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DIEU KHIEN NGHEN CHO MANG ATM

NGUYEN Quae KHANH

Abstract. In this paper we develop a method using Smith's predictor for congestion control in Asynchronous
TransferMode networks. The control law guarantees no buffer overflow and maximal link utization.

T6m tltt. Trong bai nay chung t5i ph at trie'n mi?t phtrong phap s11:dung bi? dlf' bao Smith cho di'eu khie'n
nghentrong mang ATM. Lu~t di'eu khie'n dam bdo khOng bi tran bi? d~m va SU' dung tuyen t5i da.

1. D~T VAN DE

Kie'u truyen khOng dong b9 ATM (Asynchronous Transfer Mode) dil diro'c Hiep h9i Vi~n thOng
qudc te ITU (International Communication Union) khuydn nghi chon lam cong nghe truyen dh cho
mang da dich vv. Trong vai narn g'an day, Internet dang tr6- thanh d5i thd canh tranh d'ay tiem nang
- v&ithe manh dil n5i mi).ng toan c'au, doi hoi dh tir CO" s6- hi). t'ang thap, gia ciroc rL. (; d. hai
mang tren, nhat la Internet, nghen la sV-c5 ky thu~t hh hirong nghiem trong den cha:t hrong dich
Vl). (keo dai thai gian tr~, lam ma:t cac te bao ho~c goi tin), th~m chi co the' gay im tic day truyen,
lam te li~t heat d9ng cii a mi).ng. VI the dil co nhieu cong trlnh nghien CUu cac phuong phap phong
chang nghen (Peterson, Jain, 1996; Ding, Zhao, 1997; Liew, Altman, 1998; Mascolo, Weng, 1999 ...) ..

Trong bai nay clning toi trlnh bay sir phat trie'n phtrong phap slYdung b9 dtr bao Smith trong
[4].Khi nghien ciru cac h~ thdng chiu tac d9ng cii a tr~ dieu khie'n, Smith dil sang tao ra m9t CO" cau
nHm khtt anh huang cua no den d9ng h9C ciia h~ thdng kin, giiip ta co the' thiet ke b9 dieu khie'n
thee nhirng phirong phap thong thirong cho cac h~ th5ng khOng trt Phan tich 5 lap dich vv do
Di~ndan ATM dinh nghia (ATM Forum, 1996)' ta tha:y v&i m9t s5 b5 sung co the' ling dung phirong
phap Smith de' dieu khie'n hru hrong cho lap dich vu ABR (Available Bit Rate). M9t s5 bi~n phap
nHm nang cao chat hrong dieu khie'n cling diro'c ban den.

2. THANH L~P BAl ToAN

Ta mo ta qua trlnh dieu khie'n lu'Ong te bao cho ket n5i tit nut chuyen mach ngu'On S qua m9t
so nut chuydn mach trung gian den nut chuydn mach dfch D. Di~n dan ATM (1996) qui dinh: crr
32 te bao dli'li~u thl nut nguon gm 1 te bao quan If Uti nguyen RM (Resource Management). D9C
dircng di, khi g~p te bao RM cac chuye'n mach phai ghi vao do gia tr] khoang tr5ng e ciia b9 d~m -
trrchi~u so giiIa dung hrong duxrc cap phat rO v&i so te bao x xep hang trong b9 d~m. Den nut dich
cac te bao RM quay tr6- lai nguon, mang gia tr] e nho nhat dil. nh~n diro'c tren dirong di, Can ctr vao
e h9 dieu khie'n tai nut ngu'On c~p nh~t lai t5c d9 lu'Ong vao u de' di).t diroc muc dich de ra (khOng bi
tran h9 d~m, sd' dung toi da bang thOng). Qua trlnh dieu khie'n diroc l~p lai sau chu kl dt m~u T•.

(; day, ta nghien CUu mo hmh h~ thOng lien tuc, Ki hi~u khoang thOi. gian te bao RM di tit nut
c5 chai - nut co gia tri e nho nhfit , nguy CO" bi nghen 16'n nhat - den nut dich va ngiro'c tra lai nut
nguon bhg Tfb (thai gian phdn hoi), va khoang thai gian luong te bao di tit nut nguon t&i nut c5
chai bhg Tfw (thai gian truyen xuoi]. Khi do

(1)

diroc goi la thai gian di m9t yang, no khOng phu thuoc vao vi trf ciia nut c5 chai. D9ng h9C cua doi
tircng dieu khie'n diroc rnf ta bhg phirong trlnh can bhg so hro'ng te bao ciia b9 d~m
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t

x(t) = j[u(r -1iw) - a(r)]dr.

°
(2)

Ho~c dx(t)
- = u(t - Tfw) - a(t). (3)dt

Trong cac cong thirc tren, toc de;>lu()ng ra a(t) phu thue;>cvao de;>re;>nghang kha dung bav(t) tuygn
ra cii a nut c5 chai va tlnh trang cua be;>d~m (c6 tg bao do'i hay trong):

a(t) = { bav(t) ngu x(t) > 0,
min{u(t - Tfw), bav(t)} ngu x(t) = 0.

(4)

Trong trtrong hop lap dich v¥ ABR cti a mang ATM ho~c dich v¥ "best effort" diroc cung cap bd·i
IPv4, de;>re;>nghang bav(t) cho kgt noi dang xet phu thuoc vao t5ng hru hrong cua tuygn ra va kh6
do dtro'c trong thirc tg. Do d6, ta coi a(t) la nhi~u (disturbance) theo nghia la me;>tham tien dinh
khOng bidt. Ta chuin h6a dung hrong truyen cua tuygn nut c5 chal bhg 1 va xet triro'ng ho'p xau
nhat khi a(t) la h~ng so [dtrong] tirng dean, thay d5i d9t ng9t tai m9t so di~m (hlnh 1):

p

a(t) = L::a;l(t -1i). (5)

Trong d6 T1 > Tr, Ti > Ti ngu j > ij
a1 E (0,1]' ai E [-1,0) U (0,1] voi i > l ;
l(t) la ham biroc nhay don V!:

l(t) = {1 n:u t ~ 0,° neu t < 0.

i=1

(6)

(X (t)

a1

at+ a2
a1+a2+a3

o Tr T1 T2 T3 T4 t

Rinh 1

Den day, ta c6 th~ phat bi~u di'eu ki~n d~ dat dtro'c cac muc dich dieu khi~n nhir sau:

1) x(t) < rO, t > 0, (7)
dam bao rhg be;>d~m luon khOng bi tran.

2) x(t) > 0, t ~ r.. (8)
Theo (4) ta c6 a(t) = bav(t), tu-c tuyen diroc s11-dung toi da,

3. PHUO'NG PHAp GIAI

Ta thay tho-i gian tr~ dh Mn cac phucng trlnh vi phan vOi doi so l~ch (3), ho~c dang sieu vi~t
(9). Day la tro- ngai Ian cho phjin tich va thiet ke h~ thong. Ngirci ta dii dira ra me;>tso phtrong
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phap giai, song kha phirc tap [2]. Thirc te cho thay phirong ph ap cua Smith don gian va rat hi~u
qua trong nhi'eu irng dung. Bai toan di'eu khie'n nghen co mi?t s5 die'm khac v&i so' d~ CO" bin, song
ta v[n eo the' v~n dung nguyen If ciia Smith.

Lay bien d5i Laplace hai ve ciia (2), ta co

X(S) = Fp(s)[u(s) e-Tfw8 - a(s)], (9)

trong do

(10)

Ta ve diro'c so d~ kh5i cila h~ th5ng di'eu khie'n tren hmh 2.

x(t).---_--, u (t)

-,
I

F1 (S) I
I
I
I

Trs I
I FpCs)e- I
L J

B6 du' baa

Hinh 2

Sau khi tlnrc hi~n mi?t so phep tinh, ta nhan dircc phirong trlnh bie'u di~n quan h~ gifra chi'eu dai
hang doi voi dung hrcng bi? d~m va t5c di? ra nho' ham truy'en Laplace

FRPR(S) Fp(s) e-Tfw8 Fp(s)
x(s) = 1+ FRPR(S) Fp(s) e-Tr 8 r(s) - 1+ FRPR(S) Fp(s) e-Tr 8 a(s). (11)

Trong do FRPR(S) la ham truyen chung cii a bi? di'eu khie'n va bi? dir bao

F ()
_ FR(S)

RPR S - [ ] ,1+ FR(S) Fds) - Fp(s) e-Tr 8

(12)

FR(S) ki hi~u ham truyen ciia bi? di'eu khie'n.
Thay (12) VaG (11) ta co - sau khi bien d5i

( ) FR(S) Fp(s) -T 8 () [Ii' () FR(S) F/(s) e-
Tr 8] ()x S = e fw r S - c . S - a S

1+ FR(S) Fds) p 1+ FR(S) FIts) .
B9 dl)." bao Smith la trirong ho'p d~c bi~t khi chon

(13)

(14)

Theo nguyen If xep ch~ng cho cac h~ th5ng tuyen tinh, ta c6 the' xac dinh thay d5i ctla x(t) bhg
t5ng cac thay d5i thanh phan xr(t) va Xcx (t) do r(t) va ex (t) sinh ra
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X(t) = xr(t) + x",(t). (15)

(22)

Tir (13), (14) ta c6
Xr(S) _ FR(S) Fp(s) e-Tfw'

r(s) - 1+ FR(S) Fp(s) .
Hinh 3 la so do h~ th5ng tirong dirong cho khao sat chih dai hang dqi theo dung hrong be?d~m.

(16)

FR (5) Fp(s) __ _Tfw S X r (t)_ e L __

- ~1
Hinh :1

Ta thay thai gian tr~ bi d[y ra ngoai vong dih khidn va khOng con cl.nhhircng dgn phirong trinh
d~c trtrng cua h~ th5ng kin

1 + FR(S) Fp(s) = O. (17)

Dih nay cho phep thigt kg h~ th5ng nhir trtrong hop khOng c6 tr~.
D~ lai gi~i khOng phtrc t~p thu~n ti~n cho ph an tich giai tich, v6i. doi tirong di"eu khi~n (10) Iii

khau tich phan, ta co th~ chon be?dieu khi~n ti l~ P [1,41:

FR(S) = k. (18)
Thay (10), (14), (18) vao (13), ta diro'c

xr(s) = _1_ e-Tfw'

r(s) Ts + 1 '

x",(s) = _~ + [~__ 1_] e-TfW',

cx(s) S S Ts+1

(19)

(20)

trong do ta ki hi~u

T=~ k·
Trong su5t kgt n5i kenh ao dung hrong be?d~m khOng thay d5i:

r(t) = rO l(t - Tfb).
Ta c6 r(s) = rO e-Tfb' Is.
Thay cong thirc nay vao (19) va lay bign d5i Laplace ngrrqc, ta nh~n diro'c

xr(t) = L-l[xr(s)1 = (1- e-k(t-Tr)). (23)

Tirong tV', v6i. t5c de?ra bign thien th~o (5) ta tinh dtrcc thay d5i hang doi ttro'ng irng
p

x'" (t) = L [-ad t - 1i) l (t - 1i) + ad t - 1i - Tr) l( t - Ti - Tr)
i=l

(21)

- Tai (1- e-k(t-:Ti-Tr)) l(t -a: - Tr)]. (24)

Bay giO·ta phan tich cl.nhhircng ctia cac tham s5 h~ th5ng dgn mvc dich dih khi~n. D~ dang
thay dieu ki~n khOng tran be?d~m (7) luon thoa man. Th~t v~y, t5ng hai s5 hang dh 0- vg trai cUa
(24) bhg a voi t < T; va bhg
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p

-(Lad t; = -o t; < °
i=l

v6i.t ~ Tr• s5 hang thu- ba bhg ° vai t < T, + T; va am v6i t ~ T, + Tr• Nsn Xcx(t) :::;° vai t ~ 0.
Tit (23) ta th~y

Do do

Chii y r~ng di'eu nay dung cho dung hrong be?d~m nho bat ki.

Tiep theo, vi (t - T; - Tr) < (t - Tl - Tr), suy ra
p

- LTai (1- e-k(t-Ti-T,)) > Ta (1- e-k(t-T1-T,)).
i=l

x(t) > rO (1- e-k(t-T,)) - «t; - Ta( 1- e-k(t-Ti-T,)).

Ta clnmg minh diro'c

Do do X(t) ~ rO
- a(Tr + T).

Dg dieu ki~n sli· dung tuyen t5i da (8) thoa man, thi

rO > amax(Tr + 11k), (25)

trong do amax Ia t5c di? ra Ian nh~t (khi chuin hoa dung hro ng truy'en cua tuyen nut c5 ch~aib~ng
1). Ket qua nay Ia. CO" sO-cho tinh toan h~ th5ng.

Cu5i cung, M nhsn diroc Iu~t di'eu khi~n d~ thuc hi~n hem sli- dung ham truyen (12), theo so'
do tren hlnh 2 ta viet

t t

u(t)=k[e(t-T!w)-! u(r)dr+! u(r-Tr)dr].
o 0

So hang cu5i co th~ bien d5i nhir sau
t t-T, t=T;!u(r - Tr)dr = !u(a)da = !u(a)da.

o -~ ~ 0

B6-ivi u(t) khOng diro'c dinh nghia trong khoang [-Tr'O]. Thay vao bi~u th trc tren, ta nhan dtroc
ket qua

(

u(t)=k[e(t-Tfw)- I'u(r)dr],
t-T,

(26)

trong do e(t - Tfw) Ia khoang tr5ng cii a be? d~m da diro'c te bao RM cung c~p.

A A

4. KET LU~N

ve 101gill trlnh bay 0- tren, ta co m~y nh~n xet:
- C~u true cua h~ th5ng Ia hop Iy: ta dung bi? di'eu khi~n ciia nut ngudn di'eu tiet t5c di? Iuong

vao va chdng duoc nhi~u cho t·oan be? dirong ket n5i. Cach nay tri~t t~n g5c nguyen nhfin sinh ra
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nghen, hieu qua hon so v&i neu chi giai t6a nut c5 chai va kinh te hon each dieu khi~n tai tat d cac
nut chuyen mach.

- Lu~t di'Cu khi~n (26) kha don gian, thu~n lei cho ren rac h6a d~ stl: dung vao m~ng vi~n thong
'"so.

- Phirong phap ciing rat phii hop cho dieu khi~n nghen trong m~g Internet - Ill. van de cap
thiet hi~n nay [3].

Ta thay, c6 th~ nang cao chat hro'ng di'Cu khi~n bhg cac bi~n phap sau:
- Stl: dung cac b9 dieu khi~n phirc tap hen, nhir ki~u PI, PID. Liic bay gier phan tich bhg tfnh

toan ham qua d9 x(t) tr& nen kh6 khan, doi h6i md phong tren may tinh.
- Trong truong hop phai khu hh hirong cua thang giang tik d9 lu'Ong ra, ta c6 th~ suodung b9

dir bao Smith cai tign [1].
- f)~ giam tho'i gian tr~ Tfb do truyen thong tin phan h'Oi,c'an thay each thu nhap thOng tin nho'

te bao RM cay c9ng sinh vao phan truyen dh b~ng cac cong nghf tien wrn nh Irn tach lu'Ongthong
tin dieu khi~n ra khoi luong du' li~u, nhtr h~ thong bao hi~u so 7, ho~c TMN (Telecommunication
Management Network) theo khuydn nghi cila ITU.

Nh4n bdi ngdy 2 - 4. - 2001
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