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How to Compile for Cori 
KNL



Cori login and compute nodes
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KNL overview and legend
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KNL overview – MCDRAM modes 
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What do compiler wrappers do?
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How to compile (1)

•

•
•
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How to compile (2)

•
  % cc -axMIC-AVX512,CORE-AVX2 <options> mycode.c
•
•

–
•

–



What to link (1)
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What to link (2)
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What to link (3)

•
/usr/common/software/<name>/<version>/<arch>/[<PrgEnv>]

•
/usr/common/software/petsc/3.7.4/hsw/intel
/usr/common/software/petsc/3.7.4/knl/intel

•
– -axMIC-AVX512,CORE-AVX2

•
–



autoconf and cmake solutions
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–
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…



MCDRAM in a nutshell
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How to use MCDRAM (1)
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How to use MCDRAM (2)
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•
–
–

•
#include <hbwmalloc.h>
// malloc(size) -> hbw_malloc(size)

•
!DIR$ MEMORY(bandwidth) a,b,c             ! cray
real, allocatable :: a(:,:), b(:,:), c(:)
!DIR$ ATTRIBUTES FASTMEM :: a,b,c         ! intel

•
–
–

Option 3: Use libmemkind 



Which arrays to put in 
MCDRAM?

•
…



Building with libmemkind

• module load cray-memkind

 -dynamic -lmemkind –lnuma 
•

• module load memkind

 -lmemkind –ljemalloc –lnuma 
•



AutoHBW: Automatic memkind

•

•
  % module load autohbw
•

export AUTO_HBW_SIZE=4K    # any allocation  
            # >4KB will be placed in MCDRAM
export AUTO_HBW_SIZE=4K:8K # allocations 
            # between 4KB and 8KB will 
            # be placed in MCDRAM



Summary: How to compile

•
•
•

• module swap craype-haswell craype-mic-knl
–

• CC -axMIC-AVX512,CORE-AVX2 ...
–

•
–



Running jobs on Cori KNL



Process / Thread / Memory Affinity
•

–
–
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Process / Thread / Memory Affinity
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–
•
•



“hwloc-ls” provides hardware 
locality info



“numactl -H” displays NUMA domain 
info (1)

•

•



“numactl -H” displays NUMA domain 
info (2)

•

•



“numactl -H” displays NUMA domain 
info (3)

•

•



Can we just do a naïve srun?



The importance of -c and --cpu_bind 
options
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–

–
•

–

–



Now it looks good!

…



Essential runtime settings for process/thread 
affinity
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Essential runtime settings for MCDRAM memory 
affinity 

•
•

•
–
–

 srun –n 16 –c 16 –cpu_bind=cores --mem_bind=map_mem:1 ./a.out
 Or:
 srun -n 16 –c 16 –cpu_bind=cores … numactl -m 1 ./a.out

–
–

  srun –n 16 –c 16 –cpu_bind-=cores 
                   --mem_bind=preferred,map_mem:1 ./a.out
  Or:
  srun –n 16 –c 16 –cou_bind=cores numactl -p 1 ./a.out



Request KNL NUMA/MCDRAM modes
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Sample job script to run under the quad,cache 
mode

…

…

…



Sample job script to run under the quad,cache 
mode

…

…

…



Sample job script to run under the quad,cache 
mode

…

…

…



Sample job script to run under the quad,cache 
mode

…

…



Sample job script to run under the quad,cache 
mode

…

…



Sample job script to run under the quad,flat 
mode

…

…

…

…



Illustrations of cpu_bind and 
OMP_PLACES



How to Run Debug and Interactive Jobs
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Recommend: using hugepages
•
•
•

– …
–
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Recommend: Use switches to minimize 
performance variations

•

•
•

–
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Recommend: Use Zone Sort  (mostly by 
default)

•
–

•
•

•



Recommend: Use sbcast (for larger jobs)

•

•



Recommend: Use -S for core 
specialization

•

•
•

•



NERSC Job Script Generator 



Affinity Verification Methods (1)
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•

…
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Affinity Verification Methods (2)



A few useful commands (1) 

–



A few useful commands (2)



A few useful commands (3)



A few useful commands (4) 

•

•

•



Use Burst Buffer for faster IO

•

•

•



Queue structures and policies

•
–

…
–
–
–



Cori KNL will start charging from 
July 1

•

•

•

•



Summary 

•
•
•
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Further documentations

•
–

•
•

http://www.nersc.gov/users/computational-systems/cori/programming/compiling-codes-on-cori/
http://www.nersc.gov/users/computational-systems/cori/programming/compiling-codes-on-cori/
http://www.nersc.gov/users/computational-systems/cori/programming/compiling-codes-on-cori/
http://www.nersc.gov/users/computational-systems/cori/running-jobs/running-jobs-on-cori-knl-nodes/
http://www.nersc.gov/users/computational-systems/cori/running-jobs/running-jobs-on-cori-knl-nodes/
http://www.nersc.gov/users/computational-systems/cori/running-jobs/running-jobs-on-cori-knl-nodes/

