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Introduction I
 DSTAR is a combustion code (gas flow + 

chemical reaction,  liquid droplets)
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Introduction II
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Algorithm(I)

 Numerical algorithm: direct numerical 
simulation
 Implicit compact difference scheme for spatial derivatives
 3rd-order Runge-Kutta  for time integration 

References: 
  Jun Xia, Kai H. Luo, Suresh Kumar,  Flow Turbulence Combust (2008) 

80:133-153

 Xia, J. and Luo, K. H.(2009) 'Conditional statistics of inert droplet effects on 
turbulent combustion in reacting mixing layers', Combustion Theory and 
Modelling, 13: 5, 901 - 920



6

Algorithm(II)

 Implicit scheme for spatial derivatives requires 
boundary to boundary domains

x
z

y

 1D decomposition limits the number of MPI 
tasks  to min(Ny, Nz)
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Code overview
 Most of the time is spent in computing right 

hand side (rhs) terms
 Loops updating grid values, boundary conditions
 Calls to derivatives subroutines 
 Calls to communication subroutines 
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 2D decomposition

x

z

y

2DECOMP&FFT available at http://www.2decomp.org/
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Mixed Mode strategy

 Open parallel region at the top of rhs 
 Use DO and WORKSHARE directives for array 

operations
 Use orphaned directives in called subroutines  
 Communication for transpose operation 

 Funneled
 Serialised
 Multiple

 Overlap communication with computation
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Mixed Mode Scaling (I)
7683 grid
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Mixed Mode Scaling(II)

2DECOMP optimisations:
No internal copy for y->z transpose if slab thickness is 1
Use OpenMP threads to copy data to internal buffer

 MPICH_GNI_MAX_EAGER_MSG_SIZE set to maximum value
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2D decomposition cross over
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Communication-Computation Overlap
 with MPI

1 1.01 -0.53
2 -0.40 -0.25
3 -0.25
4 -0.11

t̄ tr−(t tr+t c)
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CCO with OpenMP
 myth=omp_get_num_thread()
 k=mod(nxl(2),nth_max-1)
 isx=(myth-1)*(nxl(2)/(nth_max-
1))+1+min(k,myth-1)
 iex=isx+(nxl(2)/(nth_max-1))-1
 if ( myth <= k )iex=iex+1
 ...
!$OMP BARRIER
If ( myth == 0) then
 Call mpi_transpose(...)
Else 
  Do i=isx, iex
! work
   ...
  Enddo
Endif 
 ...

...
!$OMP BARRIER
!$OMP MASTER
 Call mpi_transpose(...)
!$OMP END MASTER
!$OMP DO COLLAPSE (2) 
SCHEDULE(dynamic,ni*nj/(nth-1))
  Do i=1,ni
   Do j=1,nj 
! work
     ...
   Enddo 
  Enddo
!$OMP ENDDO NOWAIT
 ...

Georg Hager http://blogs.fau.de/hager/
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Mixed mode CCO timing
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CCO scaling
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CCO on sectors  
6, 12 OpenMP threads

static dynamic
threads total comm total comm

pq 6 7.10 7.10
12 4.98 4.98

s1w1 6 1.93 1.93 1.94 1.93
12 1.30 1.29 1.30 1.30

wei 6 1.54 0.91 2.21 0.89
12 0.79 0.77 1.36 0.72

reaq 6 0.94 0.70
12 0.87 0.86

s5w7 6 1.49 0.94
12 0.84 0.84

s3w5 6 2.29 2.29
12 1.51 1.51
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Conclusions
 Mixed mode provides good scaling (50-60% 

efficiency).
  18,432 cores, 12 threads per node (1536x1536x1536 grid).

 Computation-communication overlap with 
specialised OpenMP threads could bring 10-15% 
speed up. 

  MPI CCO does not work as yet, but 
communication is faster for underpopulated 
nodes.
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