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Curve based models

Curve based models

NC Network calculus

upper/lower arrival curves
(strict) minimal (maximal)
service curve
shaping curves

RTC Real-Time calculus

upper/lower arrival curves
upper/lower service curves
greedy shapers

CPA Compositional Performance
Analysis

event stream
event distance
busy window

Three models

Relation RTC ↔ NC

equivalence [1, 2] up to
technical details

Relations CPA ↔ NC

quite the same models of
workload [3, 4]
di�erent analysis methods
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A general model, and its tools

The model

Two �ow/component models

Event Stream/CPA Network Calculus

C
E′E

C
A′A

Flow model E(t): number of events up to
time t

A(t): amount of data up to
time t

Contract η+, η−: event arrival func-
tions

αu, αl: upper and lower ar-
rival curves

∀t, d ≥ 0 E(t+ d)− E(t) ≤ η+(d) αl(d) ≤ A(t+ d)−A(t) ≤ αu(d)

E(t+ d)− E(t) ≥ η−(d)
Flow transfor-
mation

Busy window Residual service
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The model

The global picture
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A general model, and its tools

The model

A packet function as gateway

Arrival curve Packet count Event count

A : R+ → R+ P : R+ → N E : R+ → N
A(t): amount of data up
to t

P (d): number of full
packets in the d �rst
�bits�

E(t): number of full
packets up to t

P (

NC︷︸︸︷
A )︸ ︷︷ ︸

[5]

=

CPA︷︸︸︷
E
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A general model, and its tools

The model

Illustration
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Scenario:

First packet: size 1, throughput 1

Second packet: size 1, throughput 1/2

Third packet: size 2, throughput 2

Fourth packet: size 1, throughput 1
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A general model, and its tools

The tools

Interval Bounding Pair (IBP)

Generalisation of arrival curves/enveloppe/event streams

Interval Bounding Pair: renaming of arrival curves/event stream
φ = (φ, φ) is an Interval Bouding Pair (IBP) of f i�

∀t, d ≥ 0 : φ(d) ≤ f(t+ d)− f(t) ≤ φ(d)

Same properties than arrival curves: minimum (resp. maximum) of upper
(resp. lower) arrival curves, sub/supper-additive closure, etc.
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A general model, and its tools

The tools

Pseudo-inverse

x

f(x)

y

f −1(y)

y

f −1(y)

In [6], 25 properties on pseudo-inverses, like

f(x) < y =⇒ x ≤ f −1(y), (1)

(f ◦ g) −1 ≤ g −1 ◦ f −1, (2)

φ
−1
(δ) ≤ f −1(y + δ)− f −1(y) ≤ φ −1(δ). (3)
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From NC to CPA, and back

The expected results

from NC to CPA,
and back,
and for completeness.

A P E

(α, α) (π, π) (π ◦ α, π ◦ α)
(π −1 ◦ η, π −1 ◦ η) (π, π) (η, η)

(α, α) (η
l
◦ α −1, ηr ◦ α −1) (η, η)
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Packetizer: generalising previous results

SA,E, P A′, E′, P ′

Packetizer:

store bits, up to end-of-packet

instantaneous packet output

model: E,P unchanged

A′ := P −1 ◦ P ◦A
E′ := E

P ′ := P

t

A(t)

t

E(t)

d

P (d)

t

A′(t)
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SA,E, P A′, E′, P ′

Packetizer:

store bits, up to end-of-packet

instantaneous packet output

model: E,P unchanged

A′ := P −1 ◦ P ◦A
E′ := E

P ′ := P

α′ := π −1 ◦ η

α′ := π −1 ◦ η

10/18 NC/CPA Boyer, Roux, Oct. 9th 2020



Outline

1 Curve based models

2 A general model, and its tools

3 Results
From NC to CPA, and back
Packetizer: generalising previous results
CPA integration
Aggregation

4 Conclusion

5 Bibliography



NC/CPA

Results

CPA integration

CPA integration

Event stream: η, η
Bounding number of events in a time interval.

Event distance: δ, δ
Bounding distance between events.

Contributions related to curves:
de�nition of event occurence function T
de�nition of δ, δ as IBP of T

relations between δ ↔ η and δ ↔ η.

Contributions related to analysis:
rewriting of busy-window analysis with �arrival curve� notations
adaptation to variable packets/workload
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Results

CPA integration

buzy−window

fix−point

min/max

buzy−window

fix−point

delay+jitter

C
P

A
 c

o
m

p
o
n
en

t

buzy−window

fix−point

workload

delay+jitter

C
P

A
 c

o
m

p
o
n
en

t

delay+jitter

C
P

A
 +

 

η

η′

α

η

η′ η′ α′

η α

η ◦ π−1
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Aggregation

Aggregation

S
A1, E1, P1

A2, E2, P2

A,E, P

Aggregation:

mix of �ows

�sum� of �ows
is a �ow

no delay

A := A1 +A2

E := E1 + E2

P (A1 +A2) := P (A1) + P (A2)

α := α1 + α2 α := α1 + α2

η := η
1
+ η

2
η := η1 + η2

π :=
⌊
π1 ∗π2

⌋
π := dπ1 ∗π2e
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Results

Aggregation

Case study

Two data �ows, F1, F2, from S to C

Using a link of throughput 1

Flow Packet size Burst Throughput αi πi

F1 1/2 1 1/4 x/4 +1 d2xe
F2 1 1 1/4 x/4 +1 dxe

Goal: evaluation of the packet throughput
F = F1 + F2

what is η ?
challenge: modelling the link shaping
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Results

Aggregation

Packet throughput: no shaping

No shaping :

η1 = π1 ◦ α1 =
⌈
x
2

⌉
+ 2

η2 = π2 ◦ α2 =
⌈
x
4

⌉
+ 1

η ≤ η1 + η2

η1 η2
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Results

Aggregation

Packet throughput: with shaping

Link throughput: λ(t) = t

Shaping reduces data throughput
for each �ow,
αs
i = λ ∧ αi

for the aggregate �ow:
αs
1+2 = λ ∧ (α1 + α2)

Impact on packet throughput
per �ow: ηsi = πi ◦ αs

i
aggregate �ow:
ηs1+2 = dπ1 ∗π2e ◦ αs

1+2

both ηs1 + ηs2 and ηs1+2 are packet
throughput bounds

α1

λ ∧ α1

(λ ∧ α1) + (id ∧ α2)

λ ∧ (α1 + α2)
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Aggregation

Numerical results

the shaping only a�ects start of curve

the simple method has better long term throughput

the new method is locally better17/18 NC/CPA Boyer, Roux, Oct. 9th 2020
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Conclusion

Conclusion

A step forward in modelling packets

Some theoretical results

Aggregation result still disappointing on real examples

Large implementation e�ort
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