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Large scale computing

Grid 5000 Grenoble cluster

\\,\300 cores

Workload mode Load sharing middleware
—@ ~-0—0® @ Distributed control algorithm
o—0—®- --@— @ migration of tasks between
S nodes
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Practical needs

Load sharing policy

A controler (local) checks the utilization of the node and decides to share
some work with other nodes.

@ When?  — Control triggering

e Who? — Paradigm Push, Pull

@ Decide?  — Local state condition

@ How many? — Amount of work to be transfered

o Where?  — Selection among targets (probing scheme)

Users requirements

@ Maximize the utilization of resources (number of active nodes)

@ Minimize the network utilization (number of transfers, costly
transfers)

o
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Performance evaluation of Load sharing systems

Methodology

© Quantification of the system : steady-state evaluation
@ Comparison of systems, paradigms, policies
© Tuning of system parameters

Numerical approaches

@ Markovian modelling and direct numerical solving
@ Matrix geometric solution [ELZ86, MTS90]
o Mean field [Mit98, BGY98]

e Simulation [KH02, DKL98]
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Monotonicity of control policies

Steady-state simulation of Markov models

Applications

Generate typical state, i.e. distributed according to the steady-state

forward simulation
Run from an initial state and stop after a sufficiently long period
= Choice of a stopping rule

Perfect simulation [PW96]

@ Exact stopping criteria
o Unbiased sampling

Coupling from the past scheme

@ Monotonicity implies simulation efficiency
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Outline

Monotonicity of control policies

Applications

Conclusion

© Large scale systems evaluation
© Modelling of Load sharing systems
e Monotonicity of control policies
@ Applications

© Conclusion
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Outline

© Modelling of Load sharing systems
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Large scale systems evaluation

Modelling of Load sharing systems

Monotonicity of control policies
Load sharing model

Applications

Conclusion

Parallel independent queues
A2

A3

State space : number of tasks in each queue; X7 x -+ x Xk

@ Generation of a new task in a queue, with rate A
@ Task completion, with rate p

Dynamics : events driven by Poisson process (Poisson system [Bre99]) :
@ Control, with rate v
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Monotonicity of control policies

Applications

Control event example 1 : PSQ

Conclusion

Push to the least loaded node among potential targets (Push to the Shortest Queue)
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Monotonicity of control policies

Applications

Control event example 1 : PSQ

Push to the least loaded node among potential targets (Push to the Shortest Queue)

T

1 2 3 4 5 6 7 8 910 11 12
Shortest

Queue
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Monotonicity of control policies

Applications

Control event example 1 : PSQ

Conclusion

Push to the least loaded node among potential targets (Push to the Shortest Queue)

ransfer
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Monotonicity of control policies

PSQ Adding an overload threshold on the origin

Applications

Conclusion
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PSQ Adding an overload threshold on the origin

Applications

Conclusion
overloaded
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PSQ Adding an overload threshold on the origin

Applications

Control event example 2 : conditionned PSQ

Conclusion

Transfer
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Applications
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Modelling of Load sharing systems

Pull with probing according to a priority list

Monotonicity of control policies

Control event example 3 : Pull from a probed node

Applications

Conclusion

123 45 6 78 9101112

Gaél Gorgo and Jean-Marc Vincent

Perfect Sampling of Load Sharing Systems

U

Lie
£ DA
Checkbound meeting

11/ 31



Large scale systems evaluation

Modelling of Load sharing systems

Monotonicity of control policies

Control event example 3 : Pull from a probed node

Pull with probing according to a priority list

Applications

Conclusion

123 45 6 78 9101112
?

Gaél Gorgo and Jean-Marc Vincent

Perfect Sampling of Load Sharing Systems

U

Lie
£ DA
Checkbound meeting

11/ 31



Large scale systems evaluation
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Monotonicity of control policies

Control event example 3 : Pull from a probed node

Pull with probing according to a priority list

Applications

Conclusion
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Modelling of Load sharing systems

Pull with probing according to a priority list

Monotonicity of control policies

Control event example 3 : Pull from a probed node

Applications

Conclusion
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Modelling of Load sharing systems

Pull with probing according to a priority list

Monotonicity of control policies

Control event example 3 : Pull from a probed node

Applications

Conclusion

Transfer
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Modelling of Load sharing systems

Monotonicity of control policies
Index model for PSQ

Applications

Conclusion

Push to the least loaded node among potential targets (Push to the Shortest Queue)
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Push to the least loaded node among potential targets (Push to the Shortest Queue)

Applications Conclusion
origin 1 0 0 0 0
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Push to the least loaded node among potential targets (Push to the Shortest Queue)
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Modelling of Load sharing systems

Monotonicity of control policies
Index model for PSQ

Applications

Conclusion

ransfer

Push to the least loaded node among potential targets (Push to the Shortest Queue)

origin

target
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0
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Monotonicity of control policies

Index model for conditionned PSQ

PSQ Adding an overload threshold on the origin

Applications

Conclusion
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Index model for conditionned PSQ
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List |72 4 8 11

Priority | 5 4 3 2 1

Applications

Index model for Pull from a probed node
Pull with probing according to a priority list

Conclusion
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Index model for Pull from a probed node

Pull with probing according to a priority list

List |72 4 8 11 —
Priority | 54 3 2 1 L
—| Transfer | | |

'/-\
L[]

1 23 45 6 7 8 91011 12

origin —o0 —1 —oo@—oo —00 -1 2 —o00 —00 -1 —o0
Max

target 00@000000000
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Monotonicity of control policies
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Applications
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Formalisation

Modelling of Load sharing systems

Monotonicity of control policies

Applications

A control event c is defined by :

Conclusion

¢(X,C)=X—5i—|—5j

i is the origin
J is the target
Index function
A function Ix(x*) gives an index, i.e. a cost value to Q.
P c,o0 k
= argmaxlgkgK(lk (x))
- : et k
J= a"gm'“lgkgK(/k (x))
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Outline

© Monotonicity of control policies

Lie
DA
Gaél Gorgo and Jean-Marc Vincent Perfect Sampling of Load Sharing Systems Checkbound meeting 18 /31




Large scale systems evaluation

Modelling of Load sharing systems

Monotonicity of control policies

Monotonicity of index load sharing policies

Applications

Monotonicity
@ = is the natural partial order on the multi-dimensional state space
X=X x--- x Xk.

x=2yex <y Vi

Conclusion

Theorem

Vix,y) €X x=y = ®(x,e) X d(y,e)
If all index functions 15°(x*) and 15*(x*) are monotone and increasing
in function of x*, then the event c is monotone

Gaél Gorgo and Jean-Marc Vincent

@ An event e is monotone if it preserves the partial ordering < on X
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Large scale systems evaluation

Modelling of Load sharing systems Monotonicity of control policies Applications Conclusion
Proof
Let x,y € X two states with x <y,
c a control event, ®(x,c) = x — &; + 6, P(y,c) =y — i + 0jr.
Suppose that i £ i' £ j # j'.
I'I
y
Then,

L
|

c,tr j c,tr j’
) < 154G
ljlc’ t(XJ-/) S Ijlc’ t(yj.
L) < (!

j is the argmin for x
t - . i o
) /jc,’ increasing and X' < y/
) J' is the argmin for y
I;,t(xj) < I;,t(yj) by transitivity
J oL ISt increasing
x <y J
=] 5
Gaél Gorgo and Jean-Marc Vincent Perfect Sampling of Load Sharing Systems
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Large scale systems evaluation

Modelling of Load sharing systems

Synthesis

Monotonicity of control policies

Applications

Conclusion

Index modeling opportunities :
e Taking static informations into account :
o Nodes characteristics : CPU speed, capacity . ..

e System characteristics : network topology
e Complex target selection strategies

e Optimal choice : PSQ ...
e Random probing

Impact of the control triggering
Triggering policy | Independent control | Application dependent
Push Monotone Monotone
Pull Monotone Non-monotone
= Almost monotone “Pull on completion” can be simulated with
envelopes [BGV08]
Gaél Gorgo and Jean-Marc Vincent
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@ Applications
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Estimation of the control rate

Policy : Controlled Push, Pull and Push on arrivals with random probing
of 6 nodes
8 T

T
Independent pull ——

Independent push ------ |
Push on arrivals -----

normalized response time

0 | | | |
2 3 4
normalized control rate

‘_,
LI G
APRN G4
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Estimation of the probe-limit

Policy : Controlled Push with random probing of 6 nodes

5 T T

probe—limit]=2 ®

o probe-limit1=7 X

E probe-limit1=15 ©

S 4 4

Q

172}

g

TN = 7

17

5}

=

3 .l |

N

=

<

L 7

=}

=

0 | | | | | |
0 20 40 60 80 100 120 140

system size (number of nodes)
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Scaling

Policy : Controlled Push with random probing of 6 nodes

200
180 [~ N
160 - N
140 - N
120 - N
100 - b

Mean sampling time (s)

0 4k I I I I I
0 200 400 600 800 1000 1200

System size (number of nodes)
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Scaling Toward million of nodes

Policy : Threshold Push on Arrival with priority list of 8 nodes

100

10

0.1

0.01

Mean sampling time (s)

0.001

0.0001 | | | |
10 100 1000 10000 100000 1e+06

System syze (number of nodes)
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Large scale systems evaluation

Modelling of Load sharing systems

Monotonicity of control policies
Conclusion

Applications

Conclusion

A modelling framework of load sharing policies :

@ complex state dependent strategies
Applications :

@ Tunning of parameters

e Comparison of hierarchic work stealing strategies
@ Very large scale systems

Future works :

@ Comparison with mean field results

Gaél Gorgo and Jean-Marc Vincent

Perfect Sampling of Load Sharing Systems



Large scale systems evaluation Modelling of Load sharing systems Monotonicity of control policies Applications

Download : http ://gforge.inria.fr/projects/psi

INRIAGForge: Perfect Simulator: Information sur un projet - Mozilla Firefox

Fichier Edition Affichage Historique Marque-pages Outils Aide

Conclusion

] Ecooge

7 INRIAGForge: Perfect Simulator:...

WINRIA T T

accueil mapage arbre des projets demande d

esume  activité | outil de suivi | listes | taches | annonces | sources | fichiers

 VIGmail - Boite de réc... (6)La Mikaouette ) Windows Live Hot...

*§Google Scholar

s'identifier
nouveau compte

nd Users/Desktop
ther Audience

e
Kind : Software
License : OSI Approved : GNU General Public License (GPL)
Natural Language : English

Natural Language : French

Operating System

Operating System : POSIX : Linux
Programming Language : C
Research center : Montbonnot
Topic : Scientific/Engineering

Enregistré le : 24/11/2005 17:37

ix d'activité : 30.73%

Voir les statistiques ou le rapport d'activité pour le projet.
8

Voir Ia liste des f1ux 755 disponibles pour ce projet.

Deniers fichiers publiés

Paquet Version Date Remarques / Surveiller
psi 446 March 24, 2010 & .2
Terminé

PSl is a software simulator of Markov chains on larg pace. It samples steady in finite time by the method “coupling from the past:.

Equipe-Projet
Administrateurs du projet:
Gael Gorgo
Jean-Marc Vincent
Jérome Vienne
Thais Webber
Vincent Danjean
Développeurs:

Ana Busic
Arnaud Legrand
Florentine Dubois
Nihal Pekergin
Noémie Sidaner
Vandy BERTEN

[Voir les membres]

[Demander a rejoindre le projet]

Télécharger (download)

Télécharger (download)
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