
Modeling of telecommunications network traffic

Traffic statistics are important for
� evaluating performance of a network

� ensuring quality of service

� the design and sizing of electronic processing and switching systems

This simple schematic diagram distills the
essence of what’s important about the way

the internet handles and routes traffic.

As you can see in the diagram above, data moves between the two endpoint machines by "hopping" from
one Internet router to the next and travelling across the many connecting links in between. You can
perform a simple experiment to demonstrate the "router hopping" of your own computer’s data packets for
yourself:

Chart the "Router Hops" between
your computer and YAHOO.COM

Internet capable machines traditionally include a UNIX-descended command known as "Trace Route" used to trace the route taken
by an Internet packet as it "hops" from router to router heading toward its final destination. Using this command (right now) you can
quickly chart the entire route between your machine and, for example, "yahoo.com":

The Trace Route command is shortened to just "tracert". So, open an MS-DOS Prompt window or whatever "command window"
your operating system uses, then enter this command and press Enter:

tracert yahoo.com
Something like this chart should be produced, showing each "hop" your data packet takes on its journey from your computer to ours: 

C:\>tracert yahoo.com

Tracing route to yahoo.com [216.115.108.245]
over a maximum of 30 hops:

  1   <10 ms   <10 ms   <10 ms  207.71.92.220
  2   <10 ms   <10 ms   <10 ms  gibson.customer.ni.net [207.71.92.240]
  3   <10 ms   <10 ms    15 ms  hs-0-0-328.a03.irvnca01.us.ra.verio.net [207.71.76.241]

� Throughput

� Delay

� Delay jitter

� Packet loss

prob.
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What is “Fractal Traffic”? varies over many or all time scales
Left: real traffic; right: Poisson model (Leland et al. (1994))
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Failure of Poisson modeling

When the buffer size is q0, then Prob � Queue length � q0 � estimates the packet

loss probability; Queue size � C + service time = delay

Poisson modeling underestimates buffer size, packet loss probability, or
packet delay time by several orders of magnitude !!!
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Fractional Brownian motion (fBm) BH � t �

� Gaussian process with mean 0 & stationary increments

� Variance:

E � � BH � t � �

2

� � t2H

� Power spectral density

f

� � 2H � 1 �

� H: Hurst parameter.

1 	 2 
 H 
 1: long memory (long-range-dependence (LRD))

H � 1 	 2: standard Brownian motion

0 
 H 
 1 	 2: anti-persistence

� Applications to a wide range of problems (including Hollywood

movie making—fancy landscape)
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Examples of fBm processes with different H
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Ubiquity of 1 	 f processes
� Many old references can be found in Press (1978), Bak (1996),

Wornell (1996) (Voss: 1 	 f -music)

� Increment process � x1 � x2 ��� � � � xn � : power spectral density f� � 2H� 1 � ;
Random walk process � yn � , yn � ∑n

i� 1 xi, f� � 2H � 1 �

— H Hurst parameter

� Kolmogorov’s turbulence energy spectrum E � f � � f� � 2H � 1 � ,
H � 1 	 3

� Engineering: noise in device; network traffic; power-outage

� Human cognition & coordination; DNA sequence; distribution of
prime numbers; multistable visual perception; neuron inter-spike
interval data (—, draw a line with the same length—error sequence
is a 1 	 f process)

� Mechanism for 1 	 f processes?
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Modeling LRD traffic by the fBm process
� fBm is used to model counting process of network traffic

– The mean traffic loading to a network in each time slot ∆t is m
– The variation of traffic around m is modeled by fBm

� Two parameters are involved: H and a variance coefficient

characterizing how significant this variation around the mean level is
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Point process description

Counting process description
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Performance of the fBm model as a
long-range-dependent traffic model

(Gao & Rubin)

Better than Poisson model. But much room for further improvement!
(Monofractal models are not sufficient)
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