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DIEU KHIEN LUONG TOI U'U

SU' DUNG MO HINH DONG CHO MANG ATM. . .

DANG CONG TRAM, CHU VAN wi

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 (M1NO) flow control system can be decomposed into single-input single-output (S150) system, A
general method for designing M1MO controllers is also proposed,

Torn tiit. Bai nay dua ra mot phu'o'ng ph ap tinh torin b9 di'eu khie'n luong toi iru sUodung me hmh luong
dong cho m<)-ngATM, Tuy theo tin h chat ctia b9 dieu khie'n l~p lich te bao, trong nhieu t ru'o'ng ho'p, h~
thong di'eu khie'n luong nhieu cu'a vao - nhieu cda ra (M1MO) co the' ph an ra than h cac h~ thong mot cii'a
vao - mot cda ra (S1SO), Chung toi cling gio'i thieu phu'crig ph ap t8ng quit de' tinh toin b9 di'eu kh ien nhieu
cd'a vao - nhie u cda ra (MIMO),

1. MO" DAU

Hau het cac bo dieu kh ie n dang 5U:dung, nh ir cai thimg ro , cua 56 tru"ut", deu d u'a tr en rno
hin h luong tinh - voi gii t hiet hru hrong dau vao khong th ay d6i theo thai gian [1,3,5,7), VI the h~
thong khong the' d at di? chinh xac v a tin cay cao. Vi d1,1:co the' mat mdt 50 hrong dang ke' cac te
bao khi x ay r a nghen , nhung tll~ t6n that tinh t.ren kho ang th oi gian d ai vin nho. De' n ang cao chat
hro'ng dieu khie n , can thiet ph ai xay du'ng mo hinh luong di?ng lam CO" 56' cho ph an t ich v a th iet ke
he thong, B6"i VI cac phuo'ng tririh dong h9C kho ng nhiing dung cho gi ai do an d irng - n hu' mo hln h
tinh , m a con bie'u dien d u'o'c nh irng th ang giang lien tiep trong qua trlnh qua di? - rna 6' m~ng ATM
luon xay ra, co tfn h ngiu nhien va bung n6, M~t khac, t a 5e ap dung dU"9"Cnhiing phiro'ng ph ap
toi U"Uh oa h ieu qui nlur ng uyen Iy C1rCtie'u Pontry agin , qui hoach dong Bellman,," Mo hlnh dong
hoc t ir lau da duo c 51.\:dung cho dieu khie'n cac qua trlnh corig nghe (QTCN) trong n ang hro'ng , CO"

khi, ho a chat.." nhung con moi doi voi cac mang vien thong 15), ve 51,1'cham tre nay co the' neu h ai
n guyen nh an chinh:

1. Toc di? thOng tin can xu' Iy 6"day rat 16n: trong mang ATM co the' len toi nh ieu Gbit/ giay ;
con trong h~ thong dieu khie'n cac QTCN cham chi kho ang chuc ran c;it miu / giay.

2, Cac qua trlnh trong vien thong co tinh phi t uy en m anh: phuo'ng ph ap t uyen tinh hoa (da
d u'oc chap n h Sn cho rat n hieu QTCN) co the' gay r a sai 50 16n,

Xay d ung bo dieu khie'n phi tuyen ph ire tap vo i toc do rat Ion bhg nhii:ng vi mach 50 h ien co
5e g~p nhisu kho khan,

Theo chien 11IUCdieu khieri luon g ph an cap, dieu khie'n rmrc te bao co 2 nhiern vu: lap lich trinh
te bao cho bi? ch uye n m ach va dieu khie'n luong vao. Nhir ph an tich trong [4), viec I~p lich toi U"U
ciing rat phuc t ap. Do do, cluing toi de nghi thiet ke b9 dieu khie'n l~p lich r ieng de' de thuc hien ,
dong thai trong nh ieu truo ng ho'p co the' ph an ra h~ thong (lieu khie'n luong M1NO th anh nhieu vong
dieu khie'n SIS0" Trong b ai, ch ung toi trlnh bay each tinh bi? die u khie n luong S1S0 phi tuye n toi
uu theo ng uyen ly CV"Ctie'u Pontry agin. Phu'ong ph ap t6ng quat t hiet ke bi? dieu khie'n M1MO cho
cac h~ thong phu'c tap cling dtro'c dua r a v a ph an t ich kh a n aug thirc hien.

2. MO HINH LUONG DONG

2.1. Phuong trinh d(mg hoc

Hinh 1 la 50' do mot cua VaG mot cua ra cd a bo chuye n m ach ATM, Bi? dieu khie'n dau r a OC
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co nhiem vu chuye n cac te b;1Odii duo c l~p lich den cua ra eho truo c [4], Bi? die u khie'n dau vao IC
thay d5i bien dieu khie'n hru hro'ng ,B(t) E (0,1) sao eho bi? d~m khorig bi tr an vi toi U'U hoa ham
m uc t ieu J, Ky hieu: x(t) la so te bao co trong bi? d~m, A(t) Ii toe di? den, art) la toe di? di & thoi
die'm t,

.\(Il

j,(t)

·1 !
r~(t)),(1

.j'" 'D .j I <X(!)

IC OC ~

CLra vao Be) dcm Cua ra

Rinh 1

Ta co ph trong trinh din bing so luo'ng te bao sau khoang thoi gian 6.t:

Hay

6.x(t) = ,B(t)A(t) 6.t - art) 6.t,

6.x(t) = ,B(t)A(t) - a(t),
6.t

Cho 6.t ----+ 0, t a nh an dtro-c
dx(t)
~ = ,B(t)A(t) - art). (1)

M~t kh ac, giira A(t), x(t), art) ton t ai cac quan h~ cii a he thong xep hang, C6 the' bie'u di~n
art) n hu' ham so cu a x(t) n htr sau [5]

art) = J.L G(x), (2)

trong do J.L Ii toe do ph uc V\l, Thay VaG (1) t a duo c phuc ng trinh dong hoc cu a luong

dx(t) = -J.L G(x) + ,B(t) A(t),
dt

(3)

dx(t)
De' hie'u y ng hia vfit ly cu a G(x), t a xet trtro'ng ho'p luong t.inh: x(t) la hiing so, -- = 0, Ta

dt
co G(x) = ,BAI J.L, Day chinh Ii h~ so sri, dung cu a h~ thong,

2,2. H~ thong xep hang M/M/1

6 day cac te b ao den theo qua trinh Poisson, thoi gian phue V\l co ph an b5 him mii , h~ thong
co 1 cu'a VaG 1 cua ra. Goi k Ii trang thai (so te bao] cu a he thong, Ak vi J.Lk Ii toe di? den vi toe
di? ph uc V\l cu a cac te bao, Pk la xac suilt h~ thong 6' tr ang thai k (co k te b ao]. T'ir can biing luong
t a e6

(4a)

(4b)

Neu toe di? den va toe di? ph uc vu khorig phu th uoc tr ang thai cti a h~ thong: Ak = A, J.Lk = J.L,

theo dieu kien L Pk = 1, t a t inh diroc [5]

Pi; = (1- p)/, (Sa)

trong do:
p = AI J.L < 1. (5b)
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Gia tr] trung binh cu a so te bao co trong h~ thong la
00 00

E(k) = ~ kPk = ~ k(1 - p)l = _P- ,
L L 1-p
k=O k=O

(6)

Doi chieu vo'i phan tren, ta thay E(k) va P tucng irng vrri x(t) va G(x), Do do tim diro'c

G(x) = x(t) (7)
1 + x(t)

...... ..J,.,

3, DIEU KHIEN TOI UU

3,1. Nguyen 11 cV·ctie'u Pontryagin

Trong t ai lieu, ta thay nguyen li diro'c trinh bay diro'i nhieu hinh th irc vo'i mire di? phu'c t ap
kh ac nh au. Duoi day ta chi neu nhirng ni?i dung din thiet cho bai nay [5,6],

Xet h~ thong dtro'c mo ti bhg phircng trinh vi ph an

dx(t)-- = j[x(t), u(t), t]; x(to) = Xo, x(tf) = xf 'dt (8)

Trong do x(t) E H" la vecto' tr ang thai, u(t) E R'" la vecto: dieu khi~n, Can tlm dieu khi~n toi lTU

trong mien chap nhan dU"<?,Cu*(t) E U d~ du'a h~ thong tir trang thai Xo den xf sao cho orc tie'u hoa
ham muc t ieu

tf

J = J g[x(t), u(t), t]dt,
to

(9)

Ta dinh nghia ham Haminton

H[x(t), u(t), p(t), t] = g[x(t), u(t), t] + pT (t) j[x(t), u(t), t], (10)

Trong do p(t), d tro'c goi la vect o dong tr ang thai (Costate Vector), t hoa man phuo'ng trlnh vi phfin

dx(t)
dt

dH
dx

(11)

Nguyen li C\l'Cti~u Pontryagin ph at bie'u: neu u" (t) Ii dieu khie'n toi U'U thl ton t ai p" (t) nhtr
sau

H[x*(t), u*(t), p*(t), t] = min H[x(t), u(t), p(t), t], to:S t:S tf'
lLEU

(12)
x" (t) du'o'c goi lit tr ang thai toi U'U,

Noi khac di: ham m\lc tieu (9) se dat cuc tie'u neu ta tim dtroc p*(t) tho a man (11) va u*(t) E U
C1).'Cti~u ho a ham Hamiton (10), T'ir dieu kien can cho ton t ai cu:c tri cu a H[x(t), u(t), t] theo u(t),
t a co

~~ = 0, (13)

Phuong trlnh (13) du'o'c goi Ii dieu kien dung, (11) lit phiro'ng trlnh dong tr ang thai, Nguyen
ly C1).'Ctie'u chi dira ra dieu kien can, nlumg trong phfin lon cac tru'ong ho'p thuc te cho phep t a xac
dinh du'o'c dieu khie'n toi till.

3.2. Ham muc tieu

Chat hro'ng cu a m ang vi~n thong diro'c danh gia theo cac tham so sau: thOng lu'o'ng , thoi gian
tr~, bien d5i cu a tr~, h~ so suo dung, ti l~ t5n that, so te bao trong bi? d~m", Thai gian tr~ co th~
bie'u di~n gian tiep qua ti so x(t)/>.(t), Sau day la mot so ham m uc tieu thrro'ng dung,
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1. Cuc ti~u h6a so te bao trong b{) d~m ho~c thai. gian tr~, va C~'C d ai h6a thong IU'C~>'ng

tf

J1 = J [w x(t) - JiG(x(t))]dt,
to

(14)

trong d6 W la trong so can chon thich ho'p.

2, Cuc ti~u h6a so te bao trong b{) dern ho ac thai. gian tr~, va C~'C d ai h6a hru hro'ng dau v ao

tf

J2 = J [w x(t) - ,BA(t)]dt, (15)

3_ Cuc ti~u h6a cong suat - duo c bi~u dien nh« ti so giira thong IU'Q'ngva thai. gian tr~

tf

J3 = J (,B~i;t) di,

t"

(16)

A..... "" .•.... ..t ,.,

4, BO DIEU KHIEN LUONG SISO PHI TUYEN TOI U"U

Ta xet b{) chuyeri rnach c6 n cua v ao , n cua ra, n b{) dern dau vao kie'u hang vong ph an chia
ho an toan (Complete Partition), Giit su' b{) l~p lich toi U'Ux.ic dirih te bao 6, cua v ao t.htr i dtroc
chuye n sang cua r a thl!' i [4], t a c6 h~ phtro ng trinh mo tit d{)ng hoc cti a h~ thong

dx;(t) Xi(t) ) () .-dt- = -Jii () +,B;(t Ai t, t = 1,2, .. "n,
1+ Xi t

(17)

Can tlm lu~t die u khie'n toi U'U(3; (t) de' c~'C tie'u h6a ti5ng thai gian tr~ va C~'C d ai h6a ti5ng hru
luorig dau v ao theo ham muc tieu sau

tf n

J = J L [Wi Xi(t) - (3;(t) A;(t)]dt,
t .=1

()

(18)

Tir (17) ta thfiy: voi cfiu true cac b6 d~m h oan to an rieng biet , b{) chuye n m ach duo c xem rih tr
n h~ thong S1S0, Bai to.in dieu khie' n luong toi U'U (17)-( 18) c6 the' ph an ra thanh n bai to an nho
(17)-(19)

t f

J' = J [Wi Xi (t) - (3;( t) A;( t)] dt. (19)

Ta ap dung ng uyen ly cu:c tie'u Pontryagin. Thanh l%p ham Haminton

(
Xi (t) )H (Xi, (3i, Pi, t) = ui, Xi (t) - ,Bi (t) A, (t) + Pi (t) - Jii ( ) + ,Bi (t) Ai (t) ,

q + Xi t
(20)

'I'ir dieu kien (11), ta c6

( )

2
dp; en 1
dt = - aXi = -Wi + Pitt) Jii 1+ Xi(t) (21)

Theo dieu kien dirng (13)
aH
J(3i = -A;(t) + p;(t) A;(t) = 0, (22)
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uu
Ta n hfin du'o c p7(t) = 1 = hiing so. Neri dp~t(t) = 0, v a the v ao (12) t a tin h duo'c trang thai toi

x; (t) = (i.4 - 1.
V~ (23)

d • (t)
B6'i vi x;(t) = hiing so, t a thy +, = 0 v ao phtrong trlnh tr ang thai (17) se nh an ducc ke't

qui

(3: (t) = Ai~t) (jJ.i - VjJ.iWi), hoac

A: (t) = (3; (t) A;(t) = jJ.i - VjJ.iWi .
(24)

Ta thfiy A; (t) < jJ.i. Do do p' < 1, dieu kien (5b) thoa man, h~ thong xep hang 5n dirih. Neu
Wi> jJ.i, thi A;(t) < O. Nen can chon trorig so Wi < jJ.i'

Neu viet (17), (18) du'o'i dang vecto va g iai bai to an dieu khi~n toi uu cho he thong MIMO, t a
c iing nh an du'oc ket qui n h u tr en n h ung tfnh to an ph ire tap ho'n. TiJ.' q u an di~m dieu khieri theo t.ho-i
g ian thu'c, cau tr iic c ac bi? d~m doc lap voi n h au n h tr tren la thich hop. Trong truong ho'p c ac bi?
dem kigu ch ia s~ 110an t oan , ch ia s~ vo'i c ac hang CI).'C dai, ch ia s~ voi cap ph at toi thigu ... (Complete
Sharing, Sharing with Maximum Queues, Sharing with Minimum Allocation ... ) 151, t a ph di xet bi?
chuye n m ach n lur h~ thong MIMO phi t uyen

..•. "" ,J ,_ ,., ,..,

5. B9 DIEU KHIEN LUONG MIMO PHI TUYEN Tal UlJ

'I'a khao sat bi? chuye n m ach gom n cap cua v ao cua r a cho n lop (dich vu). Ap dung phtro'ng
trinh (1), t a co he ph uong trinh dong hoc he thong

dXi(t) = (3;(t) A;(t) - a;(t), ~ = 1, ... , n.
dt

(25)

V6'i dlu tr uc ch ia s~ bo dem, toc do te bao d i t ai cua r a th u: i phu thuoc v ao so IU'<?l1g te bao
khcrig n h irrig cu a lop i m a can cu a tat d cac lop kh ac

ai(t) = jJ.i G;(Xl, .. " Xi, .. ·, Xn). (26)

Ta viet lai (25) d uo i dang co dong

dx(t)
- = f(x(t), jJ.) + E(t)(3(t).

dt
Trong do x(t), f( .), jJ. la c ac vect o n chie u , E(t) la m a tr an duong cheo

(27)

1; (x ( t), jJ.) = - jJ., Gi (X ( t ) ), (28)

E(t) = d iag (Adt), ... , An(t)). (29)

Dang vecto: cu a ham m':lc t ieu (18) l a

tf

J = J [wT x(t) - AT (t) (3(t)]dt.
t!J

(30)

Ap dung n guycn Iy CI!.'C ti~u Pontry ag in , t a t h arih lap m ang Harninton

H = wT x(t) - AT (t) (3(t) + pT (t) [f(x(t), jJ.) + E(t)(3(t)]. (31)

Sau d6, t a c6 d ie u k ien d img
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3H7ii3 = -A(t) + BT (t) p(t) = O. (32)

Ph iro'ng trinh dong tr ang thai

dp d H at
dt = ---;;; = -w - ax p(t). (33)

Ci<ii h~ cac phuo'ng trlnh (27), (32), (33) ta tlm duo c gia tri toi U'Up*(t), x*(t), ,B*(t). T11' (32),
(29) t a co

p*(t) = (BT(t)rJ A(t) = I. (34)

Ec)-iVI p'(t) la hang so (bang vecto: don vi 1), nen thay dp~;t) = 0 v ao (33) va theo (28) ta co

he phuorig tr in h dai so

3Cdx(t)) + 3C2(x(t)) + + 3CN(x(t)) _ Wi = 0
ax;(t) ax;(t) ux;(t) f-Li '

i = 1,2, ... , n. (35)

Tu: do tinh d u'o'c x'(t). Co the' thay z ' (t) = hang so, do f-Li, Wi khong d6i trong khoang thai

. ~. I' C~·' h~ dp7(t) 0' (27) hf d d'~ kh'''' ~. ( khi b'~g ian tOI U'U ioa. UOI cung, t e -----:it = v ao t a n an uoc leu ie n tOI U"U sau lien

d6i)

,B;'(t) = f-L(i) C;(x*(t)).
Ai t

(36)

Ta thay ket qui (24) cho h~ thong S1SO la truo ng ho p d~c bi~t cu a (36).

Tiep theo, t a xac dinh cac ham so C;(x, (t)). htr ph an t ich o' Phan 2, C;(x(t)) du'cc tinh nhir
he so sll: dung cu a h~ thong xep hang tu'c ng ung vo i c~p cu'a vao cua ra th ir i. Cia. thiet cac qua
trlnh den theo luiit Poisson v a d9C lap vo'i nhau. Cho truo ng hop phirc tap n hfit: b9 chuye n m ach
vo'i b9 dem chia s~ ho an toan , t a co so te bao trung blnh cu a 16-pi [5]

x(t) = C;(x(t))
t 1 - C;(x(t))

D-J
L [1 - Cf-k(x(t))]Q(k)
k=O

D
L Q(k)

k=O

(37)

Trong do: N

Q(k) = L Ai C7(x(t)), k = 0,1, ... , B. (38)
i=i

1 N 1
Ai = II1 - (",(xi,(t)) 1 _ (;m(X(t))m"') n,(x(t))

(39)

B la co' cu a b9 demo
So voi he thong xep hang MIM/1, tlm cac ham nguo'c C;(x(t)) cho he thong d a dich VJ,l& day

ph ire Lap hon nhie u. M9t phiro ng ph ap hien dai, rat hieu qua la suo dung mang no ron nh an tao,
d ua v ao t.inh chat: cac m<;tngna ron truy'en thing v a REF (Radial Basis Function) co kh a nang xfip
xi cac ham phi tuyen bat ky voi <:19chinh xac tuy y. De' luyen m<;tng [2], cho t%p cac gia tr i C~',
t = 1,2, ... , n, p = 1,2, ... , m (chon trong mien lam viec], theo (37) - (39) t a tfnh du'o'c tij.p cac gia
tri <' tuo'ng irng. V6-i cau true duo c chon thich hop v a tap mh {x;', cn du lo'n, sau qua trinh
luyen t a nh an diroc m ang no' ron vo'i n dau bao z j , X2, ... ,Xn va n dau ra - la xfip xi cu a cac ham
CdxJ, X2, ... , x,,), C2(X), X2, ... , xn), ... , Cn(xJ' X2, ... , xn). Sau do, cho VaG cac gia tri x~, x2, ... , x;"
o· dau ra cii a m ang t a co Cdx~, ~2""'x;,), C2(X~,x2""'x;,), ... , C,,(xi,x2, ... , x~) - can thiet de'
tfnh (36).
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6. KET LUAN

Tren day chung toi da drra ra phtro ng ph ap tfnh toan b9 dieu khie'n luong phi tuyeri toi iru su
dung md hlnh d9ng cho m;:LngATM. D9ng hoc cu a b9 chuyen m ach dtroc th anh l~p tir phtrong trrnh
can b!ng te bao, va d ua v ao If t huydt xep hang ho~c mo hlnh t5n that da dich vv. D9 phuc t;:LPcua
h~ thong ph u thuoc v ao cau true b9 demo Trong tru'ong ho'p cac b9 d~m hoan toan rieng biet, t a co
the t.inh cac b9 dieu khie'n S1SO d9c l~p voi nhau. Neu b9 d~m dung chung [t img ph an hoac toan
phfin , thiet kC b9 dieu khie'n M1MO kh a phirc tap. Cuoi cung hru y d.ng: su: dung m;:Lngno' ron (r
day se rat hieu qua:

- Nho kh a n ang xli' If song song cu a m ang no' ron, b9 dieu khieri d at diro'c toc d9 tinh toan rat
cao, d ap irng yeu cau cu a m ang ATM.

- Dung m;:Lng no ron thay d5i tham so va cau tr uc t a co the' nh an dang truc t uyen h~ thong
[t in h cac ham so Cd X (t))). B9 dieu khie' n co tIn h thich nghi, dam bao h~ thong luon giil: du'oc che
d9 lam viec toi uu trong dieu kien cac tham so cu a m;:Lnghro i thang giang lien t uc.
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