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Overview

Spiral: Automating Library Development
for Linear Transforms

Transform T

P P
function for T of library for T of

fixed size n or arbitrary size

Automated: ]

« Loop optimizations Fundamentally different problems
* Vectorization

* Parallelization

* Derivation of general size libraries

* Algorithm restructuring and exploration

* Implementation
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Generating Fixed Size Transform Code

Transform DFTg Optimization at all
user specified j— abstraction levels
Fast algorithm ~ (DFTo ® I4) TS (I> @ ((DF T2 ® In) parallelization
in SPL T3 (I ® DFT5) L%)) L8 vectorization

many choices

- =

Z'SPLI Z (S_] DFT» G (Z (Sk I dlag tk l) DFT» Gl) |00p
optimizations
3 (Sm diag(tm) DF T Gk’m>) P

- =

void sub(double *y, double *x)
double fo, f1, f2, £3, f4, £7, £8, fl10, £f11;

fo = x[0] - x[3];
. f1 = x[0] + x[3]; .

C Code: f2 = x01] - x[2]; constant folding
£f3 = x[1] + x[2]; .
£4 = f1 - £3; scheduling
y[0] = f1 + £3;
y[2] = 0.7071067811865476 * f4;
£f7 = 0.9238795325112867 * fo0; o sesese
f8 = 0.3826834323650898 * f2;
y[1] = £7 + £8;

£10 = 0.3826834323650898 * fO0;
f11 = (-0.9238795325112867) * f2;
y[3] = £10 + f11;
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Generating General Size Transform Libraries

Input:

m Transform: DFT,
DF T}, — (DET), ®Im)TX™ (I}, ® DETy) LEm

m Algorithms:

DF T}, — (DFT}, @Ln) T (I}, @ DFT,,) L™ ’

DFT, — |1 1] .

Library Generator
m Vectorization: 2-way SSE
m Threading: Yes >
High-Performance Library

Output:

Rl
’.

u Vis) Wy % )
i,
4 .
m’”bﬁ.mﬂ\w’.‘\m\“ k‘\

e FeTwasa o
e 23
Lengthit & 4w |PP 5.2

m Optimized library (10,000 lines of C++)
m For general input size

m Vectorized and multithreaded

m With runtime adaptation mechanism

m Performance competitive with hand
-written code



Linear Transforms

=  Mathematically: matrix-vector prod)ct'y — %“:U\

Output vector  Transform matrix Input vector
= Examples:

_ [ ke o —2mj/n _ [WHT, ), WHT,)
DET = Jen ]Oékkn Coen WHT = |\wht,, -WHT,,

[ 1" A
RDFT“ = cos M DHT.n. - cas 2:7.A[

| [—sin Tn“ cms 27kL zrrkc

[ ki r Ve
DCT-1,, = |cos —— } DST-1,, = |sin (K + 10 +1) ]

[ n—1 i n+1

[ k(204 1w i 2 "T
DCT—2n = | cos (—+l) DST—Q.,I_ — |sin (l\ + l 14 + 1

L 2n i )”

I 2]\ ] [T\' B 2 . 'T
DCT-3, = |cos ﬁ} DST-3, — [sin DD }

L 2n i n

[ 2k 1)(2 1)m 2/ 9
DCT_471 = |COos (HI u 1)( L l) :| DST—4.n. = |sin ( bt 1)( . 1 :|

L 4n i 4n

[ (2k+ )20+ 1+ n)m 2+ 1)(2k+ 1 +n)w
MDCT, = |cos (2k + 1)( ‘ +1+n) ] IMDCT, — |cos 204+ 1)2k+14+n) ]

L 4n L 4dn

- [to t1 ... trp_1

to ... Ttp_

Fllt‘n(f) = ~L2Filtn(f) =
L to tr—1 i o by 5
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Transform Algorithms: Example 4-point FFT

Cooley/Tukey fast Fourier transform (FFT):

! 1 1 17 0 - 1 710 - - 711 1 - -1

1 ;7 -1 =j 1 1 1 1 -1 1

1 -1 1 -=1] |1 - -1 1 11 1

1 -j -1 S e T 7 T B | R
Fourier transform Diagonal matrix (twiddles)

| |
DFT, — (DFT,®1,)T4(I, @ DFT,) L3
| | |

Kronecker product ldentity Permutation

= Algorithms are divide-and-conquer: Breakdown rules
= Mathematical, declarative representation: SPL (signal processing language)
= SPL describes the structure of the dataflow
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Fast Algorithms as “Breakdown Rules”

DFT, — (DFTL XIm)DI\ m(Ik DFTm)Ln (21) DFT
L | Cooley-Tukey
DFT, — V }(DFT,®l,)(I @ DFT, )V, (2.2)
DFT, — W, '(I; ® DFT,_1)E,(I; ® DFT,_{)W, (2.3)
DFT, — B,T ..D,,DFT,, D' DFT,, D;;B,, m. m>2n—1 (2.4)
DFT, — Py, (DFTa, @ (T2t @i Cop rDE Ty, ((i +1)/k))) (RDFT) @1,,)
(2.5)
RDFT, RDF T2, rDF T, ((i +1)/k)
RDFT% . T o RDFT{Zm N ] IDFTZm((I + l)/l')
paT, | Fe2m O Fpgy, O [ Dz Mo\ gy 1)
DHT/, DHT),, rDHTs,, ((i +1)/k)
RDFT),
RDFT,| _
A %) 2.6
pHT, | © (2.6)
DHT),
RDFT, — D, -DCT-2,-P,., n odd (2.7)
DCT-2, — Py, (DCT-20m K3™ @ (121 ® Nom RDFT-35,.)) Gu(Ly)3 © Do) DCT
(I, © RDFT,)Q,,, /0. (2.8) Cooley-Tukey”

Capture complicated algorithms concisely 7
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Fixed Size General Size

Adaptation generation-time

Code size 100 — 10,000 LOC

Generated from ruletree

Contains = 1 function
= |oops
= arithmetic
User code dft_1024(Y, X);

runtime (offline)

1,000 — 10,000,000 LOC

breakdown rules

= mutually recursive functions

" loops

= arithmetic

" initialization

" runtime adaptation
mechanism

Env_1 dft(1024);
dft.compute(Y, X);




How Library Generation Works

Transforms

and breakdown rules Library Target

Library Structure :
Target Independent

No generation-time search

L Library Structure
Fully deterministic

Parallelization / Vectorization

Recursion Step Closure

recursion step closure
Library Implementation : as 2-SPL formulas
Target dependent

Library Implementation

Generates initialization code

_ _ Build library plan
Plugs into the target infrastructure

Hot/cold partition
Generate target code

High-performance library
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. Background

Il. Library Generation: Structure

Recursion Step Closure
Base Cases

lll. Library Generation: Implementation
IV. Experimental Results

V. Conclusions and Future Work

10
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Library Structure

Viean(DFTy @1m) (It @ DFTm) Vi iy
(DFT), ®1n) THM(1, @ DFTy) L™

Library Structure

Parallelization / Vectorization

Recursion Step Closure

DFT
S. DFT Gy,
S, DFT G,
Sy, DFT diag (Dat) Gy,
S, DFT Gy,
S, DFT Gy,
Sho. DFT Gy,
S, DFT diag (Dat) Gjo-
S. DFT diag (Dat) Gy,
Sho- DFT diag (Dat) Gy,

Input:

= Breakdown rules
Output:

= Recursion step closure

= 3-SPL Implementation of each
recursion step

Parallelization/Vectorization
= Adds additional breakdown rules

= QOrthogonal to the closure
generation

Closure
= Descend
" Parametrize

= Repeat until no new recursion steps
found 11
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Recursion Steps

m Cooley-Tukey FFT

y = DFT), @In)Tp" (I ® DFT ) L™

= Implementation in FFTW 2.x

DFT(int n, complex *Y, complex *X) {
k = choose_factor(n); m = n/k;

for i=0 to k-1
DFT_strided(m, k, 1, Y + m*i, T + m*i)

for i=0 to m-1
DFT_scaled(k, m, precomputed f, Y + i, Y + i)
}

DFT_strided(int n, int is, int os, complex *Y, complex *X) {..}

DFT_scaled(int n, int s, complex *F, complex *Y, complex *X) {..}

2 additional functions (recursion steps) needed ...
... and they may spawn more

How to discover automatically? 12
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2-SPL: Key to step combining
y= (I3 ® FQ)LEAB,CU - Yy = Z Shzj,l £ Ghj,z L

Zoe |

| | Fy
L1 e—

Lo e—

N | Fs
;l..-;go—

Xyo—

N | Fy
Xro—

Li Iy

for (int i=0; i<10; i++)

t[i] = x[(i/5) + 2*(i % 5)]; for (int j=0;j<2;j++) {
- yI2¥3] = x[2*3] + x[2*3+1];
for (int i=0; i<5; i++) { . . y[2*j+1] = x[2*j] - x[2*j+1];
y[2*i] = t[2*i] + t[2*i+1]; impractical }
y[2*i+1] = t[2*i] - t[2*i+1];
}

13
Joint work with Franz Franchetti
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2-SPL: Basic Idea

m Four matrix constructs: m Predefined index-mapping functions
" 2 (sum)—explicit loop = h—stride
" G (gather) — load with index mapping f = z—stride mod N (prime-factor algorithms)
= S; (scatter) —store with index mapping f " r—reflecting stride (RDFT)

" Perm; —permute with the index mapping f " /2 — exponential

Example: o

(I3 @ Fp) == F e .
2

Fo

F>

+ F> +

2
-+<Z SijQij)
j=0
_ 1 _ T fj = ha2j1
ij_[ : ]_Sfj i 2 F 7

y X Gather / Scatter Stride index-mapping
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Recursion Step Closure

m Input: transform T and a breakdown rule
m Output: spawned recursion steps + 2-SPL implementation
= Algorithm: {DFTn}

1. Apply the breakdown rule 1
({DFT, 1} ® L) Ty (1, ® {DFT}) Ly

2. Convert to 2-SPL

k—1 n/k—1
(Z Shi’k{DFT‘n/k} Ghz’,k) dlag(f) ( Shjk‘l{DFTk.} Gh’jk,l) perm(f?l/k)
j=0 '

1=0

3. Apply loop merging + index simplification rules.
k—1 n/k—1

Z Sh-i’k{DFTn/k} diag(foh.i,k) Gh'i,k Z Shjk.,l{DFTk} Gh’j,n/k

1=0 7=0

4. Extract recursion steps 1
k—1 n/k—1

Zo { Sh;, DFT,; diag(foh; ) Gp, , | _ZO {Shy, DFTL Gy, |
— J1—

5. Repeat until closure is reached

Parametrization (not shown) derives the independent parameter set 15
for each recursion step
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Repeat

1: DFT,

DFT: scalar code AN Library =

2 S(h, 1) DET, Gk 4 mutually recursive functions

,/U

3: S(h; ") DFT, diag (pre(=—%)) G(hi
4: S(h;1") DFT, diag (pre(+*—C))G(hi—*

*y ok

. 1: Vecy(DCT-4,,)
DCT4. veCtor COde 9. U : A T s ol ay  LX2ug—R 2ug—ue _ p2ug . 2u8—uUg
2 : Vecy(GT(diag (Naus) RDFT-3,,, rediag(pre(uq s ho S e 0 lag®s To anal ugee 1413}))
AS 1 3 Vecy(GT(RDFT-3,, diag (Nul), 0 wet wgr 10wt 1410}))
4: Vlamy(GT(diag (Nay,) RDFT-33,, rediag(pre(us ™ 20~ R)) pgiq e o giuo puo—tig | 12,u1q}))
'/ \ 5: GT(diag (Naug) RDFT-.?»Z—I—“g rediag(pre(ug 2 20— Ry), hi‘;?f&f o (329. rill‘f]ll‘;ol wpgs 1U15})
RS2 RS 3 6 : Vlamy(GT(RDFT-3,, diag (N, ), ’(1)“;;,“133 . hg.‘;;‘ls,z* 12,u10}))
/ l l \ 7: GT(RDFT-3,, diag (Ny, ), rytes gt =00 {ua})
8: S(h!1~"2) RDFT-3,, diag (N, ) G(ramr )
Sl Biol Bl 7 9 : S(r2nau)diag (Nay,,) RDFT-3], . rediag(pre(ug® 12— R))G(R213 71t o f2012)
l l l \‘ 10: VJams(GT(diag (Nau,) RDFT-3],, rediag(pre(uy 220~ R)), h2usue o (20 p2ua—uig (o))
RS 10 AS 9 s e 11: V]am,(GT(RDFT-3,, diag (N, ), T vt wrs Mo ggds 121)

12 : GT(diag (Cy, ) rDFToy, (A-wrap(M =7 R)) ) RETI, hatt9 ™ o (rf 00 1 @ 12), {ura})

ug, U9 0, u12,1, u1s

/ H / \:\ 13 : VJamy(GT(diag (Cy, ) rDF Ty, (A-wrap(\ 2 EE7R))puiu - puizsus o (plamuz o), {2,u16}))

RS13 RS14 RS12 ARS1s  14: VJamy(GT(RDFT-3,, diag (Nuy )y 7t oo’ ur ues Mty it gy 120 U14}))
15 : GT(RDFT-3,, diag (Ny,), 72558, o0 bl {ura})
l l 16 1 S(h2Us 2 o (rie=ks, @ 1p))diag (Cug) rDFTZuB(/\-wra.p(/\leR))G(hi;‘fj"‘s)

Rs 17 Rs 16 17: Vamy(GT(diag (Cy, ) tDF Ty, (A-wrap(A ZE7R)) | pRua ot pRuai s o (= o), {2)))

uy, ug,1° "“ug, u10,1 u13, Uld, ULE

16



Base Cases

= Base cases are called “codelets” in FFTW, UHFFT

= Why needed:

= Recursion step closure is translated into mutually recursive functions
= Recursion must be terminated
®= The larger the base case — the less recursion overhead

= How many:

" In FFTW 3.2: 183 codelets for complex DFT (21 types)
147 codelets for real DFT (18 types)
= |n the generator: # codelet types - # recursion steps

m Obtained by specializing recursion steps to fixed sizes
and using standard Spiral to generate code
{S(hy, 12) DFT G(hiy )}
{S(h3 1) DFT3 G(hu;ud) | 17
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. Background

Il. Library Generation: Structure

Recursion Step Closure
Base Cases

Ill. Library Generation: Implementation

IV. Experimental Results

V. Conclusions and Future Work

18
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Library Implementation

DFT
S.DFT Gy, .
S DFT G, = Input:
Sy, DFT diag (Dat) Gy, = Recursion step closure
S, DFT G, . . :
S, DFT Gj,.. 2-SPL implementation of each
Sho» DFT Gy, recursion step
Si DFT diag (Dat) Gpo- (base cases + recursions)
S. DFT diag (Dat) Gy,
Sho- DFT diag (Dat) Gy, = Output:

= High-performance library

= Target language: C++, Java, etc.
Library Implementation

Build library plan
Hot/cold partition

Generate target code

m Process:

= Build library plan
= Perform hot/cold partitioning

" Generate target language code

High-performance library 19
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What Kind of Code to Generate: Functions?

s Example: computing DFT;, with Intel IPP

IppsDFTSpec_C_64fc *f;
ippsDFTInitAlloc_C_64fc (f, 32, ...); —> initialize
ippsDFTFwd_CToC_64fc(X, Y, f, NULL ); =3 compute

m In fact, DFT is a higher order function (HOF):

N —- (X —-Y)

m Descriptors = standard way to implement HOFs, also called “closures”
= “Closures” also equivalent to objects
= We will implement recursion steps as C++ objects

m Outer parameters = cold
= Inner parameters = hot

Need to determine hot/cold parameters in recursion steps 20



Step 1: Build Library Plan

RS1 RS 2
= Formula: DFT, /—Nﬁ Onit g
m Parameters: u, m Parameters: U, u,, U, Ug, U, Ug
m Children: RS2, RS 3 m Children: RS 2, RS 3
= Implementation 1: DFT-LibBase = Implementation 1: DFT-LibBase
= Applicable: u,=2 = Applicable: u, =2
= Formula: [} _1] = Formula: S,2-u [1_1] G, 2-u6
= Implementation 2: DFT-CTA = Implementation u23:’1DFT-CTA e
= Applicable: isPrime(u,) =0 = Applicable: isPrime(u,) =0
u ) f € djvi 4 = Freedoms: f € divisors(u,)
" Formula: <...omitted..>
w1/ =1
> Rs3 (( uz, 1, uz, wa, s uo, w0, 1) — (uy, f,i,ur/f1, Qb odt o BN TUL ui i uaf fy ))

=0
-1

Parameters have dependencies 2% RS2 ((u [fr 517/ Frys,ds f1))
=

LUy, Ua, Ug, Uy, Ug ) — (U1, U

21



Step 2: Hot/Cold Partition

m Build the “parameter flow graph”
m Phase 1 (Backward IDA):

" Mark mandatory cold parameters m Phase 2 (Forward IDA):

" Propagate coldness = Mark mandatory hot parameters
= none!cold = cold!cold " Propagate hotness

= hot!none =» hot! hot
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Step 3: Generate Target Language Code

Generated Code (fragment) User Code
class Env_1 : public Env { Env_1 dft(1024);
int _rule, f 1, ul; dft.compute(Y, X);

char * dat;

Env *childl, *child2;

Env_1(int ul);

void compute(double *Y, double *X);
}s

class Env_2 : public Env {

int rule, u8;

Func_Int_Int_Real *u4;

char * dat;

Env *childl;

Env_2(int u8, Func_Int_Int_Real *u4);

void compute(double *Y, double *X, int
u6, int u7, int u9, int ull, int ul2,
int ul3);

}s

23
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. Background

Il. Library Generation: Structure

Recursion Step Closure
Base Cases

lll. Library Generation: Implementation

IV. Experimental Results

V. Conclusions and Future Work

24



Experimental Results : Setup

m Generated libraries are in C++, compiled with Intel C++ Compiler 10.1

m Use SSE intrinsics for vectorization

= 2-way for double precision
= 4-way for single precision

= Compared against

= FFTW 3.2 alpha 2
" Intel IPP 5.3

m Platform
= |ntel Xeon 5160 3 GHz (2x2 cores, 8 MB L25)

25



Code Size Snapshot

Transform

Code size

non-parallelized

parallelized

no vectorization
DFT

RDFT

DHT

DCT-2

DCT-3

DCT-4

WHT

4-way vectorization
DFT
RDFT

scaled RDFT
DHT

DCT-3
DCT-4
WHT

2D DFT

2D DCT-2
FIR Filter

Downsampled FIR Filter

13.1 KLOC / 0.59 MB
8.5 KLOC / 0.36 MB
0.1 KLOC / 0.40 MB

12.0 KLOC / 0.55 MB

12.0 KLOC / 0.56 MB
6.8 KLOC / 0.33 MB
5.6 KLOC / 0.21 MB

17.0 KLOC / 1.00 MB
16.2 KLOC / 0.86 MB
16.5 KLOC / 0.88 MB
17.9 KLOC / 1.02 MB
23.3 KLOC / 1.50 MR
32.0 KLOC / 2.17 MB
8.3 KLOC / 0.63 MB
8.5 KLOC / 0.53 MB
20.6 KLOC / 1.32 MB
27.0 KLOC / 2.1 MB
109 KLOC / 5.60 MB
151 KLOC / 7.7 MB

10.3 KLOC / 0.45 MB
8.8 KLOC / 0.30 MB
9.4 KLOC / 0.30 MB

12.4 KLOC / 0.57 MB

12.3 KLOC / 0.59 MB
7.1 KLOC / 0.35 MB

18.2 KLOC / 1.11 MB
16.5 KLOC / 0.91 MB

23.6 KLOC / 1.53 MB
32.3 OC .20

8.6 KLOC / 0.66 MB

6.0 KLOC / 0.4 MB
208 KLOC / 1.33 MB
27.2 KLOC / 2.11 MB
74 KLOC / 3.44 MB
92 KLOC / 4.61 MB

Al
i‘ ~

Quick turnaround time. Example: native algorithm for DCT-2

Carnegie Mellon

26
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Double Precision Performance: Intel Xeon 5160
2-way vectorization, up to 2 threads

Performance [Gflop/s] Performance [Gflop/s]
14 12
., M
12 e e
10
8 llll.

ot
@\“\\\\

S
S
S
S
N

’ o Geperatedjibray e FETW 3202 Y
annfun .2a nnnfun .2a
0 Length unggun |PP 5.3 0 Length unggmun |PP 5.3
4 8 16 32 64 128 256 512 1k 2k 4k 8k 16k 32k 64k 4 8 16 32 64 128 256 512 1k 2k 4k 8k 16k 32k 64k
Performance [Gflop/s] Performance [Gflop/s]
8 6
6
4
4
ML (1l ofll
S ““‘."". ““‘.“nl. .h,""““‘l [l )
\:‘\'m|umu“:mnmu&umum“
2 ‘5\|\\\\\\\\““ o oy anslisnsosilinnnnil]
2 ““‘“m\m\\ nmmm“q .‘““.“
—%enerated I|brar"ﬁg ......----“"“'"'“""'"'* Generated library
Length '@ FFTW 3.2a2 il Length ¥ FFTW 3.2a2 27
un@gm |PP 5.3 un@gm |PP 5.3

T T T T T T T T T T 1 0 T T T T T T T T T T 1

4 8 16 32 64 128 256 512 1k 2k 4k 8k 16k 32k 64k 4 8 16 32 64 128 256 512 1k 2k 4k 8k 16k 32k 64k
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FIR Filter Performance
2- and 4-way vectorization, up to 2 threads

Performance [Gflop/s] Performance [Gflop/s]
18 8

16
14
12

10

ugdn Generated, double
m@m Generated, single

ugdn Generated, double
m@m Generated, single

2 Length "® IPP5.2, double =49 |PP 5.2, double

0 =@== |PP 5.2, single 0 =@== |PP 5.2, single
20 80 320 1280 5120 20480 81920 20 80 320 1280 5120 20480 81920
Performance [Gflop/s] Performance [Gflop/s]

18 14

16

12
14

10
12

8 nn-’““o“ll'un.
. 3

gl

m*m‘“".lm*

W

 .d
““ln. 4 ‘:'n “l"‘““.“

4 ™ genﬁatwdg-dﬁtlym ugpn generateg, doul?le
. m@m= Generated, single 2 m@m= Generated, single
2 - wigh |PP 5.2, double = wg |PP 5.2, double
y 32-tap IEETER ooy @ PP 5.2 dolib j 32-tap wavelet IPP 2, doub 28

20 80 320 1280 5120 20480 81920 20 80 320 1280 5120 20480 81920




2-D Transforms Performance

2- or 4-way vectorization, up to 2 threads

Performance [Gflop/s]
12

Performance [Gflop/s]
22
10 %
N3

‘.'
e T it U
R
’lll'

\)

N
N
s
§
L

%
%
.
oo ““““\,“nnm“m,,, [ ]
W
8 e
6
2 mem Generated Mgrary 4 . i
2-D DFT double g2 tErs: 4 2-D DFT single ise @ FFTW 3.2a2
un@gm |PP 5.2 age size u@gmn |PP 5.2
0 T T T T T T T T T T T T T L] T T T T 1 O T T T T T L) T T 1
©® © ® © N © & S N F © T ©® © ©® © N © A W © © © N © N F N F ® F O © ® © N ©
B R EEEEEREEEEEEEESE 5359232888888 vp8p
® -~ © 6 A & A ¥ & X ©® x X x X x x x © - & 6 &4 A N & & X O x X x X xX X xX
- - ® O m © © ¥ A 6 ® © & 6 N & - - MmO O m © © ¥ A & » & b &6 N &
© - N N O O - = © - N N 1O O O — —
- -~ A A A v v - - A N N 1
Performance [Gflop/s] Performance [Gflop/s]
8 14
128
6 H
10 %
i 8 4
III.“‘ ’, 4
4 ‘i %, H
3 " 6 %
"0 Q‘" % seufll
"". i, ‘l-l-“l‘ 4 H ‘!.'“-"."‘."'-"-“‘.“'.
1) = \)
2 L "..‘ll-lll" " £ X
= \) Nl (i i
i "'i“ i not fiieun i “““‘Q"""m‘““gl"m g l.. L odiiad
m@m= Generated libra 2 g s o g O enerated library
wme FFTW 3.2a2 L wme FFTW 3.2a2
0 e @@ |PP 5.2 0 @ |PP 5.2
T T T T T T T T 1 . T T T T T T T T 1
W © © © N © N ¥ N St O % ® © O © N © « 2'DDCT‘2$|ngIe
X = X = O = O © O © A © A O A 1B - 1O = N<o<\||.n<\||.ov—|.o‘—29
0 X © X X X X X X X = X ~ o ~ A 0 N - X -~ A ~ A 0 A W
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© ~ A A I O W = = © - AN N ©V O O = =
- - A0 0 N W W — -~ N N N O W
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Qualitative Customization: Code Size

Performance [Gflop/s]

6
7
&
;I"' 3 KLOC
4 2 KLOC

/ \
1.3 KLOC

§ize

OI | | | | | |
4 8 16 32 64 128 256 512 1k 2k 4k 8k 16k 32k 64k

Code size controlled by changing # of base cases...

— . 30
... but other possibilities are also available
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Backend Customization: Java

Joint work with Frédéric de Mesmay

Performance [Gflop/s] Performance [Gflop/s]
6 6

L . JLTT UL 4

@

\“""Ilum mm\uu“lnnmu
W L g

o g
5 \‘\\\\\\nﬂ"mum“nmmulQunmm\“““““ L
“nu|||||n‘nnm|m.\\‘“‘““““"""""’“‘\\\

m@m= Generated library m@m Generated library
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Future Work and Conclusions

m Milestone: Computer generation of high-performance
libraries for the entire domain of linear transforms

m Vertical integration (algorithm ! “FFTW”)
Numerical problem

= Important advantage: customization '

2

= Ongoing work: Industry collaboration
= Robustness -
= Extra features v

Computing platform

= Completeness (full cross-product)

m Future: new optimizations for last bits of performance
= Software pipelining (Cell, PowerPC)
= Scheduling and register allocation (target = assembly code)
= Advanced index mapping optimizations (e.g., sliding pointers) 32
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Question: What can we do to build common tool bases for
compiler-based autotuning and for construction of self
-tuning or autotuning libraries?

m Layers of DSLs very powerful idea
m Use rewriting to move between levels
m Existing generic tools: Stratego, Maude, (Spiral?), others.

m In Spiral:
" Transform
= SPL
= Sigma-SPL
= Typed Sigma-SPL
"= CodelR1
"= Code IR 2 -- binary ops, registers



