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Problem Sample EVPFFT code SPIRAL/OL Formalization and Sample Script

Molten Salt Reactor: Uses molten fluoride salts as fuel/primary module evpfft algorithm mod . kot
Z7.77"37£ ’ ]
p2nt @[], = (IPRDFT N, x N, x N, ©T3x3)
coolant. subroutine outerLoopStep(dt, L0, LO T4,L0 NEW,vel grad correction) Y ( . er )
- . ¢ © Fp,aq’ﬂn, e p:qﬂﬂ
Advantages: Cheaper, safer and can generate et elated Variabies
huge amount Ofenergy and produce less Waste. real(r64) .. K33(3, 3),G33(3, 3),G33_inv(3, 3),Gamma3333(3, 3, 3, 3),& o © (PRDFTNZXNyXNx®13X3)
. T MO (6,6),M0 T4 (3,3,3,3) Lokt et = TN, Ny x Ny /241
Challenge: Corrosivity and to study the effects of - _
. . . . complex (C_DOUBLE COMPLEX) :: lambda fourier space(3,3), & ® | DA AN
salt on different materials in a lab environment. - Y raw (T34 lpar  Uslarlpar)
vel grad fourier space (3, 3)
- - - 0 € RIS if (p,q,r) =0;
. e i,4,k,0 : _ Ny _ Ny
! perform forward DFT for the stress field N —My™ i b= M=
3 3 : : : ° ” or r = 5%
Elasto-Viscoplastic FFT (EVPFFT) [1] i1s an algorithm that hel call my fft data containerfexecuteForwardDET () Lk ) else N
( p,q,r)? p xXp>Nx /2
. e o o AXNX
Stl,ldy these effects on SUCh microstructures. ¥ call my fft data container%setPointFromComplexTensor [‘iajak>‘3()_><(“TH)®I ) w 4—NyXq>ny /2
- . ) y o 7 (ix,iy,iz, vel grad fourier space) ' ' _'1 3X:"H . Vp.gr =2 r—NA)}éNy
FORTRAN based code that studies polycrystals using FFTs. £ . = | perform backward DFT o ([ o (=Lg™" < [D-1(Tsxs)) o (1 7L) o
call my fft data container%executeBackwardDFT ()
u Goal: To boost the current performance of EVPFFT code. | comnpute the updated velocity gradient
Load (fftx);
! compute material constituive response Load (evpfftx) ;
EVPFFTX: An FFTX [3] based EVPFFT code that uses SPIRAL generated call elastic_response augmented lagrangian(dims_rank, dt, LO, T
. . . . . . LO_NEW) Nx := 8; Ny := 8; Nz := 8; p := Ind(Nx); g := Ind(Ny); r := Ind(Nz);
architecture specific optimized code to improve its current performance end subroutine P INAG); 3 1= InA(3); K = Ind(3)7 1 = Ind(3); Neee 1= N + 27 p_oe := Ind (i ce);
end module evpfft_algorlthm_mod lambda t := TPtr(TTensorField([p, g, r], TTensorValue([i, Jj], TReal)));
udot t := TPtr(TTensorField([p, g, r], TTensorValue([k, 1], TReal)));
SPIRAL FFTX B k d SPI L nul0 := var ("nuO", TPtr(TTensorValue([p], TReal))); nul := var("nul", TPtr(TTensorValue([qg], TReal)));
° nu2 := var ("nu2", TPtr (TTensorValue([r], TReal))):;
AdCKCNQA. RA
MO := var("MO", TPtr(TTensorValue([i, j, k, 1], TReal))); LO := var("LO", TPtr(TTensorValue([i, j, k, 1], TReal)));
C/C++ problem B . § , o _
AVX z_way DFT8 DFT speciﬁcation code Gamma := var ("Gamma", TTensorField([p, g, r], TTensorValue([i, J, k, 1], TReal)));
comp}ex double AVX(Q—Way (C) 1 8 |nspector/executor l lambdaiha?7:= TempVar(TTensolrField([pice, g, rl, TTensorValue([i, jl, TReal))‘);
— OL speCiﬁcation Other Fortran 90 Paradigm udot hat := TempVar (TTensorField([p ce, g, r], TTensorValue([k, 1], TReal)));
Base cases Transformation rules Breakdown rules Plug-In: t := TFCall(
. . . TDAG ( [
AP MR 1o (I @A™ ML (1, QLYY (A™" @ 1)) DFTpyn —(DF Ty, @ 1,) T Expansion + backtrackine OL (dataflow) GPU TDAGNode (TRCL (TTensorI (MDPRDFT ([Nx, Ny, Nz], -1), 3*%*3, AVec, AVec), 9), lambda hat, tcast(lambda t, X)),
4 (Lmn/l’@I,,) mn TDAGNode (TMap (TGammaPoint (nu0, nul, nu2, LO, MO), [p, 9, r], APar, APar), Gamma, [nuO, nul, nu2, LO, MO]),
&,% m/v % (Im®DFTn)Lm EXpI‘ESSion . TDAGNode (TContract ([Gamma, lambda hat]), udot hat, lambda hat),
vec(2) LY (LY ®L)(1,,, ®LY") DFT> — Fp Recursive descent l Paradigm Extensible platform TDAGNode (TRCR (TTensorI (IMDPRDFT ( [Nx, Ny, Nz], 1), 3*3, AVec, AVec), 9), tcast(udot t, Y), udot hat)
mxm mxm i 1)y
w A Dhip A ®In/y)®ly Z-OL (IOOp) Plug-ln: and prOgra_rT_]r_nlng rec (fname := name, params := [nu0O, nul, nu2, LO, MO])
vec(2) expression Shared memory mOdeI defInItIOI"IS )i

Confluent term rewriting
Optimized Z-OL

Conclusion & Future Work

expression
Recursive descent B - . _ .
Abstract code * Initial efforts towards generating an optimized EVPFFT code in
Confluent term rewriting l FFTX/F90 call site S 4l SPIRAL is shown.
4 4= 8 a = 4= Optimized abstract FET (...) PIRAL module: Core system: . . .
((F201) T3(1 ©F2) L3S 12 ) Vgé) <12®ve%(22)(F2®12))(L2®12) e i () Code synthesis, trade-offs SPIRAL engine * FFTX 1s used to improve the FFT computation.
Recursive descent | Contract (..) reconfiguration, statistics * The future goal 1s to provide an end-to-end representation in SPIRAL
| : . .
€ code module LFFT () along with performance results on different platforms.
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