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MANG NO RON TE BAO - CNN VA MAY TiNH CNN-UM

D& Thi Bic - Via Dtic Thai (Khoa Cong nghé thong tin - PH Thdi Nguyén)

Pham Thugng Cat (Vién Cong nghé thong tin — Vién KH&CN Viét Nam)

1. bat van dé

Cung v6i su phat trién clia cong nghé va nhu cdu x4 hoi, viéc xir Iy thong tin ngay cang
da dang phong phui. Ching ta mong muén mady tinh c¢6 kha nang xu ly thong tin da hinh, da
chiéu v6i t6c do nhanh nhu kha nang xtr Iy ctia con ngudi. Mat khdc, ching ta cling mong mudn
mady tinh biét tich liiy kinh nghiém qua titng budc xir 1y hay biét “hoc” tir d6 c6 thé “tu duy” nhu
con ngudi. Vi kién tric mdy tinh s& hién nay, ngudi ta tim nhiéu thuat toan dé cai dat kha nang
xtt ly thong minh cho may tinh nhung chua c6 két qua nhu mong muon. Téc do xur Iy ctia may tinh
s6 dat dén mot toc do t6i han vé vat 1y thi khong thé tang duoc. Cho dén nay, mot s6 mo hinh song
song clia c4c chip xit 1y nhung céu triic phiic tap va khong 6n dinh vé mat nang luong (c6 mot s6
mdy tinh hai 16i da dugc dua ra thi truong nhung ciing chi giai quyét nhitng bai toan ting dung
thong thuong). D€ ddp ting dugc nhu ciu tinh to4n song song tdc do cao, ngudi ta cin cé mot he
tinh todn manh hon nhiéu. Nhu hinh 1 mo ta dit liéu vao 1a mot dong thong tin thay déi theo thoi
gian. Dé xtr 1y kip thoi cdc thong tin vao trong cdc bai todn thuc t&, ta cAn mot ¢6 mot mo hinh xr
ly dong thoi v6i mot hé céc chip ma moéi chip xir Iy mot ngudn vao nhat dinh. Mat khdc, ciac ngudén

vao nay con cé su tuong tac chi phdi nhau nén cac chip con can ¢6 lién két véi nhau vé mach dién.
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2. Cong nghé mang no ron té bao (cellular neuron network — CNN)

L. Chua va L.Yang phat minh ra mang noron t€ bao tir nam 1988 dua trén tu tuéng chung
12 str dung mot mang don gian cdc t€ bao két noi cuc by dé xay dung mot hé thong xit 1y tin hiéu
analog do so. Pic diém mau chot cia mang noron la xir 1y song song lién tuc va lan truyén toan
cuc trong cac phan tr trén mang. Vii Vyi
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a) Ma trdan cell

b) Cdu triic bén trong ciia mot cell

Hinh 2. Cdu triic cia CNN
a) Ma tran cell; b) C4u triic bén trong cua mot cell
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Khdi mach co ban cia mang CNN duoc goi la t€ bao (cell). N6 chita cac phan tir mach tuyén
tinh va phi tuyén. Tiéu biéu Ia céc tu tuyén tinh, cdc dién trd tuyén tinh, cdc ngudn diéu khién tuyén
tinh, phi tuyén va cdc nguén doc lap. Mo6i mot t€ bao trong CNN chi két néi t6i cac t€ bao lang
giéng. Cic t& bao lién ké c6 thé anh hudng truc ti€p t6i nhau. Cac t&€ bao khong c6 lién két truc ti€p
c6 thé tac dong dén cdc t€ bao khac gian tiép bdi su tac dong do su lan truyén cia mang CNN. Khi
xur 1y, nhitng tin hiéu duoc dua vao nhiing lu6i khong gian hinh hoc 2 chiéu hoidc 3 chiéu nhiing t&€
bao xtr 1y (cell). H¢ CNN duoc xay dung dua trén cac chip VLSI hién c¢6. DPén nay, cac hé CNN da
phét trién rong rdi v6i nhiéu ting dung quan trong ma may PC khong giai quyét duge. Ma tran CNN
hién nay c6 t6i 256 x 256 cells. Cau tric cia hé CNN va mot cell mo ta & hinh 2.

Mot vi du dién hinh clia cell C(i,j) cia CNN duoc chi ra trong hinh (2.b). Céc thong s6
Vp» Vyii» Vi 140 lugt 12 trang thai, dau ra, dau vao cta dién dp. Dién dp trang thai v,;; dugc gia st
rang c6 do 16n nho hon hay bang 1. Dién dp vao v,; gia sir 1a hang s6 v6i do 16n nho hon hay
bang 1. Méi cell C(i,j) chita mot dién 4p nguon doc lap E; mot nguén dong doc 1ap I, mot tu
tuyén tinh C, hai tr& tuyén tinh R, va R, va nhiéu nhét 12 2m nguén dién dp diéu khién lién két
v6i cac cell 1an can qua dién 4p vao diéu khién v,,, va dién 4p hoéi tiép diéu khién tir ddu ra cia
céc cell 1an can vy, véi m bang s6 cell lan can cua cell C(Lj).

- ‘I,gy(i,j;‘k,l) va Ixu(iij;k,l) la nguén dong AV

dieu khién dién 4p tuyén tinh véi dac tinh
L, @G.j:kD) = A(ij.kD) vy, va I G,j:k, 1) = B(ij.kl) -1
v,y d6i v6i moi C(k,1) [IN.(i,j). Phan t&r phi
tuyén duy nhét trong moéi mot cell 12 nguédn 1 |
dong diéu khién dién dp nguoc. I, = 1 Xi
(1/R)f(v,) v6i f(.) 1a ham piecewise tuyén
tinh c6 dac tinh nhu hinh 3. Cap hé s6 A, va T-1
By, duoc goi 1a hé s6 hoi ti€p mau va hé so
diéu khién méu. Hinh 3. Ham ra v; ciia CNN

Nhu vay, véi cdu tric mang céac cell nhu trén tin hiéu dua vao hé CNN la mot ma tran cac
gia tri ta goi 1a cdc mau (template). Ching ta khong di sau vao kién tric cia CNN ma quan tam
dén hoat dong cua hé: viéc dua dit liéu vao, xu 1y va lay két qua ra. Tin hiéu dua vao hé CNN
giong nhu mot bic anh MxN véi moi pixel dng véi mot cell, gid tri dua vao coi nhu gid tri do
xdm, mau ctia moi pixel. Két qua ra ciing 1a mot ma tran gia tri nhu mot anh ra nhung da duoc
bién déi sau cac thao tdc xtr Iy. Khdc véi xir 1y trén mdy PC, vi CNN c6 nhiéu dau vao va cdc dau
vao nay c6 su tuong tac véi nhau nén trong qua trinh xtr 1y cac cells cé cac lién két cuc bo véi
nhau thong qua cdc dudng truyén lan can.

Nguyén tac xir Iy tréen CNN giéng nhu mang no ron & mot s6 khia canh nhu c6 su lan
truyén trong qud trinh xir Iy, méi cell c6 mot gia tri ngudng dé xac dinh cac gid tri kich hoat dau
vao, néu gia tri vao vuot qua mot gia tri ngudng thi méi dugc ti€p nhan va xt ly. Viéc xay dung
gia tri ngudng dugc thuc hién qua cédc lan thuc nghiém (s6 1an lap) sau d6 hé nhan dugc mot gia
tri thich hgp cho médi dau vao nhat dinh. Vé6i co ch€ nay mang CNN cé kha nang biét “hoc”
thong qua cac tham sé.

Viéc dua gia tri vao xtr 1y trong hé CNN thong qua cac template, c6 cdc mau A va B.
MAu A 1a 18y tin hiéu tir dau ra cta cell C(i,j) dua hoi ti€p vao theo cu tric ciia CNN va:
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Ixy(i’j:k’l) = Aij,kl Vyki
Mau B 1a tin hiéu dua vao tir cac cell 1an can dua vao cell C(i,j) va:
Lu(j:k D) = B(jkD vy

V& mat tin hiéu, ta coi nhu A, B 1a dién dan tir cdc cell 1an can dua vao cell dang xét
C(i,j). I 1a dong dién dua vao hé nhu mo ta trén (H.3). Vi hé CNN c¢6 cac cédu tric ma tran (nhu
hinh 2.a) nén A,B ciling c6 dang 12 mot ma tran:

Vidu: 0 0 O 0 0 O
A= 1 2 1 B= 0 1 o
0O 0 O 0O 0 O
Hé CNN ta thdy c6 bo tham s6 quan trong d6 1a A,B,z, véi cau tric dua vao nhu sau (H.4):
u Zl ) }
— . Xi i, Y,
B Jot > () >

A

A A

Hinh 4. Cdc gia tri A,B,z dua vao hé CNN

LY X

Diu vao U Trang thédi X DauraY
Hinh 5. Tuong tdc trong CNN vdi 3 ldng giéng

Day c6 thé coi 1a cdc “lénh” x{r 1y co ban ciia m6i mach CNN. Viéc thiét k& cai dat mot
bai toan la ta di tim cac templates dac trung thich hop cho cac dau vao va ra cta bai todn. Viéc
tuong tac cuc b giita cac cell trong hé CNN giong nhu tuong tac gitra cadc no ron than kinh trong
co thé sinh hoc cdc tin hiéu lan truyén va dugc xir Iy trong hé. Cac cell c6 vai trd vira xir 1y vira
lan truyén tuong tdc cling giai quyét bai toan. Qua trinh tuong tidc dugc thé hién quan cdc bo
template (A,B,z) va ciling c6 ciac dang khac nhau nhu (0,B,z);(A,0,z); (A,B,0)... Ching ta c6 thé
mo hinh héa tuong tic gitta cic cell thong qua cic template A,B,z nhu hinh 5.

Cau triic ludng tin hiéu ciia mot CNN vé6i 3x3 lang giéng (H.5), 2 béng hinh nén 14 biéu
tuong cua trong s6 bo sung cua dién ap dau vao va ddu ra cta cell C(k,1)S,(i,j) t6i trang théi
dién ap cta cell trung tam C(i,j). Mo hinh xur 1y vé6i cac template A,B,z thuc hién trong hé CNN
cO 5 cells nhu hinh 6:
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A= 3
l:v-—o\c s o d 55 = : B ui J o—o
v + ;f%’%%ﬂ % 3 ﬁ%% ‘H % f‘%% "% Y v + %
x_-I{i.':l %a(0) E;
! 2 3 4 5
Cell bién Cell bién

Hinh 6. Hé thong cdc cell va template tuong ving
3. May tinh CNN - UM

Trén nguyén tac 1y thuyét, nam 1993 Gido su Roska Tamds (Vién nghién cttu Mdy tinh
va Tu dong héa- Hungary) va Gido su L.O. Chua (Pai hoc Berkeley - M¥) da cong bo nguyén ly
co ban vé phan cting cia mdy tinh CNN tai Vién han lam khoa hoc Hungary [4]. Nam 1995,
Gido su Angel Rodriguer (Pai hoc Seville Tay Ban nha) va nhom nghién cttu Budapest —Berkeley
nghién ctu cho ra doi chip CNN CP400 dau tién c6 kién tric mang 22x20 cells c6 dau vao quang
hoc va dau ra nhi phan diung cong nghé CMOS 0.8 micron. Sau d6 chip CNN ACE4k analog hoan
toan vdi kién tric mang 64x64 cells v6i cong nghé CMOS 0.5 micron c6 cac cong cu lap trinh can
thiét cho céc nha thiét k& x4y dung céc thuat todn ma khong can hiéu 16 vé kién triic cell.

Thé hé thit hai cia CNN két hop hai khéi CACE1k chip va ACE16k chip dua trén vi xtr 1y
thi gidc c¢6 kha nang x{r 1y ban céu tric duoc san xuat tai Budapest. Khdi CACE1k 1a chip CNN
thuc hién véi 16i ¢6 hai 16p phic tap. Chip ACE16k ¢6 cau triic 128x128 cells vé6i nhiéu tinh nang
vugt troi nhu cam bién quang hoc, cam bién xuc gidc tin hiéu dua ra dang tin hiéu s6 hoan toan [3]

Thé hé thit ba 1a hé thong tich hgp trén chip don ca phan giao dién vao, dau ra dong,
cling nhu xtr Iy s6 trong mot khoi GACU (Global Analogic Control Unit) ¢6 kién tric quang hoc
vGi toc do anh sang, véi kich thude 256 x256 cells. Khoi nay ¢6 mau B ¢6 chi s6 kich thudc dat
tGi 32x32. (xem http://analogic.sztaki.nHu

4. Phan mém va thuat toan

Thu vién mau CNN da va dang phét trién hinh thanh nén thu vién phan mém CNN analogic
(analog-logic), bao gdm c4c template co ban va cdc chuong trinh con da niang ngdy cang dugc b
sung va s& duoc stt dung trong nhiéu ting dung khic nhau. Dong thoi véi viec xay dung cic
template va cac thu tuc méi, nguoi ta tim giai phap tai s dung cac template va thi tuc san c6 trong
thu vién dugc coi nhu 12 c4c template, thi tuc chudn (xem http://lab.analogic.sztaki.huThu vién
nay ciing 12 dang m& danh cho moi ngudi tham gia sit dung va phét trién.

Thuat toan xir ly da séng (multi wave) va da ludng (multi flow) da phét trién v6i miic do

phitic tap cao c6 thé gidi quyét cdc bai toan bic thiét trong thuc t€. Mot s6 phin mém
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(MATHLAB, HSPICE...) cho phép mo phong cac thuat todan cia CNN, mo hinh héa cédc tuong
tdc gitta ciac chip CNN va cdc thanh ghi cdu hinh chuyén mach c6 thé lap trinh duoc trong cic
tdc vu dac biét cia CNN. CNN ciing cho phép nhitng kha ning m& rong vé€ phan cing tao nén
céc cell phic tap hai hoac ba 16p. Cac luu d6 mo ta cac thuat todn cia CNN goi 1a luu d6 UMF
(Universal Machine on Flows) ciing dang dugc chuén héa.

5. Két luan

Véi nhitng wu th€ cia CNN, nguoi ta dang nghién citu nhiéu mo hinh va thuat toan cua
né dé gidi quyét nhitng nhu cdu tng dung ma mdy PC hién nay khong giai quyét duoc, hoac gidi
quyét khong hiéu qua. Ching ta mong muon xay dung nén th€ hé mdy tinh c6 cac giac quan nhu
con nguoi (thi gidc, thinh gidc, xdc gidc...) va kha nang xt 1y thong minh, kha nang xt 1y di liéu
16n v6i téc dO cao trong moi truong thoi gian thuc. Nhitng cong nghé vi mach véi cac chip VLSI
hién nay hoan toan cé thé giai quyét vé kién triic phin cting cia CNN. Vin dé can nghién cttu 12
céc thuat toan va hé thong cdc template lién quan dén mdi bai todn cu thé ddm bao su 6n dinh, do
chinh xdc, téc do cao trong cac két qua

Toém tat

Hién nay nhi€u bai todn x{r Iy véi ludng thong tin vao 16n, yéu ciu xt 1y véi moi trudong
thoi gian thuc dang gap phai kho khan khi giai quyét trén may tinh PC thong thuong. Cong nghé
mang no ron t€ bao CNN ra doi tir nam 1988 vé thuat todn va dén nay da c6 may tinh analog
CNN-UM (CNN- Universal Machine) dang dugc dua vao tung dung ddp ting nhu cu trén. Trén
thé€ gi6i da hinh thanh nhiing phong thi nghiém va cac hang san xudt cac chip CNN -UM.
(Hungary, Tay Ban Nha, Italia, My, Han Quéc, Viét Nam...). Tuy vay, 6 Viét Nam [inh vuc nay
con chua phét trién. Bai bdo nay gi6i thiéu cu thé nhitng thao tic va nguyén tic hoat dong co ban
vé cong nghé CNN va mdy tinh CNN-UM dé ngudi doc hinh dung vé CNN, tir d6 c6 thé tham
gia nghién cttu nhitng van dé chuyén sau hon vé cong nghé CNN va mdy tinh CNN-UM.

Summary

Recently, some processing problems with large amount of information in real time
environment is hardly to solve on PC. We need other technology with abilities of parallel
processing on hardware architecture. CNN technology and CNN-Universal Machine was
developed in 1988 could solve this problem well. There are several researching centers in the
world (Hungary, Italy, US, South Korea,, Vietnam...). However, in VN this technology has not
been taken care of. This paper will introduce some basic knowledge of CNN technology and
CNN-UM and the trend of developing in hardware and software and library tools.

Tai liéu tham khao

[1]. Pham Thuong Cét (2007), “Mady tinh van nang CNN- UM mét huéng phdt trién mdi ciia cong
nghé thong tin” — Hoi thao Mang no ron t€ bao va tinh toan no ron.

[2]. Leon O. Chua, L. Yang (1998), "Cellualar neural networks: Theory", IEEE Trans. Circuits Syst.
Vol.35.

[3]. Leon O. Chua, L. Yang (1998), "Cellualar neural networks: Application", 1IEEE Trans.
Circuits Syst. Vol.35.

[4]. Tamas Roska, Leon O. Chua “The CNN Universal Machine: 10 years later” Journal of
Circuits, Systems and Computers Vol. 12 No. 4 377-388 1 World Scientific Publishing Company.

146



