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LAP LICH TOI UU CHO BO CHUYEN MACH ATM
SU' DUNG MANG NO' RON

PANG CONG TRAM, CHU VAN HY

Abstract. We consider an ATM (asynchronous transfer mode) nonblocking switch with input bypass
queues. A queue length based priority scheme is used. In this paper we present a method of designing

an optimal cell scheduling controller using Hopfield networks to maximize switch throughtput in ATM
environments. :

1. MO DAU

Theo chién lwgc digu khi€n ludng phan 16p (2] (mic t& bao, mic cude goi, mic mang), didu
khién mic t&€ bao truc tiép lam thay ddi s§ lugng té bao dwoc chuyén mach & cic nit, nhim cuc
dai héa théng lwong va cuc ti€u héa thoi gian tré. Néu xét theo yéu ciu bi€u dién todn hoc chit ché
nhu vay, thi cic phwong phip diéu khi€n ludng va lip lich té bio thwomg dung, nhu: cii thing rod,
ctra s8 véi diu vao tuin tu... déu khong phdi 13 t8i wu [2]. Mdt cau héi dwoc dit ra 1a: C6 thé ché
tao bo digu khi€n 1ap lich t8i wu cho cic chuyén mach ATM khéng? néu cé thi nguyén li lam viéc cda
né ra sao? va véi phuong tién ki thudt hién nay, liéu thi€t k€ méi cé kha thi khong? Sau khi thanh
1ip m6 hinh todn hoc, ta nhan thdy diy 13 moét bai todn t8i wu héa t8 hop, rat it khi tén tai thuit
gidi ¢6 hiéu qui. Hon nira, néu thwc hién bing phin mém hodc cirng héa nhe cic vi mach s& thong
thwong, thi véi khéi lwong tinh todn dd so ta khong thé tinh kip t8c d6 rdt nhanh cia mang ATM.
May thay, cic mang no ron nhéan tao véi khd ning tinh toan song song v nhitng tinh ning “théng
minh” 13 nhirng céng cu méi gitp ta thuc hién dwgc nhiém vu dé. Céc mang Hopfield, RBF... 43
thanh cdng cho mdt s8 #ng dung loai nay trong hé théng vién thong. Trong bai nay, ching t6i gisi
thiéu mét phwong phép thiét ké bs didu khién 14p lich t8i wu si dung mang Hopfield [5] v6i mét s3
b3 sung va phét trién méi.

2. THANH LAP MO HINH TOAN HOC

Ta xét trudng hop chuyén mach ¢6 N cia vio, N cira ra, bd dém diu vao ki€u hing vong véi
c¢& cta 8 W [5). Muc dich d3t ra 12 cuc dai héa s8 cic t& bao dwoc chuyén tir cdc cira vao sang céc
cta ra véi cac didu kién sau:

1. Trong m&i hang cta s8 ¢é nhidu nhit 1 t& bio dwgce chon dé chuyén.

2. Céc t€ bdo dugc chon phdi cé dia chi noi dé€n khic nhau.

3. Trong mdi hing cda cia s8, cdc t& bio c6 cing dia chi noi dén phdi tuin theo luit “vio
truéc ra trwde” (FIFO).

4. Céc t& bio & hang dai hon cin dwoc wu tién chuyén truwéce, va s6 t€ bio duoc wu tién 13
nhiéu nhét.

Diéu kién 1 do ché dd 1am viéc cda b chuyén mach qui dinh. Piéu kién 2 13 d€ tranh nghén
& ctva ra. Cac diéu kién 3, 4 nhim han ché thoi gian tré - yéu t6 ¢6 dnh huwdng xdu dén chat lwong
phuc vu, thim chi din dén tran bs dém ldm m4t t€ bao. Dia chi noi dén cda t& biao dwgc doc tai
cta vio.

Bay gid ta gin cho t& bao & hang 1 ¢6t 5 cda bd dém bién s8 z,; nhin 2 gid tri nhu sau: néu
té bao dwoc chon thi z;; = 1, nguoc lai z;; = 0. T4p céc t&€ bao dwoc chon S dwoc dinh nghia:

S={z|z;=1,1€{1,.,N}, je{1,..,W}} (1)

V3ay bai toan 1ap lich t6i wu 1a: Tim tip S sao cho
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Z Z z;; — max, (2)

t=13=1
vé1 cdc diéu kién sau:
1. Yz <1, V. (3)
7
2. Cho z;; €S, 24 € S, p # 1, thi: Dia chi dén (t&€ bao 17) # Dia chi dén (t& bao pg). (4)
3. Cho j < k, th T(j)zi; > T(K)zi, Vi (5)
trong d6 T'(-) 13 ham nghich bién, chi s§ do vi tri cdt cda t& bio. -
4. > > P(Li)z;; — max, (6)

j

trong dé P(L;) 1a ham ddng bién véi chieu dai L; cda hang thi 2.

Nhiéu cong trinh nghién ctu da chira réng: cho cdc bai todn t5i wu héa t8 hop kifu (2)-(6)
rat hi€m khi ton tai mét thuit gidi c6 hidu qud. Né&u cb thuit gidi thi do 86 phirc tap tinh todn 1én
thoi gian tinh sé dai - ngay cd khi thuc hién bing phin cing - nén khé dip dng dwoc nhirng qui
trinh r4t nhanh nhu cdc hé thdng thong tin hién dai. Diy 13 lf do dé€n nay ngwdi ta vin wa ding cac
bd diéu khién don gidn, thudng 12 nhirng gidi phap hop i héa hon 14 t8i wu. Mang no ron nhan tao
v6i khd ndng xi lf song song, c6 mot s8 tinh ning “théng minh” do mé phdng nguyén 1i lam viéc
cda bd nio ngudi, dwge ché tao thanh nhirng vi mach c& 16m, sé 14 mét thé hé linh kién méi cé thé
gidp ta gidi truc tuyén nhirng bai todn phirc tap nhu trén (7).

3. TOI UU HOA SU DUNG MANG HOPFIELD

Mang Hopfield lién tuc gdm n no ron dwoc mé ti bing hé phuong trinh vi phén (3]

E ) |
G dt :_E+Zwif‘fa'+Ii, w; =0,1=12,..,n (7)

J=1
U; 1a mirc kich hoat, C; 13 dién dung mang, R; 13 tré khdng, w;; 13 trong s8 néi véi no ron tht 7, I;
13 d3u vao ngoai, V; 13 d3u ra cda no ron th 2:
V,' = ai(/\U,-). (8)
Ham kich hoat a;(-) don diéu ting, truong hop dién hinh 13 ham xich ma [3]. A 13 tham s8 khuéch

dai. D€ nghién ctéu tinh 8n dinh cda hé théng (7), Hopfield da dwa ra ham Liapunov - con goi 1a
ham ning lwong

E =

n
=

1« Boq-
[- 3 L wahvi-aves | spamivyav] )
1=1 *

1 =

Cé thé chimg minh: néu w;; = wj;, thl dE/dt < 0. Nhuw viy, theo dinh I Liapunov diéu kién can
va dd dé mang Hopfield 6n dinh 13 c4c trong s§ d8i xéimg. D& dang thiy diéu d6 ciing ding cho cd
trwdng hop mang cé cdc vong tw phdn hdi: w;; # 0.

Hopfield va Tank di sém nhin thiy khi ning st dung mang Hopfield € gidi cic bai todn t5i
wu (1985). Béi vi & xung quanh di€m on dinh dE/dt < 0, téc E ludn gidm; con tai d6 dE/dt = 0,
tttc E khong gidm tiép v ciing khéng ting, nén di€m 8n dinh ciing chinh 13 di€m cuc tidu (cuc by).
Do d6, néu phdi tim cic gid tri V;, 1 = 1...,n, d€ cuc ti€u héa ham E(V;), ta c6 thé ti€n hanh theo
phuong phdp méi nhu sau: Ta xiy dung mang Hopfield twong dng (7), véi diu kién cdc trong s8
ddi xtrmg thi tir vi tri ban d3u sau mdt thdi gian giao ddng ngin mang sé &n dinh, lic dé, do diu
ra cda cac no ron ta dwgc céc gid tri V; phdi tim. Phuong phap nay dwoc goi 13 t6i wu héa khéng
thuit todn [1]. Theo (7), (8), (9) ta cé thé tim dwgc phwong trinh déng hoc cda mang no ron tir
ham E(V;) cho truéc

dU;  GE(Vi)

C; = v, (10)‘
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Trong thuc t& cdc ham muc tiéu thudng khéng cé s8 hang chita tich phan nhu & (9). Lic dé,
dé triét tiéu 4nh hudng cda né cin chon khuéch dai A dd 16m, va ham E cé dang

E

IR

n n

[- 2 S wvivi— Vi), (11)

1 Fj=1

1

Trudng hop tong quit E cé dang bat ky da dwoc nhidu tic gid nghién ciu. Mét vai két qui 6 thé
xem & [7]. Théng thudng bai toan t8i wu héa con c6 mét s8 rang budc. Ta cé thé gidi, vi du theo
phuong phap chuyén vé bai toin khéng rang budc bing cich dwa vio cic nhin ti Lagrange v.v..

4. BO PIEU KHIEN LAP LICH TOI UU NO' RON

Mang N x W no ron la phin chinh cda bo diéu khi€n. Twong tuw nhw cic t& bio trong cia sd
cda bd dém, ta ki hiéu céc no ron theo toa dd trong ma trdn N x W. Nhu vy, mdi no ron sé twong
ng véi mét t& bao trong cira s8. Néu thi€t ké sao cho diu ra V;; cda no ron ¢5 bing 1 (hodc 0)
ham nghia t& bao twong ing dwoc chon (hodc khéng), thi ta c6 quan hé gitra cic bién V;; = z;; (khi
mang On dinh). Trén co s& d6 ta chuyén bai todn cuc dai héa (2) véi céc diéu kién (3)—(6) v bai
toan cuc ti€u héa (9) véi cac didu kién twong tng. Lwu ¥ ring, d€ don giin, trong phin 3 ta ki hi¢u
céc no ron bing mdt chi s8.

Nhu phén tich & trén, diéu kién 1 13 rang budc dang <, di€u kién 4 1am thinh mét him muc
tiéu phu.... Sé 12 don gidn nhit, néu ta bi€u dién tit cd cic diéu kién bing cdc him muc tiéu phu
va gidi bai todn da muc tiéu theo phuong phép chon céc trong s8. Him muc tidu (2) dwgc chuyén

thanh
By = -3 YV — min 02
1 7
V& céch 4nh xa mét s6 dieu kién dic trung cho mang no ron vio ham ning lwgng cé thé tham
khdo [6]. & day ta bi€u dién “dinh luong héa” cic didu kién nhu sau (5]

1. E = EZ]I [Kij — ¥, Vig)” — min. (13)

2.  Ey= zzj; zp; Eq; Hijpg Vii Vpq — min. (14)

3. E3=Y Y T(;)Vi; — min. (15)

4.  Ey= :ZJZ P(L;)V;; — min. (16)
T

Trong cdc céng thic trén:

K;; 1a d3u vio ngoai cho no ron i5. Néu vi tri 45 cda b dém cé 1 té bao thi K;; = 1, nguoc
lq.i K,'j = 0.

H;;p, 12 mot phin tid cda ma trin H c6 kich thuéc NW x NW. Néu té bao 25 va t&€ bao pg
¢6 cling dia chi noi dén thi H;jp, = 1, ngwoc lai Hijp, = 0. H 12 ma tran déi xidng.

Céac ham T(j), P(L:) dung cho biu dién céc diéu kién vé mirc wu tién 3, 4 c6 thé tinh nhu
sau [5]

—2; .
T(J')=W+7 +1, 1<j<W. (17)

1

1 néu L,‘ - 4

0 néulL;=L (18)
—1 néu Li < I

trong dé L' 1a chiéu dai trung binh cda céc hang
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Dé cung cdp céc s8 litu K;;, Hijpg, T(5), P(L;) ta cin thiét ké cic mach xi Ii tin hiéu phu.

Ta thdy E; dat cuc ti€u néu trong mdi hang cé nhiéu nhdt 1 no ron dugc kich hoat (diu ra
bang 1). E2 = 0 khi khong xdy ra nghén & cic cira ra. Es 6 gid tri nhd nhit khi cic t& bio & ciing
mdt hiang cé cling dia chi dén tuin theo kuat FIFO. E, dat cuc ti€u néu s8 t& bio c6 mirc wu tién
cao dwoc chon 13 nhidu nhit. Ta di dén gidi bi todn t3i wu c6 mét him muc tiéu

B C
E* = AEy + EEI = -2—E2 + DE3 — FE4 — min, (20)

trong d6 A, B, C, D, E, F 1a c4c trong sd dwong dwoc chon phdn 4nh “tiAm quan trong” cda ham
muc tiéu phu. Theo (10) ta lip dwgc phuong trinh déng hoc cia mang Hopfield. Chd y: truwéc khi
l1dy dao ham cin cdng thém vio E* s8 hang chita tich phén trong (9). Ta nhan dugc két qud

dUi; Uy ‘
Ciy L = _E’; +A+BK;;—B) Viq—CY > HijpeVpq— DT(j)+ FP(L;).  (21)
q

Do ta muén & trang thai 8n dinh diu ra cda cic no ron bing 1 ho¥c 0, nén phai chon ham kich hoat
c6 dang xich ma don cwc véi khuéch dai A dd lén

1
Vij = ai;(AUy5) =

1+ exp(—AU;;) (22)

5. KET LUAN

Trén diy ching tdi di trinh biy phwong phip thiét ké bd diéu khi€n 1ap lich té bio t3i wu
theo cach nhin chit ché cda i thuyét todn hoc t5i wu héa va diéu khi€n tu dong. Céc két qud phan
tich v md phéng trong [5] ciing cho thiy tinh khd thi va nhitng wu di€ém cda phuong 4n no ron héa
trong diéu kién ch&t lwong cic vi mach, cing nhu t6c dd yéu ciu cda mang ATM hién nay.

Tuy nhién, vé phwong phap luin ta con phéi luu y dén van dé dat t5i wu toan cuc khi st dung
mang Hopfield. T (9) ta thdy do c6 thém s8 hang chira tich phin, ham ning lwong E khong con la
binh phuwong nhw him muc tiéu E* nira, ma 14 mét ham phi tuyén phic tap. Vi thé, mang no ron
¢6 thé roi vio di€m cuc ti€u cuc bd c¢6 mirc ning lwrong cao hon ning lwong day Ep;,. St dung k¥
thuit “d mé phdng” 1dm cho mang cé khd ning chuyén dén trang thdi ning luong cao hon dé thoét
khdi di€m cuc ti€u cuc bd va dat dwgce di€m cuc ti€u toan cuc Epip.
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