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• Performance directly hits revenues…
– “ 10-25% of E-commerce transactions aborted due to

long response delay”
– “ 28% of website visitors who suffered performance 

problems stopped shopping at website”
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• Application servers
• Caching architectures
• Software architectures

• Access networks 
• Mobile: GPRS, UMTS, …
• Wireless: WiFi, WiMax, …
• Fixed: ADSL, VDSL, Cable…

“ Performance shifts to 
borders of the system”
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• Unbundling of the telecom world and 3PSP
• Distributed applications cross multiple domains
• Each party has its own business incentives

GW owner

content 
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application 
SP

access NP
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core NP

Challenge: How to realize end-to-end user-perceived QoS?
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Challenge: How to realize end-to-end user-perceived QoS?

Other areas: Health care, home care, gaming, …
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Service Level Agreements (SLA’s)
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• Parties speak different “ languages”
• SLA’s negotiated on bilateral and ad-hoc

basis
• Currently, no standards for SLA’s available

Complications:

• Standards or framework for SLA’s
• Quality-of-Service certification to enforce per-domain QoS 
• “ SLA calculus” to relate per-domain and end-to-end QoS
• Models for user-perceived Quality of Service

What is needed:

Timeliness: End-to-end QoS is an urgent problem!
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Two different worlds…
Mobile networks: 2G, 2½G, 3G, 3½G, … : coverage OK, low rates
Wireless: 802.11x WLANs: high data rates, limited coverage
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… getting integrated: 
Wireless: 802.16 (“ WiMax” ), … : very 
high data rates, coverage improving
Recently, combined integrated service 
offerings

Radio resources performance bottleneck

Research challenges:
Radio resource management 
Performance enhancements 802.16x?
Seemless integration of technologies
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• Multi-tiered systems often extremely complex: self-
management needed

• Closed control loop: load balancing, object replication, 
migration, caching
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• Founded in 2005 by TNO ICT, CWI and UT

“ Centre of Excellence on Performance and 
Quality of Service in ICT”

�  � 
 � � � � �



© Rob van der MeiDGTP/NWO workshop, Den Haag, 3 oktober 2005

* � � 	 
 � � � � �
en

d
-t

o
-e

n
d

 r
es

p
o

n
se

 t
im

e 
(m

s)

%
 ab

o
rts

0:00 12:00 24:00en
d

-t
o

-e
n

d
 r

es
p

o
n

se
 t

im
e 

(m
s)

%
 ab

o
rts

0:00 12:00 24:00

L

1992 1994 1996 1998 2000 2002 2004

1
Mbits/s

100
kbits/s

10
kbits/s

1
kbits/s

GPRS
HSCSD

GSM
CSD 14k4

GSM
CSD 9k6

GSM SMS

10
Mbits/s

IEEE
802.11

CIRCUIT-
SWITCHED

IEEE
802.11B

UMTS

EDGE

2006

HSDPA

PACKET-
SWITCHED

1992 1994 1996 1998 2000 2002 2004

1
Mbits/s

100
kbits/s

10
kbits/s

1
kbits/s

GPRS
HSCSDHSCSD

GSM
CSD 14k4

GSM
CSD 9k6

GSM SMS

10
Mbits/s

IEEE
802.11

CIRCUIT-
SWITCHED

IEEE
802.11B

UMTS

EDGE

2006

HSDPA

PACKET-
SWITCHED

1992 1994 1996 1998 2000 2002 2004

1
Mbits/s

100
kbits/s

10
kbits/s

1
kbits/s

GPRS
HSCSD

GSM
CSD 14k4

GSM
CSD 9k6

GSM SMS

10
Mbits/s

IEEE
802.11

CIRCUIT-
SWITCHED

IEEE
802.11B

UMTS

EDGE

2006

HSDPA

PACKET-
SWITCHED

1992 1994 1996 1998 2000 2002 2004

1
Mbits/s

100
kbits/s

10
kbits/s

1
kbits/s

GPRS
HSCSDHSCSD

GSM
CSD 14k4

GSM
CSD 9k6

GSM SMS

10
Mbits/s

IEEE
802.11

CIRCUIT-
SWITCHED

IEEE
802.11B

UMTS

EDGE

2006

HSDPA

PACKET-
SWITCHED


