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1. Introduction1. Introduction
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e.g.
• peak bitrate
• mean bitrate
• packet loss prob.
• end-to-end delay
• end-to-end blocking

prob. (if adm. control)

e.g.
• mean docu size
• min. docu transfer rate

(= min. througput)
• max. docu transfer time

for docu of size x
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• Service (QoS) discrimination:
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• complete sharing
• priorization only
• bandwidth reservation only
• priorization and bw. reservation
• .....

• Degree of traffic aggregation: • source models (e.g. Web-traffic)
• models for low aggregated traffic
  (e.g. on access links)
• models for high aggregated traffic
  (e.g. on backbone links)

• Elastic (TCP) vs. stream (UDP) traffic
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Service (QoS) Discrimination

yes no

Traffic Type

elastic
only

stream
only

elastic /
stream mix
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Mechanism

priorization bandwidth
allocation

priorization+
bw. allocation

mixed sc.
(Queija?)

? ?

segregated
scenario

min. bw. for
stream traffic

dedic. bw. for
stream and
elastic traffic
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2. Dimensioning for2. Dimensioning for
Stream TrafficStream Traffic
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resource capacity 
for stream traffic

effective 
bitrate
formula

peak bitrate,
mean bitrate

resulting
call blocking 
probabilities

�

packet loss
probability offered traffic

effective 
bitrates���

model of
shared

resource

�

required
call blocking 
probabilities

��

e.g. multirate loss formulae.g. Lindbergers formula
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PBR = 5,   MBR =1
PBR = 10, MBR =1.5
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Traffic Class 1: PBR = 1,    MBR =1
Traffic Class 2: PBR = 3,    MBR =3
Traffic Class 3: PBR = 10,  MBR =10
Traffic Class 4: PBR = 5,    MBR =1
Traffic Class 5: PBR = 10,  MBR =1.5
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3. Dimensioning for low3. Dimensioning for low
aggregated Elastic Trafficaggregated Elastic Traffic



�

��������	
��
��������
���������� ������������	��������

������������	
��	���	����������	#������	���

��
����!��&	(����	
��	#������	���

��

��������/�5��

�88��
�
������5��

)����

������5���$�) �
3������5��

�	��
����� �
"�
�
��5��



�

��������	
��
��������
���������� ������������	��������

������������	
��	���	����������	#������	���

��
#������	���

��	�)�������������	*#$�����%	+������

��,

#$���$%��$�& '
�& ���&(��(
#
)$��$�&

�
��$�&�$&�
����$)�*��$+
 �
,�-
.��&
&�$�* ���//$�
(
�
&(
&�

0�,
���
��$�& 1�,-���+�* ��������! "���������

�$+
�%
�2

&���,
� ��++� � ������ �� �� ������ ���

0�,
��$3
 0��
�� ������� !���4�
 ��������������4�


0�,
�(
*$)
�4��$+
 �
�2���
(
�
&(
&�

� ������ ��

0���
���$3
 '�*�$+�(�* ��
�  �
� �!

� ����4�


0���
��$&�
����$)�*��$+
 5.��&
&�$�* �
� ������
���

Measurements in educational and corporate environment, Spain 1997/98
Source: A. Reyes-Lecuona, E. Gonzalez-Parada, E. Casilari, J.C. Casasola, A. Diaz-Estrella, A page-oriented WWW
traffic model for wireless system simulations, International Teletraffic Congress ITC-16, Edinburgh, 1999
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• Elastic traffic call  �  single file to be transferred
• Poisson arrival process of files
• Heavy tailed file size distribution (Pareto distribution)
• Restricted bitrate of single source
• TCP/IP control loop

1000 2000 3000 4000
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*

Pareto distibution vs.
neg. exponential distibution
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• IP flow characterized by:
   - document (file) arrival rate (neg. exp. distributed): λ 
   - mean file size:
• max. bitrate of single source:
  (	�� access line bandwidth)

�������������<06�

�5�*

• determine the link capacity C to guarantee an average
   transfer time E{T(x)} for a file of size 

��*
• determine the link capacity C to guarantee an certain average
   throughput for all file transactions
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Expected sojourn time (or transfer time) 
E{T(x)} for a file of size x: 

E2 = Erlang’s second formula (Erlang C formula) 
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(	��
���* Which file size x should be taken for E{T(x)}? 

 ��8����* Take the 95th percentile of an assumed file size
        distribution e.g. a Pareto distribution.
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Average bitrate (throughput) ��during the
file transfer phase: 
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4. Dimensioning for high4. Dimensioning for high
aggregated (mixed) Trafficaggregated (mixed) Traffic
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• mean bit rate: �
•�normalized variance: �  ����������
• Hurst-parameter: 	 





IP flow 
�(self similar traffic) characterized by: 
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with:

( ) )2/(1/)1()2/(1/1
ln2)( �����

�
���	 −−−+= εκ

�� ��� −−= 1)1()(κ
�:   mean bitrate of input traffic (sum of ��)
��:   normalized variance of input traffic
       (assumed to be equal for all flows 
�)
	:   Hurst parameter of input traffic (	���max(	 ))
�:    buffer size
ε :   buffer overflow probability
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packet level traffic descriptors
for aggregated traffic:
������	

 �
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(max. hop count)

effective bitrate of
aggregated trafficpacket level QoS descriptors

for aggragated traffic:

ε
delay
delay-variation

effective 
bitrate 
formula

buffer size �

}
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5. IP Network Dimensioning5. IP Network Dimensioning
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*) Assumption:
given routing scheme,
given topology

determine flow paths (for
each o/d traffic relation)
according to the given
routing scheme

determine aggregate
traffic on each network
link (e.g. sum of mean
bitrates of IP flows)

individual dimensioning
of each link (with
single-link dimensioning
formula)

�����"*
max. end-to-end delay
is guaranteed by max.
hop count
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• The whole access network is regarded as a single 
processor sharing system

• The model is based on a single link model 
described by a M/G/R-PS queue

• Each link is dimensioned to have the same delay factor

 

 

 100
TCP sinks   

Cagg =
 

1.088Mbit/s
 

access node 1
(modem bank with 100 modems)

 

 

 

 

 

 

 
Cacc =

192 kbit/s 

*) for elastic traffic

�%��8��*

access node 10
(modem bank with 100 modems)

1000
TCP sources

aggregation node
(access router)

backbone node
(backbone router)

Web-Server

C
modem

= 64 kbit/s 

file size: 12KByte
file arrival rate: 0,009788 1/s
(per active modem connection)

100
TCP sinks
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6. Summary6. Summary
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• Improve M/G/R-PS model to take into account different rpeak

values, different RTT (no fair sharing!) and influence of the TCP
start and congestion avoidance behaviour.

• Investigate application field of FGN (Norros) model: under which
conditions is it suitable for high aggregated (mixed
elastic/stream) traffic?

• Which dimensioning formula works well in the low aggregated
mixed elastic/stream traffic scenario?

• Find dimensioning formulas for scenarios where priorization
and/or bandwidth reservation is applied (i.e. scenarios with
service discrimination).


