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Abstract: The quality of service (QoS) is an important and considerable issue in designing survivable
dense wavelength division multiplexing (DWDM) backbones for IP networks. This paper investigates the
effect of network topology on QoS delivering in survivable DWDM optical transport networks and design
fexibility metrics. The simulation results, a highly connected topology that containing 18 nodes and 35
links, and a less connected topology that containing 21 nodes with 27 links, demonstrate that the network
topology has a great influence on QoS delivering by network at optical layer for different applications.
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1. Giéi thi¢u

Trong truong hop co su cd, viee du phong dich vu
1a bai toan chu yéu trong mang duong truc DWDM
thé hé sau. Trong cong nghé DWDM, mét soi quang
c6 thé cung cip dung lugng 1én t6i nhiéu Thit/s bang
cach ghép kénh theo budc song [1], vi vay viéc mot
sQi quang gap sucd co thé dan dén mat mat mot dung
luong truyén dan rit 16n von anh huéng nghiém
trong 1én viéc cap phat QoS cho cac ung dung [2].
Do d6, kha nang thay dbi duong hoat dong va duong
du phong 1a vin d& sdng con trong thiét ké kha ning
chiu 16i cua mang quang DWDM [3]. Mang kha
dung 1a mang c6 thé hoat dong voi hleu ning chap
nhan dugc khi ¢6 su ¢b nhd vao ngudn tai nguyén
du phong trudc [4], bai toan nay dugc goi la NP-
hard [5]. Cac nha nghién ctru va k¥ su mang st dung
cac phuong phap ILP (integer linear programing )va
thuat toan heuristic dé thiét ké mang duong truc kha
dung tdi wu cho cac ung dung khac nhau nhu dir ligu,
thoai va video.

Thuat toan bao vé nhu vay tdi thiéu hoa bang
thong su dung va n6 khong phit hop véi nhu cau QoS
vbn ¢b ging mé rong bang thong sir dung [6]. QoS
am chi kha nang mang uu ti€n cho mét tng dung
thong qua viéc phan loai Uing dung. Mac du QoS
khong truc tiép dam bao rang hé théng ludn sin sang
véan hanh tai moi thoi diém nhung n6 anh hudng truc
tiép 1én kha nang ton tai cua mang [3]. V& tong quat,
yéu cau QoS lam tang viéc st dung tai nguyén mang,
vbn ¢6 duge bang cach tuong nhuong biang thong.
Bai bdo nay tap trung vao vi¢c nghién ctru anh huong
ctia cu hinh mang 1én viéc phan bé QoS trong mang
quang DWDM kha dung dbi véi cac ing dung nhay
v6i bang thong va do nhay.

Céac dé& muc tiép theo cta bai bao nay nhu sau:

muc 2 trinh bay cong thic toan vé quan Iy bing
thong va do tré truyén dan QoS. Muyc 3 trinh bay két
qua mo phong va phan tich anh hudéng cia cau hinh
mang; muc 4 1a phﬁn két luan.
2. Phit biéu bai todn

Céu hinh mang duoc biéu dién bang Graph co
huéng G(N,L), trong d6 N = {”1’ n,, ..., n,} dai dién
chocacnat mangval={l,1l, .., 1} la cac lién két
(tuyén) trong mang. W = wl,a)z, "® } la cac budc
song trong mot hen két. Ma tran yéu cau T[d ]NxN
la ma tran yéu cdu QoS giita hai nut mang o va d
[0 = origin (ngudn) va d = destination (dich)]. Céc
duong kha dung gitra hai nit mang dugc tinh toan
truge bang thuét toan tim k duong ngan nhét.
2.1. Téi wu héa bing thong

Viée phan bb QoS yéu cau sy twong nhuong giita
bang thong mang va yéu ciu cua tng dung. Goi P 1a
s6 luong duong hoat dong, S 1a sé lwong dudng du
phong, bo ”1a bang thong chiém dung cua duong hoat
dong va b, 1a bang thong chiém dung ciia duong dy
phong glua hal nut (0,d). Vi muc dich kinh té, chiing
ta mong mudbn bing thong chiém dung boi dudong
hoat dong va duong du phong gitia hai nut (o,d) 1a
t6i thiéu duoc viét dudi dang biéu thirc toan hoc 1a:

B= minimize{ Z(bfd +byy )} (1)

(od)

Trong do
br = Z Za)fy"”’,V(o,d) el )

leP weW

=22m§‘°d,V(o,d)eT ©)

1eS oW
Bién quyét dinh o’ (0'?) dugc gan bang 1
néu dudng hoat dong (du phong) thir k gitra hai nit
(0,d) sit dung budc séng w, nguoc lai gan bang 0.
Gidi han vé dung luong ciia lién két: Tong s luong
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cac bude song bi chiém dung, ca & duong hoat dong 1an
duong dy phong trén mdi lién két khong vuot qua sb
luong budce song trén lién két nay W.

S+ fSW, viel “)

Gi6i han co ban: Mdi lién két gitra hai nut (0,d)
phai thoa man yéu cau giira hai nit nay.

W
1WZ =d, . V(0,d)eT (5)

Ww=|

w
ZSi = d(nyd),V(o,d) eT (6)
w=l

Gi6i han vé chiém dung buéc séng: Mot bude
song chi co thé hodc danh cho duong hoat dong hoac
danh cho duong du phong.

w,+s, SLVweW @)

Gi6i han vé tinh tich roi: Puong hoat dong va
duong du phong (P,S) gitra hai nut (0,d) phai la lién
két tach roi nhau (d€ khong gap su ¢ cung mot luc)
sao cho chi c6 thé xay ra mot sy c6 don.

R, NF,,=0,Y(0,d)eT ®)

2.2. Yéu ciu QoS
Doi v6i cac tmg dung nhay voi do tré, yéu cau
QoS 1a tim duong di gilta hai nut (0,d) c6 do tré
truyen dan nho nhat. Goid ) 1a do tré truyén dan cua
duong hoat dong va d_; 1a do tré truyén dan duong
du phong gitia hai nut (0,d), yéu cau QoS dugc viét:
D= minimize{ S(az, +a, )} )
(o.d)
Trong do
d? =% d, Vo,d)eT
leP
di,=>d . Yo,d)eT

leS

(10)
(11)

Véi d, 1a d6 tré cua lién két / vén ti 1¢ thuan voi
chiéu dai cua né. Ngoai ra, d ” (d ) phai nhd hon
d6 tré 16n nhat c6 thé chip nhan dwoc trén dudng
hoat dong va duong du phong giita hai nut (o0,d). B9
tré ndy cling can nho hon d¢ tré 16n nhét c6 thé chap
nhén dugc trong ma trin yéu cau Dmex (diéu kién
nay sé& loai bo cac giai phap kém chat luong ra khoi
danh sach cac duong tng cir vi chi phi tinh toan tdi
thiéu).

3. Két qua md phong

Muc nay mo ta vai két qua mo phong ciia mang
quang DWDM kha dung véi thuét toan tdi wu hoa
bing thong va do tré. Toi thuc hién md phong nay
bang MATLAB dé minh hoa anh huéng cdu hinh
mang 1én viéc phan b6 QoS, t6i xét hai mang tuong
phan nhau dugc trinh bay trong hinh 1 la mang cé
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mat d6 két ndi cao vai 18 nut 35 lién két. Mang hinh
2 c6 mat do két ndi it hon voi 21 nat 27 lién két.

Hinh 2: Mang 21 nut

Hai c4u hinh nay 1a dai dién cho ciu hinh ludi
thong dung trong thiét ké mang quang kha dung. Tét
ca cac lién két thudce 10p vat 1y déu la song hudng va
tat ca cac nut déu c6 kha nang chuyén déi budc song
day du. T6i gia dinh rang d6 tré truyén dan trén moi
lién két bang 5 ps/km [8]. Toi str dung thuat toan don
gian nhung hi¢u qua 1a thuat toan first-fit (FF) dé gan
budc song. Nén chu y rang tinh hidu qua cia thuat
toan first-fit khong c6 anh hudng gi ¢ day vi chung ta
da gia dinh sy chuyén d6i budc song o tit ca cac nut
la day du. That vay, trong truong hop nay khi khong
c6 gidi han v& tinh lién tuc cua budc song, moi thuat
toan gan budc song déu ¢ hiéu niang nhu nhau.
3.1. Dénh gid bang thong va dp tré truyén

T6i dd nghién ctru anh hudng cua thuat toan tbi
uu hoa bang thong (Banwidth Optimization Scheme
- BOS) va thuat toan t6i uu hoa do tré truyén dan
(Delay Optimization Scheme - DOS) [én bai toan
dinh tuyén va gan budc song (Routing Wavelength
Assignment - RWA) [9], yéu cau vé dich dén tai mot
nat déu duge giri dén tat ca cac nat con lai. S6 budce
song yéu cau trén mdi nat 1a 1 = 40. Két qua mo
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phong dbi véi BOS va DOS dugc trinh bay tir bang

1 dén bang 6.

Bang 1: Tong bang théng va thoi gian tré ciia mang
18 nuit khi mot sé lightpath dwoc dinh truoc

Thuét todn Bing thong Thoi gian tré [s]
BOS 111 0,02673
DOS 119 0,025495

Bang 2: Tong bang théng va thoi gian tré ciia mang
18 nut khi khong co sw co
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d6 linh hoat cia mang. Chung ta dinh nghia d¢ linh
hoat cua thiét ké (theo phan tram) theo phuong trinh
(12), trong d6 x c6 thé 1a bang thong hodc do tré déu
dugc [néu y 1a bang thong thi ching ta co do linh
hoat vé bang thong, con y 1a do tré thi chung ta c6 do
linh hoat vé d6 tré], con chi s6 B va D & trén tuong
ung voi phuong an st dung la BOS hay DOS. [10]

" -2

£ =100 L (12)

3.2.1. Tinh linh hoat thiét ké cia mang 18 nut

Thuat toan Béng thong Thoi gian tr& [s]
BOS 3171 0,3661
DOS 4835 0,2960

a.Truong hop cac lightpath dinh trudc

Bdng 3: Tong bang thong va thoi gian tré ciia mang
18 nut khi co sw co dirt doan

Thuat toan Bang thong Thoi gian tré [s]
BOS 4005 0,4315
DOS 5779 0,3025

Bdng 4: Tong bang théng va thoi gian tré ciia mang
21 nut khi mot so lightpath dwoc dinh trudc

Thuat toan Bang thong Thoi gian tré [s]
BOS 481 0,068285
DOS 467 0,068275

Bdng 5: Tong bang thong va thoi gian tré ciia mang
21 nut khi khéng co sw co

Thuat toan Bang thong Thoi gian tré [s]
BOS 10547 0,6382
DOS 10851 0,6155

Bang 6: Tong bang théng va thoi gian tré ciia mang
21 nut khi co sw co dvt doan

Thuat toan Béng thong Thoi gian tré [s]
BOS 11501 0.6575
DOS 11795 0.6226

Tir két qua trén chiing ta c6 thé thiy rang trong ca
ba truong hop khi str dung thuét toan BOS va DOS
thi mang 18 nut 35 lién két co sy thay dbi vé bing
thong va do tré nhiéu hon so v6i mang 21 nat 27 lién
két. Trong truong hop khi mang co6 sy cb dut doan co
nghia la ciu hinh mang thay ddi va dong thoi lién két
ctia mang giam di, cho nén sy thay ddi vé bang thong
va d6 tré truyén gitra hai thuat toan BOS va DOS ciing
giam so voi truong hop mang hoat dong t6t. Hiéu
nang trong mang 21 nut khong c6 sy cai thién nao da
cho théy vai tro cia cu hinh mang ciing nhu s6 luong
lién két anh huong 1én hidu ning hé thong boi vi co
rat it su Iya chon dudng dinh tuyén trong mang nay.
3.2. Tinh linh hoat ciia thiét ké

Quan hé cua d6 tré theo bing thong rat khé tim,
vi vay nguoi ta thuong danh gia hé thong thong qua

-Tinh linh hoat vé bang thong

[111-119)

£ =100 =7.2%

-Tinh linh hoat vé d¢ tré truyén
0,002673 — 0,025495‘
0,02673

£ =100 =4,6%
b.Trudng hop mang khi khong c6 su ¢b
-Tinh linh hoat vé bang théng
[3171-4835] 59,50,

3171 ’
-Tinh linh hoat vé d¢ tré truyén

0.3661-0,2960]
| sl Skt N 0,
0.3661 19,2%

£ =100

£ =100

¢.Truong hop mang 6 su ¢ dut doan 8 — 9
-Tinh linh hoat vé bang thong

£ =100 4005 -5779] 443
N 4005  T00°

-Tinh linh hoat vé d¢ tré truyén

£ =100 0,4315-0,3025| .
- omis 2%

3.2.2. Tinh linh hoat thiét ké cia mang 21 nut
a.Truong hop mot so lightpath dinh trudc
-Tinh linh hoat vé bang thong

|481-467|
481

-Tinh linh hoat vé d9 tré truyén

22100 0,068285—0,068275‘ —0,02%

0,068285
b.Trudng hop mang khi khong c6 su ¢d
-Tinh linh hoat vé bang thong

10547 —10851|
c=100—"_—""1

10547

-Tinh linh hoat vé d¢ tré truyén
0,6382-0,6155

0,6382

¢ =100 2,9%

=2,9%

¢ =100 =3,6%
(Xem tiép trang 113)
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cho hoat dong giang day, hoc tap va nghién ctru khoa
hoc cua nha truong.
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c¢.Truong hop mang c6 su ¢ dut doan 4 - 7
-Tinh linh hoat vé bang thong
11501-11795|
£=100—————
11501

-Tinh linh hoat vé do tr& truyén

¢ =100

=2,6%

=53%
0,6575

Su khéc biét giira hai cAu hinh mang 13 rat rd rang.
Trong ca hai mang dang xét, d¢ linh hoat vé d0 tré va
d6 linh hoat vé bang thong ctia mang 18 nut 35 lién
két déu 16n hon mang 21 niit 27 lién két trong tat ca
cac trudng hop. Pdi voi mang 18 nat, d6 linh hoat 16n
nhét ciia n6 1a (52,5%, 19 ,2%). Nguoi quan tri mang
c6 thé biét duoc anh ta c6 thé tdi uu hoa mang theo
bang thong hay do tre den mirc d6 nao. Lai mot lan
nira ching ta thay rang cu hinh mang c6 anh hudng
lon dén tinh linh hoat cua thiét ké ciing nhu yéu cau
vé chat lugng dich vu clia mang, mat do két ndi cua
mang cang l6n thi tinh linh hoat cua mang cang 16n.
4. Két luan

Bai bao da khao sat trén hai ciu hinh mang tuong
phan 1 mang c6 mat do két ndi cao véi 18 nat 35
lién két va mang c6 mat do két ndi it hon véi 21 nat
27 lién két.

D6i v6i mang 21 nat 27 lién két thi khong co sy
thay d6i nhiéu vé bang thong hay do tré truyén khi sir
dung hai thuat toan BOS va DOS trong cé ba truong
hop dugc mo phong.

Déi véi mang 18 nat 35 lién két thi duong hoat
dong c6 bang thong chiém dung ¢ thuét toan DOS déu

16n hon so véi thuat toan BOS ddng thoi do tré truyén
& thuét toan DOS déu nho hon so véi thuét todn BOS
trong ca ba truong hop mo phong. Bai bao da xac dinh
dugc tinh linh hoat thiét ké ctia mang 18 nut 35 lién
két cao hon mang 21 niit 27 lién két va dong thoi hidu
nang trong mang 21 nat 27 lién két khong cé su cai
thién nao di cho thiy vai trd ciia ciu hinh mang ciing
nhu s lugng két ndi 1én hiéu nang hé thng bai vi co
rat it sy lwa chon dudng dinh tuyén trong mang nay.
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