
T?-p chi Tin hoc va f)jeu khit1n hQC,T.23, S.4 (2007), 346-355

A, ,t( A A

NGHIEN cuu CO CHE D!NH TUYEN TRaNG MJ;\NG IP TREN WDM
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IDdi Ghuyen macli Truyen Dan - Trung tam Vien thOng Hue

2 Khoa Gong ngh~ ThOng tin, Dei h9C Khoa h9C Hue

Abstract. In this paper, we focus on studying the mechanisms for routing in IP over WDM networks.
Based on analyzing the routing mechanisms of overlay model, we propose a routing algorithm called
MHLR (Min-Hop Lightpath Routing) which used for the case of traffic is routed on the virtual
topology of IP layer. The objective of MHLR is minimize blocking probability of connection requests
in the networks, improving on efficiently utilize the resource of WDM optical networks.

Tom tiit. Bai bao tap trung nghien ciru cac co che dinh tuyen trong rnang IP tren WDM. Thong qua
viec phan tich co che dinh tuyen theo mo hinh xep chong, aa. ae xuat thuat to an MHLR (Min-Hop
Lightpath Routing) Slr dung cho trirong hop hru hrong duoc dinh tuyen tren tapa ao cua lap IF.
Muc tieu cua MHLR la giarn xac suat yeu diu thiet lap ket nci bi tir choi, nang cao hieu qua sa
dung tai nguyen m<;l-ngquang WDM.

1. GI()'I THltU

Cong nghe truyen dan soi Quang da va dang phat trien vo i toc d9 nhanh chong. £)~c biet,
vo i ky thuat ghep kenh phan chia theo biroc song WDM (Wavelength Division Multiplexing)- ,
mang 19-idung hrcng truyen dan rat Ian. a lap m9-ng, giao thirc IP (Internet Protocol) dang
diroc s& dung pho bien, hru hrorig IP dang tang nhanh va dan thay the cac 109-igiao tlnrc
khac. Do vay, mot xu the cua cong ngh~ m9-ng the he ke tiep la truyen trirc tiep goi so li~u
IP tren mang Quang WDM, diroc goi la cong nghe IP tren WDM.

Trong mang IP tren WDM, cac bo ket ndi cheo Quang OXC (Optical Cross-Connect) diroc
ket noi voi nhau boi cac soi Quang t9-0 thanh lap Quang dinh tuyen buoc song [11], cac b9
dinh tuyen IP diroc dinh kern vo'i cac OXC thong qua cac cong biroc song boi cac bo thu
phat Quang. Lap Quang cung cap cac ket noi diem-diem giira cac bo dinh tuyen IP dirci dang
cac kenh Quang (lightpath). NI9t kenh Quang co the di qua mot hoac nhieu cac ket noi soi
quang, tren do dir lieu dircc xtr ly diroi dang Quang boi cac bo OXC. Moi kenh Quang phai
s& dung biroc song giong nhau tren toan bo cac ket noi soi Quang ma no di qua neu nhir cac
OXC khong co kha nang chuyen doi biroc song, di'eu nay diroc goi la rang buoc tinh lien tuc
cua buoc song. Khac voi cac OXC, cac bo dinh tuyen IP xu ly cac dong dir lieu dien diroc ho
tro boi ky thuat chuyen mach nhan da giao thirc (GMPLS). Thong qua cac bo thu phat, b9
dinh tuyen IP chuyen cac LSP (Label Switch Path) qua cac kenh Quang da diroc thiet lap.
Khi mot kenh Quang khong dircc s& dung bci mot LSP nao, no se bi 101?-ibo va tat ca cac
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biroc s6ng su dung cho kenh Quang do diroc phuc hoi.
C6 ba mo hinh dii duoc de xuat cho mang IP /WDM, do la mo hinh xep chOng (overlay

model), mo hinh ngang hang (peer model) va mo hinh tang trtrong (Augmented model). Cac
mo hinh nay diroc phan biet nhau boi m~t phang dieu khien va mat phang quan ly cua lap
IP va lap WDM. Trang mo hinh xep chong, m~t phiing dieu khien va mat bang quan ly cua
hai lop la tach roi nhau [11, 15]. Ciao thirc dinh tuyeri, giao thirc baa hieu va thong tin diu
true mang trang lap IP khong phu thuoc vao lap WDM, lap IP va lop WDM lam viec nhir mo
hinh client-server. Cac bo dinh tuyen IP gui yeu cau thiet l~p hoac loai bo kenh Quang den
lap WDM thong qua giao dien UNI (User Network Interfaces), tap cac kenh Quang diroc thidt
l~p trong lap WDM tao thanh topo logic cho lap IP. Vo i mo hinh ngang hang, thong tin topo
mang va cac thong tin khac nhtr dinh tuyen, trang thai ket noi diroc phan chia giira ca hai
lap, khi do mot ca che dinh tuyen hop nhat dieu khien toan bo mang. Mo hinh Augmented
la sir ket hop cua mo hinh ngang hang va mo hinh xep chong, nghia la mot phan thong tin
duoc dung chung giira ca hai lap theo mot each thirc nao do, va hai lap duoc quan ly nhir
mo hinh xep chong.

2. D~NH TUYEN TRONG M~NG IP /WDM V A cAe KET QUA

Be dinh tuyen hru hrong IP tren mang WDM mot each hieu qua, chung ta can cac co
che dinh tuyen khac nhau tuy thuoc mo hinh mang. Voi mo hinh xep chong, khi dinh tuyen
mot yeu cau LSP qua mang, cac ket noi logic tren lap IP va cac ket noi vat ly tren lap WDM
diroc xem xet tach biet nhau. CO' che dinh tuyen diroc ap dung trong trirong hop nay goi
la dinh tuyen xep chong ORA (Overlay Routing Algorithm). Voi mo hinh ngang hang, mat
bang dieu khien va mat bang quan ly chira thong tin cua ca hai lap. Do v~y, khi dinh tuyen
yeu cau LSP qua mang, cac ket ndi logic va ket noi vat ly diroc xet dong thai. CO' che dinh
tuyen diroc ap dung trong truorig hop nay diroc goi la dinh tuyen tich hop IRA (Integrated
Routing Algorithm). MQt so ket qua nghien ciru gan day da cho thay rang co che IRA thirc
thi tot hon ORA ve mat xac suat nghen mang [5,6,8]' nhirng ngiroc lai, IRA c6 mot so mat
han che so voi ORA nhir sau [12]: Thir nhat, mot so hro ng Ian cac ban tin dieu khien phai
diroc cap nhat thuo ng xuyen trong mang. Thir hai, co che quan ly va di'eu khien dong thai
cho ca hai lap thirong phirc tap hon ca che quan ly tach roi theo tung lap trang mang. Thir
ba, ca che IRA phai su dung nhieu bo thu phat Quang cho rnoi Ian thiet lap LSP, tai VI IRA
cho phep thiet lap nhieu kenh Quang mo i va su dung them cac ket noi logic cho moi yeu cau
LSP. Xet ve phirong dien quan ly va dieu khien thi ca che ORA c6 iru the ho'n so voi IRA,
nhung de thirc thi hieu quit, chung ta can cac thuat toan dinh tuyen toi tru de cai thien xac
suat nghen mang. Van de d~t ra la can mot thuat toan lira chon kenh quang toi iru tren topo
ao cua lap IP va thuat toan RWA toi iru cho lap WDM de thiet lap kenh Quang moi khi can
thiet,

Trong thai gian gan day, mot so bai bao da nghien ciru ve van de nay. Assi va cong sir [2]
dii de xuat hai thuat toan dinh tuyen la LLR (Least Loaded Routing) va MLR (Most Loaded
Routing) theo nguyen ly cua ORA. LLR co giing phan phoi hru hrong deu giira cac kenh
Quang dii duoc thiet lap. Khi dinh tuyen LSP tren topo ao, LLR luon chon kenh Quang c6
bang thong con dir Ian nhat. Ngiroc lai, MLR co dinh tuyen vao lQ trinh c6 hru hrorig Ian
nhat, nghia la cac kenh Quang c6 bang thong con dir nho nhat nlmng khong nho hon bang
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thong yeu cau cua LSP se diroc chon. Trong [12], Ye et al. da de xuat thuat toan SLEA
(Short Lightpath Establishment Approach) cho mo hinh xep chong. Vo i SLEA, khi thiet l~p
LSP tren tapa ao khong thanh cong, SLEA cho phep thiet lap nhieu kenh quang tren tapo
vat ly de dinh tuyen yeu cau, nhirng so biroc truyen cua kenh quang moi dircc thiet lap phai
nho hcm mot gia tri C nao do. Thong qua mo phong, cac tac gia da xac dinh gia tri C toi iru
cho thuat toano Trong [16], Y. Zang va Q. Zeng da phan tich va so sanh 3 co che dinh tuyen,
do la VFPL (Virtual topology First Physical topology Last), PFVL (Physical topology First
Virtual topology Last) va MRRF (Minimum Resource-Requirement First). Vo i CO' cM VFPL,
tnroc tien cac yeu cau LSP duoc dinh tuyen tren tapa ao. Neu khong thanh cong, su dung
thuat toan RWA de thiet lap mot kenh quang moi trirc tiep tir nguon den dich cho LSP. Co
che PFVL heat dong hoan toan ngiroc lai voi VFPL. Vai moi yeu cau LSP, triroc tien PFVL
su dung thuat toan RWA de thiet lap mot kenh quang true tiep tren lap WDM, chi khi vi~c
thiet lap kenh quang mo i khong thanh cong, VFPL mrri dinh tuyen yeu cau LSP tren tapa ao
cua lap IP. Vo i CO' che MRRF, de dinh tuyen mot LSP, MRRF so sanh tai nguyen can thiet
cho LSP khi thiet lap LSP tren tapa ao va tapa vat ly. San do, MRRF lira chon phuong an
c6 tai nguyen yeu cau nho hon.

Voi CO' che VFPL va PFVL, khi dinh tuyen LSP tren tapa ao, tac gia su dung thuat toan
duong di ngan nhat Dijkstra de tim duongdi ci1~ LSP va thuat toan First-Fit de chi dinh
kenh quang duoc dung tren moi ket ndi logic. Ta thay ding, CO' che dinh tuyen nay chira xet
den rang buoc ve so biroc truyen cua kenh quang cling nhir cong suat con lai tren cac ket
ndi logic giira cac bo dinh tuyen IP. Do vay, cac LSP c6 the dinh tuyen qua cac kenh quang
dai, tieu ton mot hrong bang thong Ion, dieu nay c6 the anh huang den kha nang bi tir chdi
cua cac yeu cau den sau. Trang bai baoriay, cluing toi de xuat mot co che dinh tuyen LSP
tren tapa ao goi la MHLR (Min-Hop Lightpath Routing). Sau do, cluing toi ap dung thuat
to an MHLR thay cho thuat toan First-Fit trong hai CO' che dinh tuyen VFPL va PFVL. Y
tirong chinh cua MHLR la han che dinh tuyen qua cac kenh quang di qua nhieu biroc truyen
quang, muc dich la de giam thai gian chiern giir cua cac kenh quang nay. Giai quyet bai toan
bang phirong phap mo hinh hoa mang IP /WDM thanh do thi phan lap tirong tv nhir trong
[11,12], chi phi cua cac canh trong do thi phan lap diroc cap nhat theo thong tin trang thai
mang, sau do cac thuat toan dinh tuyen lam viec tren do thi phan lap nay.

3. MO HINH £)0 TH~ PHAN L<1P eHO M~NG IP TREN WDM

Me hinh do thi phan lap diroc de xuat trang [1] de giai quyet bai toan dinh tuyen va
phan phoi biroc s6ng (RWA) trong mang WDM, a day chung toi mo rong do thi phan lap de
ap dung cho mang IP /WDM dira tren [11,12].

M9t mang IP /WDM c6 the diroc xac dinh bang mot do thi G(R, E), trang do E la t:\ip
cac tap cac ket noi soi quang hai chieu, moi soi quang su dung W kenh buoc s6ng, N la t~p
cac node mang. Moi node mang chira mot bo dinh tuyen IP va mot b¢l ket ndi cheo quang
axe, trong bai baa nay, gia dinh rang cac axe khong c6 kha nang chuyen doi biroc s6ng.

3.1. Md rong node m~.ng

De mo hinh hoa mang IP /WDM thanh do thi phan lap, ta mo rong cac node mang thanh
mot so node con chirc nang theo quan h~ tuo ng dirong nhir sau:
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- (rng voi moi node ri E R diroc chia thanh mot node dinh tuyen vao, ky hieu la r~n; mot node
dinh tuyen ra, ky hieu la riut va W node Sub - axe diroc bieu thi boi ni (1 :S w :S W).
- Su dung mot canh co huang tir node ni den node riut de bieu thi chirc nang tach kenh,
mot canh co huang tir node rt den cac node ri de bieu thi chirc nang ghep kenh, va canh
co huang tir riut den rin de bieu thi chirc nang xu ly cua bQ dinh tuyen IP. Tat ca cac canh
nay duoc goi la cac ket noi chirc nang (function link).
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Hinh. 1. Mo rong node mang

Hinh 1 minh hoa sir mo rong cua mot node thanh cac node con, a day cluing toi xet
trirong hop moi soi quang co 2 biroc song, nen moi node ri E R duoc mo rong thanh 1 node
rin 1 node rout va 2 node Sub - axe la rl va r2

1. '2 1. 1. .

3.2. Mo hlnh do t.hi ph an lo'p

Mang IP jWDM xac dinh bang do thi G(R, E) nhir tren co the mo hinh hoa thanh do thi
phan lap GdRL, Ed theo cac birrrc nhir sau:

- Mo rong tat ca cac node trong G theo quan he tirong dirorig nhu mo ta a Muc 3.1.
. - Neu co canh eij E E trong G, ket noi node ni den nj, voi 1 :S w :S W, su dung mot

canh co huang, diroc goi la canh vat ly (hay con goi la ket ndi vat ly) va diroc bieu thi boi

l0·
- Neu co mot kenh quang tir node s den node d nao do trong tapa vat ly, node r~n diroc

ket ndi den node rdut b~ng mot canh co huang, diroc goi la canh logic va diroc bieu thi la l~d.
Mo hinh do thi phan lap cho mang IP jWDM duoc minh hoa nhu tren Hinh 2, a hinh a

la tapa mang vat ly, hinh b la do thi phan lap tai thai diem dang co cac kenh quang chiern
giir nhir a hinh a. Chung toi gia su r~ng, moi so i quang su dung 2 kenh biroc song.

3.3. C?P rih at thong tin tr ang thai lien ket

Trong mang IP jWDM, cac yeu diu dinh tuyen luu hrong tren lap IP phat sinh mot each
ngau nhien, do vay thong tin trang thai lien ket cua mang luon thay doi dong. Tnroc khi xet
each thirc cap nhat thong tin trang thai lien ket, chung toi gia dinh r~ng cac yeu diu LSP
den mot each ngau nhien tuan theo luat phan phoi Poisson, thai gian chiern giir ket ndi theo
luat ham mil, tong bang thong cho phep cua mot kenh biroc song la 1 don V!. MQt yeu cau
LSP co the dinh nghia bang mot bo (s, d, b), trong do, s la node nguori, d la node dich va b
la khoang bang thong yeu cau (0 < b :S 1), yeu cau LSP diroc dinh tuyen qua mang khong
phan chia liru hro ng.

(; thai diem kho i tao, khi chua co kenh quang nao diroc thiet lap trong mang, tat ca canh
trong do thi phan lap (ngoai trir cac canh chirc nang) deu la cac canh vat ly vo i bang thong
toan phan (1 den YD. Sau mot so LSP diroc dinh tuyen qua mang, mot so kenh quang diroc
thiet lap, hinh thanh cac ket noi logic (c<';tnhlogic) tren lap logic. Khi mot kenh quang moi
diroc thiet lap tir i den j cho mot yeu cau LSP (s, d, b) nao do, mot ket noi logic voi bang
thong con du la (1 - b) duoc tao cho lap logic tir node rjn den rjut trong do thi phan lap,
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Gong thai cac ket noivat ly SIT dung cho kenh quang vira thiet lap se 100-ikhoi GO thi, Xet
yeu diu LSP (1,2,0.3) nhir trong Hmh 2a, gia SITding kenh quang 1 ----t 5 ----t 2 SITdung biroc
song A1 t.hiet lap cho yeu diu nay. Trong thai gian LSP Gang chiern giir tren mang, lap logic
trong GOthi phan lap hinh thanh cac ket noi logic tir rin den r2ut voi 0,7 don V! bang thong
con dir, dong thai ket noi vat ly tir node ni den ng va ng den n§ tren lap biroc song 1 bi loai
khoi do thi. Tirong tv cho cac yeu cau LSP khac.
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b) Db thi phdn lop

Hinh 2. Mo hinh do thi phan lap cho mang IP /WDM

Khi co yeu cau LSP den, yeu cau nay co the dinh tuyen tren tapa ao cua lap IP hoac 180
tren lap WDM tuy thuoc VaGcau true mo hinh mang diroc ap dung, Vo imo hinh xep chong,
tai VI m~t bang dieu khien va m~t b~ng quan ly cua hai lap la tach roi nhau, do v~y cac ket
noi logic va ket noi v~t ly diroc xet tach rai nhau khi lira chon 19 trinh cho LSP. Ngiroc 10-i,
vo imo hinh ngang hang, thong tin trang thai ket noi va thong tin bao hieu diroc dung chung
giira ca hai lap. Do vay, cac ket noi logic va ket ndi vat ly diroc xet dong thai khi dinh tuyen
LSP. Viec IVa chon ket noi logic hay ket noi v~t ly tuy thuoc VaGham chi phi diroc thiet lap
cho cac ket ndi.

....... ~ ,.., ...."..t ~
4. DE XUAT THU~T TOAN MHLR CHO MO HINH XEP CHONG

Vai mo hinh xep chong, CO" che dinh tuyen co the lam viec theo nguyen ly LFR (Logical
First Routing) hoac la OFR (Optical First Routing). Voi CO" che LFR, truce tien yeu cau LSP
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duoc dinh tuyen tren cac ket noi logic cua lap IP. Neu khong thanh cong, su dung thuat toan
RWA de thiet lap mot kenh quang mo i tren lap WDM cho yeu cau nay. CO' che OFR hoat
dong hoan toan ngiroc 10i, nghia la su dung thuat to an RWA de thiet lap mot kenh quang
rnoi cho yeu diu LSP triroc, neu nhir viec thiet lap kenh quang mo i khong thanh cong moi
su dung den cac ket noi logic cua lap IP.

Vo i muc tieu giarn xac suat huy bo cua cac yeu diu ket noi, chung toi de xu at mot CO'
che dinh tuyen theo kenh quang biroc truyen circ tieu MHLR (Min-Hop Lightpath Routing)
dung de dinh tuyen LSP tren topo ao. Thuat toan MHLR diroc de xuat dira tren cac y tirong
chinh sau:

- Cac ket noi logic co nhieu kenh quang dang ton tai voi bang thong con dir thoa man
yeu diu LSP luon diroc iru tien chon tnrcc.

- Khi chon kenh quang tren mot ket noi logic, kenh quang nao co so biro'c truyen quang
nho nhat se ducc chon. Cac kenh quang di qua nhieu biroc truyen quang se chiern dung mot
hrong tai nguyen Ian cua lap WDM. Do vay, viec han che dinh tuyen tren cac kenh quang
nay la de giam thai gian chiern giir, kenh quang se nhanh giai ph6ng, nhieu ket ndi vat ly
tren lap WDM diroc phuc hoi de su dung cho cac yeu diu tiep theo.

Voi moi LSP den, dira tren bang thong yeu diu cua LSP, chung toi xac dinh so kenh
quang co bang thong con dir thoa man yeu cau giira moi cap bo dinh tuyen, tham so nay la
mot rang buoc trong ham chi phi cua cac ket ndi logic tren lap IP.

- Doi vo i cac ket noi logic l?j' ham chi phi diroc thiet lap nhir sau:

(1)

trong do, kij 1a so kenh quang dang ton tai giira cap bo dinh tuyen (i, j) co bang thong con
dtr thoa man yeu diu cua LSP, hi] la so biroc truyen quang cua kenh quang thir m giira cap
bo dinh tuyen (i, j).

- Doi vo'i cac ket noi vat ly li] trong lap buoc song w (1 ::; w ::; W), ham chi phi cua cac
ket noi diroc thiet lap la [5]:

neu o(li]) = 1

twang hop con lai
(2)

a day o(li]) la ham su dung biroc song cua ket ndi vat ly li]. Neu nhir biroc song w tren ket
noi la dang ranh thi o(lij) = 1, ngiroc 10i o(lij) = O. Cia tri Cij bieu thi chi phi cua ket noi
lij trong G. Cia tri nay thirong diroc xac dinh bang nhieu tham so, nhir chieu dai tuyen cap,
suy hao tren tuyen ... Be don gian, a day ta thiet lap Cij = l.

Sau khi thiet lap ham chi phi cho cac ket noi logic theo (1), ta su dung thuat toan dtrorig
di ngan nhat de tim 19 trinh co chi phi nho nhat cho cac LSP tren topo ao. Chung toi ap
dung thuat toan MHLR vao hai CO'che dinh tuyen la: OFR va LFR.

Vrri CO'che LFR-MHLR, dira tren mo hinh do thi phan lap GL(NL, Ed, quy trinh xu ly
moi yeu cau den diroc mo ta bang hru do thuat toan nhir sau:
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- Copy G/, thanh GL '

- Loai bo cac canh chirc
nang nr r/"-+n,w va
n,"'-+r;"'" trong G/,'

- Tim dirong di ngan nhat p
nr r ,ill d~n r 0111 tren G "

,\ d L ,

- Xac dinh chi phi Cp cua p.

- Thi~t lap LSP qua P,
- Cap nh~t Iai bang thong
con dir cho cac canh logic
map di qua,

Dun
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Sai

- Giai phong LSP;
- Cap nhat lai bang thong
con du cho cac kenh
quang rna LSP su dung:

+
- Copy GL thanh GL"

- Loai bo cac canh chirc
nang tu r/J/lt~ril1l.

Dung
- Giai phong kenh quang i
tuong irng.
- Gan chi phi cho cac canh
vat Iy rna kenh quang nay di

- Tim duong di ngan nh~t p ,
tir r ill-+r 11111 tren G ",

,\ d l. ,

- Xac dinh chi phi Cp"

Sai
- Thi~t I~p kenh
moi qua n',
- Gan chi phi cho cac canh
v~t Iy rna p ' di qua = co ,

- Thi~t I~p LSP qua p "
- Cap nhat Iai bang thong
con du cho D ' la I-b,

Hinh 3, Liru GOthuat toan xu ly yeu diu thiet lap va giai ph6ng LSP

Veri ca che OFR-MHLR, cac biroc thirc hien hoan toan giong nhir CCf cM LFR-MHLR,
chi khac la yeu cau GUQ'cdinh tuyen tren cac ket noi vat ly truoc.

5. KET QUA MO PH6NG vA DA.NH GIA.

Be danh gia hoat dong cua hai thuat toan LFR-MHLR va OFR-MHLR, ta so sanh veri
hai thuat toan la VFPL(Virtual topology First Physical topology Last) va PFVL (Physical
topology First Virtual topology Last) trong [16]. Tac gia Ga su dung phan mern mo phong
mang OMNeT++ [1] de cai dat cac thuat toan tren topo NSFNET (Hinh 4), cac gia thiet
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dau vao diroc thiet lap nhir sau:

---. R13
R9

Hinh 4. Tapa NSFNET

- Yeu cau ket noi diroc phat sinh twin theo qua trmh phan bo xac suat Poisson.
- Thai gian chiern giir ket noi theo luan ham mil voi gia tri trung binh 180 Is.
- Bang thong toi da cho mot kenh biroc s6ng 180 1 don vi, bang thong yeu cau cua cac LSP

diroc phan bo deu trong khoang (0, 1].
Thuat toan VFPL hoat dong theo nguyen Iy LFR va thuat toan PFVL hoat dong theo

nguyen ly OFR. Trang ca hai thuat toan VFPL va PFVL, cac tac gia da su dung thuat toan
dirong di nga.n nhat de tim duong di tren topo 8.0 va thuat toan First-Fit de lira chon kenh
quang giira moi c~p bo dinh tuyen IP. Hmh 5 va Hinh 6 cho thay xac suat nghen mang cua
hai thuat to an VFPL va LFR-MHLR.
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Hinh 5, Xac su~t nghen cua VFPL va LFR-MHLR
.,' khi s6 biroc s6ng thay ct6i

Hinh 6, Xac su~t nghen cua VFPL va LFR-MHLR
theo cac rmrc luu IUQ'I1gkhac nhau

Hinh 5 180 xac suat kh6a cua LSP & mire hru hrong to an m<:t-ng180 450 Erlangs khi so buoc
s6ng thay doi. Ket qua tren Hinh 6 180 truorig hop so biroc s6ng tren moi soi quang 180 8 va
hru hrong toan mang thay doi. Ta thay ding, voi CO' che cai tien LFR-MHLR luon cho ta xac
suat LSP bi kh6a nho hem co che VFPL.

Hinh 7 va Htnh 8 180 ket qua cua hai thuat toan PFVL va OFR-MHLR. Ta cling thay
rang, thuat toan OFR-MHLR cho ta xac suat nghen mang nho hon so vo i thuat toan PFVL.
Tren hinh cho ta thay khi rmrc hru hrorig trang toan mang cang lori thl ty l~ yeu cau bi khoa
giam cang nhieu so vo i thuat toan PFVL.
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Hinh 7. Xac suat nghen cua PFVL va OFR-MHLR
khi s6 buoc s6ng thay deli

Hinh 8. Xac suat nghen cua PFVL va OFR-MHLR
theo cac ITItrC luu hrong khac nhau

Nhir vay, ta co the ket luan ding, vo i ca che lira chon kenh quang tren tapa ao theo thuat
toan MHLR luon cho ta xac suat nghen m~lllg nho han so vo i thuat toan First-Fit duoc ap
dung trong ca che PFVL va VFPL du cho phiro ng phap dinh tuyen diroc ap dung la lap logic
trircc (LFR) hay lap quang trurrc (OFR). Ket qua tren Hinh 9 cho ta thfiy ro dieu nay, voi
thuat toan MHLR, neu ap dung phuo ng phap dinh tuyen theo OFR se cho ta xac suat nghen
m~:Lllgnho nhat.
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Hinh 9. Xac SU~1 nghcn cua lv1HLR voi FirstFit theo
hai co chc LFR va OFR

" A6, KET LUAN

Viec nghien ciru ca che dinh tuydn trong m~mg IP tren WDM co cau true theo mo hinh
xep chong co y nghia di:icbiet quan trorig. 8e truyen titi hru hrong IP mot each hieu qua tren
nwng quang WDM, cluing ta din mot ca che dinh t.uyen toi tru. Qua viec phan tich cac ca
che dinh tuyen trong mo hinh nay, cluing toi du de xuat mot thuat toan cai tieri MHLR dung
khi hru hro ng duoc dinh tuyen tren tapa ao cua lap IP. Khi ap dung thuat toan nay thay
cho thuat toan FirstFit trong hai co che VfPL va PFVL [15] thi thu dtro'c xac suat nghen
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m~tng giarn, dac biet la vo'i cac mo hinh mang lcn, slr dung nhieu kenh biro'c song tren moi
so iQuang thi thuat toan MHLR cang co y nghia han.

TAI LIEU TRAM KRAO

[1] A. Varga, (2004), "OMNeT++ Discrate Event Simulation System", http://www.omnetpp.org.

[2] C. Assi et al., Integrated routing algorithms for sub-wavelength conections in IP over \VDM
networks, Photonic Network Communications 4 (3&4) (2002) 377-390.

[3] H. Rongxi et al., A 'dynamic routing and wavelength assignment algorithm in IP /MPLS over
WDM networks", IEEEI (1) (2002) 855-859.

[4] J. Li et al., Dynamic Routing with inaccurate link state information in Integrated IP over WDM
networks", Computer Networks 46 (6) (2004) 829-85l.

[5] M. Bo et al., A novel Integrated on-line routing alg orithrn in IP over WDM networks, Proc, of
SPIE 6022, Shanghai, China, November, 2005.

[6] N1. Kodialarn and T. V. Lakshman, Integrated dynamic IP and wavelength routing in IP over
WDM networks, IEEE INFOCOM 1 (1) (2001) 258-366.

[7] Q. Zheng and C. Mohan, Dynamic protection using integrated-routing in IP over vVDM networks,
Computer Networks 43 (3) (2003) 289-305.

[8] S. Koo ct al., Dynamic LSP provisioning in overlay, augmented and peer architectures for
IP/MPLS over WDM networks, IEEE INFO COM 1 (1) (2004).

[9] Sudhir Dixit, IP over WDM - Buiding the Next Generation Optical Internet, John Wiley
& Sons Publication, 2003.

[10] T. Ye et al., Study on Integrated Routing in IP over WDM Networks, Optical Networking and
Communications 5285 (1) (2003) 404-408.

[11] T. Ye et al., On-line Integrated Routing in Dynamic Multifiber IP /WDM Networks, IEEE
Journal on Selected Areas in Communications 22 (9) (2004) 1681-169l.

[12] T. Ye et al., SLEA: A novel scheme for routing in overlay IP /WDM networks, Jounal of Light-
wave Tehnology 23 (10) (2005) 2934-2944.

[13] Tran Nguyen Cac, Nguyen Van Canh, Tran Quoc Dung, Tran Dire Han, M9t giai phap kha
thi chong phan manh Uti nguyen mang to an quang bang phan bo toi iru cac bo chuyen aoi
biroc song d ira tren thong ke hru lirong, Top chi Buu chinh Vien thOng & CNTT, 2005,
http://tapchibcvt.gov.vn.

--[14] W. Wei et al., Multi-layer Integrated Routing Algorithm for IP over WDM Networks, Journal
of Optical Communications 27 (1) (2006) 29-34.

[15] Yuki Koizumi, Shin'ichi Arakawa and Masayuki Murata, On the Interation of IP Routing and
Wavelength Routing in IP over WDM Networks, SPIE APOC, Osaka Univ. Japan, Dec. 2005
(20-29).

[16] Yun Wang and Qingji Zeng, Comparative analysis of dynamic integrated routing for
IP/MPLS/WDM networks, Proceeduiqs of SPIE 5247 (2003) 443-449.

Nluin. biu ngay 27 - 8 - 2007


