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Table 3: Communication models for the Broadcast operation
Strategy Communication Model

Linear (Flat Tree) L + (P � 1)⇥ g(m)

Pipeline (Segmented Chain) (P � 1)⇥ (g(s) + L) + (g(s)⇥ (k � 1))

Binary Tree  dlog2P e ⇥ (2⇥ g(m) + L)

Binomial Tree dlog2P e ⇥ L + blog2P c ⇥ g(m)

As a result, we select the algorithm that minimizes the
completion time of the operation using the most accurate
performance model for each problem instance (as we can
observe in Figure 7). Table 4 summarizes these choices
when considering two di↵erent message sizes, 8kB and
512kB.

4.3.2 Second hierarchical level

Once Poly-adapt-2 selected the best algorithm for each
cluster, we must determine an e�cient inter-cluster com-
munication scheduling. Using inter-cluster communication
parameters, we can construct an optimized broadcast tree
between clusters using scheduling heuristics, an approach
that provides better performances on grid environments
than traditional grid-unaware algorithms found on most
MPI distributions (Ste↵enel and Mounié (2006)). Di↵er-
ent heuristics can be compared at this step, as di↵erent
optimization parameters or objectives can lead to di↵er-
ent inter-cluster communication strategies. Traditional
scheduling heuristics such as First Edge First - FEF or
Early Completion Edge First - ECEF heuristic, proposed
by Bhat et al. (1998) can be used, as well as heuristics
that consider special parameters such as the communica-
tion time inside each cluster (the ECEF-LAt heuristic Stef-
fenel and Mounié (2006)).

In the case of this run, the adaptation mechanism se-
lected the Early Completion Edge First - ECEF heuristic,
proposed by Bhat et al. (1998). This heuristic proceeds by
selecting a pair sender-receiver where the sender is avail-
able and the choice of the sender-receiver pair depends on
the earliest possible moment when this transmission may
e↵ectively be finished. Therefore, we use a Ready Time
(RTi) parameter, evaluated conjointly with the transmis-
sion time between the processes, such that the pair i, j
minimizes the expression:

t = RTi + gi,j(m) + Li,j

4.4 Results Analysis

In this section we detail the execution steps of the Broad-
cast operation on the Grid’5000 platform when using our
adaptation approach. As stated in the previous sections,
our policy of performance evaluation consists in a multi-
layered analysis of the di↵erent algorithms and elements
of the network. Indeed, the first step - Poly-adapt-1 -
consists on choosing, for each network component (in this
case, each cluster that composes the grid platform), the
most accurate performance model for a fixed algorithm.

This helps choosing a performance model that is able to
predict the communication cost inside each cluster, which
will be used in the second step of adaptation.

The second adaptation level (Poly-adapt-2 ) compares
di↵erent algorithms for a given operation. With the help of
the performance model chosen in the first step, we are able
to predict the performance of the di↵erent algorithms and
select the most adapted to our needs (in this case, the algo-
rithm that performs faster inside a cluster). Once selected
the best algorithm for each cluster, the second hierarchi-
cal adaptation level defines a communication schedule that
minimizes the overall communication time.

To better understand the multi-levels adaptation mech-
anism, we present in Figure 7 an extract of the adaptation
steps representing the ORSAY cluster. Please note that
the same mechanism is applied simultaneously on all clus-
ters, as the result of these steps will be used on the sec-
ond hierarchical adaptation level. Indeed, Figure 7 shows
both Poly-adapt-1 and Poly-adapt-2 steps applied on dif-
ferent algorithms and message sizes. Let’s take for exam-
ple Figure 7(a), which represents the Flat Tree broadcast
algorithm. Predictions from di↵erent performance mod-
els (LogP, LogGP, pLogP) are compared with a measured
sample; Poly-adapt-1 retains the model that better fits the
sample measures. As the same procedure is applied on
other algorithms, Poly-adapt-2 is able to select the fastest
algorithm (that’s why Poly2 in Figure 7(a) is so di↵erent
from Poly1, as it corresponds to the performance of the
Pipeline algorithm).

When Poly-adapt-1 and Poly-adapt-2 were applied to
the ensemble of the clusters, we can proceed with the sec-
ond hierarchical adaption level. Here, we compare di↵er-
ent scheduling heuristics aiming the optimization of inter-
cluster communications. From the network connectivity
data and predictions from Poly-adapt-2 we are able to de-
termine the heuristic that allows the broadcast to finish
earlier, the ECEF heuristic in the case of our example. To
illustrate the performance improvement we can obtain with
this multi-level adaptation approach, we depict in Figure
8 the measured completion time of a broadcast among 88
machines over four clusters from Grid’5000. In this figure,
we compare the performance of the standard algorithm
used on MPI (a binomial tree) against di↵erent grid-aware
broadcast schedules used on the second hierarchical adap-
tation level.

Through our adaptation approach, we strongly improve
the performance of broadcast communications in this grid
platform, going two to four times faster than the standard
MPI implementation. Additionnally, the dynamic adapta-
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drugs research 

exploration may take hours
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• PaaS computing framework P2P overlays
pervasive environments (PER-MARE project)

• Modular and Extensible
• Different P2P overlays

• FIT API
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• Drastic reductions 



• Drastic reductions 
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• Fog Computing and Pervasive environments

• Internet of Things and Smart Cities

• Distributed Computing and Big Data
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Les cinq termes Cvdw, Chbond, Celec, Ctor et Csol sont des cœfficients empiriques déterminés

par l’analyse en régression linéaire d’un jeu de complexes protéine–ligand de constantes de

liaison connues calculées par des méthodes de chimie quantique. Les sommes sont faites sur

l’ensemble des couples formés d’un atome du ligand i et d’un atome de la protéine j et sur

toutes les paires d’atomes du ligand séparés par au moins 3 liaisons covalentes. Le terme de

dispersion/répulsion est modélisé par un potentiel de Lennard-Jones 12-6 (figure 15).

Figure 15 – Potentiel directionnel de Lennard-Jones - Morris et al., 1998.

Les liaisons hydrogène sont modélisées par un potentiel directionnel de Lennard-Jones

en 12-10 auquel on ajoute une constante de désolvatation (Ehbond). Ce potentiel est pondéré

en fonction de l’angle t formé entre la direction du doublet libre de l’accepteur et la liaison

entre l’hydrogène et l’atome polaire qui le porte. L’angle optimum est de 180˚alors que
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2.6. LE PROGRAMME AUTODOCK

D’autre part, la nature du potentiel énergétique utilisé permet un découpage du calcul

selon les différents types d’atomes présents. Ainsi, l’évaluation rapide de l’énergie peut se

faire par l’intermédiaire de grilles de potentiel d’affinité atomique pré-calculées pour chaque

type d’atome. Une grille est une matrice tridimensionnelle régulière possédant un espacement

fixe défini entre les mailles. Elle va devoir englober l’intégralité ou une région d’intérêt du

récepteur étudié comme le montre la figure 16.

Figure 16 – Schéma d’une grille de potentiel atomique - Morris et al., 1998.

Chaque point de la grille enregistre l’énergie d’interaction entre une sonde, constituée

d’un ou plusieurs atomes, et l’ensemble des atomes du récepteur. Le calcul de ces grilles

est effectué par le programme AutoGrid qui calcule automatiquement les grilles nécessaires

parmi les types atomiques C, H, O, N et S. Une grille supplémentaire est calculée pour le

potentiel électrostatique avec pour sonde une charge ponctuelle de +1 eV et une autre grille

est également calculée pour le potentiel de désolvatation. Pour chaque individu correspondant

à une conformation unique du ligand, l’énergie d’interaction avec le récepteur est évaluée par

une interpolation tri-linéaire des valeurs d’affinité des huit points de grille entourant chaque

atome lourd du ligand.
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