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Research BackgroundResearch Background

If characteristic of If characteristic of packet transmission delaypacket transmission delay is is 
knownknown……

Can improve Can improve QoSQoS (Quality of Services)(Quality of Services)
Can realize efficient congestion control Can realize efficient congestion control 

Dynamics of packet transmission delayDynamics of packet transmission delay
How packet transmission delay is affected by How packet transmission delay is affected by packet packet 
transmission ratetransmission rate

sender receiver

Research Objectives Research Objectives 

Model dynamics of packet transmission delayModel dynamics of packet transmission delay
View network as a View network as a black boxblack box
Measure input and output to networkMeasure input and output to network
Estimate model parameters by Estimate model parameters by system identificationsystem identification

Validate model accuracyValidate model accuracy
Using two validation methodsUsing two validation methods
Comparison with simulation (time domain)Comparison with simulation (time domain)
Comparison with spectral analysis result (frequency domain)Comparison with spectral analysis result (frequency domain)

receiver
sender

BlackBlack--Box ModelingBox Modeling

Definition of input and outputDefinition of input and output　　
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ARXARX（（AutoAuto--RegressiveRegressive eXogenouseXogenous））ModelModel
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Determined by system identification

Modeling Procedure Modeling Procedure 

1. Measure input and output data
2. Determine ARX model parameters from 

measured input and output data
3. Validate accuracy of ARX model obtained

model 
parameters

system identification 

ARX model 
input data 

output data 
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Queuing Theory vs. System Identification Queuing Theory vs. System Identification 

? ? good good model accuracy model accuracy 

not requirednot requiredrequiredrequiredmodel informationmodel information

cannot modelcannot modelcan model can model statistical statistical 
characteristic characteristic 

yesyesnonocontrol theory control theory 
applicabilityapplicability

can modelcan modelcannot modelcannot modeldynamicsdynamics

black box black box white box white box modeling approach modeling approach 

system identificationsystem identificationqueuing theoryqueuing theory

Network Configurations Network Configurations 

Build model in three network configurationsBuild model in three network configurations
Complexity of network topologyComplexity of network topology
Effect of Effect of noisenoise (e.g., background traffic)(e.g., background traffic)
Location of Location of bottleneck linkbottleneck link

N1N1: LAN: LAN
Simple network topologySimple network topology

N2N2: WAN: WAN
Complex network topologyComplex network topology
Access link is Access link is bottleneckbottleneck

N3N3: WAN: WAN
Complex network topologyComplex network topology
Access link is Access link is not bottlenecknot bottleneck

Network N1 Network N1 
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Network N2 Network N2 
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Network N3 Network N3 
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Validation using SimulationValidation using Simulation
(Comparison in Time Domain)(Comparison in Time Domain)

model outputinput data 2 

Compare output data (not used for model
creation) with simulation output

output data 2 

ARX model 

input data 1 output data 1 
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Validation using Board Diagram Validation using Board Diagram 
(Comparison in Frequency Domain) (Comparison in Frequency Domain) 

unknown
)sin( tω

gain phaseA ϕ

ARX model 
obtain frequency characteristic 
from ARX model

input data 

output data

estimate frequency characteristic 
using spectral analysis 

Compare frequency characteristics of ARX model 
and one estimated using spectral analysis

)sin( ϕω +tA

Network N1: Simulation Network N1: Simulation 
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Network N1: Board Diagram Network N1: Board Diagram 
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ARX model 
spectral analysis

ph
as

e 
(d

eg
re

e)
am

pl
itu

de

10-6

10-2

10-4

200

0

100

frequency (rad/s)

Network N2: Simulation Network N2: Simulation 

230022902280227022602250

measured outputmodel output

slot

R
ound-Trip Tim

e

150

450

300

250

200

350

400

sender
Internet bottleneck

receiver

Network N2: Board DiagramNetwork N2: Board Diagram
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Network N3: Simulation Network N3: Simulation 
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Network N3: Board Diagram Network N3: Board Diagram 
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Conclusion Conclusion 

Model dynamics of Model dynamics of packet transmission delaypacket transmission delay
View network as a View network as a black boxblack box
Measure input and output data Measure input and output data 
Determine model parameters by Determine model parameters by system identificationsystem identification

Validate model accuracyValidate model accuracy
Simulation (comparison in time domain)Simulation (comparison in time domain)
Bode diagram (comparison in frequency domain)Bode diagram (comparison in frequency domain)

Show effectiveness of blackShow effectiveness of black--box modelingbox modeling
When network is When network is not so noisynot so noisy

Future Works Future Works 

More accurate modeling of packet transmission delay More accurate modeling of packet transmission delay 
Model structuresModel structures

Parametric model Parametric model 
NonNon--parametric model parametric model 

Linearity Linearity 
Linear model Linear model 
NonNon--linear model linear model 

Noise assumption Noise assumption 
white noise white noise 
colored noisecolored noise

Design a delayDesign a delay--based congestion control using control based congestion control using control 
theorytheory
More info: http://www.More info: http://www.anarganarg..jpjp//


