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Introduction Reformulated Al-like Algorithm for Solving Huge Problems

A better understanding of earthquake physics is a grand challenge because Reformulate the solver algorithm with local and uniform basis expansions, such that the Performance of the matrix-vector kernel 2 20 1635
of the potential of large damage to the society and cities. computation becomes similar to that used in Al training * The performance of the matrix-vector multiplication 2 15 17 4-fold
. Amagnitude-8 earthquake is SR pe N S * An unstructured finite-element analysis can hardly attain performance on Tensor Cores because kernel is measured using one NVIDIAV100 GPU = 44 speedup
anticipated along the San Andreas B & i O of the basis functions with complex connectivity and varying strengths. on problem with 2,457,600 voxel elements. 2 =
. Ll o O 70 16 « We reformulate the solver algorithm such that the local and uniform basis expansions are used. * 49 TFLOPS was achieved using Tensor Cores, - 0.94
Fault System, which could also be . AN o 60 1 . oS . - _ _ _ . . 0 — |
affected by the plate activity in the 1 « Alocal and uniform basis is used in the preconditioner of adaptive conjugate gradient method. corresponding to 17.4-fold speedup from a typical Typical  Tensor
Cascadia Subduction Zone, where VAR I N . MaJ:or pa_nrt of the solver b_ecomes FP32 implementation of the matrix-vector kernel. FpP39 Core
a magnitude-9 earthquake and a L s s a?tr:tirr?i}g’fmsglue‘;:gst‘t?;'t‘:i s;);ver — Adaptive conjugate gradient method to solve f=Ku ——  Time-to-solution of the whole solver kernel - kernel
. 3\7692 )’Esun?ml occqr.re.d in 17_00. ' | o . The usage of matrix-matrix ' - Preconditioner — use to roughly solve r=Kz =~ =----; . Com.pared develc_)ped solver with a stgndarq .sollver (PCGE; conjugate
pect probabilistic long-term Plate multiplication is enabled in most Bl g et | gradient solver with 3 x 3 block Jacobi conditioning) and the SC14 Gordon
i : £ ! aprtor, ! NT i
earth.quake forecastlr?g to become ooours I costly matrix-vector products. > | Tensor Core | Bell Finalist solver [2] well _tuned for V100 GPUs. |
possible by constructing a physms- " s - gmemsers e % ' [Roughly solve r,= K, z, -/ computation * Measured performancg using 4544 nodes of Summit (27,264 NVIDIA V100
based earthquake model with a oy ‘, of the standard solvers are attained. = | : lUS@ z, as initial solution : ©PUs) on a 1.67> 107 DOF problem. PFLOP count = Elapsed Time (s)
realistic plate geometry and an [oma Prvta Fang,  MEaan - NN > o T E| FP32 ! » The developed method has 4000 o885 150
assl,im“ati(.)n of Continuoqs data e ‘ ILosAngeIesV‘ R, ° -tl)-h% so_lve_r Converggnfells |mptrOY;d g_ | Roughly solve r.= K.z, " computation i increased the arithmetic count, but 3000 ' 3047
while solving the governing FACHERENS  \orhndgs Esring. 3 !’1“ | | y designing a special element with 2 of Use 2, as initial solution | Tensor Cores accelerated the 2000 | e
equations. v high mapping accuracy. | FP32 | matrix-vector kernel. leading o 3.89-
. ‘ot : | Roughly solver=Kz «~ computation ! atrix-vector kernéil, Ing : £28.47 S0
. . . . . . A voxel element consisting of eight | p | 1000 55
« The computation of governing equations with equation-based modeling ! 5 S g | L | fold speedup from the SC14 solver. /.32
considering the crust, plate, and fault geometry in high fidelity is required _srrr?a erlf_ull-vc;_xes :cstrl:se .th A 0 PCGE SC14 Developed 0
T . . L . of the ie- irection i : :
« Unstructured low-order implicit finite-element method is suitable for computing | © MUEPTeaton - tti,se deort-the search Slrecng-n Irt] FPe4 Weak scaling on Summit solver solver solver
. . L . element matrix and vector (he adaptive conjugate gradien «~ computation . The developed sol Hai
the visco-elastic-plastic time history on a heterogeneous 3D structure. hecomes: iteration ne developed solver atlains a .
Huge cost in computing the large spatial- and temporal-scale problem ' high scalability of 90.5% from ~ «10.0 7 3
: L . - © 80 |66 70 68 71 69 72 70 /.
hindered the realization of earthquake forecasting deie) = K(ieyPrie) = [ZE1(@iie)A: + BitieyBi)|Prie) eight to 4544 nodes. Eeg | m—m—————————
. ]Ic\./lan_y case anal_yses fog large sp?tlal- anc_al te.mpcz)ral-scale p.rob.lems in high * Qe and Bie: Scalar values corresponding = 1 i =3 o léed ;oLgllﬁs?FLt(r?ps §n|d 1_1|() S 40
idelity are required (10° km X 10° km region; 104 year duration; km-scale t0 the material broperties of the ie-th element |::> Xa QF € whole solver g 5 q
resolution; 1023 jterations for assimilating data and considering uncertainty). Prop l and the. matrix-vector kernel, T 00 -
 The visco-elastic-plastic computation cost is equivalent to solving 1010-12 * A; and B;: 24 X 24 matrices with constant i = = respectively, on the nearly full 8 32 128 256 512 102420484544
degrees-of-freedom (DOF) elastic analysis for 1046 times for 1023 cases. values system (4544 nodes). Number of Summit nodes
« At least a 50-fold speedup is required to conduct this analysis even when « Use Tensor Cores for matrix-matrix multiplication
using the state-of-the-art solver on full Piz Daint. A (P, Py ) and B;(Pc1), P2y, - )

« State-of-the-art solver: a directive-based SC16 WACCPD solver [1]
designed for P100 GPU based systems, which was developed based on
the SC14 Gordon Bell Prize finalist solver [2].

* An equation-based earthquake modeling algorithm is transformed to an
algorithm suitable for high-performance hardware originally designed for Al.

Efficient Implementation of Tensor Core

Developed solver attains a 75-fold speedup from the state-of-the-art solver _ _ _ _ _ _ _ . High performance and scalability on full Summit are achieved.
« Accelerated an unstructured low-order implicit finite-element method using Special care required for using Tensor Cores for small matrices in equation-based modeling

« Our approach using local and uniform expansions is applicable to other

Ioca.l and un.ifor.? expansions suitable for computation ?n Summit. « Tensor Cor.e Is designed for large matrix-matrb.( multiplication with lower precis.ion data types. oroblems according to the target computer architecture characteristics.

* Attained a signiticant speedup compared to the state-oi-the-art solver. » The reduction of data access cost and prevention of loss of accuracy are required. . We plan to use the developed method to enable long-term earthquake
* Developed solver on full Summit corresponded to a 75-fold speedup from : forecasting, which is expected to advance earthquake disaster mitigation
the state-of-the-art solver on full Piz Daint. 1. Ensuring convergence of the solver 9 P 9 9 '

* This speedup was very high considering the 215/25 = 8.6-fold difference in  Although a low precision is allowed, a very low precision leads to preconditioner failure.
the FP64 system peak performance between Summit and Piz Daint. - The values of vectors p(;.) and q;.y are normalized per element to improve accuracy. Acknowledgments
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