m=−1

Au
n,m,2 = 0;

1∑

m=−1

(
Au

1,m,2 −Au
−1,m,2

)
= 0;

1∑

n=−1

(
Au

n,1,2 − Au
n,−1,2

)
= 0;

1∑

n=−1

1∑

m=−1

Auh
n,m,1 = 0;

1∑

n=−1

1∑

m=−1

Auh
n,m,2 = 0;

1∑

m=−1

(
Auh

1,m,2 −Auh
−1,m,2

)
= 0;

1∑

n=−1

(
Auh

n,1,2 − Auh
n,−1,2

)
= 0;
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1∑

n=−1

1∑

m=−1

Auv
n,m,1 = 0;

1∑

n=−1

1∑

m=−1

Auv
n,m,2 = 0;

1∑

m=−1

(
Auv

1,m,2 −Auv
−1,m,2

)
= 0;

1∑

n=−1

(
Auv

n,1,2 − Auv
n,−1,2

)
= 0.

Vó.i các ràng bu.́o.c tù. (9) ΓQ
i,j(t), du.o.. c xác di.nh:

ΓQ
i,j(t) =

1∑
n=−1

1∑
m=−1

AuQ̃(xi + nk, yi +mk, t)

+
1∑

n=−1

1∑
m=−1

AuhQ̃(xi + nk, yi +mk, t)

+
1∑

n=−1

1∑
m=−1

AuvQ̃(xi + nk, yi +mk, t)

=
[

1∑
n=−1

1∑
m=−1

Au
nm

]
h̃(xi, yi, t) +

[
1∑

m=−1

(
Au

1m − Au
−1m

)]∂ũ(xi, yi, t)
∂x

k

+
[

1∑
m=−1

(
Au

1m −Au
−1m

)]∂ũ(xi, yi, t)
∂x

+
[

1∑
n=−1

(
Au

n1 −Au
n−1

)]∂ũ(xi, yi, t)
∂y

k

+
[

1∑
n=−1

(
Au

n1 − Au
n−1

)]∂ũ(xi, yi, t)
∂y

+
[ ∑

n 6=0

1∑
m=−1

Au
nm

]
∂2ũ(xi, yi, t)

∂x2

k2

2

+
[ ∑

n 6=0

1∑
m=−1

Au
nm

]
∂2ũ(xi, yi, t)

∂x2
+

[
1∑

n=−1

∑
m 6=0

Au
nm

]
∂2ũ(xi, yi, t)

∂y2

+
[

1∑
n=−1

∑
m 6=0

Au
nm

]
∂2ũ(xi, yi, t)

∂y2

k2

2
+

[
1∑

n=−1

1∑
m=−1

Auh
nm

]
ũ(xi, yi, t)

+
[

1∑
m=−1

(
Auh

1m −Auh
−1m

)]∂ũ(xi, yi, t)
∂x

k +
[

1∑
m=−1

(
Auh

1m − Auh
−1m

)]∂ũ(xi, yi, t)
∂x

+
[

1∑
n=−1

(
Auh

n1 − Auh
n−1

)]∂ũ(xi, yi, t)
∂y

k +
[

1∑
n=−1

(
Auh

n1 −Auh
n−1

)]∂ũ(xi, yi, t)
∂y

+
[ ∑

n 6=0

1∑
m=−1

Auh
nm

]
∂2ũ(xi, yi, t)

∂x2

k2

2
+

[ ∑
n 6=0

1∑
m=−1

Auh
nm

]
∂2ũ(xi, yi, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Auh
nm

]
∂2ũ(xi, yi, t)

∂y2

k2

2
+

[
1∑

n=−1

∑
m 6=0

Auh
nm

]
∂2ũ(xi, yi, t)

∂y2

+
[

1∑
n=−1

1∑
m=−1

Auv
nm

]
ũ(xi, yi, t) +

[
1∑

m=−1

(
Auv

1m − Avh
−1m

)]∂ũ(xi, yi, t)
∂x

k

+
[

1∑
m=−1

(
Avh

1m −Avh
−1m

)]∂ũ(xi, yi, t)
∂x

+
[

1∑
n=−1

(
Avh

n1 −Avh
n−1

)]∂ũ(xi, yi, t)
∂y

k

+
[

1∑
n=−1

(
Auv

n1 − Auv
n−1

)]∂ũ(xi, yi, t)
∂y

+
[ ∑

n 6=0

1∑
m=−1

Auv
nm

]
∂2ũ(xi, yi, t)

∂x2

k2

2

+
[ ∑

n 6=0

1∑
m=−1

Au
nm

]
∂2ũ(xi, yi, t)

∂x2
+

[
1∑

n=−1

∑
m 6=0

Auv
nm

]
∂2ũ(xi, yi, t)

∂y2

k2

2
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+
[

1∑
n=−1

∑
m 6=0

Auv
nm

]
∂2ũ(xi, yi, t)

∂y2
·

Da. i lu.o.. ng ψu
i,j(t) du.o.. c xác di.nh:

ψu
i,j(t)=

[
1∑

n=−1

1∑
m=−1

Au
nm,0

]
ũ(x, y, t) +

[
1∑

m=−1

(
Au

1m,1 − Au
−1m,1

)]∂ũ(x, y, t)
∂x

+
[

1∑
n=−1

(
Au

n1,1 −Au
n−1,1

)]∂ũ(x, y, t)
∂y

+
1
2

[ ∑
n 6=0

1∑
m=−1

Au
nm,2

]
∂2ũ(x, y, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Au
nm,2

]
∂2ũ(x, y, t)

∂y2

+(Au
11,2 + Au

−1−1,2 − Au
1−1,2 − Au

−11,2)
∂2ũ(x, y, t)
∂x∂y

+
[

1∑
n=−1

1∑
m=−1

Auh
nm,0

]
ũ(x, y, t) +

[
1∑

m=−1

(
Auh

1m,1 −Auh
−1m,1

)]∂ũ(x, y, t)
∂x

+
[

1∑
n=−1

(
Auh

n1,1 −Auh
n−1,1

)]∂ũ(x, y, t)
∂y

+
1
2

[ ∑
n 6=0

1∑
m=−1

Auh
nm,2

]
∂2ũ(x, y, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Auh
nm,2

]
∂2ũ(x, y, t)

∂y2

+(Auh
11,2 + Auh

−1−1,2 − Auh
1−1,2 − Auh

−11,2)
∂2ũ(x, y, t)
∂x∂y

+
[

1∑
n=−1

1∑
m=−1

Auv
nm,0

]
ũ(x, y, t) +

[
1∑

m=−1

(
Auv

1m,1 −Auv
−1m,1

)]∂ũ(x, y, t)
∂x

+
[

1∑
n=−1

(
Auv

n1,1 −Auv
n−1,1

)]∂ũ(x, y, t)
∂y

+
1
2

[ ∑
n 6=0

1∑
m=−1

Auv
nm,2

]
∂2ũ(x, y, t)

∂x2

+
[

1∑
n=−1

∑
m 6=0

Auv
nm,2

]
∂2ũ(x, y, t)

∂y2

+(Auv
11,2 + Auv

−1−1,2 − Auv
1−1,2 − Auv

−11,2)
∂2ũ(x, y, t)
∂x∂y

Ta cũng thấy rằng

∀t, i, j : lim
k→0

|∆u
i,j(t)| = 0,

vó.i ∆u
i,j(t) = Γu

i,j(t) − ψu
i,j(t). Nhu. vâ.y, nếu các ràng buô.c trong (9) thoa’ mãn ta luôn t̀ım

du.o.. c mô. t lu.o.. c dồ CPDDE cho hàm u thoa’ mãn dıè̂u kiê.n xấp xı’. Vè̂ dıè̂u kiê.n tu.o.ng du.o.ng

du.o.ng chúng ta cũng dẽ̂ dàng xác di.nh du.o.. c k* giống nhu vó.i h o.’ trên. Vó.i hàm v chúng ta

thấy mẫu cu’a hàm v cũng có da.ng tu.o.ng tu.
. vó.i hàm u chı’ khác mô. t số giá tri. cu. thê’, tuy

nhiên do phép nhân châ.p nên giá tri. kết qua’ là vô hu.́o.ng không bi. a’nh hu.o.’ ng. Do dó lâ.p

luâ. n tu.o.ng tu.
. ta có thê’ khă’ ng di.nh các dıè̂u kiê.n tu.o.ng du.o.ng giũ.a hai lu.o.. c dồ du.o.. c thoa’a

mãn.
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C.Thiết kế phà̂n cú.ng cho các khối t́ınh toán

Tù. các mẫu dã t̀ım du.o.. c chúng ta thiết kế các khối t́ınh toán cho ma.ng t́ınh toán cho các

hàm h, u, v. Trên co. so.’ thiết kế này chúng ta có thê’ cấu h̀ınh trên chip FPGA dê’ thu.
. c thi

viê.c t́ınh toán theo thuâ. t toán và các mẫu t̀ım du.o.. c. Hı̀nh 3 là kiến trúc t́ınh toán cho ló.p

h Du.
. a trên kiến trúc thiết kế ta có thê’ t́ınh toán tài nguyên và thò.i gian cho ma.ng: Cho

H̀ınh 3. Kiến trúc t́ınh toán cho ló.p h

H̀ınh 4. Giá tri. ban dà̂u và kết qua’ t́ınh toán cu’a h (a), u (b)

hàm h cà̂n khoa’ng 300 phà̂n tu.’ logic (LE) thò.i gian t́ınh khoa’ng 750 ns; cho hàm u, v cà̂n

khoa’ng 5000 phà̂n tu.’ thò.i gian t́ınh khoa’ng 750 ns. Nhu. vâ.y tài nguyên dành cho mô. t khối

tế bào (h, u, v) là khoa’ng: 13000, nếu chip FPGA Vertex 4 có khoa’ng 800000 phà̂n tu.’ có thê’

cấu h̀ınh cho khoa’ng 60 tế bào (60 diê’m trên lu.́o.i sai phân). Thò.i gian t́ınh toán cho mô. t

là̂n khoa’ng 1 micro giây. Nếu chúng ta dùng chung mô. t số khối DSP phối ho.. p t́ınh toán song

song vó.i tuà̂n tu.
. th̀ı số dıê’m  lu.́o.i có thê’ tăng lên tó.i 250x250 hoă.c cao ho.n nũ.a, thò.i gian

t́ınh toán khoa’ng 50 micro giây. Các kết qua’ t́ınh toán mô pho’ng cho bài toán (xem h̀ınh 4).
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4. KÉ̂T LUÂ. N

Báo cáo dã dè̂ xuất viê.c áp du. ng CNN vào gia’ i phu.o.ng tr̀ınh thu’y lu.
. c hai chiè̂u, gió.i thiê.u

và chú.ng minh t́ınh kha’ thi cu’a viê.c su.’ du.ng ma.ng no.ron tế bào trong viê.c gia’ i phu.o.ng tr̀ınh

thu’y lu.
. c hai chiè̂u. Viê.c su.’ du. ng công nghê. FPGA cho phép cấu h̀ınh ta. o ra các ma’ng CNN

da ló.p bằng ngôn ngũ. mô ta’ phà̂n cú.ng cũng không quá phú.c ta.p. Các chip FPGA dò.i mó.i

có tài nguyên ló.n, giá thành re’ là mô. t thuâ.n lo.. i vè̂ mă. t công nghê. cho viê.c phát triê’n ú.ng

du. ng t́ınh toán song song CNN cho các bài toán khoa ho.c và ú.ng du. ng.
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