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DIEU KHIEN LUONG TOI UU
SU DUNG MO HINH DONG CHO MANG ATM

DANG CONG TRAM, CHU VAN HY

Abstract. A dynamic flow model based optimal controller is developed for ATM (Asynchronous Transfer
Mode) networks. Owning characteristics of a cell scheduling controller in several cases, a multi-input multi-
output (MINO) flow control system can be decomposed into single-input single-output (SISO) system. A
general method for designing MIMO controllers is also proposed.

Tém tdt. Bai nay duwa ra mét phuwong phap tinh toin bd didu khign ludng t8i uu st dung mé hinh ludng
dong cho mang ATM. Tuy theo tinh chdt cia bd diéu khi€n lip lich t& bio, trong nhiéu trudmng hop, hé
th8ng didu khién ludng nhiéu cia vao - nhigu cia ra (MIMO) c6 thé phin rd thanh cdc hé théng mot cia
vao - mét cda ra (SISO). Ching téi ciing giéi thiéu phwong phap t&ng quat d€ tinh todn bd didu khién nhiéu
cia vdo - nhidu cda ra (MIMO).

1. MO DAU

Hau hét cac by ditu khi€n dang st dung, nhw cai thung rd, cira s8 trwot... déu dwa trén mé
hinh ludng tinh - véi gid thi€t luu lwrong dau vao khéng thay déi theo thoi gian [1,3,5,7]. Vi thé hé
thong khong thé dat d6 chinh xdc va tin ciy cao. Vi du: c6 thé mit mét s6 lwong ddng ké cic té
bao khi xdy ra nghén, nhung ti 1& t3n thit tinh trén khodng thoi gian dai vin nhd. D& ning cao chit
luong diéu khi€n, cin thiét phdi xdy dung mé hinh ludng déng lam co s& cho phan tich v thiét ké
hé th&ng. Bdi vi cdc phuong trinh dong hoc khéng nhirng ding cho giai doan dirng - nhuw mé hinh
tinh, ma <on bi€u dién dwoc nhitng thing gidng lién ti€p trong qud trinh qui dé - ma & mang ATM
ludn xdy ra, cé tinh ngiu nhién va bung nd. Mit khdc, ta sé 4p dung dwoc nhitng phwong phip
t51 wu héa hidu qud nhu nguyén 1y cuc ti€u Pontryagin, qui hoach dong Bellman... M6 hinh déng
hoc tir 1du da dwoc st dung cho digu khién cic qua trinh cong nghé (QTCN) trong ning lwong, co
khi, héa chit..., nhung con méi d8i véi cidc mang vién théng [5]. V@ su chdm tré nay c6 thé néu hai
nguyén nhan chinh: v

1. T8c dd théng tin cin xi ly & diy rit lén: trong mang ATM cé thé 1én t&i nhieu Gbit/gidy;
con trong hé théng diéu khi€n cdc QTCN chim chi khodng chuc Iin cit miu / gidy.

2. Cdc qud trinh trong vién théng ¢6 tinh phi tuyén manh: phwong phap tuyén tinh héa (da
dugc chip nhan cho rdt nhidu QTCN) c¢6 thé giy ra sai s8 1én.

Xay dung bd digu khi€n phi tuyén phirc tap véi téc do rdat 16m bing nhirng vi mach s8 hién c¢é
sé giap nhiéu khé khin.

Theo chién luoc diéu khi€n ludng phan cip, diéu khi€n muc té bao ¢6 2 nhiém vu: 1ap lich trinh
t€ bao cho bd chuyén mach va digu khién ludng vio. Nhu phin tich trong [4], viéc 1dp lich t&i wu
cfing rat phtc tap. Do dé, ching t&i dé nghi thié€t ké bd diéu khién lip lich riéng dé d& thuc hién,
ddng thoi trong nhiéu trudmg hop ¢é thé phin ra hé théng didu khié€n lusng MINO thanh nhiéu vong
diéu khién SISO. Trong bai, ching téi trinh biy cach tinh bé diéu khi€n ludng SISO phi tuyén t8i
wu theo nguyén ly cuc ti€u Pontryagin. Phuong phap tdng qudt thiét ké bd dieu khién MIMO cho
cac hé théng phic tap cing duwoc dwa ra va phan tich khd ning thuc hién.

2. MO HINH LUONG DONG
2.1. Phuong trinh dong hoc

Hinh 1 la so' d5 mét cira vio mét cira ra cda b chuy@n mach ATM. B6 diéu khi€n dau ra OC
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¢6 nhiém vu chuyén cic t& bao da dwoc lap lich dén ctra ra cho trude [4]. B digu khién diu vio IC
thay d&i bién digu khién luu lwgng A(t) € (0,1) sao cho bé dém khéng bi tran va t3i wu héa him
muc tiéu J. Ky hiéu: z(t) 1a s3 t&€ bao c6 trong bs dém, A(t) 1 t8c A6 dén, «(t) 1a t8c d6 di & thoi
diém t.

X(1)

7(1) B o(t)
— e [ oc |—>
Cla vio 36 dém Cla ra

Hinh 1

Ta ¢6 phuong trinh cin bing s8 lwong t&€ bio sau khodng thoi gian At:
Az(t) = B(t)A(t) At — a(t) At.

Hay Ax(t)
At

— BOME) - ale).
Cho At — 0, ta nhin duoc

dz(t)

dt

Mit khéc, gifta A(t), z(t), «(t) ton tai cdc quan h@ cia hé thdng xép hang. C6 thé bi€u dién
a(t) nhu him s8 cda z(¢) nhu sau [5]

= B(t)A(t) — a(t). (1)

aft) = pG(z), (2)
trong d6 u 1a t6c dd phuc vu. Thay vao (1) ta dwgc phwong trinh dong hoc cida ludng
dz(t
O _ i)+ 8 M), (3)
. dz(t)

D& hi€u ¥ nghia vit Iy cda G(z), ta xét trudmg hop ludng tinh: z(t) 13 hing 6, = 0. Ta
¢6 G(z) = BX/u. Day chinh 13 hé s8 st dung cda hé thong.
2.2. Hé théng xép hang M/M/1

& diy céc t& bao dén theo quéa trinh Poisson, thoi gian phuc vu ¢6 phan b8 him mi, hé théng
¢6 1 cira vao 1 cira ra. Goi k 12 trang thdi (s8 té bao) cda hé thdng, Ax v pk 12 t8c d6 dén va tdc
d6 phuc vu cia cic t& blo, Py 12 x4c sudt hé thdng & trang thai k (c6 k t& bao). Tl cin bing ludng
ta ¢

A1 Py = pe P, (4a)

A Pr = prg1 Pryr - (4b)

Néu t8¢ dd dén va t3c do phuc vu khong phu thudc trang thai cda hé thdng: Ax = A, px = pu,
theo digu kién Y P, = 1, ta tinh dwoc [5]

Py = (1-p)p", (5a)

trong do: p=A/u<1. (5b)
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Gid tri trung binh cda s8 t€ bio cé trong hé thdng la
[ee] [e o]
p
B(k) =Y kP = k(1= p)o* = . (6)
k=0 k=0 b
Dé&i chi€u véi phin trén, ta thiy E(k) va p twong dng véi z(t) va G(z). Do dé tim duoc

Oz) = W

T 1tz 9

Sa ~ ~
3. PIEU KHIEN TOI UU
3.1. Nguyén li cuc ti€u Pontryagin
Trong tai liéu, ta thiy nguyén lf dwoc trinh bay duéi nhigu hinh thiéc véi mide do phic tap
khdc nhau. Duéi ddy ta chi néu nhing néi dung cin thi€t cho bai nay [5,6].
Xét hé théng duwoc md t4 bang phuwong trinh vi phan
dz(t)
dt

= fl=(t), u(t), 8l z(to) = =0, =(ts) ==s. (8)

Trong dé z(t) € R™ 1A vecto trang thai, u(t) € R™ 1a vecto diéu khi€n. Cin tim digu khién t3i wu
trong mién chdp nhan dwoc u*(t) € U d€ dwa hé thdng tir trang thdi zy dé€n z; sao cho cuc ti€u héa
ham muc tiéu

J = /g[z(t),u(t),t]dt. (9)

Ta dinh nghia ham Haminton

Hiz(t),u(t), p(t), t] = g[z(t), u(t), t] + pT (¢) flz(t), u(t), t]. (10)
Trong dé p(t), dwoc goi la vecto dong trang thdi (Costate Vector), théa man phwong trinh vi phin
deld) _ _IH (11)
dt dz
Nguyén lf cuc ti€u Pontryagin phdt bi€u: néu u*(t) 1a diéu khién t8i wu thi tdn tai p*(t) nhuw
Sau
Hz*(¢), v*e), p*(t); 2] = mi(r} Hzl(t),ult),plt),t], to €t & (12)
ue

z*(t) dwoc goi 1A trang thai t8i wu.
Néi khdc di: hAm muc tidu (9) s& dat cuc tiéu néu ta tim dwoc p*(t) thda min (11) va u*(t) € U
cuc ti€u héa ham Hamiton (10). Tir digu kién cin cho ton tai cuc tri cda H|z(t), u(t), t] theo u(t),
ta co
9H
du
Phuong trinh (13) dwoc goi 1d digu kién dirng, (11) la phuong trinh ddng trang thai. Nguyén
1y cuc ti€u chi dwa ra diéu kién cin, nhung trong phin 16n cdc trudmg hop thuc té& cho phép ta xéc
dinh dwoc digu khi€n t8i wu.

(13)

3.2. Ham muc tiéu

Chit lwong cia mang vién théng dwoc danh gid theo cic tham s8 sau: théng lwong, thoi gian
tré, bi€n d8i cda tré, hé s8 sit dung, ti 16 t8n thit, s8 t& bio trong bé dém... Thoi gian tré cé thé
bi€u dién gidn ti€p qua tis8 z(t)/A(t). Sau diy 12 mdt 8 him muc tiéu thwong dung.
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1. Cuc ti€u héa s6 t& bao trong bé dém hodc thoi gian tré, va cwc dai héa théng luwong
L
Jy= / [w z(t) — /J,G(:L’(t))]dt, (14)
to
trong dé w 13 trong s8 can chon thich hop.
2. Cuc ti€u héa s8 t& bao trong bé dém hodc thoi gian tré, va cuc dai héa luu lwong diu vio
L
Iy = / (wz(t) — BA(t)]dt. (15)
t(l

3. Cuc ti€u héa cong sudt - dwoc bidu didn nho ti s8 gitra thong lwong va thoi gian tré

n- [, "

to

4. BO DIRU KHIEN LUONG SISO PHI TUYEN TOI UU

Ta xét bd chuyén mach ¢ n cia vio, n cira ra, n bo dém diu vao ki€u hang vong phin chia
hoan toan (Complete Partition). Gid si bd lap lich t8i wu xdc dinh té bao & cia vao thir 7 dwoc
chuyén sang ctra ra thi 1 [4], ta ¢6 hé phuong trinh mé td dong hoc cda hé théng

%t_):vmﬁ%?(;)+ﬁi(t))‘i(t), 2 = 1; 2 v 5 0 (17)

Cin tim ludt digu khién t8i wu B; (t) d€ cuc ti€u héa t&ng thoi gian tré va cuc dai héa t8ng lwu
lwong diu vao theo ham muc tiéu sau
tf n

J= /Z [w; i (t) — B (t) Xi(t)]de. (18)

to =i

T (17) ta thdy: véi cdu tric cdc bd dém hoan toan riéng bigt, bo chuyén mach dwgc xem nhu
n hé théng SISO. Bai todn digu khi€n ludng t3i wu (17)-(18) cé thé phan ri thanh n bai todn nhé
(17)-(19)

tr

b :/{wi zi(t) — Bi(t) A (t)]dt. (19)

to

Ta 4p dung nguyén ly cuc ti€u Pontryagin. Thanh lip ham Haminton

H(oi, i pit) = wealt) = Bl M(0) +31(0) (= s 2+ 1(0) (). (20)

T digu kién (11), ta c6

dp; 0H 1 2
—— = —w; it | ————= | - 21
dt B wit pilt) <1+z,~(t)> (21)

Theo digu kién dirng (13)
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~ * v ~ ~ d ; t 5, ~ N .4
Ta nhin duoc pf(¢t) = 1 = hing s8. Nén pc}—t() =0, va thé vio (12) ta tinh dwoc trang thai t8i
uu
- Hi
b= g )= =1 23
SHOENE (23)
T dp; (t) | _ . s e ne B
B&i vi z! (¢t) = hdng s6, ta thay 5 = 0 vao phuong trinh trang thédi (17) sé nhin dwoc két
qud

B0 = 5 (s = Vi), ot
Ai(t) = B (e) Ai(t) = pi — Vows .

Ta thidy A (t) < pi. Do dé p* < 1, ditu kién (5b) théa min, hé thdng x€p hang &n dinh. Néu
w; > g, thi A7(t) < 0. Nén can chon trong sd w; < y;.

Néu viét (17), (18) duéi dang vecto va gidi bai toan diéu khién t8i wu cho hé thdng MIMO, ta
cling nhian duwoc két qud nhu trén nhwng tinh todn phic tap hon. T quan di€m diéu khién theo thoi
gian thuc, cdu tric cidc b6 dém ddc 1ip véi nhau nhir trén 13 thich hop. Trong trudng hop cac bd
dém ki€u chia sé hoan toan, chia sé véi cac hang cuc dai, chia sé véi cip phét t5i thi€u... (Complete
Sharing, Sharing with Maximum Queues, Sharing with Minimum Allocation...) [5], ta phdi xét bd
chuyén mach nhu hé thdng MIMO phi tuyén

(24)

5. BO PIRU KHIEN LUONG MIMO PHI TUYEN TOI U'U

Ta khdo sit bo chuyén mach gém n cip cia vao cira ra cho n 16p (dich vu). Ap dung phuong
trinh (1), ta c6 hé phuong trinh dong hoc hé thdng
dzi(t)
dt

=B (t) Mi(t) —eu(t), 1=1,...,n. (25)
Véi ciu tric chia sé bo dém, t8c db t& bao di tai cira ra th ¢ phu thude vio s luong té bio
khong nhirng cia 16p © ma con cia tat ca cac 16p khac
a;(t) = fis GilZiy-er , By ooy (26)
Ta viét lai (25) duéi dang cd dong

dz(t)

2 fe(e),m) + BB, (27)

Trong dé z(t), f(.), ¢ 1a cic vecto n chidu, B(t) 1 ma trin dudong chéo

filz(t), 1) = —pi Gi(=(t)), (28)

B(t) = diag (A, (t), ..., An(t)). (29)
Dang vecto cda ham muc tiéu (18) la
tj

J = / [wT z(t) — AT (¢) B(t)] dt. (30)

ty
Ap dung nguyén 1y cuc ti€u Pontryagin, ta thanh lip mang Haminton
H = wTs(t) = N7 (8) B(e) + 7 (8) [£(a(t), ) + B)A(E)]. (31)

Sau dé, ta cé dieu kién dung
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oH

- = T =

35 A(t) + BY () p(t) = 0. (32)
Phuong trinh déng trang thai

dp  0H af

A M A e A 38)

Giai hé cdc phuong trinh (27), (32), (33) ta tim dwoc gid tri t81 wu p*(t), z*(t), B*(t). Tir (32),
(29) ta cé

p*(t) = (BT(t)) " A(t) = . (34)

. e . . dp’(t
Béi vi p*(t) 1a hing s8 (bdng vecto don vi ), nén thay p;it( ) =0 vao (33) va theo (28) ta cé

hé phuong trinh dai s8

PO, ) | SO gy -
T dé tinh dwoc z*(t). Cé thé thiy z*(t) = hing s8, do u,;, w; khéng d3i trong khodng thei
gian t61 wu héa. Cudi cung, thé d%t(t) = 0 vao (27) ta nhan duwoc digu khi€n t8i uu (sau khi bién

a3i)
B 6) = i Cil=" (1), (36)

Ai(t)

Ta thiy két qud (24) cho hé théng SISO 1A trudng hop dic biét cda (36).

Tiép theo, ta xdc dinh cdc ham s8 G;(z, (t)). Nhu phan tich & Phin 2, G;(z(t)) duwgc tinh nhw
hé s6 st dung cda hé théng xép hiang twong tng véi cdp cia vio cda ra thi . Gid thi€t cac qud
trinh dén theo luit Poisson va déc lip véi nhau. Cho trudng hop phire tap nhat: bé chuyén mach
véi bo dém chia sé hodn todn, ta ¢ s8 t& bao trung binh cda lép 1 [5]

(= (t
) Gilalt) (57)
1 — G;(z(2)) Z
> Q(k)
k=0
Trong dé: N
Q) = Y AGHa(0), k=0,1,..,B. )
=]
N
1 1
A= —— I1 T (39)
=) me1 1L~ Goae)

B 14 ¢& cia bd dém.

So v61 hé thong xép hang M/M/1, tim cdc ham nguoc G;(z(t)) cho hé théng da dich vu & diy
phic tap hon nhigu. M6t phuwong phdp hién dai, rat hidu qua 13 s& dung mang no ron nhin tao,
dwa vio tinh chdt: cic mang no ron truyén thing va RBF (Radial Basis Function) ¢6 khd ning xdp
xi cdc ham phi tuyén bit ky véi d§ chinh xdc tuy y. D& luyén mang [2], cho tip cdc gia tri GY,
1 =1,2,...,n, p = 1,2,...,m (chon trong mién lam viéc), theo (37)-(39) ta tinh dwoc tip cédc gid
tri zI' twong dng. Véi ciu tric dwoc chon thich hop va tip miu {z!, G’} di 16m, sau qud trinh

luyén ta nhin duwoc mang no ron véi n dau bao z,,zs,...,z, vd n diu ra - 1la xip xi clda cédc ham

. Son o s e "
Gi(zy, 22y ..y 20), Ga(z1, T2y ooy Zn),y ooy Gulz1, 22, ..., Zn). Sau dé, cho vao cdc gid tri =}, z5, ..., 7,
£ n b 7 * * * * * * * * " - ~
4 diu ra cda mang ta ¢é Gy(z7, t5,...,z;), Ga(z1,25,...,2}), ..., Gu(z}, 23, ..., z,,) - can thiét dé

tinh (36).
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6. KET LUAN

Trén diy ching tdi da dua ra phuong phap tinh toan bo diéu khién ludng phi tuyén t8i uu si
dung mé hinh déng cho mang ATM. Déng hoc cda bd chuy&€n mach duwoc thanh lip tir phwong trinh
can bing t& bao, va dwa vao li thuyét xép hang hoic mé hinh t8n thit da dich vu. Dé phuc tap cia
hé théng phu thuéc vao ciu tric bé dém. Trong trudong hop cac bé dém hoan toan riéng biét, ta ¢
thé tinh cic bd diéu khi€n SISO déc lip v6i nhau. Néu bd dém dung chung (tirng phin hodc toan
phian, thiét ké bé diéu khi€n MIMO kha phic tap. Cudi cing lwu ¥ ring: si dung mang no ron &
day sé rit hiéu qua:

- Nho khd ndng xi li song song cia mang no ron, bé dieu khi€n dat duoc tSc do tinh toin rit
cao, dap dng yéu cau cia mang ATM.

- Dung mang no ron thay déi tham s6 va ciu tric ta c¢6 thé nhan dang truc tuyén hé thong
(tinh cdc ham s8 G;(X(t))). B dieu khi€n c6 tinh thich nghi, ddm bio hé thdng ludn giir duoc ché
dd 1am viéc t61 wu trong diéu kién cic tham s& cia mang luwéi thing gidng lién tuc.
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