
Informatik 7
Rechnernetze und 
Kommunikationssysteme

Strictness of Rate-Latency
Service Curves

Ulrich Klehmet, Kai-Steffen Hielscher
WoNeCA 2014



WoNeCa 2014

Contents

1

Modelling by Network Calculus

Aggregate scheduling 

Strictness of service curves

Examples of strictness & non-strictness

1



WoNeCa 2014

Network Calculus

Deterministic modelling of 
traffic flows

Arrival curve 
x  is constrained by

Service curve 
y is low-bounded by  
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Modelling of traffic flows
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Modelling of traffic flows
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Example

Arrival curve: Token Bucket 

Service curve: Rate-Latency
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βR,T :  An incoming input is served with minimum
rate R after a possibly maximal delay T
(worst case scenario)



Bounds of Backlog, Delay and Output

Theorem: Three Bounds

Backlog bound ν

Delay bound d(t)

Output bound
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Bounds of Backlog, Delay and Output

Example: Token bucket input 
Rate-latency output
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Aggregate scheduling
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Aggregated input

Aggregated output

Aggregated arrival curve

Total Service curve  )( )( tt aggr 
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Multiplexing
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Demultiplexing:
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Multiplexing

99

Theorem:   Aggr. Service Curve minus flow 2-Arrival Curve 

02,1 1)]()([)( 
  taggr ttt   • Is generally true for FIFO multiplexing

021 1)]()([)( 
  taggr ttt  • Is true for Blind multiplexing only  if  service

curve  βaggr(t) is  strict

(Blind: Service of flow x1  and x2 with unknown arbitration)

. tssyty
utsu

S

 )()()(
: )(  toequalleast at  isy output    the],[  period backloggedany 

during if  curve servicestrict  a is    system a of    curve Service
:Definition








■

WoNeCa 2014



Strictnes of service curves
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Strictnes of service curves
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Strictnes of service curves 

Another example
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Strictnes of service curves

Non-strict
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Strictnes of service curves

Remark:
- Any strict service curve is a service curve
- being strict or non-strict depends on service curve  and input x

(in each case verifying is required)
- hope: at least in case of token bucket similar input functions with rate-latency

service curves  decision is easier     
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function. increasing
strictly  a is  )(input    theif strict, benot can      0.T and Rrwith  curve arrival
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Examples of strictnes & non-strictness

15WoNeCa 2014
t

y

2

4

0 2 4 6

5

10

x

10

20
T

x'





 )(strict  non
 )(strict  curve  service -

 curve  arrival -
output  -

or  input -

TR,

br,

x
x

y
x'x





8

16

8

TRx ,' 

T

12

T
T

. . .

TRx ,











else:20

)10:55,1
0:0

: tt
t

x











else:      10

10:5,275,0
0:     0

:' tt
t

x

T

βR,T=2(t-2)+αr,b=1,5t+5



16

Examples
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Examples
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Example: Service curve for left-over flow

WoNeCa 2014

021 1)]()([)( 
  taggr ttt  Is true for Blind multiplexing  only  if service 

curve βaggr(t) is  strict !

Example:

Blind – complete unknown arbitration between two flows  

worst case for flow 1:   preemptive priority schedule in favour of flow 2:

flow 1 = ‘low‘ flow 2 = ‘high‘
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Example: Service curve for left-over flow
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Example: Service curve for left-over flow
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Aggregate scheduling

Remark:
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? scheduling aggregate of casein 
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Aggregate scheduling

Trials to bypass question of strictness or  non-strictness
in case of aggregate scheduling
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Statement 1:
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2x 2y
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Aggregate scheduling
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Conclusion
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Network Calculus – QoS performance evaluation
tool of aggregate multiplexing flows

Aggregate  FIFO and Blind service   
- Strict   &  non-strict service

- Strictness - sufficient condition for service curves
of single individual flows within blind scheduling

Strictness or non-strictness – often not a unique
feature of service curve per se
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Thanks for your attention !  
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