Héi ngh; toan quac lan thit 3 vé Piéu khién va Tir déng hoa - VCCA-2015

Céu hinh mang noron té bao CNN giai phwong trinh
Navier-Stock trén nen tang chip FPGA

Configuration Cellular Neural Network Chip for Solving
Navier-Stock EquationUsing FPGA Technology

Vii Pirc Thai”, Pham Thueng Cat™, BUi Van Tung”
*Trudng dai hoc Cong nghé Thdng tin va Truyén thong — PH Thai Nguyén
** Vién Cong nghé Thong tin — Vién Han 1am Khoa hoc va Cong nghé Viét Nam
e-Mail: vdcthai@gmail.com, ptcat@ioit.ac.vn, buitungbg@gmail.com

Toém tat:

Hé thay luc dong da duoc nhiéu nha nghién ctu
xay dung md hinh toan hoc md ta véi nhiéu trang
thai khac nhau. Phuong trinh Navier-Stokes cho
dong chay qua khe hep mb ta hién twgng dong chay
qua cira cbng gay hién twong s6i mon hai bén bo
can dugc nghién ciu va xir ly. Bao céo nay trinh
bay phuong phap tng dung cong nghé CNN giai
phuong trinh Navierstock. Viéc giai caic PDE da
dugc nhom nghién ciu thuc thi thanh cdng va cong
bé [1,6], tuy nhién ¢ day tap trung vao hai véan dé la
m¢ rong khong gian tinh toan (vi tai nguyén FPGA
kich thuéc han ché, yéu cau thuc té lai can khong
gian tinh toan 16n); trao d6i di liéu theo thoi gian
thuc tir may PC hay tir cam bién do ludng vaéi chip
CNN. Huéng giai quyét 1a chia tach khong gian
thanh nhiéu khong gian con, xir Iy bién dé dong bo
tinh toan gitra cac mién; xay dung cac ving dém dé
trao ddi dir liéu voi bén ngoai. Cac két qua thuc
nghiém mé phong trén chip XCVL240T-1FFG1156
cho thiy tinh hiéu qua, tin cay cua giai phép.

Tir khoa: Mang no ron té bao, Navier-Stokes, cong
nghé FPGA, giai phuong trinh dao ham riéng

Abstract: The dynamic hydraulic system has
been researched and built mathematical models in
various status parameters. The Navier-Stokes
equation here is the one that describes water flow
through narrow slot which causes bank erosion
[5,7]. Using CNN for solving some types of PDE
has been introduced [1,6]. This paper focuses to
enlarge computing spaces and communicate data on
real-time mode between CNN chip and outside
devices. The new proposal is the algorithm for
separating computational spaces into smaller parts
and synchronizing in time and spatial system and
using buffer to exchange data between chip and
peripheral devices. The results of setting up on
XCVL240T-1FFG1156 chip show the effective and
successful of our solution.

Keywords: Cellular neural network, Navier-
Stokes, FPGA technology, solving PDE
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Zwhy m D6 dao dong so v6i mat nude phing

d m D9 cao ¢6 dinh cua mat nude phang

ax (u) m/s Van toc theo phuong X

dy (v) m/s Van toc theo phuong y

gA Luu lugng nudéc thoat ra khoi
dong chay bang hién tugng bay
hoi hay tham thau

B Hé sb dong lugng ké dén su
thay d6i van toc theo phuong
dung.

Chir viét tit:

CNN: Cellular Neural Network.

PDE: Partial Differential Equation.
FPGA: Field Programmable Gate Array.
LE: Logic Element.

clk: Clock (xung nhip dong hd)

1. Giéi thigu

Phuong trinh Navier —Stokes la mét trong céac
phuong trinh toan hoc mé ta hién tugng dong chay
thuy luc da duoc xay dung tir rat lau va da duoc
phét trién thay d6i theo mdi mé hinh tng dung thuc
té. Phuong trinh nay ciing da duoc nhiéu nha
nghién ctru thuc hién giai bang mot s6 phuwong phép
thit cong cling nhu trén may tinh. Tuy nhién & bao
cdo nay trién khai giai quyét mot trong nhitng dang
phuong trinh Navier-Stokes cu thé d6 1a dang tinh
toan cho dong chay di qua mot khe hep nhu céng
xa i d6 ra ha luu.

Cong nghé mang no ron té bao (CNN) Ia kién tric
nho gon dang onchip c6 kha nang tinh toan song
song qua trinh vat 1y kich thuéc Ion [2,3]. Mang
CNN duoc trién khai ché tao don gian trén cong
nghé chip lap trinh dugc FPGA, ddng thoi c6 kha
ning ghép ndi voi thiét bi vao/ra thir cip dé xu ly
[1,4]. Cho dén nay nhiéu linh vuc &ng dung cua
cong nghé CNN duoc cong bé tai cac Hoi thao
chuyén d& Ung dung cong nghé CNN (CNNA).
Trén thé gidi, viéc giai phuong trinh dao ham riéng
(PDE) trén cong nghé CNN da duoc thuc hién vai
nhiéu dang khac nhau. Tai Viét Nam ciing da c6
mot s6 nghién ctu ché tao mang CNN bang cong
nghé FPGA giai thanh céng phuong trinh dao ham
riéng Saint venant [1,6].
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Hién nay voi nén tang cong nghé ché tao mach
bang phuong phéap cau hinh trén ngdn ngir dac ta
phan cang VHDL va nhiéu chip tring FPGA ¢
kich thuéc tai nguyén I6n cho phép viéc ché tao
chip CNN rat de dang, thuan loi. Tuy nhién can
phét trién hon vé van dé t6i wu sir dung tai nguyén
trén chip, mé rong khdng gian tinh toan, nang cao
do chinh xac, kién trac vat ly gon nhe, tiéu thu it
nang lugng...

B4o céo chia lam 5 phan: phan 1 giéi thiéu chung ;
phan 2 gidi thidu phuong trinh Navier-Stokes cho
dong chay qua khe hep; phan 3 Phan tich hé
phuong trinh Navier-Stokes dé tim mau lam co s¢
cho viéc thiét ké mang CNN ; phan 4 Céc giai
phap thiét ké, cau hinh ché tao mang CNN dua trén
chip FPGA Vertex 6 XCVL240T-1FFG1156 dam
bao t6i wu tai nguyén va tdc do tinh toan; phan 5 1a
két qua thu nghiém cai dat tao ra mang CNN thuc
hién tinh toan ; phan cubi cung 1a két luan va hudng
phat trién.

2. Phuong trinh Navier-Stokes

2.1. Van dé mé rong khong gian tinh toan
Phuong trinh Navier —Stokes dugc nghién ciu ¢
day 1a hé 3 phuong trinh dao ham riéng cua cac an
ham biéu dién chiéu cao muc nudc, van toc dong
chay theo hai chiéu x,y. M hinh thuc nghiém la
mot doan kénh thuy luc dong chay qua mét cua
cdng hep sau d6 phan tan theo hai chiéu Ox, Oy.
Viéc giai phuong trinh Navier —Stokes trén thiét bi
dién tu chdng ta phai roi rac hod md hinh lién tuc
bang phuong phap sai phan. Bé dam bao d6 chinh
xac thi cac budc sai phan phai du nho, tuy nhién
budc sai phan qua nho khdi lwong cong viéc tinh
toan ting 1én nhidu dan dén do phuc tap tinh toan
va thoi gian tinh toan ting l1én dang ké. Néu su
dung cbng nghé tinh todn song song vat ly trén
mang CNN thi s& khic phuc dugc cac kho khan
trén. Tuy nhién véi nhitng khéng gian tinh toan quéa
I6n viéc tinh toan song song ciing bi han ché bai tai
nguyén tinh todn. Hién nay c6 chip FPGA doi méi
c6 t6i hang triéu phan tir 16 gic (LE) nhung ciing
khong phai 1a v han. Do vay, can c6 giai phép ky
thuat chia khong gian tinh toan thanh nhiéu khong
gian con va tich hop lai dé dam bao két qua tinh
toan dugc lién tuc va chinh xac nhét 1a vai bai toan
thoi gian thuc.
2.2. Cac phwong trinh mé ta trong hé phwong
trinh Navier —Stokes
Phuong trinh mé ta do cao mdt nuoc:

Pz, , 0pCy , 9PYy _ pq, (D)
ot ox  ay

d6 cao mat nudc gia thiét tinh tir day dong chay va
coi nhu gbc toa do, nhu vay z,, khong cé gi tri am
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Phirong trinh bién thién déng lwong theo phwong y:
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Y nghia ctia cac dai lugng trong phuong trinh:
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-pgdS,; pgdS, : Su anh huéng cua ma sat do

day va thanh kénh tic dong Ién dong chay theo
trucxvay. Giatri S, va Sfy duoc xac dinh theo

tinh chat vat ly cia day va thanh kénh thuy lyc
theo cbng thuc:
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VGi: Cy o, W, 12 cac gia tri thuc nghi¢m, vi du:

Win=4m/s; toc do gi6 1a 10m/s thi C,;=1.0 va
C,,=0.067.

Ty = CP,W7sin(W)

min

- P, laty trong khong khi tai mat thoang (kgm™);
W téc do gi6 tai mat thoang; P Ia goc giia
hudng gid véi chiéu truc x.
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Q( K %)_ﬁ( K %): La tac dong cua su

chay réi trong dong chay thuy luc gay ra gitra cac

phuong x va y, trong do: K, :(LXI V6i Pg 13 hé sb
P.

Peclet c6 gia tri trong khoang 15-40; | 1a chiéu dai

dong chay; K, 1a hé s6 thay do6i phu thuoc vao vi

tri doc theo dong chay; Ky =0.3-0.7 K.
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3. Phan tich va thiét ké miu cho mang
CNN d¢é tinh toan giai phwong trinh
Dé don gian cac bién trong hé thuong trinh Navier -
Stokes trén, ta dat: do cao mat nuéc h=z,, ; van téc
theo chiéu truc x 1a u=q,; theo chiéu truc y la v= dy-
Gia thiét lugng nude bay hoi hay tham thau la
khong dang ké hay gA = 0; anh huong dong ning

Sai phan bién khong gian sir dung luéi sai phan voi
cac buéc sai phan trén truc x la AX; trén truc y la
Ay va é&p dung cong thirc sai phan Taylor cho céc
phuong trinh (3.1), (3.2), (3.3) ta dugc cac phuong
trinh sai phan twong tng va&i hé cac phuong trinh:

% _ Uisg,j — Uiy _ Vi Vi +0, (3.4

cua gid trj rdi gitra van toc theo chicu Oy sang Ox ot 2AX 2Ay
(hay Ox sang Oy) la khong déng ké do van toc
ngang nho cé thé bo qua.
3.1. Sai phan cac phuwong trinh theo Taylor
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sai phan va sir dung phuong phap thiét ké mau PV
CNN [2,3] ta tim mau cho cac I6p h, u,v: 0 2dAY 0
-Loph: y
0 0 O AV =10 0 0
AN 1 0 1 P 0
2AX 2AX 2d Ay ]
0 0 O 0 0 0
0 i 0 uh _ gd 0 _gd
2Ay 2AX 2AX
AV=lo 0 o0 @7 0 o0 0
0 % 0 L o0 o
Y B'==7,/0 1 0| Z2=0
P 1o 0 o
0 0 0
2 2 2\1/2
AV &_}_i _gd n*(uj +Vj N 2K, —Puiy; N K, (3.8)
20Ax  AX? AX? 20Ax  AX?
0 0 0
-Lépv 0 0 0
0 9 0 A — ﬁui—l,j 0 _ﬂui—l,j
28y 2d Ax 2d AX
A"=|0 0 0 0 0 0
o -9
27y

VCCA-2015



Héi ngh; toan quac lan thit 3 vé Piéu khién va Tir déng hoa - VCCA-2015

0
B' = irwy 0;2'=0
0
0
P PV, Ki
2dAy  Ay?
d1/3 AyZ
0 _ﬂvi,jﬂ _L
I 2dAy  Ay?

3.3. Thiét ké kién tric phin cirng mang CNN
giai phuwong trinh Navier —Stokes

Theo céc mau tim duoc trong (3.7), (3.8), (3.9) ta
cd thé thiét ke kién tric cho mang CNN. Kién tric
mang no ron thuc hién giai phuong trinh Navier-
Stokes Ia mang CNN ba Igp 2D. Tir mé hinh thiet
ké tong thé trén ta cd thé ché tao tung khoi tinh
toan cho moi lop va lién két dé thuc hién tinh toan
song song trén toan chip.

s " p % Tiezy,

® | | = 2 ®

H2. Khéi tinh toan sé hoc cho ham u

A At A~ v
shs X 1y

Wogrear)

H3. Khéi tinh toan sé hoc cho ham v
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(3.9)

4. Céu hinh ché tao chip CNN tir FPGA
Van dé thyc nghiém ché tao mang can phai giai quyét
la: Thi nhat, do tai nguyén cua chip FPGA hitu han,
trong khi khong gian can tinh toan 16n do vay phai chia
ving tinh toan dé phdi hop tinh toan tuin tu va song
song; Thi hai 1a cac diém bién tiép gidp cac vung va
bién cua ludi sai phan can xir ly. Viéc chia va phdi hop
cac vung bién sao cho lién tuc va khdng gay két qua sai
do phdi hop thoi diém tinh toan; Thir ba 1 viéc trao doi
dir liéu theo thoi gian thuc ma trong cic bao cao trudc
day chua duoc giai quyét. Vi mang CNN trong béo
c4o nay da giai quyét dwoc nhitng vin dé dat ra ¢ trén.
4.1. Dé xuit kién tric h¢ théng
Khéi didu khién 1am nhiém vu diéu khién hoat dong
cua toan bo hé théng theo thuat toan da dat ra. Khi chia
khdng gian tinh toan thanh cac vung s€ cd cac vung
dém (bién). Vung dém vao cho toan khéng gian CNN
¢6 kich thudc MxN:

O,N-1

Phan mau tring la ving dém vao, phin mau xam 1a
phan can xir Iy bang CNN. Khdi tinh toan CNN ¢6 kich
thudc (M-2)x(N-2) t bao xir 1y dir liéu cho phan mau
xam bén trong ving dém vao. V&i muc dich cai dat
don gian, chiing t6i chon M=3. N dugc chon tuy thude
vao tai nguyén cua chip FPGA ma ching ta st dung.
Gia stir chon N=4.

Do d6 vung dém ra CNN c6 kich thudc 1xN

[ N |

Dir lidu can xtr 1y tir PC giri xudng c6 kich thudc mxn:

Gia si m=5, n=6.
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Phan mau tréng 14 bién, phin mau xam 1a phan can
xu ly. Dit liéu nay khi qua khoi trao doi dir liéu véi
PC s€ duoc thém cac bién doc tam thoi:

Bién doc tam thoi duge dua vao dé duoc ciu tric
dir liéu gidng dém vao CNN. Bién ngang tam thoi
1a khong can thiét do thuat toan truy xuat dit liéu
cua khéi diédu khién.

Dir liéu sau khi da duogc thém bién doc tam thoi s€
duoc chuyén vao khdi bd nhé vao h,u,v.

Tir day, khdi diéu khién s& diéu khién doc ra timg
khéi dir lidu c¢6 kich thudc bang dém vao CNN tir
Khéi bd nhé vao h,u,v (cho truong hop mxn=5x6,
MxN=3x4) s& cu thé nhu sau:

Trao dbi K?“ii bo
dir li¢u voi nhé b, u. v
PC vao

PC ﬁ

1 4

02]03(04]05

1,2

2,0 2,2

2. 5.
121131415
2,2

3,0 3,2

3. 6

22 123124125
3.2
4,2

Cac khdi nay s& duoc dua lan luot t6i khoi tinh toan
CNN & duoc xir 1y theo co ché pipline. Két qua xur 1y
duoc ghi vao khdi bo nhé ra h,u,v.

Tiép do, két qua xtr 1y trén khdi bd nhé ra h,u,v s& duge
cap nhat lai bién doc tam thoi rdi dwoc dua tré vé khéi
bd nhd vao huyv cho lan xua 1y tiép theo.

Khéi bd
pho & u, v

ra

H4. Kién tric mang CNN thuc nghiém giai phuong trinh Navier-Stokes

5. Két qua cai djt

5.1. So d6 mach tong quat

Nhu ta d3 biét CNN 1am viéc theo co ché toan cuc
va cuc bo. Khéi diéu khién toan cuc diédu khién toan
b6 cac thao tac vao/ra, xt 1y tinh toan. Dac biét &
day 1a viéc chia viing khong gian tinh toan va phoi
hop ddng bo vé thoi gian va quét hét khong gian.

Dé y rang budc thoi gian rat nho tinh bang xung
dong ho do vay can c6 sy dong bo cao theo tung
xung néu léch mot xung gid tri hién tai va qua kha
hozc twong lai s& lam sai dang ké két qua tinh toan.

Lol il

@m-
VWL

L-------1

-..!.

H5. So db khéi téng quét cua mang CNN

VCCA-2015
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5.2. So @6 Khdi tinh toan CNN

; a

o

5.3. So' dd mach mét té bao CNN

Cel:1
TinhH
— AL e e e
f—
f—
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TinhlU
e v
—
—
f—
f—
—
f—
| ey T
cl
TinhV
f— P
—
f—
f—
f—
f—
&
[01[11.TB

- .
5.4. Dir liéu vao h,u,v
Dit lieu duoc biéu dién theo sb thuc 32 bit dau
.
cham dong. Dit liéu vao h,u,v da dugc thém bién
doc tam thoi, cu thé nhu dudi day.
Dix liéu vao h: liéu vao u:
400000003fe66666400000003fe66666400000003fe666664000000040000000
40800000420000003fa66666401333333fa6666640133333400ccccd40000000
4000000040000000400000003fe66666400000003fe6666640133333400ccced
4000000040000000408000004080000040800000408000004020000040400000
402000004013333340133333400000004013333340000000400000003£c00000
3fccccecd40000000400666664006666640066666400666664020000040200000

3fa666663fc00000400000003£c00000400000003fc000003fc000003££33333
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3ff333333fe666663fcccccd404000003£cccced404000004000000040000000
Dt liéu vao v:

4013333341000000401333334013333340133333401333334013333341000000
4100000040133333400000003£800000400000003£8000003£c0000040066666
3£99999240133333401333334000000040133333400000003£8000003£c00000
4006666640066666410000004100000041000000410000003fcccccd40000000
3fccecced4019999a4019999%a3fcccced4019999a3fecceecd3fecceccdd0066666
40000000400000003fe666663fe666663fe666663fe666664120000041200000
3£c000003£d9999a3fd9999%a3fcccced3fd9999a3fccececd3fcceced3fececed
3fcceced40000000404000004000000040400000400000004020000040200000

5.5. K&t gua md phéng tinh toan caa hé théng

Két qua md phong tinh toan cho thay tinh dung dan
va hiéu qua cta phuong phap cai dat. Chi phi cho
tinh toan khdi MxN dau tién Iy tir bo nhé h,u,v vao
la 9clk, trong do6 3clk cho cap nhat dém vao CNN,
6clk cho tinh todn lan dau tién. M&i khdi MxN ké
tiép chi mét lclk dé tinh toan do sir dung co ché
pipline dé cap nhat dém vao CNN va tinh toan tai
khéi tinh toan CNN.

6. Két luan va hwong phat trién

Bai bao gigi thiéu giai phap phan tich thiét ké va
cau hinh chip CNN giai phwong trinh Navier-
Stokes. Nhitng nghién ctru truée [1,6] da giai quyét
van dé vé& d6 chinh xéc, do tin cay, toc do tinh toan
do vay béo cdo nay chi tap trung trinh bay viéc giai
quyét ba van dé: chia khong gian tinh toén thanh
nhiéu mién con dé két hop xir ly song song va tuan
ty nhim dam bao téc d6 chip nhan duoc va tiét
kiém tai nguyén; ghép ndi khong gian tinh toan va
ddng bo thoi diém tinh toéan; thiét ké bo nho dém
cho viéc trao doi dit liéu giira chip CNN véi bén
ngoai mot cach linh hoat dé thuc thi mét hé thong
tinh toan, lién két trao ddi thng tin thoi gian thuc.
V6i dit lieu vao 1a sé thuc 32 bit ddu chdm dong, sir
dung chip FPGA Vertex 6 XCVL240T-1FFG1156
cua hang Xilinx, nhém da cai dat dugc mot mang
CNN gom 1x12 té bao dam bao céc yéu cau dit ra
nhu phéan tich trén. Tir md hinh nay c6 thé trién
khai cho mot hé thng xur 1y diéu khién tu dong
trong thyc tién.
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