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DIEU KHIEN NGHEN CHO MANG ATM

NGUYEN QUOC KHANH

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

Tém tdt. Trong bii ndy ching tdi phat trién mot phwong phip st dung bd dw bio Smith cho digu khign
nghén trong mang ATM. Luit digu khién ddm bdo khéng bi trin bd dém vi st dung tuyén ti da.

1. PAT VAN DE

Kiéu truyén khong dong b ATM (Asynchronous Transfer Mode) di dwoc Hiép héi Vién théng
qudc t€ ITU (International Communication Union) khuyén nghi chon lam céng nghé truyén din cho
mang da dich vu. Trong vai nim gin diy, Internet dang tré thanh ddi thi canh tranh day tiém ning
- v6i thé manh di ndi mang toin ciu, ddi hdi diu tw co sé ha ting thip, gid cuéc réd... O ca hai
mang trén, nhit 13 Internet, nghén 1 sw ¢8 ky thuit dnh hudng nghiém trong dén chit luong dich
vu (kéo dai thoi gian tré, lam m&t cic t&é bio hojc gbi tin), tham chi c6 thé giy un tic day truyén,
lim t€ liét hoat ddng cda mang. Vi thé€ da cé nhiu cdng trinh nghién ciu cic phwong phidp phong
chdng nghén (Peterson, Jain, 1996; Ding, Zhao, 1997; Liew, Altman, 1998; Mascolo, Weng, 1999...).

Trong bai niy ching t5i trinh biy sy phat trién phwong phip st dung bd du bdo Smith trong
[4]. Khi nghién céru cic hé théng chiu tic déng cia tré dieu khi€n, Smith di sing tao ra mdt co ciu
nhim khir dnh hwdng cda né dén déng hoc cia hé théng kin, gitp ta c6 thé thiét ké bs dieu khié€n
theo nhitng phwong phap thong thudmg cho cidc hé thong khong tré. Phén tich 5 1é6p dich vu do
Dién dan ATM dinh nghia (ATM Forum, 1996), ta thiy véi mét s8 b3 sung c6 thé img dung phwong
phip Smith d€ digu khién luu lwgng cho 16p dich vu ABR (Available Bit Rate). Mgt s8 bién phap
nhim ning cao chit lwong diéu khién ciing dwoc bian dén.

2. THANH LAP BAI TOAN

Ta mé t4 qui trinh diu khi€n ludng t&€ bio cho két néi tir nit chuyén mach ngudn S qua mét
$6 niit chuyén mach trung gian dén nit chuyén mach dich D. Dién dan ATM (1996) qui dinh: c&
32 t& bao dir lidu thi ntt ngudn gii 1 t& bdo qudn Iy tii nguyén RM (Resource Management). Doc
dwdng di, khi g3p t&€ bio RM cic chuyén mach phdi ghi vao dé gid tri khodng tréng e cda bd dém -
titc hiéu s gifta dung lwong dwoc cidp phat 0 véi s8 t€ bio z xép hang trong bd dém. Pén nit dich
cac t& bdo RM quay tréd lai ngudn, mang gid tri e nhd nhit di nhin dwoc trén dwdmg di. Cén ci vao
e bo digu khi€n tai niit ngudn cip nhat lai tc d6 ludng vao u d€ dat dwoc muc dich d& ra (khéng bi
tran by dém, st dung t3i da bing thong). Qué trinh digu khién dwgc 13p lai sau chu ki cit miu T,.

o day, ta nghién cttu mo hinh hé thdng lién tuc. Ki hiéu khodng thoi gian t&€ bio RM di tir nit
¢d chai - nit ¢ gid tri e nhd nhit, nguy co bi nghén 16n nhit - dén nat dich va nguwoc trd lai nit
nguon bing Tjy, (thoi gian phdn hdi), va khodng thoi gian ludng t& bio di tir nit ngudn t&i nit ¢
chai bing Tt (thdi gian truyén xudi). Khi d6 '

T'- :I‘i’b+1‘fw (1)

dwoc goi 1a thoi gian di mét vong, né khéng phu thudc vio vi tri cda mit ¢8 chai. Ddng hoc cda d8i
twong diéu khi€n dwoc mé td bing phuwong trinh cin bing s8 lwong té bio cda bs dém
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t

z(t) = /[u(r — Tiw) — a(7)]dr. (2)

0

d“;(:) el = T = ) (3)

Trong céc céng thic trén, t8c dd ludng ra a(t) phu thudc vio do rong bing khd dung bay(t) tuyén
ra cla nit ¢8 chai va tinh trang cda b dém (c6 t& bio doi hay trdng):

alt) = { bav(t) néu z(t) > 0,

min{u(t — Ttw), bav(t)} néu z(t) = 0.

Hodc

(4)

Trong trudmg hop 16p dich vu ABR cda mang ATM hodc dich vu “best effort” dwoc cung cip bdi
IPv4, d5 rong bing b.,(t) cho két ndi dang xét phu thudc vio tdng luu lugng cda tuyén ra va khé
do dworc trong thuc t€. Do d46, ta coi a(t) 13 nhiéu (disturbance) theo nghia 13 mét him tién dinh
khéng biét. Ta chuin héa dung lwong truyén cia tuyén nit ¢8 chai bing 1 vi xét truwomg hop xiu
nhdt khi o(t) 13 hing s8 (dwong) timg doan, thay ddi d6t ngdt tai mot s§ di€m (hinh 1):

P
at) =) al(t—Ty). (5)
Trong d6 Ty > T,, T; > T; néu 7 > 1; =
a; €(0,1], a; €[-1,0)U (0,1] véiz > 1;
I(t) 13 ham buéc nhdy don vi:

1 néut>0,
I(t) = - 6
() {0 néu t < 0. ()

1 a
—
: : a;+ a, |
o (1) ! , | aytayta; |
| I ]
[
I
I |! i }
0 T T, T, T, 0 ;
Hinh 1
Dén day, ta c6 thé phéat bidu ditu kién d€ dat dwoc cdc muc dich diéu khi€n nhw sau:
1) =z(t) <9 t>o0, (7)
d4dm bdo rdng bé dém ludn khong bi tran.
2) =) =0, t2T.. (8)

Theo (4) ta cé a(t) = bay(t), tic tuyén duwoc st dung tdi da.

3. PHUONG PHAP GIAI

Ta thdy thdi gian tré din dén cic phwong trinh vi phan véi d&i s8 léch (3), hodc dang siéu viét
(9). D4y 1a tré ngai 16n cho phéan tich va thi€t k& hé thdng. Ngudi ta di dwa ra mét s phwong
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phap gidi, song khd phirc tap [2]. Thuc t& cho thiy phwong phap cda Smith don gidn va rdt higu
qud trong nhiéu ¢ng dung. Bai todn diéu khi€n nghén c6 mét s& diém khic véi so' d6 co ban, song

ta vin c6 thé vin dung nguyén 1y cda Smith.

Liy bién d8i Laplace hai vé cda (2), ta cé .
a(s) = Fy(s)[uls) e~ * — )],
trong dé
#o(8) = 1/s.

'~ Ta vé dwoc so d6 khéi cia hé thdng di¢u khién trén hinh 2.

(9)

(10)

x(t)

I'(t) U('t) O(.(t)
T + 3 -
| Fr ) 4 e ™ F,(s)
_______ — 1
| |
| F, (s) l
{ i B5 du bdo

|
| Fs)e ™ |
l P l
________ ]

= _be S

Hinh 2

Sau khi thwe hién mét s8 phép tinh, ta nhin dwgc phwong trinh bi€u dién quan hé gifra chidu dai

hing doi véi dung lwong bd dém va t8c dd ra nhd him truyén Laplace
_ _Frer(s) Fp(s) e” T’ Fo(s)
)= T3 Faen(s) By () % ") T TF From(o) Fy(o) o0 2

Trong d6 Frpr (s) 12 ham truyén chung cda b§ dieu khién va bs du bio

_ Fr(s)
Frer(s) = 1+ Fr(s)[Fi(s) — Fp(s) e Tr2]’

Fr(s) ki hiéu ham truyén cda bd di¢u khién.
Thay (12) vao (11) ta c6 - sau khi bién ddi

Z(S) _ FR(S) FP(S)V
1+ Fr(s) Fi(s)

B6 du bdo Smith 14 trudng hop dic biét khi chon
Fi(s) = Fy(s).

Fy(s) Fp*(s) e Tr®
1+ Fr(s) Fy(s)

e~ Ttwe () — | Fp(s) —

afs).

(11)

(12)

(13)

(14)

Theo nguyén 1y xép chdng cho cic hé thdng tuyén tinh, ta c6 thé x4c dinh thay d8i cia z(t) bing

tong céc thay ddi thanh phin z,(t) va z4(t) do r(t) v o (t) sinh ra
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z(t) = z,.(t) + z(¢). (15)
Tir (13), (14) ta c6
2(s) __Fe()Fls) ..
r(s) 1+ Fr(s) Fp(s) '
Hinh 3 13 so d6 hé théng twong dwong cho khdo sit chiéu dai hang dgi theo dung lwgng bd dém.

(16)

r(t) + ) X, (t
FR K S) ) FD(S) . e_wa S —(’)

Hinh 8
Ta thiy thoi gian tré bi diy ra ngoii vong diéu khién vi khong con inh huwdng dén phwong trinh
dic trung cda hé thong kin
1+ Fr(s) Fp(s) = 0. (17)
Diéu nay cho phép thi€t ké hé théng nhu trwomg hop khéng cé tré.

Dé 1&1 gidi khong phirc tap thudn tién cho phén tich gidi tich, véi d6i twong digu khién (10) I
khau tich phén, ta cé thé chon bd diéu khién ti 18 P [1,4]:

FR(S) = k. (18)
Thay (10), (14), (18) vao (13), ta duwoc
x"(s) - 1 —Ttw 8
r(s)  Ts+1 ¢ ’ (19)
T (8) 1 1 1 Teus
__loqi_ - 2
o (s) s+[s Ts+1]e ’ )
trong d6 ta ki hiéu
1
T=-. 21
- @
Trong sudt két ndi kénh 4o dung lwgng bd dém khong thay d8i:
r(t) = Ut — Typ)- (22)
Ta cé r(s)"r e_T“"’/s

Thay c6ng thic nay vao (19) va ldy bi€n d8i Laplace ngwoc, ta nhén dwoc

7 () = L[z, (s)] = (1 - e7*C=T), (23

Twong tu, véi t8c d ra bién thién theo (5) ta tinh dwgc thay ddi hang doi twong tng
P

zu(t) = [—a,-(t—Ti)l(t—T,-)+a,-(t—T,-—T,)l(t—I}—T,)

=1

— Tai(1— e H0-T-T)) it - T3 - 7). )

Bay gid ta phan tich dnh hudng cda cic tham s8 hé thdng dén muc dich diéu khién. D& dang
‘thiy diéu kién khéng tran b dém (7) luén théa man. Thit viy, tong hai s8 hang diu & vé tréi ci
(24) bdng 0 véi t < T, va bing
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P
—(Z a;))T, =—-aT, <0

b =1

61t > T, . S6 hang thir ba bAing 0 véit < Ty + T, va dm véit > Ty + T, . Nén z,(t) <0 véit > 0.
Tir (23) ta thiy

‘ z(t) =0v6it<T,; 0<z(t)<r® véit>T,.

Do dé 2(t) = 2, (t) + zoc(t) < z,(t) < ° v6it > 0.

Chii y réng digu niy ding cho dung lwong bé dém nhd bat ki.
Tiép theo, i (t —T; — T,) < (t — Ty, — T;), suy ra

—ZTa,(l—e (t=Ti- )) > Ta(l—e_k(t"Tl“T')).

z(t) > r° (1 - e_k(t_T’)) —al, — Ta(l = e_k(t_T‘_T’)).

a chitng minh duoc
(-— 0 KT Tae_k(t_T‘_T')) >0 ¢ T > In(r°/(Ta)).

o d6 z(t) > r° — o(T, + T).
)¢ diéu kién st dung tuyén t5i da (8) thda mén, thi
¥ % amax(T i l/k) (25)

g d6 amax 13 t8c d6 ra 16m nhit (khi chuin héa dung lugng truyén cia tuyén nit cd chai bing
Két qud nay 13 co s& cho tinh todn hé théng.

~ Cudi cling, d¢ nhin dwoc luat diu khi€n d& thuc hién hon st dung ham truyén (12), theo so
0 trén hinh 2 ta viét

Mﬂ=kPh—1hJ—/uhﬂr+/uU—1ﬂM]

6 hang cudi c6 thé bién d8i nhu sau

t t—T, t—T,
/u(r—Tr)dT= / u(o)do = / u(o)do
0 T, < O
i vi u(t) khong dwoc dinh nghia trong khodng [—7},0]. Thay vio bi€u thic trén, ta nhan dwoc
t qui . .
u(t) = k[e(t — Tew) — / u(r)dr], (26)
t—T,

ong d6 e(t — Trw) 12 khodng tréng cda bd dém di dwoc té€ bao RM cung cdp.

4. KET LUAN

Ve 101 gidi trinh bay & trén, ta c6 may nhin xét:
- Céu tric cda hé théng 13 hop ly: ta dung bd ditu khi€n cda nit nguon diéu tiét t6c do ludng
20 va chéng duogc nhi€u cho toan bd dwdng két ndi. Cich nidy triét tdn g6c nguyén nhin sinh ra
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nghén, hiéu qué hon so véi néu chi gidi tda nit ¢ chai vi kinh t&€ hon cich diéu khién tai tit cd cac
nit chuyén mach.

- Luét didu khién (26) kh4 don gidn, thuin loi cho r&i rac héa d€ st dung vio mang vién thong
s8.

- Phuong phép ciing rdt phi hop cho diéu khi€n nghén trong mang Internet - 1 vin d& cdp
thi€t hién nay [3]. '

Ta thiy, c6 thé ning cao chit lwgng diéu khi€n bing cic bién phip sau:

- St dung c4c bd diéu khién phirc tap hon, nhwr ki€u PI, PID. Lic b4y gi® phan tich bing tinh
todn ham qud dd z(t) trd nén khé khin, doi hdi mé phdng trén mdy tinh.

- Trong trudmg hop phdi khir dnh hwéng cda thing gidng t8c d6 ludng ra, ta c6 thé st dung bd
du bdo Smith cdi tién [1].

- D€ gidm thi gian tré Tip, do truyén thong tin phan hdi, cin thay cich thu nhip théng tin nh¢
té bdo RM cdy cong sinh vio phin truyén din bing céc cong nghé tién ti€n nhim tich ludng thong
tin digu khién ra khdi ludng dir liéu, nhw hé thdng bdo hiéu s8 7, hogc TMN (Telecommunication
Management Network) theo khuyén nghi cda ITU.
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