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Triangle CWI-UT-TU/e

• Joint activities:
• Mutual affiliations

• EQUANET (SENTER/Novem; with industry)

• 6th framework: EURO-NGI (CWI and TU/e)

• Eurandom at TU/e (Boucherie & Mandjes are 
advisors)

• …

• Goal BRICKS/PDC2: a ‘push’ for the 
fundamental branch of our research
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• Communications network
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• Communications network
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• Queueing theory: theory describing
random congestion phenomena 

• How are scarce resources shared?



Research Challenges

• Analysis of sharing scarce resources 
is intrinsically complex, due to
• users react to feedback information from

the network;

• users are highly heterogeneous (with respect 
to the type of application, the quality-of-service 
requirements);

• several ‘levels’ of randomness
• … 



Two examples 

• Feedback mechanisms
• Resource sharing algorithms



1. Queues with congestion-
dependent feedback

• Speed at which sources transmit
depends on current buffer level

• In times of congestion sources ‘back off’

serverqueuesources
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Motivating example: TCP

• Transfer Control Protocol (TCP): 
ubiquitous in the Internet
• Sources halve their transmission rate when

experiencing packet loss … 
• … and increase their rate linearly during

‘quiet periods’. 

serverqueuesources

Feedback!



Departure from ‘traditional’ 
queueing models

• Sources react to state of the queue

• Behavior of sources and queue must be 
analyzed ‘simultaneously’ 

• Effect of the ‘feedback delay’

• Does ‘aggressive behavior’ pay off?
• … 



Analysis

• Time-dependent behavior follows 
differential equation (Kolmogorov
forward equation). 

• This (together with boundary conditions) 
determines Fi(t,c)=P(Xt = i, Ct < c), with Xt
the state of the source, and Ct the buffer 
content at time t.



Analysis, ctd.

In more detail:
• Source can be in states {1, …, d}.
• Source makes transition between states according to 

a Markov chain with kernel Q and rates qij,
• and while in state I, traffic is generated at rate ri. 
Important feature:
• Q = Q(y) and r = r(y) depend on current buffer level y!



Analysis, ctd.

Result:

ddddt fi(y,t) = -ddddy (fi(y,t)ri(y))  + SSSSj fj(y,t)qji(y)

• Boundary conditions;
• We found explicit formulae for two-state 

source.
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• Four routes (r1 up to r4) sharing 6 
links (with capacity C1 up to C6).
• Suppose: ni customers using route 
ri,how is the capacity allocated?



A family of 
allocation strategies

• Mo and Walrand, 1999:

maximize   (1-aaaa)-1 SSSSr  nr llll r
1-aaaa

under SSSSr '''' l  nr llll r  ££££ Cl

Here llll r denotes the bandwidth (resource) 

for a type r customer, along the entire path.



A family of 
allocation strategies, ctd.

• This is the optimization of a concave 
function over a convex set --> optimum.

• What is the role played by aaaa?

maximize   (1-aaaa)-1 SSSSr  nr llll r
1-aaaa

under SSSSr '''' l nr llll r ££££ Cl



A family of 
allocation strategies, ctd.

a = 0:
maximize   Sr  nr l r under Sr ' l nr l r ££££ Cl

--> throughput optimization

a = 1:
maximize  Sr  nr log l r under Sr ' l nr l r ££££ Cl

--> proportional fairness

a --> ¥ :
maximize minr Sr  nr l r under Sr ' l nr l r ££££ Cl

--> max-min fairness



Flow-level dynamics

This analysis is for a fixed number of 
customers nr on the routes r.

In reality: number of customers is 
fluctuating.

• Arrivals customers of type r: Poisson 
process (nr)
• Document size has mean (mr)-1



Flow-level dynamics, ctd.

If document size has exp. distribution,
then model is Markov chain --> stability 
can be proven.



Flow-level dynamics, ctd.

If document size has exp. distribution,
then model is Markov chain --> stability 
can be proven.

In practice: documents are heavy-tailed…
Hardly any results available…
Special case: single node, a = 1: model
becomes discriminatory processor sharing.



Flow-level dynamics, ctd.

In practice: documents are heavy-tailed…

P(Dr > x) » x-a      (for large x).
Goal: compute asymptotics of sojourn time
of these jobs in the system.

Only results available for PS and DPS…
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Wrap up

• PDC2 is a fundamentally oriented 
research project, with

• a focus on generic problems 
regarding congestion in 
communication networks

• relying on queueing-theoretic 
methods


