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» [++ implementation based on Intel MKL sparse and dense BLAS routines and MKL version of PARDISO sparse direct solver = &5 o | g e H:Q {(5’7 = T B R YT SET G

* Parallelization tools and strategies & S§ . _&Hljg L e o f a0 CUBE - Large Scale FETI Benchmark
- hybrid parallelization for multisocket, multicore comp. nodes - enables over-subscription of cores with multiple subdoma ins > __74__7_T?zﬁ_,'3‘5 T /k Q J = highly parallel generator scales up to thousands of subdomains
- distributed memory parallelization - use of MPI 3.0 non-blocking collective operations for global reductions - Intel MPI 0.0 Bl - g_QHQ Y = f_g_)___*_ * |arge subdomains from 120,000 to 150,000 DOFs
- shared memory parallelization using Intel Cilk+ - enables parallel reduction using custom reduce operations on C++ classes e decomposioion | YRV = sparse direct solver uses most of the memory and CPL time (39%)
- ready to use MIC accelerators o g ® no preconditioner

Hiding latencies in Krylov Solvers
Preconditioned pipelined Conjuagent Gradient (CG) algorithm
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Reduction of global communication for (H)FET]

= each MP| process iterates only over lambdas associated with given subdomain
- FETI - A required for multiplication with the restriction of B matrix to given subdomain

- HFETI - A required for multiplication with the restriction of Bl matrix to given subdomain i: for i = 0<';'" ;’°
: C : : i = \ric uj —
= global update of vector A becomes only nearest the neighbor type of communication with 5. 5. () Dot-product - global communication - scales as log(F)
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2 = 14: s :=w; + B;s;_,  Scalar vector multiplication, vector-vector addition
o o 15:  pji=u; + Bipj_y ™ communication
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= L ! | 2 | . - P. Ghysels, T. Ashby, K. Meerbergen and W. Vanroose
- ‘1‘, I I Hiding global communication latency in the GMRES algorithm on massively parallel machines.
T 9 ‘T SIAM J. Scientific Computing, 35(1):C48C71, (2013).
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superlinear Strong Scaling of FETI

Engine 2.5 millions - FETI - iteration time

Communication layer performance evaluation on FET|

FETI iteration time (measured on Anselm)
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- GG algorithm with 2 reductions - is a general version of the CG algorithm

- GG algorithm with | reduction - is based on Preconditioned Pipelined CG algorithm, where projector is used in place of preconditioner
(this algorithm is ready to use non-blocking global reduction far further performance impravements (comes in Intel MP| 5.0))

- BGTINV - parallelizes the solve of coarse problem plus merges two Gather and Scatter global operations into single AllGather

- 3% = 3%(5+) 2 = 648 DOFs - small subdomain size is chosen to identify all communication bottlenecks of the solver

o 2.0 millions of DOFs using FETI solver
* decomposed into: 84, B4, 128, 736, 517 and 1024 subdomains

* measured on Anselm supercomputer
— 128 nodes with |6 CPU cores (2x8)8 subdomains per node

Benchmark dystems

IT4lnnovations - www.itdi.cz - Anselm - up to ~3300 cores

— non-blocking cluster of 209 nodes each with:
* 2x 8-core Intel Sandy Bridge E5-2665, 2.46Hz and B4GR of RAM

— InfiniBand ODR network - 40 Gbit/s inter-node bandwidth

ERRE PRACE

SurfSara.nl - Cartesius - up to ~8600 cores

— non-blocking island of 360 nodes each with:
o 2x |2-core Intel Xeon £3-2695 v2 (lvy Bridge), 2.4 GHz and B4 GB RAM

— InfiniBand FOR network - ab Gbit/s inter-node bandwidth

https://projects.imec.be/exaZct/ http://www.prace-ri.eu/

Intercluster
Cluster size: ~120 000

domain size

Jrocessing

DOFs; optimal decompasition into 27 subdomains
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Note: domains size ‘N' is the number of elements per edge of the cube - real size is equal to 3*(N+)?
Note: avg - average iteration time [s]; sum - total time of all iterations = solution time; prec - cluster preprocessing time; iter - number of iterations;

subdomains
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FET| and HFET] per iteration time

HFETI vs FETI - one iteration time (measured on Anselm) HFETI vs FETI - one iteration time (measured on Cartesius) HFETI vs FETI - one iteration time (measured on Anselm)
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Weak scaling - domain size is fixed; cluster size is fixed; number of domains goes from | to 2000
- domain size 3% = 3*(5+1) 3= B48; cluster size |6 (I cluster per node; | subdomain per core)

- efficient communication algorithms helps both FETI and HFETI

- CG with | reduction + coarse problem solved using distributed inverse matrix (GGTINV)

Weak scaling - domain size is fixed; cluster size is fixed; number of domains goes from | to 2000

- FETI a HFETI uses CG with | reduction and coarse problem is solved using distributed inverse matrix of GGT

- Cartesius: domain size 0% = 3*(5+) ¢ = B48; cluster size is 8 domains (3 clusters per node; | subdom. per core)
- Anselm: domain size 8% = 3*(3+1) 2= B48; cluster size: 16 domains (I cluster per node; | subdomain per core)

Total FETI - Large scale benchmarks

Preprocessing, number of iterations and solution time

160 Coarse problem preprocessine time, K factorization time, solution time and
o, number of iterations - mains size 192 DOF
o |8 GGT timels] - 164 616 DOFs 250 umber of iterations - subdomains size 192000 DOFs
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