Adaptive Multistep Predictor for Accelerating Dynamic Implicit Finite-Element Simulations
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Introduction

» Data intensive applications have difficulty making use of high arithmetic * Adaptively update right hand side vector to improve predictor accuracy |
performance of recent computer hardware * In Algorithm 2, predictor accuracy Is limited by accuracy of b approximated by standard predictor I— - 10.2&|‘>Ikm X 9.25 km x 280 m area
C : _ _ , _ : a - : : - « 3 soll layers

» Dynamic finite-element simulations using iterative solvers based on sparse ~ Predictor’s approximate solution is ditferent from actual x | + 4 m second-order tetrahedral
matrix-vector products provide example of this * Improve predictor accuracy by adaptively updating b based on partially-solved x elements

| i j - - Solver in line 8 is interrupted and restarted after updating b based tially-solved x (line 6 — 10 oS 5 2oty 1s 1ot
» Linear multistep predictors (e.g., Adams-Bashforth method) are widely used olver in line 8 Is interrupted and restarted after updating b based on partially-solved x (line 6 — 10) elements, 2,794,711,155 degrees
to predict initial solution and reduce number of solver iterations - Together with predictor accuracy improvement, expect high peak performance since all solvers are \ of freedom
- We aim to improve predictor accuracy using high arithmetic capability of based on GSpMV kernels me step
recent computers to further reduce iterations and speed up application u¢ i+¢1 +2 +3 i+4 +5 = Ll el

Algorithm 3 110- \1 : \1 : In case of m = 3 and 1.52 x fast
[1077] u[10-5] u[10-9] —~ 300 52 x faster
— -8 = B
Target prOblem 1: setx_; «0andx; <0 (i=0,..,m—2) u[lg_g] \u[lg_q \u[lg_ﬂ solver tolerance = 1.0 £ 9 600
Solve dynamic implicit finite-element method using iterative solvers: 2: for(i=0;i<mji=1i+1) ; \ ] \ £ £ 400 6 2004 IR ciapsed time
input vector b is a function of x of previous step 3. setbyusing x;; | v u[107] § |u[l0®] j u[10?] B 2 200 (61.0%) ICHRA) [FLOPS efficiency]
Standard algorithm 4:  guess X;.,,_, Using standard predictor E| set b } \ I use as initial solution 25 l GEEED]  (MEM bandwidth efficiency)
. . . . . = b; D - 107 105 108 < . .

« Solve sequentially in time; key kernel is memory bandwidth-bound sparse > b | b,| A%—b] :'% using I T ] \”[ T ] \“[ T ! L < Wlthm:te gi\t/gl[oped V\;gzig;\;e(lr%ﬁ;
Naorith 1 i i+1 +2 +3_Time step 7 guess b; using %j_; (j =i +1,..,i+m—1) u[lgv] u[1g'5] \u[lo-z] . Noumber of Iiterations r_educed by factor of 2.62 and
1 gortl m(_ 0 u[10°8] 8: refine solution {Xx; « A‘lEj} with initial solution x; | 1 \‘ l \ l 52% speedup for practical problem.of 10.'25 K .X 9.29

j ?e -1 e ® j=1i..,i+m—1) (Computed using GSpMV kernel) solver using u[10% | (u[10%] | [u[104 Km X 280 m area of Cehtral Tokyo discretized using 4 m
rfor(i=0;i<mi=i+1l) E u[10°] 10: GSpMV i i elements computed using 2,304 K computer nodes
3. guess x; using standard predictor B | _' _ ! U107 U105 U103
4:  setb, using x;_ 2 set b, using X ; Nu[108] 11: i = Xi T T T
5:  solve x; « A~ !husing initial solution | U \ J o107 |} [u109) | {urt0 J, Summary and Future Prospects
x; (Computed using SpMV kernel) solver using SpMV ' ! . . .
6: ' In case of solver tolerance = 1.08 » Developed adaptive multistep predictor for

accelerating dynamic implicit finite-element simulations
» Achieved speedup for wide range of CPU-based

Performance Measurement Results

Multistep predictor algorithm (by Liu et al. [1])

» Predict several time steps simultaneously and use as initial solutions for « Compare performance with and without developed predictor (Algorithm 1 and 3 [m = 4]) for 25 time environments bY redu0|r_1g_ number of iterative solver
solvers steps of an earthquake ground motion problem discretized with second-order tetrahedral elements iteration using highly efficient GSpMV kernel

. Additional cost required for predictor, but SpMV with multiple right-hand * Both solvers implemented based on SC15 Gordon Bell Prize Finalist solver [2]. Highly-efficient ‘ Adaptlve multistep pre_dlct(_)r_ expected to be_ U_Ser| for
sides (generalized SpMV, or GSpMV) can be used in predictor implementation, optimized to reflect algorithm changes W'de_ range of dynamic "_nP“Clt prpblems, as Itis |

« As GSpMV is highly efficient compared with SpMV kernel, reduction in Size-up scalability on the K computer applicable to more sophisticated iterative solvers (l.e.,

Performance of algorithm

multi-grid iterative solvers)

number of iterations in line 9 leads to 30% speedup of whole application 00 | Without developed predictor
Algorithm 2 m \Without developed predictor = With developed predictor 450 [EF'ﬁgSF?g gfr;i‘gency] With developed predictor
1: setx_, « 0 — 400 1.42 x faster 1.40 x faster oD xfaster 400 M e efeeney k I d
] _ 7)) . . I
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u[10-¢] on K computer Number of compute nodes

solver using GSpMV ! l l * Faster time-to-solution for all speed-up scalability problems 1,024 2,048 4,09 8192 16,384
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