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What is Spiral?

Traditionally Spiral Approach
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High performance library A&yl 1)l
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BlueGene/L and P Node Performance

DFT, double precision, XL C compiler
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SIMD vectorization

DFT, double precision, XL C compiler
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SIMD vectorization + multi-threading
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HPC Challenge Global FFT on BlueGene/P
1D Global FFT
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Spiral’s Domain-Specific Program Synthesis

Model: common abstraction
= spaces of matching formulas

abstraction abstraction
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Architectural parameter: P e Kernel:
Vector length, optimization problem size,
algorithm choice

H#processors, ...
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Spiral’s Formal Framework

m Transform = Matrix-vector multiplication
Example: Discrete Fourier transform (DFT)

r—y="1- -x
input vector (signal)\‘J—J T
output vector (signal) transform = matrix

m Fast algorithm = sparse matrix factorization = SPL formula
Example: Cooley-Tukey FFT algorithm

11 1 1]t 1 -1 1 - -
1 j -1 —j A T T | AV T | TR I | IV
1 -1 1 1| |1 - -1 |- -1 - -1 1] 1-
S T T N [ AP 1| O PR R | PR

DFT, = (DFT,®1,)T4(I, ® DFT5) L3
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Transforms and Breakdown Rules

DFT, — (DFT,®L,) T (I, @DFT,)LE, n=km
DFT, — R!(I; ®DFT,_1)Dp(l; ®DFT, 1)R,, p prime

DCT_ £ Dl AN B AVA nYals nlile LA AN o TN " L AN

“Teaches” Spiral about existing algorithm knowledge

~200 journal papers
pot.q (7200 journal papers)

IMDCT,,, — (Jm@lm@lm@Jm)N_IJ ®Im) ® H:IJ ®Im)) Jo,, DCT-45,,

t
WHTy: — ‘H1(12k1+---+ki_1 ® WHT, ®12k¢+1+---+kt)a k=1Fky+ -+ Kk
1=

DFT; — Fs T~
DCT-2, — diag(1,1/v?2)F5 Base case rules
DCT—42 — J2 R137T/8 /

Teaches Spiral about FFT algorithms
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Synthesizing FFTW From Its Specification
Input:

m Transform: DFT,

m Algorithms: DFT,, — (DFT, ®1n)TX" (1}, @ DFTy,) L™
DFT, — |1 _i]
m Vectorization: 2-way SSE
s Threading: Yes DFT},, — (DFTy, @Lp)TE" (I, © DFTy) L™

Output:

m Optimized library (10,000 lines of C++)

m For general input size

(not collection of fixed sizes) /

High-Performance Library
(FFTW-like, MKL-like, IPP-like)

Vectorized
Multithreaded
m With runtime adaptation mechanism

m Performance competitive with hand-written code
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Example Specialized FFTs Pruned FFT

m Recursive input pruning rule
PDFTI®NM s (DF T @I ) TR LA (PDFTIO Q1)

m Base case

m Similar rule for output pruning and simultaneous pruning

- i Pruned
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Spiral And BlueGene/Q

m Single node library
fully optimized FFTW replacement

m Multi-node replacement
generate optimized P3DFFT

m Specialized FFTs for applications
work with HACC and PS/DNS

m Higher-level FFT-heavy kernels
convolution, correlation, Poisson solvers
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void dftlé6 (double *Y, double *X) ({
const vectord4double Cl = (vector4d4double) (1.0, 0.70710678118654757, 0.0, (-0.70710678118654757)) ;
const vectord4double C2 = (vector4d4double) (0.0, 0.70710678118654757, 1.0, 0.70710678118654757) ;
const vectord4double C3 = (vector4double) (1.0, 0.92387953251128674, 0.70710678118654757, 0.38268343236508978) ;
const vectord4double C4 = (vector4d4double) (0.0, 0.38268343236508978, 0.70710678118654757, 0.92387953251128674) ;
const vector4double C5 = (vector4double) (1.0, 0.38268343236508978, (-0.70710678118654757), (-0.92387953251128674)) ;
const vectord4double C6 = (vectord4double) (0.0, 0.92387953251128674, 0.70710678118654757, (-0.38268343236508978)) ;
vectord4double a90, a9l, a%92, a93, a9%4, a95, sl139, sl140, sl41, sl42, s143, sl44, sl45, sl46, sl47, s148,...,;
vector4double *a89, *a96;
a89 = ((vectorddouble *) X);
s139 = a89[0];
s140 = a89][1];
:igl_:j:;i:z?:igg),’5140, 290) ; 78| 00014C qufmul 118D0132 1 QVFMUL  qrl2=qrl3,qrd,fer
a9l = vec gpci (0xef2) ; 79| 000150 gvfmul 11AD0172 1 QVFMUL qrl3=qrl3,qr5, fcr
_ - i 84| 000154 gqvfmul 11CF01B2 1 QVFMUL qrl4=qrl5,qr6, fcr
s142 = vec_perm(sl39, s140, a9l);
s143 = a89[4] ; 85| 000158 gqvfmul 11EF01F2 1 QVFMUL qrl5=qrl5,qr7, fcr
s144 = a89[5]; 86| 00015C gqvfmul 12110232 1 QVFMUL qrlé=qrl7,qr8, fcr
s145 = vec_perm(sl43, s144, a90); 87| 000160 gvfmul 12310272 1 QVFMUL qrl7=qrl7,qr9, fcr
60| 000164 gvfperm 1253B00C 1 QVFPERM qrl8=qrl9,qr22,qr0
e . 62| 000168 qvfperm 1273B04C 1 QVFPERM  qrl9=qrl9,qr22,qrl
zi;(l) _ :Zz—ls’ E;"(“(,:i‘r’:ul‘?‘éfzsizi; vec mul( 65| 00016C qufperm 12F4A80C 1 QVFPERM  qr23=qr20,qr2l,qr0
s172 = vec—add(vec—hul(c2, s165) , vec_hul( 66| 000170 gvfperm 1294A84C 1 QVFPERM qr20=qr20,qr2l,qrl
£145 = vec_édd(sl6§, s171) ; - 72| 000174 gvfperm 12B2B8CC 1 QVFPERM qr21=qrl8,qr23,qr3
£146 = vec_édd(sl67, s172) ; 73| 000178 gvfperm 12D3A08C 1 QVFPERM qr22=qrl9,qr20,qr2
£147 = vec_sub(sl63, s171) ; 74| 00017C gvfperm 1073A0CC 1 QVFPERM qr3=qgrl9,qr20,qr3
£148 = vec_sub(sl67, s172) ; 79| 000180 gvfnmadd 10B62B3E 1 QVFNMADD qr5=qr5,qr22,qrl2, fcr
_ - 80| 000184 gvfmadd 1096237A 1 QVFMADD qgr4=qr4,qr22,qrl3, fcr
sl73 = vec sub(vec mul (C3, sl64), vec mul (
s174 = vec_édd(vec_hul(c4, s164), vec_hul( 85| 000188 gvfnmadd 10F53BBE 1 QVFNMADD qr7=qr7,qr2l,qrl4d, fcr
s175 = vec_sub(vec_hul(CS, s166), vec_hul( 86| 00018C gvfmadd 10D533FA 1 QVFMADD qr6=qr6,qr2l,qrl5, fcr
_ — — — 87| 000190 gvfnmadd 11234C3E 1 QVFNMADD qr9=qr9,qr3,qrlé, fcr
sl76 = vec add(vec mul (C6, sl1l66), vec mul (
£149 = vec_édd(sl7§, s175) ; - 88| 000194 gvfmadd 1063447A 1 QVFMADD qr3=qr8,qr3,qrl7, fcr
- 70| 000198 gvfperm 1112B88C 1 QVFPERM qr8=qrl8,qr23,qr2
;56[3] = s182: 75| 00019C gvfperm 104A588C 1 QVFPERM  qr2=qrl0,qrll, qr2
s183 = vec perm(tl159, t160, a92); 81| 0001A0 gvfadd 1148282A 1 QVFADD qrl0=qr8,qr5, fcr
a96[6] = s183; 82| 000124 gvfadd 11622022 1 QVFADD grll=qr2,qr4, fcr
s184 = vec perm(t159, t160, a93); 89| 0001A8 gvfadd 1187482A 1 QVFADD qrl2=qr7,qr9, fcr
296[7] = s184; 90| 0001AC gvfadd 11A6182A 1 QVFADD grl3=qré6,qr3, fcr
83| 0001BO gvfsub 10A82828 1 QVFSUB qr5=qr8,qr5, fcr
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First Performance Results

Spiral FFT: BlueGene/Q, Single Thread @ 1.6 GHz
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More Information:
www.spiral.net
Www.spiralgen.com



