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Motivation (I)

@ GPU vendors promise spectacular peak performances

GT200
1000
NVIDIA GPU
—8—intel CPU G80 G92
7% Ultra
© G80
=
o
5 500
S
= G71
T
&
G70
250 NV40 3.2 GHz
NV35 3.0 GHz Harpertown
NV30 Core2 Duo
‘ H_.___.__.__—'——'"‘
Jan Jun Apr Jun Mar Nov May Jun
2003 2004 2005 2006 2007 2008

GT200 = GeForce GTX 280 G71 = GeForce 7900 GTX NV35 = GeForce FX 5950 Ultra

G92 = GeForce 9800 GTX G70 = GeForce 7800 GTX‘ NV30 = GeForce FX 5800

G80 = GeForce 8800 GTX NV40 = GeForce 6800 Ultra

GPU: Picking the Low Hanging Fruit Igual et al.




ivation (I1)

@ But real performances are not so optimistic. ..

CUBLAS peak performance on a T10
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Motivation (llI)

@ And current implementations can be quite poor. ..

Performance against CUBLAS on a T10
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Introduction 75

@ BLAS: Basic Linear Algebra Subprograms
@ Lie in the heart of complex dense linear algebra algorithms
@ Key in their final performance

@ Tuned implementations for many architectures
@ GotoBLAS, MKL, CUBLAS
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Introduction 75

@ BLAS: Basic Linear Algebra Subprograms
@ Lie in the heart of complex dense linear algebra algorithms
@ Key in their final performance

@ Tuned implementations for many architectures
o GotoBLAS, MKL,

@ Tune the performance of the latest implementation of CUBLAS
@ Without low-level programming (CUDA)
@ Improving programmability: FLAME methodology
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Development of algorithms by blocks. The matrix-matrix product

e Development of algorithms by blocks. The matrix-matrix product
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Development of algorithms by blocks. The matrix-matrix product
FLAME )

The FLAME methodology

@ FLAME: high level abstraction and notation for dense linear
algebra algorithms
@ Not only a library:
o Notation for expressing algorithms
e Methodology for systematic derivation of algorithms

@ Application Program Interfaces (APIs) for representing the
algorithms in code

e Tools and more
@ Example: Matrix-matrix multiplication
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elopment of algorithms by blocks. The matrix-matrix product

a) Partitioning before iteration

b) Computation in iteration

B, |

¢) Advancement of partitioning for next iteration
C, |ci|C, A By |B1\B;
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Development of algorithms by blocks. The matrix-matrix product

The matrix-matrix multiplication. FLAME algorithm I

Algorithm: GEMM_MP(A,B,C)
Partition B— ( B. | Bx ), C— ( C. | Cr )
where B; has 0 columns, C; has 0

. columns
while n(B;) <n(B) do

Determine block size »
Repartition
(BL|Br)—(Bo|Bi|B),

(ClCr)=(C|a]C)

where B; has b columns, C; has b
columns

C:=C;+AB

Continue with

(BL|Br)—(By|Bi|B),
(ClcCr)=(Cla]c)
endwhile
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elopment of algorithms by blocks. The matrix-matrix product

rix multiplication. FLAME code

1 FLA_Obj BL, BR, B1, B2, B3;

2 FLA_Obj CL, CR, C1, C2, C3;

3

4 FLA_Part_1x2( B,

5 &BL, &BR, 0, FLA_LEFT );

6

7 FLA_Part_1x2( C,

8 &CL, &CR, 0, FLA_LEFT );

9

10 while ( FLA_Obj_width( BL ) < FLA_Obj_width( B ) ){
1

12 b = min( FLA_Obj_width( BR ), nb_alg );

13

14 FLA_Repart_1x2_to_1x3( BL, /==/ BR,

15 &B0, /==/ &B1, &B2,

16 b, FLA_RIGHT );
17

18 FLA_Repart_1x2_to_1x3( CL, /==/ CR,

19 &CO, /==/ &C1, &C2,

20 b, FLA_RIGHT );
21

22 / /
23 FLA_Gemm( FLA_NO_TRANSPOSE, FLA TRANSPOSE, FLA_MINUS_ONE, A, B1, FLA ONE, C1 );
24 /% */
25

26 FLA_Cont_with_1x3_to_1x2( &BL, /% x/ &BR,

27 B0, B1, /+=x/ B2,

28 FLA_LEFT );
29

30 FLA_Cont_with_1x3_to_1x2( &CL, /%x/ &CR,

31 Co, C1, /==/ GC2,

32 FLA_LEFT );
33 }

Level-3 BLAS on a GPU: Picking the Low Hanging Fruit 12 Igual et al.




velopment of algorithms by blocks. The matrix-matrix product

The matrix-matrix multiplication. Spark

SPARK: AUTOMATIC GENERATION OF CODE SKELETONS

@ 2 spark-Mozilla Firefox

0o &
Archivo Editar Ver Historial Marcadores Heramientas Ayuda
© @) ® % hittp /i cs utexas.edu/usersfiame/Sparkl )+ (Gl flame working notes @
Most Visited b Getting Started [J Latest Headiines
Spark %
Generate Code andjor Update Form | | Reset Form A -

sinclude "FLAME.h"

int Cholesky_blk_varl( FLA_Obj A, int nb_alg )

learn about this section introduction to Spark

FLAOb] ATL,  ATR, 00, AOL, A2,
ABL,  ABR, AlO, AL, AI2,
Name of the function to be generated A20, A2, A22;
Cholesky int b
Type of function blocked FLAPart 2x2( A, SATL, GATR,
§ABL, GABR, 0, O, FLATL);

Variant Name 1 v while ( FLA Obj_length( ATL ) < FLA_Obj_length( A ) ){

b = nin( FLA_Obj_length( ABR ), nb_alg );

learn about this section introduction to Spark
et et FLA_Repart_2x2_to_3x3( ATL, /**/ ATR, 500, /+%/ AOL, §AG2,

T4 vt ke sereerseee 1

Number of operands (1 v SAL0, /4+/ GALL, BAL2,

BB, /1) R, Sh20, v/ k2L, 6A22,
. . b, b, FLABR );
Pick properties of the operands -
Operand Tag Type Direction Input/Output
1: (A v|(matrix v|[TL->BR v inputjoutput v ” update line 1 v
” *
" update line n *
learn about this section introduction to Spark y: "
Pick an output language: FLAMEC - FLA_Cont_vith_3x3_to_2x2( SATL, /**/ GATR, 200, 0L, /+%/ AQ2.
ALO, ALL /r%/ AL
R e
learn about this section introduction to spark § [ SARL,_/v2/ AR, 420, 821, [/ 422,
Terminado
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Accelerated Level-3 BLAS routines 75

SYMM C:=AB+ C, A symmetric and only the lower triangular
part of this matrix is stored.

SYRK C:=C—AAT, C symmetric and only the lower triangular
part of this matrix is stored and computed.

SYR2K C:= C—ABT —BAT, C symmetric and only the upper
triangular part of this matrix is stored and computed.

TRMM C :=AB+ C, where A upper triangular.

TRSM XAT = B, A lower triangular and B is overwritten with the
solution X.
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Accelerating the CUBLAS ]

Three main ideas

@ GEMM-based implementations
@ Multiple algorithmic variants
© Multiple block sizes
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Accelerating the Level-3 CUBLAS

EMM-based SYRK

Algorithm: SYRK_GEMM(C,A)
C C A
Partition C — <ii> A— < L )

L | Car Ap
where Cr7; is 0x0, Ay has 0 rows
while m(Cr) <m(C) do
Determine block size b
Repartition
Coo | Co1 | Coz

C C A —
( = TR>—’ Co ] Cn | Ci2 < T)—’ Ay

C C A
B R Cy | Ca | C2 b Az
where C;,isbxb,A; has b rows
Cyy = Cll—A]A?w (SYRK)
Cay :=Cy —A AT (GEMM)
Continue with
Coo | Co1 | Coz Ao

(gn (C;TR>H Cio | Cii | Ci2 ,<AT>H Ay
BL BR Cy | Co1 | C2 Az

endwhile
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Accelerating the Level-3 CUBLAS

Multiple algorithmic variants )

Algorithm: GEMM_MP(A,B,C)
Partition B— ( B | Bx ), C—( C. | Cr )
where B; has 0 columns, C; has 0

i columns
while n(B.) <n(B) do
Determine block size b

Repartition
( B |BR ) — ( Bo |IBl | B, ),
(c]lccr)=(Gla|c)
where B; has b columns, C; has b
columns
C| = C] +ABl

Continue with

(BL|Br )—(Bo|Bi | B ),
(Gl )=(Gla]c)
endwhile
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Accelerating the Level-3 CUBLAS

ultiple algorithmic varia

Algorithm: GEMM_PM(A,B,C)
A
Partition A — ( AT ) ,C—

(=)
B Cp

where Ar has 0 rows, Cr has 0 rows
while m(A7) <m(A) do

Determine block size b

Repartition

Ar Ao Cr o
(/“z}?)H al ’(CB>H ¢
Ay &)

where A, has b rows, C; has b rows

C,:=C+AB

Continue with
Co

Ao
(QT)H Al ,(?)ﬁ C
B Az B G

endwhile
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Accelerating the Level-3 CUBLAS

ultiple algorithmic varia

Algorithm: GEMM_PP(A,B,C)
B
Partition A — ( Ay | Ar ),Ba( BT )
B
where A; has 0 columns, By has 0
. rows
while n(Ar) <n(A) do
Determine block size »
Repartition
By
Br —
(ALIAR)—>(A0|A1‘A2),(B>—> Bl
B
By
where A; has b columns, B; has b
rows
C:=C+A B
Continue with
B By
(A ] Ar )= (Ao | Al ] A ),<BT>H B
5 —_—
B
endwhile
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ying the block size

Algorithm: GEMM_PP(A,B,C)

Partition A4 — ( Az | Ar ),Ba( IZT )
B

where A; has 0 columns, By has 0

rows
while n(Ar) <n(A) do

Determine block size »

Repartition
B Bo
(Al an)=Canlar a2 ) (=)~ B
B B,
where A; has » columns, B; has b
rows
C:=C+A B
Continue with
B By
(A ] Ar )= (Ao | Al ] A ),<BT>H B
B _Bz

endwhile
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Experimental setup B

Experimental setup

CPU Dual Xeon QuadCore E5410
CPU frequency 2.33 Ghz

RAM memory 8 Gbytes

GPU Tesla C1060
Processor Nvidia GT200

GPU frequency 1.3 Ghz

Video memory 4 Gbytes DDR3
Interconnection [ PCIExpress Gen2
Driver version 185.18

@ Results in terms of GFLOPS (single precision)
@ Transfer times not included in results
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Experimental results

Results for square matrices: SYRK, SYMM and SYR2K.

Performance against CUBLAS on a T10 Speedup against CUBLAS on a T10
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Experimental results

Experimental results

Results for square matrices: TRSM and TRMM.

Performance against CUBLAS on a T10 Speedup against CUBLAS on a T10
35
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Experimental results

Experimental results

Results for rectangular matrices: TRSM and SYR2K.
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Experimental results

Reduction from full to tridiagonal form using LAPACK/SBR

" SBR - 1 GPU/8 CORES - Tuned CUBLAS ——
100 - SBR - 1 GPU/8 CORES - NVIDIA CUBLAS 2.2 1
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@ Using our sSYMM and SYR2K implementations
@ Speedup 2.2x when using GPU acceleration for SBR (19.2 vs 42 GFLOPS)
@ Speedup 4.3x when using GPU acceleration and tuned BLAS (19.2 vs 82 GFLOPS)
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Conclusions and future work 75

@ Performance boost with little effort for BLAS routines

@ Attain considerable speedups compared with tuned CUBLAS

@ Without writing one line of CUDA code

@ Methodology appliable to other linear algebra routines
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. Concusonsandfuwewok
Conclusions and future work 75

Thank you!

M

More information. . .

El [Level-3 BLAS on a GPU: Picking the Low Hanging Fruit]
FLAME Working Note #37
May, 2009

@ HPCA Group at University Jaume | (http://www.hpca.uji.es)

figual@icc.uji.es

Level-3 BLAS on a GPU: Picking the Low Hanging Fruit Igual et al.



	Motivation
	Introduction
	Development of algorithms by blocks. The matrix-matrix product
	Accelerating the Level-3 CUBLAS
	Experimental results
	Conclusions and future work

