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TOM TAT

Tich hop luu luong IP vao mang quang WDM (Wavelength Division Multiplexing) la
mot xu thé ciia cong nghé mang thé hé ké tiép, viéc nghién ciru cdc giao thirc cho cong nghé tién
tién nay la diéu can thiét va cap bdch. Trong bai bdo nay, chiing téi dé xudt mot thudt todn dinh
tuyén tich hop LFCR (Link Feasible Capacities Routing) trén mé hinh dé thi phan 16p dé lam
gidm xdc sudt yéu cau thiét lp két néi bi tir choi, doi véi da bude séng, ndang cao hidu qud sir

dung tai nguyén mang quang WDM.

Tir khod: dinh tuyén tich hop, mang truyén dan quang, leu théng mang.

1. Giéi thi¢u

Cong nghé truyén dan quang phat trién di ning cao toc do duong truyén vuot
béc trong thoi gian gan day, dd md ra mot giai doan méi cho truyén théng da phuong
tién. Tuy nhién, sy doi hoi chét lugng dich vu ngay cang cao khi ma bung nd luu thong
trén dudng truyén dan quang 16n, can phai c6 nhing cai tién méi vé mit cong nghé
truyén dan, dic biét 1a tai cac nat chuyén mach trung tam. Mot xu thé cua cong nghé
mang thé hé ké tiép (NGN - Next Genegation Networks) [7] 1a truyén tryc tiép goi sb
liéu IP trén mang quang WDM, duogc goi la cong nghé IP trén WDM [1],[6] dua trén mo
hinh xép chong (Overlay Model), md hinh ngang hang (Peer Model) va md hinh ting
trudng (Augmented Model) [2], [4], [6] 1a mot su két hop giita hai mo hinh trén, thong
qua mit phang diéu khién va mit phang quan 1y cuia 16p IP va 16p WDM.

Véi mé6 hinh ngang hang, mit phang diéu khién va quan 1y cua 16p IP va lép
WDM la nhu nhau, théng tin cdu triic mang va cac thong tin khac nhu dinh tuyén, trang
thai két ndi duoc chira trong ca hai 16p nén co ché dinh tuyén 13 hop nhét trong diéu
khién toan bd mang [5]. Vi vay, ching t6i st dung trong nghién ctru bai bao nay thuan
loi hon dbi voi mo hinh xép chdng véi mit phang diéu khién va mat phang quéan 1y ciia
hai 16p 14 tach roi nhau va giao thirc dinh tuyén, giao thirc béo hiéu, thong tin trang thai
két ndi cua 16p IP khong phu thudc vao 16p WDM. Pong thoi, mé hinh ngang hang cho
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phép tich hop hoan toan 16p IP vao 16p quang WDM nén nd phi hop véi xu hudng trién
khai mang chuyén mach goi quang trong tuong lai. Trong bai bao nay, chung toi tap
trung nghién ctru co ché dinh tuyén trong mang IP/WDM c6 cdu trac theo mo hinh
ngang hang nham tim giai phap t6i wu cho viéc diéu khién lwu lwong IP trén mang
quang WDM.

Trong mang IP trén WDM c¢6 céu trac theo mo hinh ngang hang, ky thuat
chuyén mach nhén da giao thitc (MPLS - Multi-Protocol Label Switching) thuong duoc
stt dung v6i chitc nang 1a mat phang diéu khién hop nhdt giira 16p IP va 16p WDM [8].
Luu luong IP duoc dinh tuyén qua mang bang cac LSP (Label Switch Path). Khi thiét
1ap mot LSP, cac két ndi vat 1y (két ndi soi quang) va két ndi logic (cac kénh quang da
duoc thiét 1ap) dugc xem xét déng thoi dé lua chon 10 trinh cho LSP. Viéc lwa chon két
nbi vat 1y hay két ndi logic tiy thudc vao hdam trong sé cia cac két ndi. Cac ham trong
s6 nay duogc xdy dung tiy theo muc tiéu cia ting thuat toan.

Tir 46, ching t6i di dé xuat mot thuat toan dinh tuyén cho mé hinh ngang hang
ctia mang IP/WDM duya trén mo hinh dd thi phan 16p nham tim giai phap téi uu cho
viéc diéu khién luu luong IP trén mang quang WDM. Dé giai quyét bai toan, ching toi
stt dung phuong phap mé hinh héa mang IP/WDM thanh mét dé thi phén 16p dua trén
[1], [9], sau d6 thiét 1ap ham trong s6 cho cac canh trong dd thi va sur dung thuat toan
Dijkstra dé tim 16 trinh c6 chi phi cuc tiéu cho cac yéu cau LSP.

2. M6 hinh db thi phan 16p cho mang IP/WDM

Mot mang IP/WDM co6 thé xac dinh béng mot dd thi G(N,E), trong d6 N la tap
cac nit mang (bao gdm cac bd dinh tuyén IP va cac bo két ndi chéo quang OXC), E 1a
tap cac két ndi soi quang song huéng, mdi soi quang str dung W kénh bude song. Do thi
phan 16p G,i(N,,E,,) 1a dd thi ¢o hudng thu dugc tr G(V,E) theo cac budc nhu sau:

V6i mdi OXC; € N trong G mé rong thanh W nit chirc nang x" (w=1..%). Néu
c6 mot canh e; € E trong G két ndi giita i va j, st dung W canh c6 hudng e; € E trong
G, két ndi tr x" dén x!' (w=1..W) va W canh c6 huéng e/, € E; trong G, két ndi tir

x; dén x;" (w=1..W). Tat ca cac canh nay dugc goi 1a cac ket noi budc song.

Vé&i mbi bod dinh tuyén IP R; € N trong G dinh kém theo cic OXC;, m& rong
thanh 2 nut chic nang " va 7™, st dung W canh c6 huéng dé két ndi tir nat " dén
tat ca cac nit x" (w=1..W), W canh c6 huéng dé két ndi tir cac nuts x"(w=1.W) dén
nat #™ va mot canh c6 hudng dé két ndi tir nat ™ dén " . Tét ca cac canh nay dugc
goi 14 két néi chike nang.

Néu sb kénh quang dang két ndi tir b dinh tuyén R; dén R;1a khong rong thi str
dung mot canh c6 huéng /; két noi tur 7"

out

dén /™, canh nay duoc goi la ket noi logic.
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Hinh 1. M6 hinh do thi phdn 16p cho mang IP/WDM

Khi ¢6 mot kénh quang maoi lj duoc thiét 1ap tir Ri dén Rj st dung budc song
thir w, loai bo cac két ndi bude song  sir dung cho kénh quang nay khoi dd thi phéan
16p. Nguoc lai, néu c6 mot kénh quang dwoc giai phong thi phuc hoi lai cac két nbi
budc song tuong ung.

Hinh 1.a 1a t6p6 vat 1y cia mang IP trén WDM trong mé hinh d6 thi phan 16p,
gia sir rang mdi soi quang st dung 2 kénh budc song va trong mang dang ¢ cac kénh
quang chiém gitt nhu minh hoa trén hinh nay. Hinh 1.b 13 dd thi phan 16p twong tng véi
truong hop nay.

Ta thy rang, khi mang IP/WDM duoc md hinh hoa thanh d thi phan 16p thi bai
toan dinh tuyén trong mang tro thanh bai toan duong di ngin nhét trén dd thi phéan 16p.
Vén dé con lai 1a thiét 1ap ham trong sb cho cac canh trong do thi phan 16p. Trong [3],
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M. Kodialam ef al. dd dé xuét thuat toan IMH (Integrated Min-Hop routing). Vi thuat
todn nay, tat ca cac két ndi vat ly va két ndi logic déu duoc thiét lap trong s6 1a 1 don vi,
sau d6 st dung thuat toan duong di ngin nhat dé tim 16 trinh cho yéu cdu LSP. Thuét
toan IMH ¢6 vu diém 1a cai dat don gian, nhung lai c6 nhuoc diém 1a ham trong s6 chua
xét dén cac tham sd dic trung cua mot két ndi logic nhu: dung lugng con lai ciia mot
kénh quang, s6 budc truyén vat Iy ma kénh quang di qua. Vi vay, ciac LSP c6 thé dinh
tuyén qua cac kénh quang dai, tiéu tén nhiéu tai nguyén mang va giy ra tré truyén tai
16n. Vi vay, ching to1 dé xuét thuat toan LECR v&i ham trong sb cua cac canh trong dd
thi phan 16p c6 xét dén rang budc vé dung lugng con lai va sé bude truyén ciia mdi kénh
quang. Muc tiéu cua LFCR 1 t6i vu hoa viéc sir dung tai nguyén mang, giam ty 1& yéu
cau thiét 1ap LSP bj tir chéi.

3. Thuit toan dinh tuyén tich hgp LFCR
3.1. Thiét lap ham trong sé cho cdc canh trong do thi phin I6p

Theo phuong phap mé hinh hoa mang IP/WDM thanh db thi phan 16p nhu trén
thi c6 3 loai canh trong dd thi phan 16p. D6 1a canh chiic nang, canh budc song va canh
logic. Ham trong sb ctia cac canh nay duoc thiét 1ap nhu sau:

- Trong sb cua canh chuc nang: Trong s6 cua cac canh chire nang duoc thiét lap
1a £ — 0". Diéu nay mudn néi rang, viéc thém vao cac canh chirc ning trong db thi phan
16p khong 1am anh hudng dén két qua cua thuat toan dinh tuyén.

- Trong so cua canh budc song:

Y 1 Néu buéc song thir w trén két noi tir i dén j ¢ trang thdi réi
c(e"f) | +©  Trong truong hop nguoc lai @)
- Trong s6 cua canh logic:
. b .
{,‘fff—"{hy(k)} +t—— Neun>0 )
c(l,) = D b, (k)
=1
+oo Trong trueong hop nguoc lgi

Trong d6, b 1 bang thong yéu cau ciia LSP, n 13 s6 kénh quang trong két ndi
logic /;; c6 bang thong con du khong nho hon b, b;(k) 1a bang thong con du cua kénh
quang tht k trong két ndi logic Ly, hij(k) 1a s6 budc truyén vat Iy cua kénh quang thi £.

Trong ham (2), chung toi dua vao tham s6 _ 2 véi y nghia 1a khi tong
>, (6)
=1
bang thong con du trén mot két ndi logic cang 16n thi trong s6 cua canh logic cang
nho, nghia 1a cac LSP ludn duoc wu tién thiét 1ap qua cac két ndi logic c6 bang thong
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con du 16n hon, diéu nay giam bot xac sudt nghén mang.
3.2. Thudt toan LFCR
Vao:

Mot t6pd mang IP trén WDM mé ta boi do thi G(N, L) dugc md hinh hoa
thanh d6 thi phan 16p G,(N,,, Ly,).

Si= {b,(1), by(2), ..., by(n)} 1a thp kénh quang dang chiém giit két ndi trong
mang, voi b, (k) la bang thong con du cua kénh quang k.

Mot yéu cau thiét 1ap LSP (s, d, b), voi s 1a ntt ngudn, d 1a nit dich, 0 < b < 1
12 bang thong yéu cau.

Ra:

Mot 16 trinh tir s dén d voi dung luong 1a b don vi bang thong, hoac thong bao #r
chéi yéu cau néu khong thiét 1ap duoc.

Gidi thuat:

Budc 1: Dua trén bang thong yéu cau cua LSP, x4c dinh trong sb cta cac canh
logic trong d6 thi phan 16p theo ham (2).

Budc 2: Chay thuat téan Dijkstra dé tim 16 trinh chi phi cuc tiéu Py tir rj” dén

out

™ trén do thi phan 16p G;.

Budc 3: Xac dinh chi phi Cost(Pyy). Néu Cost(Pyg) = +oo, chuyén dén bude 7.
Nguoc lai, tiép tuc budc 4.

Budc 4: Tim cac két ndi 55
Ie r \ . A TR sccess 4
budc song ma Py, di qua. Néu Py d;'ﬁ\ /?
khong di qua két ndi bude séng a;;‘ I
nao thi chuyén dén buoc 6, el &
Nguoc lai, tiép tuc budc 5. & \ﬁ / \ <
S e n\ _ S \mﬁ; . / A5
Budc 5: Thiét 1ap kénh = /ﬁz’ /\
quang méi qua cac két ndi bude =~ T\
song tim dugc & budc 4. Cap 4 -
A . A ’ A A == / \35)4—1—1-—,/ -
nhat lai trong s cho cac két ndi W T N = )
budc song ndy theo ham (1), s/ = Py :
Buéc 6: Thiét lap LSP == :
qua Pg. Cap nhat lai bang thong Hinh 2. Mt top6 mat luéi ciia mang IP/WDM
con du cho cac kénh quang ma s dung trong mo phong

Py di qua va két thuc.

Budc 7: Tir chdi yéu cau va két thuc.
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O day ching toi giai thich thém ¢ budc 4 1a: Néu nhu Py, khong di qua két ndi
budc song nao, didu nay dong nghia voi viée Py, chi di qua cac két ndi logic (cac kénh
quang di duoc thiét 1ap) v6i khoang bang thong con du. Vi vay, khong can phai thiét 1ap
kénh quang méi, ma cac LSP sé& duoc thiét 1ap qua cac két ndi logic nay.

Do phire tap cua thudt toan:

D¢ phuc tap cua thuat toan phu thudc chu yéu vao thuat toan Dijkstra ¢ budce 2.
Db thi phan 16p duoc xdy dung gdm c6 [NJ*(W+2) nat, W 1a sb bude song trén mdi soi
quang. Nhu viy, do phtrc tap cua thuit toan nay 1a O((N|*(W+2))).

4. Két qua mé phong va danh gia
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Hinh 3. Xdc suat nghén cua cdc thudt toan LFCR va IMH:

(a) leu lwong todn mang thay doi, (b) s6 bude song trén moi soi quang thay doi
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Pé danh gia hi€u qua thuc thi cua thuat toan LFCR, chung t61 so sanh voi thuat
toan IMH [3] bang phuong phap mé phong. Thuit toan IMH ciing duoc thuc thi dwa
trén mo hinh dd thi phan 16p, sau dé cac tac gia st dung thudt toan dwong di ngdn nhat
Dijkstra trén db thi phan 16p nay dé tim 16 trinh cho LSP. Trong s cua tat ca cac két ndi
déu duoc thiét 1ap bﬁng 1. Nhu vay, thuat toan IMH chua xét dén rang budc vé chiéu dai
ctia cac két ndi soi quang ciing nhu bing thong trén cac két ndi. Pay 1a Iy do ma thuat
toan IMH thuc thi khong hiéu qua vé& mit tdi wu hoa tai nguyén mang. Dé so sanh hiéu
qua thyc thi cta thuat toan IMH voi LECR, chiing toi cai dit mo phong trén topd mit
ludi nhu hinh 2 dya trén phan mém mé phong mang OMNeT++. Két qua hinh 3a la
truong hop sé kénh bude song trén mdi soi quang 1a 8. Ta thiy ring, khi luu luong trén
toan mang cang 1on thi xac suat LSP bi ngh&n cang cao. Tuy nhién, thuit toan LFCR
ludn cho ta xac suét suét nghén nhé hon so voi IMH, dac biét 1a khi luu lugng toan
mang lon.

Do thi trén hinh 3b 1a xac suit nghén cua thuat toan LFCR so v&i thudt toan
IMH ¢ mrc luu luong toan mang 1a 225 Erlang. Ta thay rang, khi s6 kénh budc séng st
dung it (2 hodc 4 budc séng) thi hidu qua thuc thi cta thuit toan gan nhu 1a giéng nhau.
Nhung trong trudng hop sé kénh bude song 16n, véi két qua moé phong tir 2 dén 32 budc
song thi thuat toan LFCR cho ta x4c suat nghén luén nho hon so véi thuat toan IMH.

5. Két luin

Qua két qua nghién ctru co ché dinh tuyén tich hop trong mang IP/WDM c6 cau
trac theo mo hinh ngang hang. Chung t6i di dé xudt thuat toan dinh tuyén téi vu LFCR
v6i trong sb cia canh logic nhu cong thic (2) va véi két qua mo phong vé xac suat
nghén cua LSP d3 chimg minh dugc x4c suat nghén mang nho hon so vé6i cac két qua
nghién ctru IMH trude d6 trén topo mét ludi cia mang IP/WDM, khi s6 budc song thay
dbi tir 2 dén 32 trong soi quang. Vi vdy, thuat toan dinh tuyén LFCR d3 nang hiéu ning,
cai thién duoc moi trudng truyén tin trén mang quang. Trong hudng nghién ciru tiép
theo, ching t6i tiép tuc cai tién thuat toan dé han ché hon nita xac suét nghén mang
trong trudng hop s budce song nho va ap dung trong trudng hop mang quang WDM c6
st dung cac bo chuyén doi bude song.
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A RESOURCE OPTIMUM ROUTING ALGORITHM IN IP OVER WDM
NETWORKS AND APPLICATION FOR MESH TOPOLOGY

Vo Thanh Tu

College of Sciences, Hue University
Le Huu Binh

Hue Industrial College

SUMMARY

Integration of IP traffic over WDM optical networks is a tendency of next generation
networks technology, the research about protocols for this new technology is necessary. In this
paper, we focus on studying the routing mechanisms in IP over WDM networks. Based on
layered graph model, we proposed a new integrated routing algorithm called LFCR (Link
Feasible Capacities Routing). The objective of LFCR is to minimize theof blocking probability
of connection establishing requests in the networks, with multi-wavelength, improving on
efficiently utilization of the resource of WDM optical networks.

Keywords. integrated routing; optical transmission; network traffic.
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