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PINH TUYEN T6I UU CHO MANG ATM

NGUYEN QUOC KHANH, NGUYEN TAT DAC

Vin phong Téng cong ty Buw chinh Vién thong Viét Nam

Abstract. This paper presents a method of optimal routing based on the dynamic flow model for
Asynchronous Transfer Mode networks. The Pontriagin minimum principle is used to optimize the
objective function.

Tém tAt. Bai nay trinh bay mét phrong phép dinh tuyén téi wu trén co sé mé hinh luéng doéng
cho mang ATM (Asynchronous Transfer Mode). Nguyén 1y cuc tiéu Pdntiagin dwoc st dung dé t6i
uu héa ham muc tieu.

1. MO PAU

Pinh tuyén trong mang ATM la qud trinh thiét lap cudc néi trén dwdmg do (VP) va cich
chon dudng 4o trong tap cdc dudmng 4o néu cude néi dé da duwoc chap nhan. Trong cdc mang
bang rong, chirc nang dinh tuyén cé tim quan trong, né cho phép st dung mot cach hiéu qua
dung lrong mang trong diéu kién bién dong tai khong duoc du bdo trude, mot dic trung co
ban cia dinh tuyén trong ATM dé 1 lwu lwong trong mang ATM cé thé bung phat.

Trong mang ATM, mot tuyén dwoc thiét 1ap bang cach tao ra cac bang dinh tuyén ATM
dwoc néi chéo gitta cic dau cudi VP. Tuyén sé duwoc thay doi bang cich thay doi thong tin
dinh tuyén trong bang két ndi & céc nit trén tuyén. Moi dau vao c¢é céc bang chuyén doi
bo nhan dang duong dan do (VPI) (Virtual Path Identifier) cia né. Dieu khién dinh tuyén
VP chinh Ia viéc thay déi néi dung trong bang. Véimé hinh dinh tuyén tinh thi bang nay la
¢6 dinh, véi mé hinh dinh tuyén dong, moi niit phai duy tri mot bang chi dan, tai moi thoi
diém tuyén dwoc chon phu thudc vao trang thai mang lic dé. Trong mang ATM, c¢é nhieu
phuong phép dinh tuyén nhu: dinh tuyén tuan tw, dinh tuyén luan phién, dinh tuyén tai toi
thi€u, dinh tuyén thich nghi, dinh tuyén chi phi thap nhat v.v... Mot trong céc giai phap
dinh tuyén dwoc ching téi trinh bay dé 14 dinh tuyén t6i wu trén co s& luong dong. Trong
bai bdo nay ching t6i trinh bay thuat toan dinh tuyén t6i wu trén co sé luong dong tham
s6 dé quyét dinh chon la bang thong hiéu dung, dé xuat lwu do thuat todn, chwong trinh gia
dinh (Pseudo code).

2. GIAI PHAP PINH TUYEN TOI UU TREN CO SO LUONG PONG

Trong phan nay chiing to6i trinh bay gidi phdp dinh tuyén téi wu trén co s& luong dong
(2D)-

Bang thong hiéu dung sé& chuyén tai lwvu lrong thoéng tin véi yéu cau chat lwong dich vu
thé hién & mitc ton that t& bao cho phép. Trong phin nay ching ta st dung bang théng hiéu
dung dé phat trien moét chién lwoc dinh tuyén thong qua moé hinh lru lwong dong.

Gid thiét rang moi loai dich vu sit dung VP riéng, mé hinh mé t4 trong hinh 1 s& gom
nhiéu loai dich vu véi da dang loai VP dwoc sit dung. Néu mot cudce goi doi hoéi nhieu hon
mot loai dich vu, ching han trong truyén théng da phwong tién, dinh tuyén ¢é thé duwoc thue
hién trén cdc mang VP da dang. Vi du: Mot cuoc hoi thao truyén hinh tir xa, khi truyén
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thong dich vu nay bao gom tin hiéu am thanh, dir liéu s6 liéu va tin hiéu hinh anh. Khi tién
hanh dinh tuyén ddi véi dich vu dé ¢é thé duwoc thue hién mot cich rieng biét cic dang VP
cho am thanh, dang VP cho du liéu, va dang VP cho hinh &nh.

Mang VP
cho
dich vu 1

Mang VP cho
dich vu m

Mang VP cho
dich vu M

Hinh 1. Mang VP véi da dang dich vu

Xem xét t&i mot tap hop ciia m VP gitra niit nguon (S) va mot mit dich (D) ddi cho mot
dang cta dich vu nhu trong so d6 hinh 2. Trong dé chuyén mach VP tai cdc nit trung gian
coi nhwr da dwoc thue hién. Mac du dinh tuyén la dwoc gid thiét dwa trén chuyén mach VP,
két qua cé thé dé dang dwoc st dung cho chuyén mach VC.
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Hinh 2. Mang VP vé&i da dang dich vu +

Luu lrong dén nit nguon (\sg) dwoc gid thiét theo luat phan bo Poisson. Cho Ay va
tsq; biéu thi gid tri trung binh téc do luéng dén cia lwu lwong nguon va toc do dich vu doi
v6i phan 16p 4. Goi Cypepns la do rong bang thong hiéu dung VP,, phan 16p 4, h.n; do rong
bing thong hiéu dung cia mot két noi don 4 lien hop véi VP, CVP,, 14 do rong biang thong
ma VP,, duoc cap phét, Cypepr, 12 o rong bing thong hiéu dung cia VP, Agq(t) 1a luu lwong
duge duwa tir nit nguon (S) t&i mit dich (D) tai thoi diém ¢ trén phan 16p i, \u.(t) 1a luu
lwong giao cho VP,, tai thoi diém ¢ trén phan 16p 7. Mang ATM thuc hién theo mot phwong
thitc huéng truy cap trong dé dinh tuyén va lwu lwong chuyén tiép dwoc thue hién qua viéc
st dung mot VP. Nhu vay ta c¢é:

A () = Nsai-iy(t) 1)

Trong dé as4(t) 1a bién s6 dinh tuyén cia VP gitta nit nguon (S) va niit dich (D) qua
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tuyén thay thé » tai thoi diém ¢, nhw vay :
Sasn -1 v a0, @)
n=1

trong dé m la s6 VP giita mit S va ndt D. Lwu lwong tap hop trén VP, tai thoi diem ¢, A, (2)
la :
Mn

A®) = > Auil0) ®

trong d6 M, 1a tong s6 cia phan 16p.

Goi X,;(t) 14 86 cac kenh hiéu dung cho luu lwong thude 16p két nai i lien hop véi VP,
tai thoi diem ¢. Gid tri cia X,;(t) dwoc xdc dinh bang viéc do bang thong hiéu dung Cypepni
V& hep; trong suot mot qud trinh gidm sat (t — At, t) :

Cvpebni

4
b | (4)

trong d6 X,; 1ay phan nguyen 1é6n nhat. Trong sudt khodng thoi gian gidam sat (¢t — At, t), s6
tap hop hiéu suat cia cic kénh trén VP, dwoc coi tai thoi diem ¢, X,,(¢) la:

M,

Xn(t) = ZXm(t)~ ()

Phuwong trinh dong hoc cho 16p lwu lwong ¢ lién két véi VP, dwoc xay dung tir diéu kién
t6i wu Pontriagin va luong dwgce xay dung tir bieu thirc ludng dong dwoc dé cap & [2]:
dX,:(t)

e — i F (X () + Asas A (@), (6)

trong dé ju,; 13 toc do dich vu trung binh ddi véi 16p i trén VP, i =1,..., M, va n=1,...,m.
Néu xay dung ham muc tiéu trén tiéu chi t6i wu la hiéu suat cida sw phan phoi lru lwrong gitra
cac VP cung loai tir 2] ta ¢6 ham muc tiéu sau:

M,

J= / nfjl [Nopn — ;Xm@)} at, (7)

trong dé N, 1a 86 twong dwong clia cdc kénh dwgc xdc dinh bang cong thie sau:
C
Nv vpn

P
hen

(Nypn 1ay phan nguyén 1én nhat) va ke, duge tinh theo cong thitc sau:

1 M,
hen - M ; heni~

Vén dé dinh tuyén toi wu trong cac mang ATM chinh 14 viéc t6i wu héa ham muc tiéu
(7) v6i cic rang buoc (6). Chiing ta cé thé chon duwoc biéu thitc gan ding déi véi bién s6
dinh tuyén t6i wu can et trén cac diéu kién can thiét cia su t6i wu theo nguyén 1y cuc tiéu
Pontryagin dwa ra.
Dai véi ham trang thai:

DPaéi véi ham dong trang thai:
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P oH

=X (8a)
Ham s6 Hamilton cho dinh tuyén t6i wu dwoc xac dinh nhu sau:
m M, M,
APt =3 { [Nopn ZXM + me — i P (X)) + 05 Neai] }, (8b)
n=1

trong d6 P,; 1a bién s6 dong trang thai lién hé véi phuong trinh (6), con X va P twong tng
la cdc véc to cia X,,; va P,;. Thay thé phwong trinh (6) vao phwong trinh (8a), phwong trinh
dong trang thai (costate) dwoc dwa ra nhu sau:

M,

dP,;,  0H dF(Xni(t))
di - _m - 2<van - Z:an(t» +Pnz(t>ﬂnsz
Véi dieu kién véc to dong trang théi la trang théi tinh ta cé:
dFpi . it
P’I’L’L - 2(/’[/?’L’L Up’ﬂ Z X’I’L’L (9>

de

F(X,;) dwoc giad thiét thanh ham s6 tuyén tinh doi véi X,,;. Gid thiét nay phu hop véi céc
dang Iuu lwong cia cdc dich vu hién dang sit dung trong vién théng, lic nay P,; dwoc xéac
dinh bang cong thitc sau:
M,
Pni - vpn Zan - - vpn - anlg) (1())

Chiing ta goi Z,, mitc dinh tuyén (Routing length) dwoc xdc dinh:

Zp = Nypn — Xy n=1,...,m. (11)
Bién s6 dinh tuyén a?, n = 1,...,m c6 thé thu dwoc bdi viéc giai hé phuwong trinh tuyén tinh
sau:
m M,
r;lﬁlgl; ; Ppiad? = = max Z Znal?, (12a)
i st = 1. (12b)
n=1

Chiing ta goi bang thong doi lém nhat trong cdc VP 1a By maxn va VP d6 13 VP,.., nhur mitc
dinh tuyén doi véi cac VP ta co:

Bymaxn* = max Z, = max(Nyp, — X)) = max(Cuopn — Copein)- (13)
Giai hé phwong trinh (12), ta dwoc:
af® =0 néu 7, < Bymaxn®
aft >0 néu 7, < Bymaxn®
Bién s6 dinh tuyén ¢ dwoc xdc dinh bang cong thitc:

B
sd U maxn
ad = Jumaxn (14)
" Bumaxn
%
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Lua chon mot tuyén can cit trén phuong trinh (13) va phuong trinh (14) duwoc goi 1a dinh
tuyén bang thong khong sir dung téi da (hay chon mot tuyén gitra mit nguon va nit dich véi
bing thong roi 1ém nhat).

Trudmg hop khéc, néu ham muc tiéu dwoc 1ay:

M,

J = / - Z [van - ZXm(t)]th' (15)

Trong trwong hop nay goi bang thong doi 1a nhé nhat trong cic VP 14 By minn» va VP d6 13
VP,., nhw mitc dinh tuyén véi cic VP ta cé:

By minns = min Zy, = min(Nypn, — Xp) = min(Copn — Cupebn)- (16)

Twong tu trueong hop trén ta co:

sd ~<

a,* =0 neu Z, > Byminn*
sd ~<

;>0 neu Z, = Byminn*

Bién s6 dinh tuyén dwoc:

By minn+
sd _ w minn 17
an Z Bu min n* ( )
Trong truong hop nay, lwa chon mot tuyén gitta nit nguodn va nit dich dwa ra véi bang thong
roi nhé nhat.

3. PE XUAT THUAT TOAN PINH TUYEN TOI UU TREN MAY TINH

Thuét toan dinh tuyén t8i wu trén may tinh

Dien giai thuat todn:

bé don gidn ta van gia thiét véi nit nguon S va niit dich D véi cdc niit trung gian da két
noi. Trén co s& topo mang xac dinh m lién két gitra S va D coi nhw dir liéu tham s6 mang.
Khoang thoi gian dé dinh tuyén theo chu ky la At, nhw vay céc dit liéu cho dinh tuyén dwoc
1y tir ¢, dén t + At dwoc xac dinh 13 tai thoi diem ¢,. Ta cé céc buéde xay dung thuat toan
nhw sau:

Buéc 1. Cho niit nguon S va nit dich D véi nhu cau lru lrong can truyén tir S dén D 1a A.
Ton tai m duong do tir S dén D la cic VP, (1 <=n <=m).

Buéce 2. Cap nhat gia tri bang thong hiéu dung ciia m duong do nay vao thoi diém t;, (Bang
thong twong dwong cho tat ci cdc dich vu dang duwoc truyén trén moi duong do VP, vao
thoi dlém tk)Cvpebn(tk).

Buéc 3. Tinh gid tri bang thong doéi cia méi duomg 4o vao thoi diem ¢, (Copn — Copetn), trong
d6 Cypr 12 bing thong dwoc cap phéat cho dudmg do n.

Buéc . Xac dinh dwong 4o n* cé bang thong doi 16n nhat hosc nhé nhat vio thoi diem t:
Buminn*(tk>7 Bumaxn*(tk>

Bu min n* (b@) - mni*n(cvpn - Cvpebn)
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Bu maxn* (b@) - HTIL%X(Cvpn - vpebn)

Buéc 5. Lwa chon duong do VP,. dé dé chuyén lwu lwong tir S dén D.

Budc 6. Xac dinh lai cdc bién dinh tuyén o2%(t), (1 <= n <= m). Pay la ti lé phan tram cia

lru lrong tir S dén D truyén qua dwong do n trén tong lwu lwong can truyén tir S dén D:

ap(t) = omi(t)/cusai(t)

asq;(t)  lru lrong can truyeén tir nit nguoén S dén nit dich D vio thoi diém ¢.
ani(t) © Luu lwong cla tuyén S — D dwoc cho phép truyen trénVP,, vio thoi diém ¢

Zoﬁd(t) =1, a®{t)>=0 (m lasd dwong do tlr S dén D)

Céc gia tri «,,*%(t) tinh duoc chinh 14 céc bién dinh tuyén can tim. Thuat toan nay duoc
lap lai sau mot khoang thoi gian §t. Lwu do thuat toan nhw hinh 3.

Chuong trinh gid dinh (Pseudo code):

Funtion Pinh_tuyen_dong
Begin
Label Startpoint; //loopback point
//Upgrade data
For n=1 to m
Begin
Upgrade Cypepn (tr);
Count, (Cyppn-Copetn);
End;
//Find the max or min unused bandwith route
For i=1 tom
Begin
Bumin e (t) = Mitte (Copn ~Copon)
Bumaxn (te) = Max px (Copn-Copetn)
End;
//Routing traffic follow n*route
//(Count again C*__ (t))

vpebn
//Upgrade routing variables a3%(t)
For n—1 tom
Begin
a3 (t) = Mui(8)/ Asas(t)
End;
Goto Startpoint;
End.
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Bit dau

Nut nguédn S va nit dich D
Ton tai m dudng do gitta chiing

Cap nhat céc gid tri bang thong hi¢u
dung vao thoi diém
[k : Cvp(’hn([k)

Tinh cic gid tri bang thong trong

vao thoi di€m ¢, - (C, -C, ;)

A4
Tim dudng 40 n* ¢6 bang thong hié¢u
dung trong 16n nhat hoac nho nhat
Bumimz*([k) = Min n* (Cvpn_cvp('hn)

(1) = Max .. (C, -C

vpn ~ vpebn

B umaxn*

Lua chon dudng 4o VPn* d6 dé
chuyén luu lugng tir S dén D

!

Xéc dinh lai c4c bién dinh tuyén
anu[([) = /1111'([)/ /)Lxdi(l)

Hinh 3. Luu do thuat todn

4. KET LUAN

Giai phép dinh tuyén t6i wu duwa trén viéc sit dung cdc VP nhw da trinh bay cé thé don
gidn hod viéc phan tich va thiét ké cia mang ATM, song hiéu qua vé diéu hanh luu lwong
mang lai rat cao. Thuat toan dinh tuyén toi wu trén may tinh tao nén sw chon lira tuyén cé
thé xdc dinh rat nhanh qua vong lip m Ian. 4p dung thuat todn nay xay dung co cau dieu
khién dinh tuyén. Nhuw da trinh bay diéu khieén dinh tuyén (thay doi tuyén) thuc chat 1a
thay doi s6 liéu bang dinh tuyén tai cidc bo chuyén mach VP. Khi can dieu khién dwa cac
rang budc can chon vao thuat todn dinh tuyén.
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