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ti Aggregate Scheduling
Aggregate scheduling as “the” solution for scaling complexity 
when providing QoS in Internet

A notable example is provided by the Differentiated 
Services (DS) architecture

Q
ua

lit
à 

de
l S

er
vi

zi
o 

ne
i S

is
te

m
i G

eo
gr

af
ic

am
en

te
 D

is
tr

ib
ui

ti Classifier

According to DS, packets are classified at the DS domain 
ingress as belonging to a small number of different QoS classes,
each one receiving a differentiated service within the network
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ti Edge Router Components
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ti DS Interior Components

Packets are treated at core routers according to a specified 
per-hop behavior (PHB), independently of the flow they 
belong to
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ti Objective

Analytical derivation of delay bounds for individual flows 
given that capacity is statically reserved to the aggregate 
traffic at core routers

The above bounds can be used as the base for call admission 
control at edge routers
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ti Network Calculus
Network Calculus is a set of tools and theories for the 
deterministic analysis of communication networks

Application of min-plus algebra

Does not supersede stochastic queueing analysis, but gives 
new tools for analysis of sample paths
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ti Related Work
Charny, Le Boudec [QoFIS’00]
– Generic network configuration
– It holds for small utilization factors:
– Inversely proportional to  

Fidler [QoS-IP’03]
– Tandem network, any interference pattern allowed

( )1/ 1Hν < −

( )1 1Hν− −
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ti Case Study 1
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ti The result
Definition. A subset of all nodes as follows

( ) ( ) ( ){ }: i l
i lI l i ρ ρ ρ ρ− ≤ −

Theorem. The delay bound is as follows
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= + + − −   −   
∑ ∑ ∑ ∑

where node k is such that

( ) 1
i

i
ii I k

ρ ρ
ρ∈

−
>∑ ( ) ( ) 1

i
i

ii I l I k

ρ ρ
ρ∈ ⊂

−
≤∑and for any other l

Q
ua

lit
à 

de
l S

er
vi

zi
o 

ne
i S

is
te

m
i G

eo
gr

af
ic

am
en

te
 D

is
tr

ib
ui

ti A Special Case

Assume that 
According to the Theorem, the bound is
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ti Sink-Tree Aggregation
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ti Path model for a single flow

When computing the delay bound for a single flow (e.g., the 
red one), a sink-tree domain can be modeled as a sequence 
of nodes, in each of which one other flow joins the 
aggregate
All flows leave at the same node, i.e. the sink-tree root

( )1 1,Rθ ( )2 2,Rθ ( )3 3,Rθ

( )1 1,σ ρ

( )2 2,σ ρ ( )3 3,σ ρ
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ti The lowest upped delay bound

In a 3 node sink-tree, the lowest upper delay bound 
for a tagged flow is:

The bound is tight
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ti Conclusions and Future Work


