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Motivations

Why an efficient toolbox ?
@ Existing tools: MinMaxGD!, COINC?, DISCO?, ...

@ Elementary operations of Network Calculus (&, * and *) time costly
and memory consuming

@ Poorly managed development of transient behavior

1[Cottenceau et al, 2000] Data processing tool for calculation in dioid. WODES'00
2[Bouillard et al, 2009] COINC Library : a toolbox for the network calculus. ValueTools'09

[Schmitt and Zdarsky, 2006] The disco network calculator: a toolbox for worst case analysis. ValueTools'06
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Motivations

Why an efficient toolbox ?

@ Existing tools: MinMaxGD!, COINC?, DISCO?, ...

@ Elementary operations of Network Calculus (&, * and *) time costly
and memory consuming

@ Poorly managed development of transient behavior

Approximations of functions in order to obtain
computation algorithms more efficient

1[Cottenceau et al, 2000] Data processing tool for calculation in dioid. WODES'00
2[Bouillard et al, 2009] COINC Library : a toolbox for the network calculus. ValueTools'09
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Outlines

0 ContainerMinMaxGD toolbox
@ Container definition
@ Container operations

e Tests and application
@ Pessimism of computations and gain in memory consumption
@ Example of application

e Conclusions and perspectives
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ContainerMinMaxGD toolbox Container definition

Container operations

Legendre-Fenchel transform*:> £

Non-injective application £ : (F, @, *) = (Facx, D, +)

Facx: set of convex functions

4[Fidlelr et Recker, 2006] Conjugate network calculus... Elsevier
[Baccelli et al, 1992, Th 3.38] Synchronization and linearity... Wiley and sons
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ContainerMinMaxGD toolbox

Container definition
Container operations

Legendre-Fenchel transform*:> £
Non-injective application L : (F,®, *) — (Facx, D, +)

Facx: set of convex functions
Cux(+) € Facx: convex hull

f(t)
el
“Coz (f )
ko =
to t
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ContainerMinMaxGD toolbox

Container definition

Container oper

Legendre-Fenchel transform*:®> L

Non-injective application L : (F, ®, *) — (Facx, D, +)

L(f)=L(g) & Cu(f)=Cx(g) & I[flc=Iglc

Facx: set of convex functions
Cux(+) € Facx: convex hull
[]z: equivalence class modulo £

f(t)
f B [z = [Cox(f)le
ko -
to t

4[Fidler et Recker, 2006] Conjugate network calculus... Elsevier
[Baccelli et al, 1992, Th 3.38] Synchronization and linearity... Wiley and sons
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ContainerMinMaxGD toolbox

Container definition
Container operations

Definition of a container f € F

£ 6 ‘FQCV
with f € Facx
o(f) = o(f)

f=1f,7l

o(f) and o(f): asymptotic slopes of f and f

/ie}-acv
—/TE-Facz
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Container definition
Container operations

Definition of a container f € F

T iefacv
Fo= £, 7lg with f € Facx

o(f) = o(f)

o(f) and o(f): asymptotic slopes of f and f

fef « f<f=xf
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ContainerMinMaxGD toolbox

Container definition
Container operations

Definition of a container f € F

T L—e-/_'.acv
Fo= £, 7lg with f € Facx

o(f) = o(f)

o(f) and o(f): asymptotic slopes of f and f

fef < f%f%? and [f]LZ[?]L

50 Cox(F) = Cox(f) = F
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ContainerMinMaxGD toolbox Container definition

Container operations

Definition of a container f € F

f ]ﬁ . h % 6 facv
TESTR N A et

o(f) and o(f): asymptotic slopes of f and f

fef < f%f%? and [f]LZ[?]L

so Cox(f) = Cvx(f) =f
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ContainerMinMaxGD toolbox ) "
Container definition

Container operations

Operations defined on set F of containers

Operations

ce{@®, x, "}
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ContainerMinMaxGD toolbox

Container definition
Container operations

Operations defined on set F of containers

Operations

fle{l@l, [d, "}

defined such that

fOFf:[f,?]ﬁeFvg:[g7§]£eF

{ flolg e F
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ContainerMinMaxGD toolbox

Container definition
Container operations

Operations defined on set F of containers

Operations: inclusion functions
lef{[®], [+, M}
defined such that

fOFf:[f,?]ﬁeFvg:[g7§]£eF
andVf €f,Vgeg

{ flo]g € F
fog€flolg
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ContainerMinMaxGD toolbox ) "
Container definition

Container operations

Definitions of inclusion functions
fllg = [fx g, fxgle Complexity in O(n)
flelge £ [Co(fDg), Cx(f®E)]: Complexity in O(n)

Cev(+) € Faey: concave approximation
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ContainerMinMaxGD toolbox

Container definition
Container operations

Definitions of inclusion functions

flxlg = [ fx g, fxg Iz Complexity in O(n)
flelg £ [Cu(f®g). Cx(FPE)]s Complexity in O(n)
i 2 [ () 1e Complexity in O(nlog n)

Cev(+) € Faey: concave approximation

with fil 2 @OCCV(AQ*)

& Cor(e® AT + (CalAN ) @ T))
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Pessimism of computations and gain in memory consumpti

Tests and application

@ Exact system S = 7* and its container S = [ C.,(S) , Cx(S) ]z € F

@ Approximated system R = fl*l ¢ F

It
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m of computations and gain in memory consumption
f applic

Tests and application

@ Exact system S = 7* and its container S = [ C.,(S) , Cx(S) ]z € F

@ Approximated system R = fl*l ¢ F

1)

Test on random square matrices (from 2 x 2 to 60 X 60)

@ Pessimism of computations: Yrs/Xr = 27%

@ Ratio of memory consumption saved: 1 — Nr/Ns =71%
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Py Pessimism of computations and gain in memory consumption
Tests and application P & Y F

Example of application

@ Deterministic (min,+)-linear system : H = C « A* x B

@ Computation of the container: H = [C[*]A[*][*]Bh €F
with [F ]L = [H]g

@ Pessimism of computations: 25,8%

@ Ratio of memory consumption saved: 91,25%

HEH | A extremal points of H and H— '/CCL‘(H)
zone between [ @ Q7 and H SHS y—H
Do =~ =
107 ~H =Cy,(H)

_‘/
2040803] Bunax = %
28642 H

0 5 78=T,_ 8 =T,
7
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Conclusions and perspectives

What have we done?

Toolbox with computations that are
@ Approximated (inclusion functions)

o Efficient (linear and quasi-linear complexities)

What can be done?

@ To complete the inclusion functions [+], [—]. [}]

E. Le Corronc, B. Cottenceau, L. Hardouin ContainerMinMaxGD Toolbox March 21, 2012 10 / 11



Thank you for your attention...
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