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Optimal Routing for Multimedia Service Delivery in

Broadband Networks

Student : Ying-Chin Wang Advisor : Dr. Po-Lung Tien

Department of Communication Engineering

National Chiao Tung University

ABSTRACT

Nowadays, to deliver real-time multimedia services in network, the system must
effectively choose delivery path for packets .in a short time. The decision of choosing
path must optimize the system utilization, and also guarantee the Quality-of-Service
(QoS) for users in the meantime. In this paper, we propose a method which can quickly
choose path and guarantee QoS for users, and formulate a linear programming
mathematical model. In this model, the objective function is minimizing the sum of
maximum input link utilization and' maximum.output link utilization of each node instead
of calculating the average packet delay by non-linear M/M/1 queuing model. This
method changes a difficult non-linear problem into an easy linear optimization problem
and provides a quick and simple way to choose path. In order to compare the
effectiveness of the proposed method with M/M/1 model in different topologies, link
capacity, the number of users, and the distribution of users, we obtain the users’ selected
path by using LINGO and CPLEX, and simulate it in NS2, network simulation tools.
According to the experimental results, mostly the delay of the proposed model is nearly
the same as the delay of M/M/1 model and even in the worst case is slightly bigger than
M/M/1. However, M/M/1 model need much more the time of solving problem than the

proposed model.
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Table 1.:2 2 Table 2. » %] % packet size/link capacity (1/1000) ~ (1/100) = fa % o =
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model 1 10% o

Max min Path similarity range
10 users 8.6558% 4.3323% 70% ~ 100%
20 users 8.9048% 2.2218% 75% ~ 85%
30 users 4.6477% 4.6477% 86.7%
40 users 9.6895% 6.5232% 80% ~ 82.5%

Table 1. packet/ capacity (1/1000) in MM case

Max min Path similarity range
10 users 4.1911% 4.0956% 80%
20 users 4.6255% 4.6255% 85%
30 users 5.0093% 4.9480% 80% ~ 83.33%

Table 2. packet/ capacity (1/100) in MML1 case
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FORREGRL AR 2 E MM BRURR LT o e A Al dki o AR
M/D/1 efiim e NS2 © 3 ¥ e o fidg 0 3 2w B M e ae v @3 AR 4 e
I 3oz A pFE R o Table 3.02 2 Table 4.4 %] & packet size/link capacity (1/1000) ~ (1/100)
d AR o 33t > Local Utilization Model st & pF & < 3% 4 i M/M/1
optimization model & > & # £ HFR 72 L E 6% > BAFOFIRG ¥ ¢ &2 M/M/L

optimization model 4p ¢ » ¥ T L 4% o

Max min Path similarity range
10 users 5.1% 0% 70% ~ 100%
20 users 2.14% -0.238% 75% ~ 85%
30 users 4.26% 4.26% 86.7%
40 users 9.04% 5.97% 80% ~ 82.5%
Table 3. packet/ capacity (1/1000) in MD1 case
Max min Path similarity range
10 users 4.85% -0.0049% 80%
20 users 2.34% 2.34% 85%
30 users 4.11% 4.01% 80% ~ 83.33%
Table 4. packet/ capacity (1/100) in MD1 case
P % 2

Figure 8. sources 4 4t

S M H-source & TN R R 0 @ H HRIE S PR B oo e fid avd 4 e

Fendhle e L& G BLARSHR ATV IGREY HFE P RIRS L4700l -
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Figure 9.1 1% 5 %23+ 3 B A A B e fH R T o i % LINGO Ff@#r g prf ot i o
d Figure 9.7 ¢ 1 » 2£&t 5 M/M/1 optimization model i 2% 22 42 e » 7 5 P57

LR g
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HE o #F % F o e packet size/link capacity (1/100) 4% > 40
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Figure9. RfZpsft &

Fr MM/ N F (21) 8 T 3534 @ ag A4 g o 4 w17 4 Table 5.02 % Table
6.(packet size/link capacity (1/1000) ~(1/100) )& #& {5 % o vt %% 2 & H-73] 7 1F enfe,
FARHF SR LAANAE LR A 4 =~ et flimaite TiogE« | &

M/M/1 optimization model #iz 5 T B A i+ 5 3%; * Mo FRy A 1%+ o

Max min Path similarity range
10 users 0.0176% 0.0176% 90%
20 users 0.0264% 0.0264% 90%
30 users 1.4171% 1.4171% 93.3%
40 users 3.2921% 1.1097% 85% ~ 92.5%

Table 5. packet/ capacity (1/1000) in MM case

Max min Path similarity range
10 users 0.1965% 0.1965% 90%
20 users 0.2970% 0.2970% 90%
30 users 1.3109% 1.3109% 93.33%
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Table 6. packet/ capacity (1/100) in MML1 case

12T Table 7.4 % Table 8.4 %] & packet size/link capacity (1/1000)-(1/100) = #& {5 »
BB 2 EFE MIMIL BRRFRA T 0 3t B a0 AP
M/D/1 e e NS2 ¢ R RHE > VRO ZXITFHEFTHR LR - 7%
Local Utilization Model =z & p& fF &2 M/M/1 optimization model { % #:i7 » & Z

R G 3% 0 BAF iR G 8 € & M/M/L optimization model Ap 0 H 3 f 4 o

Max min Path similarity range
10 users 0.04% 0.04% 90%
20 users -0.04% -0.04% 90%
30 users 1.38% 1.38% 93.3%
40 users 3.08% 1.04% 85% ~ 92.5%

Table 7. packet/ capacity.(1/1000) in MD1 case

Max min Path similarity range
10 users 0.575% 0.575% 90%
20 users -0.273% -0.273% 90%
30 users 1.49% 1.49% 93.33%

Table 8. packet/ capacity (1/100) in MD1 case

PR o g R s 3l s LA R % LINGO &% - MIM/L
optimization model » iz ¢ * ¥ chifc B H £ o b F R DR o ATE PR B
4 o 2R @ Local Utilization Model » d >t 5 SRR 3L > 7E R T 24k~ chi
Bl o i F M/M/L 85 (2.1)34 5 O T 3544 & 4 & 4e 12 di > 27 M/M/1 optimization
model Z FESH 3+ > B 5 4p £ 3] 10% > e & -] 7 124237 0% F 2 B~ £ B (Min

WVBERFIHRL 7N 4% F%2 550 1%+ -fed p ¥ 4o Local Utilization
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A * NS2 P » #adl 7 >t Poisson process o traffic 7| At cnie it 3t ¢ @ 1%
FEE e 0 0 MID/L (% L3t B et i 5 Local Utilization Model » &2 M/M/1
optimization model 4p 't st BB X LFEA AZE 9% RS G R SEF S F B o
do R BRI 2 0 ¥ B2 @ > Local Utilization Model i ¥ per i 1 25
— @ M/M/1 optimization model £ - Fr FFx 4% ¢ 2 1) 22 M/M/1 optimization model
el o s 43 L] o
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3.3 Near-optimal delay constrained routing *“ #& § %
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AP B [11] ¢ et licdp s R T B 5 [11]¢ GTE Topology » 1993 [11] &
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Figure 10. GTE Network
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Link capacity GTE Local Gap (%)
(packet/sec) (msec) (msec)
65 28.19 31.5336 11.8679%
70 26.02 28.9823 11.3848%
100 17.824 19.222 7.8431%
150 11.687 12.7544 9.1335%
200 8.6936 9.5629 9.999%

Table 9. Comparison with GTE Network in MM1 case

£ & d NS2 #3241 7 F >t Poisson process =i traffic 2] ik sk i2 34 & @ 3% ikt M/D/1
et 1T e 33t 0 Local Utilization Model 53] 2 ™ eezs ¥8 pFRF > 24§ -2 o

[11]¥ ez B pF R e 2 g o © & 5 7 e link capacity ~ -] 7w ™ ez B L i o

Link capacity GTE Local Gap (%)
(packet/sec) (msec) (msec)
65 28.19 27.121 3.79%
70 26.02 25.09 3.57%
100 17.824 17.285 3.02%
150 11.687 11.406 2.4%
200 8.6936 8.508 3.26%

Table 10. Comparison with GTE Network in MD1 case

d % 4 Table 9.2 Table 10.¥ & » ¥ A& i 2 M/M/1 =z T » Local Utilization
Model #cit 37 4 » % 38 5 31 10% 2 £ ehut i ] o f 2 g2t MIMIL K ¢
traffic 4] iz 2 = - :& * Local Utilization Model #-3] + 7 21 4e[11]4p i1 e % > 3 ﬁ ES
BB+ %) A 3%*%tiT » 2 Local Utilization Model #-3] 2 s+ 4.4 » &4 7 + £ Rjap

FE'I& o

R R
B R MIM/L model f i v i o AR5 R B AR S AT 0 ARG R M4t e

Bz > JNEFEY LA B aﬂﬂ‘,hmﬁ?] )»ﬂ]fr'ﬁ;f] MdaE L * Fhafom i Pk

-~

=
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