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Challenge: High Performance Mapping
of Algorithms to Highly Parallel Hardware
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Spiral’s Automatically Generated
PFA SAR Image Formation Code

SAR Image Formation on Intel platforms
performance [Gflop/s]
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= Algorithm by J. Rudin (best paper award, HPEC 2007): 30 Gflop/s on Cell
m Each implementation: vectorized, threaded, cache tuned, ~13 MB of code
m Code was not written by a human



Spiral: A Domain Specific Program Generator
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Transform DFTg Optimization at all
user specified i B abstraction levels
Fast algorithm (DF T, ® I4) T (1> ® (DFTo ® 1) parallelization
in SPL . T4 (I» @ DFT) L4)) L8 vectorization

many choices
Y B
>-SPL: Z(sj DFTQG (Z (Skldlag t, l) DFTQGJ) O loop

(Smd.ag(tm) DFT, Gk,m)) optimizations
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void sub(double *y, double *x) {
double fo, f1, f2, £3, f£4, f£7, f8, fio0, f11;
fo = x[0] - x

( [3
C Code: = Dxi i) constant folding
f3 = x[1] + x[2];
viol S b, scheduling

y[2] = 0.7071067811865476 * f4;

f7 = 0.9238795325112867 * fO0;

f8 = 0.3826834323650898 * f2;

yi[1] = £7 + £8;

f10 = 0.3826834323650898 * f0;

f11 = (-0.9238795325112867) * f£2;
yv[3] = f10 + f11;

Iteration of this process to search for the fastest
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Spiral Formula Representation of SAR
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SARLxm—nxn — DFTpxnoInterpgum—nxn
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Parallelization through Rewriting

Threading:

DFTyy — ((DFTm@b)T4"(In@DFT,) L")
smp(p,pu) smp(p,u)

— (DFTpn®l) Tp" (In®DFT:) Lp"

S
smp(p,p)  SMP(E)  smp(pp)  SMP(pu)

= (LR Lyp) @l ) (T @) (DF T @1, 1)) (L @ L) @y Tu )

p—1 .
( D T?M) (1) (n/p @ DFT)) (1p @) Lins? ) ((LE" @ L) @)
i=0

GPUs:

k—1 :

k k k— k k
( DFT, ) — ( 11 w7 ( L1 @ DFT; ) ( Lig—im1(li® T_,'ikil) L it )) Ry
S i=0 Y
gpu(t,c) vec(c)

gpu(t,c)

k—1
- ( I 2é ) (La-1/9®x (DFT, §1p) L") Ti)
i=0 7

shd(t.c)
nfo -1 o
(L 28I (Lam1)p®x LE IR &10)

shd(t,c)

m Rigorous, correct by construction
m Overcomes compiler limitations

Vectorization:

(DFTmn) — ((DFTm@In)TE"(Im ® DFT,) L")
L

vec(r) vec(r)

V. —_—
— (DFTm®Ly) (T77) (I, @ DFT,) LI"
vec(v) vec(v) vec(v)

- (Imn/u ®\|:§:) (DFTm® I”/Vé) L) (T?r{m)')
sse sse
(T OB Ty B B2 B L (LE G1)(OF THEL))
sse
((Lm}n ® I2}® L, )(I'mn/u ® \Ig:‘%;)

Verilog for FPGAs:

[k—1 .
k ke k—i k k
(DFTrk) - [T (I,_,.._l ®DFT;) ( Ui (e ® Tl i) Ui ) | RE
stream(rs) Li=0
" g stream(r®)
=3 e ok ph—i ok ok
— H \I:,/ (Irk—l ®@DFT, ) ( Likia(La® T x i 1) Ll ) 51_,
=0 stream(rs) stream(r*) stream(r*) stream(r#)
k-1 ” ) o
- |II & (Li--18:(01®DFT)) T R}
_“:0 stream(r$) stream(rs) | stream(r$)




Domain Specific FFT
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m Segmented Interpolation
k segments of length r, with u—fold upsamping
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Pruned FFT can reduce dominant Interpolation opcount by up to 15%
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Performance Results

SAR Image Formation on Intel platforms
runtime [sec]
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Performance Results

SAR Image Formation on Intel platforms
Percentage speedup of 2 MB pages over 4K pages
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Conclusions and Future Work

m Spiral generated SAR Image Formation performance
comparable to hand-tuned code on the Cell

m SAR generation for
non-released platforms
= AVX

= Larrabee

DFT (double-precision), single core Larrabee Native
performance [Gflop/s]

SN NN

16 32 48 64 80 96 112 128 144 160 176 192 208 224 240 256

input size

Not actual data (NDA)



