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Institut Curie is the cancer fondation of public interest fonded in 1909

Specialized in research in oncology and patient care 

Institut Curie has 3,400 researchers, physicians, clinicians, technicians 
and administrative staff
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● Presentation



 

 

● Context

  
– Understanding the cancer is understanding the genome

– The cancer is a gene disease

– To decipher the genome we use sequencing

CK Rocha et al., Molecular Cytogenetics 2011 
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● Data volume constraints

Decreasing cost of sequencing technology

Increasing volume Zachari S. et al PlosBio (2015) 

Precision medicine
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● Actual pipeline
– Actual whole genome sequencing pipeline

 

Constit (30X) + Tumor (60X) = 1TB / patient

Analysis > 1 week 

how do we make the pipeline scale?
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● Alignment 
– Search coordinates of reads on reference genome   
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https://github.com/InstitutCurie/QUASART
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https://github.com/InstitutCurie/QUASART


 

 

Shared File pointer operations (MPI)

NFS, Lustre,...
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● Tested Architectures

180 dual processor nodes (Intel Sandy Bridge E5-2680, 2.7 GHz, 8 cores)

128 GB of memory per node, i.e. a total of 2,880 cores (Bull),

QDR Infiny Band (36 GB/s)

Lustre filesystem

Intel Swindon Wildcat

14 dual nodes (Xeon® E5-2697 v3 - 2.6 GHz 14 Core)

128 GB DDR4 per node

Intel® True ScaleTM 12300 

Lustre filesystem version: Intel Enterprise Edition for Lustre (175T)
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Memory impact < 2gb per jobs

Now the alignment is CPU bound 
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● Sorting 
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https://github.com/InstitutCurie/QUASART
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● Bitonic sorting

Lustre striping size 

Contigues 
Block reading Indexing

  Client
  cache

Compression  
Contigues block writing

   Tri 
bitonic

Bruck
Theorem

Bruck et al. 97

Offset 3
Offset 7
Offset 2

Offset 6

Offset 5

Offset 4

Offset 5
Offset 1

DataType 
MPI_File_view
MPI_read_all

MPI_send_recieve MPI_File_set_view
MPI_write_all

Read 3
Read 7
Read 2

Read 6

Read 5

Read 4

Read 8
Read 1

Read 1
Read 2
Read 3

Read 4

Read 5

Read 6

Read 7
Read 8

Contigues 
   blocks

20/09/2016

Sam text file

Repeated reads
     local data 



 

 

    25 minutes for sorting a 120X (1,2 TB) with 512 cpu, RAM per CPU < 4Gb  
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32 threads

Sorting 4%

Bruck 20%

Compression 21%

Writing 31%

Parsing 17%

Analyse of Sorting algorithm for 93X WG

20/09/2016

Wall time * (nb cores)



 

 

● Configuration  

  

Lustre configuration

max_cached_mb: 48301
max_read_ahead_mb=40
max_pages_per_rpc=256
max_rpcs_in_flight=32

File striping

lfs setstripe -s 3g -c 143 .

MPI tuning info

MPI_Info_create(&finfo); 
MPI_Info_set(finfo,"striping_factor","143"); 
MPI_Info_set(finfo,"striping_unit","1073741824");

 
MPI_Info_set(finfo,"access_style","read_mostly"); 
MPI_Info_set(finfo,"nb_proc","143"); 
MPI_Info_set(finfo,"cb_block_size","1073741824"); 
MPI_Info_set(finfo,"cb_buffer_size","1073741824");
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● Conclusion
– 2 major bottlenecks hamper the scaling of NGS analysis : the IO and memory

– Lustre has the ability to efficiently share files across the network enabling the 
alignement to scale thousand of cores  

– The striping tuning of Lustre give me the ability to align the chunks of the file to 
sort and improve the performance

– The low latency fabric enable new parallel algorithms (Bitonic Sort) 
implementation        

 
● Next step 

– Challenge new architectures (Intel Broadwell) 
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● Thanks
– From Institut Pasteur  :

● Nicolas Joly

– From TGCC :

● Claude Scarpelli

– From Intel

●  Gabriele Paciucci, Kristina M Kermanshahche 

– From Institut Curie :

● Philippe Hupé (Supervisor), François Prud’Homme (IT), Maxime Chevailliot(IT)

– From University of Paris Descartes :

● Nicolas Fedy, Leonor Sirotti, Thomas Magalhaes, Paul Paganiban
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● Curie architecture  

1280 cores
8 TB
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● Exemple of Intel clinical architecture  
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