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Short CV

■ 35 years old, French, married (2004)


✓ 2 children (Adrien 2007, Chloé 2010)


■ PhD in 2007

✓Security in Large Scale Distributed Systems:  

     Authentication and Result Checking


■ Github, CoD, UrT, FIFA : Falkor 

■ In PCOG since 2007

✓ Security / Evaluation of Distributed Computing Platforms (HPC,cloud…)

✓ UL HPC Manager with Pascal
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https://github.com/Falkor


Management / Supervision

■ Projects: 

✓COST: Network for Sustainable Ultrascale Computing (NESUS)

✓CORE, POLLUX, UL (HPC, Evoperf) 


■ Collaboration / Supervision:

✓ [HPC] Sysadmin Team: Hyacinthe, Valentin & Sarah

✓PostDoc: 


‣ Joseph (HPC workload analysis)


✓PhD. 

‣ Jakub: Cheating-Tolerance of EAs in DGVCS

‣ Alumni: Ben


✓Master

‣ Maxime (until August): RESIF / eTricks OpenStack

3



Management / Supervision

■ Projects: 

✓COST: Network for Sustainable Ultrascale Computing (NESUS)

✓CORE, POLLUX, UL (HPC, Evoperf) 


■ Collaboration / Supervision:

✓ [HPC] Sysadmin Team: Hyacinthe, Valentin & Sarah

✓PostDoc: 


‣ Joseph (HPC workload analysis), Jakub (wake-on-lan optim?)


✓PhD. 

‣ Jakub: Cheating-Tolerance of EAs in DGVCS

‣ Alumni: Ben, Jakub


✓Master

‣ Maxime (until August): RESIF / eTricks OpenStack
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UL HPC Management



High Performance Computing (HPC) @ UL
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 http://hpc.uni.lu

■ 344 users

■ 72 servers

■ 446 nodes

✓ 3788 cores


■ 4 sysadmins

http://hpc.uni.lu


UL HPC Platform: Sites/Data centers
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2 sites /  
≥ 4 server rooms

Kirchberg  
(CS.43, AS 28)

Belval  
(Biotech I, CDC/Maison du Savoir)



UL HPC Platform: Computing capacity
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4 clusters 
69 TFlops 
446 nodes 

4788 CPU cores 
24512 GPU cores



UL HPC Platform: Storage capacity
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4 distributed/parallel FS 
1 558 disks 

3.025 PB + 1.516 PB (Backup)
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2 managers 
4 sysadmins 

2 oracles

UL HPC Platform : HR Capacity



UL HPC in your publications

■ Per UL HPC User charter 

✓ official acknowledgement to place in your article

✓ reference publication so far:


✓Add ‘ULHPC’ Tag to your OrbiLu publications   
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[HPCS’14] S. Varrette, P. Bouvry, H. Cartiaux, and F. Georgatos. Management of an Academic HPC Cluster: The UL Experience.  
In Proc. of the IEEE 2014 Intl. Conf. on High Performance Computing & Simulation (HPCS 2014), pages 959–967, July 2014.
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UL HPC Complementary IT Services

■ Collaborative Tools: Gforge @ UL      https://gforge.uni.lu

✓ 330 projects / 433 users
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■ NEW: Gitlab @ UL                              https://gitlab.uni.lu

✓ULHPC credentials or Github authentication



Research Activities / Recent Publications



Books / Coding Theory

■ Théorie des codes (In french, Dunod)

✓ 2nd edition

✓ compression, crypto, error correction 


■ (new) english translation: Foundation of Coding

✓ compression, crypto, error correction
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[TdC’14] J.-G. Dumas, J.-L. Roch, E. Tannier, and S. Varrette. Théorie des Codes : 
Compression, Cryptage et Correction.   
Collection Sciences Sup. Dunod, 2nd edition, Mars 2014. 384 pages.

[FoC’15] J.-G. Dumas, J.-L. Roch, E. Tannier, and S. Varrette. Foundations of Coding: 
Compression, Encryption, Error- Correction. Wiley & Sons, Feb 2015. 376 pages 



Sustainability in Ultra-Scale Computing

■ COST IC0804 contribution

✓Energy Efficiency and HPC SotA


■ Handbook on Data Center


■ COST IC1305 Contributions

✓WG3: Resilience of applications & runtime env.

✓WG5: Energy Efficiency  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[IC0804] P. Bouvry, G. L. T. Chetsa, G. Da Costa, E. Jeannot, L. Lefèvre, J.-M. Pierson, F. Pinel, P. Stolf, and S. Varrette. Large-
scale Distributed Systems and Energy Efficiency: A Holistic View, volume 94 of Wiley Series on Parallel and Distributed 
Computing, chapter Energy Efficiency and High-Performance Computing, pages 197–224. John Wiley & Sons, Feb 2015  

[HDC_ch3] S. Varrette, P. Bouvry, M. Jarus, and A. Oleksiak. Handbook on Data Centers, chapter Energy efficiency in 
HPC Data Centers: Latest Advances to Build the Path to Exascale. Springer, Feb 2015. 

[SFRI15] 	 P. Bouvry, R. Mayer, J. Muszynski, D. Petcu, A. Rauber, G. Tempesti, T. Trinh, and S. Varrette. Resilience 
within Ultrascale Computing System: Challenges and Opportunities from Nesus Project.  
M. Bagein, J. Barbosa, V. Blanco, I. Brandic, S. Cremer, S. Fremal, H. Karatza, L. Lefevre, T. Mastelic, A. Oleksiak, A.-C. 
Orgerie, G.L. Stavrinides, and S. Varrette. Energy Efficiency for Ultrascale Systems: Challenges and Trends from 
Nesus Project. Intl. J. on Supercomputing Frontiers and Innovations, 2(2):46–63, 2015.



■ [Energy] Performance of HPC Workloads         [Val, Xav, Mat] 

✓ over new computing env. (Cloud, ARM clusters etc.)
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[CloudCom’14] V. Plugaru, S. Varrette, and P. Bouvry. Performance Analysis of Cloud Environments on Top of 
Energy-Efficient Platforms Featuring Low Power Processors. In IEEE CloudCom’14, Singapore, Dec. 15–18 2014.
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Fig. 11: ABySS benchmark: full timeline (left), without the loading phase (right).

be clearly seen that the multi-node execution of ABYSS-P is
less efficient than the single node execution, most likely due
to intensive communication patterns reaching a bottleneck, as
previously identified with HPCC’s bandwidth and latency tests.

TABLE III: Green500 Equivalent Rank (as of June 2014) obtained
from the experimental results (HPL) over 32 physical nodes.

Configuration PpW G500 Rank
Viridis Baseline 513.53 MFlops/W 204
Viridis OpenStack/LXC 1VM/host 371.76 MFlops/W 234
Viridis OpenStack/LXC 2VM/host 333.94 MFlops/W 239

VI. CONCLUSION

This article has tried to combine in a novel way three
elements of the modern IT&C landscape: a Cloud Infrastructure-
as-a-Service solution, an energy efficient hardware platform
and compute-intensive workloads, asserting that these elements
will be part of future hybrid computing systems - developed
to have the flexibility, efficiency and performance needed to
analyze the skyrocketing amounts of data generated every day.
More specifically, the research question we wished to address
in this study can be formulated as follows:

Can HPC workloads run on a Cloud platform
composed of cutting-edge ultra low power processing
elements?

To our knowledge, this is one of the first studies of this type,
since deployment attempts of the OpenStack infrastructure on
top of ARM platforms are in early stages, and are generally
performed only for demonstration purposes.

To answer the above question, two main contributions
have been delivered by this work: (1) the development of
the BACH software framework, able to execute automated
and unbiased performance evaluations and (2) its use for the
assessment of the OpenStack IaaS deployed on an energy
efficient, ultra low power computing platform based on ARM
processors. To a minor extend, a third contribution has been
the efficient configuration of this cutting-edge platform, which
proved to be a real technical challenge, with many issues
being overcome during this study. Two synthetic benchmarks –
HPCC, containing the well known HPL used to rank the world’s
supercomputers, and the state-of-the-art HPCG developed as its
alternative – were used to evaluate the pure performance and
energy efficiency of these combined platforms. Complementing
these benchmarks, GROMACS, a versatile molecular dynamics
package and ABySS, a de novo sequence assembler were used
in order to evaluate the platform with real-world HPC tasks
within BACH. From that perspective, the validation of the

BACH framework permits to compare both the native ARM-
based platform and the OpenStack middleware run on top of it,
while monitoring power consumption and system-level metrics.
Through BACH, experiments were ran on up to 32 ARM-based
computing nodes with up to 64 Virtual Machine instances being
launched.
The findings show a substantial performance degradation
induced on the demanding HPC applications by the Cloud
middleware – at least a drop of 20% on average for compute-
intensive tasks and 65.6% drop in communication capacity – and
a reflected poor efficiency of the platform close to 18% when
compared to the results obtained in native mode. The precise
numbers are summarized in the Table II on page 7. When
compared to the reference Green500 list, the results obtained
during the experiments are indicated in Table III. Despite these
performance drops, we remain confident in the future of this
technology since our analysis was performed on early server-
targeting processors, which do not integrate virtualization-
specific instructions (thus the use of LXC containers in our
study).

In this sense, it does not darken the future of Cloud
deployment on energy-efficient platforms.

As computing platforms are continuously evolving, also
their design, implementation and integration must be frequently
studied from a cost-benefit point of view. Thus the future work
proposed is to extend this study with evaluations of other Cloud
solutions, new hardware platforms and architectures – such as
the recently released ARM64 – and with as diverse workloads
as possible.

Acknowledgments: The experiments presented in this paper
were carried out using the HPC facility of the University of
Luxembourg.
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Table IV. AVERAGE PERFORMANCE DROPS (COMPARED TO BASELINE) ACROSS ALL CONFIGURATIONS AND ARCHITECTURES OBSERVED IN THIS STUDY.

Avg. Performance drop Avg. Energy-efficiency drop
HPL STREAM RandomAccess Graph500 Green500 GreenGraph500

OpenStack+Xen 41.5% 19% 89.7% 21.6% 56.5% 42%
OpenStack+KVM 58.6% 7.2% 67.5% 23.7% 38.5% 40%

the two leading hardware architectures (AMD and Intel). In
particular, we tested the performance impact given by the
IaaS solution and its Xen/KVM virtualization backends when
running the reference HPCC/HPL and Graph500 benchmark-
ing suites over varying number of physical (up to 12) and
virtualized (up to 72) nodes. Our objective was to quantify the
overhead induced by the Cloud layer when compared with the
baseline configuration that used to operate without any such
virtualization interface.
Our findings, summarized in the table IV, show that there
is a substantial performance impact introduced by the Cloud
middleware layer across the considered hypervisors, which
confirms again, if needed, the non-suitability of Cloud envi-
ronments for distributed large scale HPC workloads. A non-
negligible part of our study includes the energy-efficiency
analysis, using the typical metrics employed by the Green500
and GreenGraph500 projects [15], [16]. Indeed, virtualization
is also emerging as the prominent approach to reduce the
energy consumed by consolidating multiple running VM in-
stances on a single server, thus giving credit towards a Cloud-
based approach. Here again, we demonstrate the poor power
efficiency of the OpenStack IaaS middleware when facing
high-demanding HPC-type applications.

The future work induced by this study includes larger
scale experiments over various Cloud environments not yet
considered in this study such as vCloud, Eucalyptus, Open-
Nebula and Nimbus. Also, an economic analysis of public
cloud solutions is currently under investigation that will com-
plement the outcomes of this work. In general, we would
like to perform further experimentation on a larger set of
applications and machines. Finally, the proposed benchmarks
will of course have to be repeated over time in order to evaluate
future hardware virtualization ability and new generation of
middleware.

Acknowledgments: The experiments presented in this paper were
carried out using the Grid’5000 experimental testbed, being developed
under the INRIA ALADDIN development action with support from
CNRS, RENATER and several Universities as well as other funding
bodies (see https://www.grid5000.fr). This work was completed with
the support of the INTER/CNRS/11/03/Green@Cloud project and the
COST action IC1305.
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[Pareng15] X. Besseron, V. Plugaru, A. H. Mahmoudi, S. Varrette, B. Peters, and P. Bouvry. 
Performance Evaluation of the XDEM framework on the OpenStack Cloud 
Computing Middleware. In PARENG 2015, Mar. 2015. 



■ UL HPC Jobs/Usage Analysis: Evalix                      [Jo,Mat]


■ Cost analysis: Cloud HPC vs. in-house HPC           [Jo,Val]
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Performance Evaluation of Computing Systems

[JSSPP15] J. Emeras, S. Varrette, M. Guzek, and P. Bouvry. Evalix: Classification and Prediction of Job Resource 
Consumption on HPC Platforms. In JSSPP’15, part of IEEE IPDPS 2015), Hyderabad, India, May 25–29 2015. 
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Generation of Energy-aware {middle|soft}ware

■ MAS for energy aware executions                    [Mat,Xav,Greg]
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[ESCIM’15] S. Varrette, Bernabe Dorronsorro, and P. Bouvry. An 
LLVM-based Approach to Generate Energy Aware Code by 
means of MOEAs. In ESCIM 2015, Oct 2015. 

[ISSPIT’14]  M. Guzek, X. Besseron, S. Varrette, G. Danoy, and P. Bouvry. ParaMASK: a Multi-Agent System for the Efficient and 
Dynamic Adaptation of HPC Workloads. In Proc. of the 14th IEEE Intl. Symp. on Signal Processing and Information Technology 
(ISSPIT’14), Noida, India, Dec. 2014. IEEE Computer Society
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■ LLVM optimization to produce green code             [Bernie]

int a = 89;
int b = 42;
void funcf(a,b)
{
   printf("%d", a);
   printf("%d", b);
}

myfile.c

LLVM parser

Initialisation of the population 
(copy of initial individual)

Intermediate Represenation (IR)

Evo-LLVM

myfile_opt1.c
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    to files
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  Algorithm
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Cheating-Tolerance over DGVCS

■ [Breaking the] Resilience of Newscast protocol       [Jakub]

■ dCEA analysis in the presence of such faults
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[NIDISC15] J. Muszyn ́ski, S. Varrette, B. Dorronsorro, and P. Bouvry. Distributed Cellular Evolutionary Algorithms in a Byzantine 
Environment. In NIDISC 2015,  part of the 29th IEEE/ACM IPDPS 2015, May 25–2919 2015. 

[NSS’14] J. Muszynski, S. Varrette, J.L. Jimenez Laredo, and P. Bouvry. Exploiting the Hard-wired Vulnerabilities of Newscast via 
Connectivity-splitting Attack. In Proc. of the IEEE Intl. Conf. on Network and System Security (NSS 2014), volume 8792 of LNCS, 
pages 152–165, Xi’an, China, Oct 2014. Springer Verlag. Best Student Paper Award. 
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Incoming [2016] Milestones

■ [UL] HPC IPCEI  

✓CDC S-02 developments


■ Moving to Belval!

■ Incoming Events:

✓NIDISC’16, May 23-27, 2016

✓ IEEE CloudCom’16, Dec 12-15, 2016


■ Ski, Karting, LaserGame… 
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Conclusion



Thanks for your attention!
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