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General information

XNS

• CFD code developed by CATS institute of RWTH Aachen

• Fortran code, parallelized by using MPI

• 24.529 GFLOP/s + 181 GB/s memory bandwidth (on CLAIX-2018, 48 MPI ranks)

Porting to Aurora

• New Makefile for new hosttype Aurora

• Replace old compilers by NEC compilers

• Find equivalent fortran compiler flags for nfort

• Link NEC BLAS, LAPACK libraries
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XNS – Hotspots – Aurora

• 1 VE of SX-Aurora TSUBASA with 8 MPI processes

• Hotspot functions
 lusol (43.1% of CPU time)

 ilut (42.6% of CPU time)
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XNS – Hotspots – LUSOL – Background  

• Solving (sparse) linear system Ax = b
 A = LU
 L is lower triangular

 U is upper triangular

• Solving LUx = b in two steps:
 Substitute Ux = z and solve Lz = b by forward substitution

 Solve Ux = z by backward substitution

= =

zL b x zU
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XNS – Hotspot Tuning – LUSOL V0 

• Compiled with nfort, no code changes

• Forward substitution – unvectorized!

• Backward substitution – unvectorized!

• Reason: unvectorizable dependency ( x ) is assumed

n around 26,000

Non zeroes per row: max 149
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XNS – Hotspot – LUSOL – Tuning effects

Ftrace results for each code modification step:

• Speedup of 2.14 by adding !$NEC ivdep (LUSOL-V1)

• Speedup of 3.65 by adding !$NEC ivdep and !$NEC unroll(2) (LUSOL-V2)

• Vector time is 98% (LUSOL-V1) respectively 99% (LUSOL-V2) of exclusive time

• However, shorter average vector length!

version excl. time [sec] (%) vec. time [sec] MFLOPS v. op. ratio avg. v. len

0 3439.200 (43.1) 0.619 299.9 0.92 254.5

1 1605.522 (26.7) 1572.193 965.4 95.39 122.5

2 942.668 (17.5) 934.965 1642.1 90.77 57.5
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XNS - Scalability
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• On Aurora LUSOL-V2 is used

• XNS runs between 3.16 and 5.98 times faster on CLAIX-2018 than on Aurora  

• Significantly better speedups on Aurora
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XNS – Hotspot – ILUT – Ftrace

• Ftrace of loop structures inside ILUT

• most time spent in LOOP3 (33.6%) and LOOP2 (12.3%)
 LOOP3 not vectorized by compiler

 LOOP2 vectorized by compiler

• LOOP3 performs Gaussian elimination of current row with previous rows
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XNS – Hotspot – ILUT – Diagnosis 

Vectorization issues:
• goto prohibits vectorization
 Error checking for correct matrix dimensions

 commented out (for now)

• increment of lenu, lenl
 loop iterations not independent

• Unvectorizable dependency JW, W
 Indexing depends on lenu, lenl
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XNS – Hotspot – ILUT – Diagnosis  

• ILUT uses two working arrays
 w(1:n) stores non-zero values of current row (jrow)

 jw(1:n) stores column index of non-zero values in w

 jw(n+1:2n) stores non-zero indicator to identify fill-in elements

• Structure of working arrays
 LU factorization is stored in place
 lenl = current length of L-part

 lenu = current length of U-part

 ii = index of current row / index of diagonal element

iilenl ii + lenu

w x x x x x x x

L-part U-part
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XNS – Hotspot – ILUT – GMRES 

• Matrix data:
 Dimension: 203,514 x 203,514

 Non zero entries: 8,407,204

• Libray of Iterative Solvers for Linear Systems (LIS)
 242 iterations until convergence

 CSR format:

 Preconditioner: 21.2% faster on Aurora (~23 sec)

 Linear solver: 52.7% faster on Aurora (~19 sec)

 ELLPACK format:

 Preconditioner: 21.3% faster on Aurora (~23 sec)

 Linear solver: 32x faster on Aurora (~1 sec)

• NEC‘s Advanced Scientific Library (ASL)
 only supports ELLPACK format

 97634 iterations until convergence

 Simple scaling as preconditioner (no ILUT)

 Runtime: 5-9 minutes

 Multithreading did not work
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Conclusion

• XNS is a memory bound code

• Hotspot LUSOL
 Speedup of 3.65 by adding compiler directives

 Poor vector length of 57.5

• Scalability CLAIX-2018 vs Aurora
 Still 3.16x - 5.98x slower on Aurora than on CLAIX after tuning

• Hotspot ILUT
 Compiler directives not enough to enable vectorization

 LIS library: 

 Preconditioner: comparable results on CLAIX-2018 and Aurora

 Linear solver of GMRES up to 32x using ELLPACK format

 ASL library:

 Not competetive (5-9 minutes runtime)

 No speedup from multithreading



Thank you
for your attention!


