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Who are we?

We are the developers of the MDH+ATF+HCA approach:

_ Executable
eneric Program Code Architectures &

Program Code : Data Characteristics

global floatx in_vector,
“global float* out_vector,

// private memory for a WI's computation
__private float res_prv = 0.0f;

// local memory for a WG's computation
__local  float res_lcll NUM_WI_1 ][ NUM_WI_2 ];

// iteration over P_sq blocks
for( int i_sq = 1 ; i_sq <= NUM_SQ_1 ; ++i_sq ) {
for( int j_sq = 1 ; j_sq <= NUM_SQ_2 ; ++j_sq ) {
res_prv = 0.0f;

// sequential computation on a P_wi partition

for( int i=1; i <= WI_PART_SIZE_1 ; ++i )
for(int j =1 ; j <= WI_PART_SIZE_2 ; ++j )
res_prv += my_p_wi( i, j, 0 ) * my_pwi( i, j, 1);

__global floatx out_vector,

// store result in local memor:
// private memory for a WI's computation res_LcUl WI_ID_1 ][ WI_ID_2 ] = res_prv;

private float res_prv = 0.0f; barrier( CLK_LOCAL_MEM_FENCE );
// combine the WIs' results in dimension x
// local memory for a WG's computation for(‘int stride = NMMI2 /2 5 stride > 0 ; stride /= 2)
. F( WI_ID_2 < stride)
__'LOCT:]'L float res_lcl[ NUM_WI_l ] [ NUM_WI_Z ] 4 N res_lcl[ w;_;n:i ]E[ WI_ID_2 ] += res_lcl[ WI_ID_1 ][ WI_ID_2 + stride ]

. ) b ( CLK_LOCAL_MEM_FENCE );
// iteration over P_sq blocks y rerrert CrCroaL e
for( int i_sq = 1 ; i_sq <= NUM_SQ_1 ; ++i_sq ) { // store Wes' results in global memory

: N _ s _ . : fWI_ID_2 == 0 )
for( int j_sq = 1 ; j_sq <= NUM_SQ_2 ; ++j_sq ) { M yres(Tisa ) + res_lcll WITo1 1(0);
res_prv = 0.0f;
barrier( CLK_LOCAL_MEM_FENCE );
// sequential computation on a P_wi partition 3L ot e aoop ) s
for( int 1 = 1 ; i <= WI_PART_SIZE_1 ; ++i ) i

for( int j =1 ; j <= WI_PART_SIZE_2 ; ++j )

res_prv += my_p_wi( i, j, 0 ) *x my_p_wi( i, j, 1);
// store result in local memory
7 7 [ J [ ] [ J , .

| |
| | —
| _Kernel void gemv_tst( __global Tloatx 1in_matrix,
__global floatx in_vector, ¢

barrier( CLK_LOCAL_MEM_FENCE );

// combine the WIs' results in dimension x -
A for( int stride = NUM_WI_2 / 2 ; stride > 0 ; stride /= 2) A A
{ .
: if( WI_ID_2 < stride) . .
. res_lcl[ WI_ID_1 ][ WI_ID_2 ] += res_lcl[ WI_ID_1 1[ WI_ID_2 + stride 1;} : .
. .
. barrier( CLK_LOCAL_MEM_FENCE ); . | .
. .
. - - - “global floatk in_vector, .
- “global floatx out_vector,
: // store WGs' results in global memory L] : -
. f(WI_ID 2 =0 ) : 1Bt ey for & s comutation NVIDIA .
. my_res( i_sq ) = res_lcl[ WI_ID_1 ][0]; * .
- " // local memory for a WG's computation C U DA -
- __local float res_lcl[ NUM_WI_1 ][ NUM_WI_2 1;
- barrier( CLK_LOCAL_MEM_FENCE ); . 1/ tteration over P_sq blocks '
- - for( int i_sq = 1 ; i_sq <= NUM_SQ_1 ; ++i_sq ) { -
. or( in = . <= 1_5Q_2 ; ++]j_: -
. } // end of for-loop j_sq . f rétpivjzs%w} j_sq <= NUM_SQ_2 ; ++j_sq ) { :
. } // end of for-loop i_sq : 4/ sequential computation on a Py partition .
. Sd.ofierncl L] o;or?nm: j=1 1 ;7<: WI_PART_SIZE_2 ;*:q ) -
. . res_prv += my_p_wi( i, j, 0 ) * my_p_wi( i, j, 1); -
. .

// store result in local memory
res_Lcll WI_ID_1 ][ WI_ID_2 ] = res_prv;

barrier( CLK_LOCAL_MEM_FENCE );

// combine the WIs' results in dimension x
for( int stride = NUM_WI_2 / 2 ; stride > 0 ; stride /= 2)

if( WI_ID_2 < stride)
res_Tcll WI_ID_1 ][ WI_ID_2 ] += res_lcl[ WI_ID_1 ][ WI_ID_2 + stride ]

barrier( CLK_LOCAL_MEM_FENCE );
i3

// store WGs' results in global memory
if(WI_ID_2 =0 )

(1 ) (2) o (3)
Generation Optimization Execution
[PACT’19, [TACO’21, CCPE’19, [JOS’19,

IJPP’18] HPCC’17] ICPADS’18]

A holistic approach to code generation (MDH) & optimization (ATF) & execution (HCA);

MDH (Multi-Dimensional Homomorphisms). How to generate auto-tunable code”

ATF (Auto-Tuning Framework): How to auto-tune code?

Ari Rasch

CA (Host Code Abstraction): How to execute code on (distr.) multi-dev. systems?



Who are we?

We are the developers of the MDH+ATF+HCA approach:

High-Level
Program Abstraction

md hom( f, (&1,...,®p))

(1)

Generation
[PACT’19,
IJPP’18]

A holistic approach to code generation

MDH (Multi-Dimensional

ATF (Auto-Tuning Frame t h

Generic
Program Code

| _kernel void ggﬁb_fst( __global Tloatx 1n_matrix,
__global floatx in_vector,
__global floatx out_vector,

// private memory for a WI's computation
__private float res_prv = 0.0f;

// local memory for a WG's computation
__local float res_lcl[ NUM_WI_1 ][ NUM_WI_2 1;

// iteration over P_sq blocks
for( int i_sq = 1 ; i_sq <= NUM_SQ_1 ; ++i_sq ) {

for( int j_sq =1 ; j_sq <= NUM_SQ_2 ; ++j_sq )
res_prv = 0.0f;

// sequential computation on a P_wi partition
for( int i =1 ; 1 <= WI_PART_SIZE_1 ; ++i )
for( int j =1 ; j <= WI_PART_SIZE_2 ; ++j
res_prv += my_p_wi( i, j, @0 ) *x my_p_wi( i,

// store result in local memory

res_lcl[ WI_ID_1 ][ WI_ID_2 ] = res_prv;
barrier( CLK_LOCAL_MEM_FENCE );

// combine the WIs' results in dimension x
for( int stride = NUM_WI_2 / 2 ; stride > 0 ; de /= 2)
{

if( WI_ID_2 < stride)
res_lcl[ WI_ID_1 1[ WI_ID_2 ] += res_lcl D_1 1[ WI_ID_2 + stride ]

barrier( CLK_LOCAL_MEM_FENCE );
// store WGs' results in global memory
if( WI_ID_2 == 0 )
my_res( i_sq ) = res_lcl[ WI_ID_1 ]I[0];
barrier( CLK_LOCAL_MEM_FENCE );
} // end of for-loop j_sq

} // end of for-loop i_sq
end of kerpel

(2)

Executable
Program Code

// private memory for

// local memory for a

for( int j_sq=1;
res_prv = 0.0f;

} // end of for-lo
} // end of for-loop)
FIRTENOR

for(int j =1 ;

“global float* in_vector,
“global float* out_vector,

a WI's computation
0.0f;

__private float res_prv = 0.

WG's computation

__local  float res_lcll NUM_WI_1 ][ NUM_WI_2 ];

// iteration over P_sq blocks
for( int i_sq =1 ; i_:

5q <= NUM_SQ_1 ; ++i_sq ) {
j_sq <= NUM_SQ_2 ; ++j_sq )

// sequential computation on a P_wi partition
for( int i=1; i <= WI_PART_SIZE_1 ; ++i )

j <= WI_PART_SIZE_2 ; ++j )
res_prv += my_p_wi( i, j, 0 ) * my_pwi( i, j, 1);

// store result in local memor
res_lcll WI_ID_1 ][ WI_ID_2 ] = res_prv;

jer( CLK_LOCAL_MEM_FENCE );

the WIs' results in dimension x
de = NUM_WI_2 / 2 ; stride > 0 ;

tride)
D 1 ][ WI_ID_2 ] += res_lcl[

_MEM_FENCE );

QES
:‘ 3

{

stride /= 2)

WI_ID_1 ][ WI_ID_2 + stride ]

// private memory for|
__private float res_p|

// local memory for a
__local  float res_l,

// iteration over P_s
for( int i_sq =1 ; il
for( int j_sq=1;
res_prv = 0.0f;

// sequential com|
for( int i =
for( int j =1
res_prv += my_p.

// store result il
res_lcl[ WI_ID_1 ]

barrier( CLK_LOCAI

// combine the WI
for( int stride

if( WI_ID_2 <
res_lcl[ WL

barrier( CLK_L
y
// store WGs' re:
if( WI_ID_2 == @
my_res( i_sq )
barrier( CLK_LOCA

} // end of for-log
} 7/ end of for-loop
oot oo

float* in_vector,
float* out_vector,

omputation

i ++isq ) {

L0 ) % my_p_wi(

memory
2 ] = res_prv;

NCE ) ;

ts in dimension x

2 /2 ; stride > 0 ;
_ID_2 ] += res_lcll
NCE );

obal memory
WI_ID_1 1[0];
E);

PART_SIZE_2 ; ++j )
i,

NVIDIA
CUDA

Jr 1)

stride /= 2)

WI_ID_1 ][ WI_ID_2 + stride ]

Optimization

[TACO’21, CCPE’19,

HPCC’17]

1S WwWEE

(3)

Execution
[JOS’19,
ICPADS’18]

Architectures &
Data Characteristics

-my
) -

& optimization (ATF) & execution (HCA):

our f O C U S foenerate auto-tunable code”
k hde?

CA (Host Code Abstraction): How to execute code”

#

Richard Schulze

Ari Rasch



ATF — Yet another Auto-Tuning Framework?

We have seen Kernelluner (K1) & Kernelluningloolkit (KT T)— why do we need ATE?

ATF | 1] efficiently handles
Interdependencies amonq tuning parameters

via optimized processes to

generating & storing & exploring
the spaces of interdependent parameters.

— We illustrate ATF by comparing it to CLTune [MCSo0C’15] — the foundation of KT & KTT.

[1] Rasch, Schulze, Steuwer, Gorlatch, “Efficient Auto-Tuning of Parallel Programs with Interdependent Tuning
Parameters via Auto-Tuning Framework (ATF)”, TACO'21 4



ATF — Yet another Auto-Tuning Framework?

Excursion: Interdependent luning Parameters (In a nutshell

 Classic approaches (like OpenTuner |PACT'14]) are inherently designeo
toward parameters without interdependencies among them, e.Q.:

» NUM_THR € 1nt

Problem:

» LOOP_UNROLL € 1int
Applications for

« Parameter configurations: (NUM_THR, LOOP_UNROLL) € int x int modern architectures

» Each configuration is considered as valid by the classic approaches! often have

Interdependencies
among their

tuning parameters

What happens insige the classic tuners:

Search Space

<
@ ( f.\
-: NG "
(¢ Feete, o/

NUM_THR |
The space is explored

using a search technique.

1r

Main challenge
LOOP UNROLL In classic approaches -




ATF — Yet another Auto-Tuning Framework?

Excursion: Interdependent luning Parameters (In a nutshell

« We Drietly illustrate interdependent tuning parameters using two simple, example
parameters from OpenCL — a modern programming approach:

» GS € 1nt (global size): total numbers of threads
» LS € 1nt (/ocal size): number of threads per group
e Parameter configurations are of the form: (GS,LS) € int x int

o Configurations are valid /ff(!) they satisfy the following two constraints:

1. LS divides GS
2. GS is smaller than or equal to the input size N

* For example, for N=8, configuration (4, 2) is valid, but (4,3) and (10,5) are not valid.

Modern approaches like CLTune (KT, KTT, ...) allow
Interdependencies among tuning parameters




Excursion: Interdependent luning Parameters (In a nutshell

As CLTune (pseudo)code:

int N = /% input size x/ ;

tuner.addParameter( “GS”, int ):
tuner.addParameter( “LS”, int ):

tuner.addConstraint(

(int GS, int LS)
1

return (GS % LS == 0) && (GS <= N):
+

) ;

tuner.tune( application );

ATF — Yet another Auto-Tuning Framework?

r

Summary (slide 6) W

GS € 1nt
LS € 1nt

LS divides GS
GS is smaller/equal N|




ATF — Yet another Auto-Tuning Framework?

Excursion: Interdependent luning Parameters (In a nutshell

Configurations are only added to the space
ff the constraint is satisfied

SO AS SIS NN At Skt ol 4t RS 45 : o i
1o e BB e m . @l e o B S e C T R T s S 2o el s o fs s e i i T ) v’
B th 4 ‘o
D, 0.
v! i
oy /
o ’:
L ol |
'. )
B By O
L2 5
A N
' ‘.
. i 0 .
A R
K ,‘ .\ -
e N
) CELFD 2 ’-':- _ Ol -":.‘ S La g L ,"'- TS Fe B \- AN R _ TR T PSR QBTERSS R N MRTE ¢ .
5 . _ i o< - o F g . L - o - SO L TG T SR T

Valid configurations are stored in an array

for GS € 1nt
for LS € 1nt
1

if( check constraint() )
add_config( GS,LS );

Search Space (1D Array)

Space is explored via a search technigue
(e.g., simulated annealing)

best_config = explore_1d_space(
search_technique,
SP,

application

) ;




ATF — Yet another Auto-Tuning Framework?

Why ATF when we have CLTune?
Analysis of CLTune’s process to

CLTune  ATF Cenerating

' search spaces, using
ilme E 1
CLTune’'s own GEMM example

(14 tuning parameters with various

— CLTune requires from user hand-pruning parameter ranges, | |
e.g., using {16, 32, 64, 128}| instead of {1,....,N} for tile sizes. interdepenaencies)

Q need to perform well for all potential target architectures and input sizes

CLTune requires hand pruning also tor Storing and Exploration processes [TACO 21|

r | r —

CLTune’s Storing Process memory intensive: CLTune’s Exploration Process hampered:
CLTune stores parameter configurations in 1D array CLTune explores 1D index range of array only,
L — many redundancies — |0oses space’s multi-dimensional locality information

Problem: Hand pruning search spaces is complex
— well performing parameter configurations are often not intuitive




ATF — Yet another Auto-Tuning Framework?

Real-Wor|d

Severeness of CLTune’s hand pruning for its GEMM example: .
Input Sizes from DL

B ATF vs. CLTune

o
o0
(90
30 o
~
S -
25 z" z
g x 3
i
® 15
a
v 10 - =
o o )] O
Q 0 o o < < = =) ) - ~N ~ o 3
5 - ~ ~N E < ) E. o0 :g. oy o0 ~ - o ~ o
O -
10x64 * 2x64 * 500x50* 500x64 * 100x1* 100x1* 100x1* 20x1* 20x25* 50x1* 50x500* 64x1* 64x2* 64x1* 64x1* 64x10* 64x500* 100x500 * 100x10 * 100x800 * 20x576 * 50x64 * 64x500* 64x10* 64x800 *
64x500 64x10 50x64 64x800  1x10 1x2 1x500  1x576 25x576  1x64  500x64  1x10 2x10 1x2 1x500 10x500 500x800 500x10  10x2  800x500 576x25 64x500 500x10 10x2  800x500
Input Size
4 e
3 -
S
0 o0
D 2 = o - o - 0 X o a
T,
Q.
v
0
10x64 * 2x64 * 500x50 * 500x64 * 100x1 * 100x1 100x1* 20x1* 20x25* 50x1* 50x500* 64x1* 64x2* 64x1* 64x1* 64x10* 64x500* 100x500 * 100x10 * 100x800 * 20x576 * 50x64 * 64x500* 64x10* 64x800 *
64x500 64x10  50x64 64x800  1x10 1x500  1x576 25x576  1x64  500x64  1x10 2x10 1x2 1x500 10x500 500x800 500x10  10x2  800x500 576x25 64x500 500x10  10x2  800x500
Input Size

Speedup (higher is better) of CLTune's GEMM auto-tuned via ATF over auto-tuning via CLTune
on Intel CPU (top part of figure) and NVIDIA GPU (bottom part).

By avoiding hand-pruned parameter ranges,
ATF achieves up to 38x better performance than CLTune for CLTune’s GEMM example.

10



ATF — Yet another Auto-Tuning Framework? m

How does ATF achieve its efficiency 1or interdependent tuning parameters:

ATF introduces ATF introduces the

parameter constraints chain-of-trees space structure
tuner.addParameter( “tp_1", T1 ); . —
tuner.addParameter( “tp_ 2", T2 ); P [ (1' 1) | (2' 1) | (2'2) | ]
/] ... CLTune search space
tuner.addConstraint Defined on:
[1(T1 tp_ 1, T2 tp_2, .. ) —> bool search space (CLTune)
) 1 /% wue ¥/} vs. parameters (ATF) ATF search space
CLTune constraints !! verbose & 1D (CLTune) (
vs. compact & nD (ATF)

ofoJolo
tuner.addParameter( “tp_1", T1, []I(T1 tp_1) —> bool { /* .. x/ } ); S
tuner.addParameter( “tp_2", T2, []1(T2 tp_2) — bool { /* .. x/ } ); o10%0

ATF constraints

AlF Introduces novel processes to

generating & storing & exploring
the spaces of interdependent tuning parameters, based on its

constraint design and search space structure.

11




In the Following

We briefly outline the tollowing agenda points:

1. AlF'S processes to search space:

. generation
1. storing

Il. exploration
2. experimental Results
3. AlTF's User Interface
. DSL-Based (oftline tuning)
1. GPL-based (online tuning)
3. Summary

4. Current State & Future Work

12



1. Generation

ATF relies on parameter constraints (PC), rather than search space constraints (SC):

for ( vi : r1) bCs enable
Search Space Constraint (SC) generating groups parallel for ( G : {G1,..,Gn} )
T of 1nterdependent
for ( vk @ e ) 7 parameters 1
. & independently & in _
1T ( SC(le...; Vk) ) parallel par_allel_for (vi6 1 i)
add_config( V1,., VK ); lf( pch(Vle. ) Parameter Constraint (PC)

CLTune’s Approach

*
“““
N
lllllllllllllll

| —parallel _for ( vigS : rig® )
PCs enable generating

individual groups in parallel if( PCal (VigE)q e

for ( Vtg+1G . rtg+1G )

PCs enable checking constraints if( pC(Vtg+1G)4')“"""'
early 1n the Lloop nest

for( vké : ¢ ) .

ATF’s parameter constraints contain additional . )A)
semantic information, enabling:

1. Generating groups of interdependent parameters
iIndependently & in parallel

add_config( vi6,.., Vv« );

ATF’s Approach
2. Generating individual groups in parallel

3. Checking constraints early

13



ATF relies on a new chain-of-trees search space structure & parameter constraints:

2. Storing

P = ( nq {22, 35}, B )
Dy = ( ny {2,5,7,11}, divides(n;) )
p3 = (n3 {26, 51}, _ )
Dy = (ng (1,3,13,17), divides(ns) )
s = (s (27,39, 52, 54, 68), equals(ns + ny) ) >Tree :
Example Parameters :
P2 221 |22 22 |22 |22
2112112112112 11
20| (20| |91] |91 [51] |20
113 13 117/ | 1 ) Tree 2
207 39| 52| |94 68| |2/

Search Space

ATF’s search space structure

ATF’s

avoids memory-intensive redundancies

Search Space

14



3. Exploration

ATF exploits its chain-of-trees search space structure for a multi-dimensional search:

ATF’s
Search Space

Coordinate Space

V4
s (r; 6, 9)
BEVA R ' ,€(0,0.25], NUM_CHILD, =4
, V-2, NUM_LHILL,
// : | 0 => k;=1, 51=®
r,, S
Y |
/ | : ,e(0.33,0.66], NUM CHILD, ~,=3
, 6 ) : mapplng e \ a =2> k,=2, s,=0 )
N\ ! | ﬁ SSOON D T
AR I | RN
| / | )
s : Y
> S S oA S L S
’ (p ’\\\‘\ - 156(0.5,1], NUM_CHILD ) =2
: \\‘ : => k3=2, S3=@

I4€(O, ].], NUM_CHILD(®,@,@)= ].

1 3 => ks=1, s4=01D
Efficient Structure for
Search Techniques

ATF’s search space structure enables
reducing the complexity of exploration to exploring a Coordinate Space

15




Experimental

3 H MAZOR Bcaiima oo oy o o S .
(IR e v @ .. - .0 NS A . < = -
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valuation tfrom TACO’21}
& &
""t"f Ca it A AT, | D e . .‘ ;

ATE Is able to auto-tune important applications for CPU & GPU on real-world data sets to high performance:

ATF is able to auto-tune the CONV implementation in [2] to:

>104X higher performance
than CONV+CLTune

on GPU

>40X higher performance
than CONV+CLTune

on CPU

>15X higher performance
than NVIDIA cuDNN

on GPU

NVIDIA.

>3X higher performance
than Intel MKL-DNN

on CPU (inter)

Quantum Chemistry

ATF is able to auto-tune the CCSD(T) implementation in [2] to:

>2X higher performance CLTune fails!

than TensorComprehensions (too high search space
on GPU generation time)

r;r e ———— e —————— S o ————— e ————— S E—

e S S e ————— e e ————— e e R

Linear Algebra

ATF is able to auto-tune the GEMM implementation in [2] to:

>120X higher performance
than GEMM+CLTune

on GPU

>2X higher performance
than GEMM+CLTune

on CPU

>2X higher performance
than Intel MKL

on CPU (inter)

Data Mining

ATFE is able to auto-tune the PRL implementation in [2] to:

>2X higher performance
than NVIDIA cuBLAS

on GPU

NVIDIA.

>1.07X higher performance
than PRL+CLTune

on GPU

>1.66X higher performance
than PRL+CLTune

on CPU

Fj e e

——— e . e —

| Auto-tunable implementations generated via our MDH code generation

——— . e R A

approach [2] l

[2] Rasch, Schulze, Gorlatch. “Generating Portable High-Performance Code via Multi-

16

Dimensional Homomorphisms®, PACT 19



Experimental Evaluation

ATF for the tavorable application classes of ClL.Tune and Openluner:

—a—CLTune ——ATF

o o o
/I !

2D Convolution

Runtime (ms)

5
0 10 20 30 40 50
Number of Tested Configurations
—s— (OpenTuner —=—ATF

1,2

1
: GCC Flags

,6

Runtime (sec)

(OpenTuner)

- - - -
S
r;-——

N

300 600 900 1200 1500 1800

Tuning Time (sec)

-

ATF achieves tuning results of the same high quality as CLTune and OpenTuner

for their favorable application classes. 7




Experimental Evaluation

ATF has also been successtully used tor further application classes:

Domains Applications
1 Compiler Optimizations é GCC Flags [CCPE’'19], SIMD Vectorization [ICS’'19]
"""" > | datamining | Probabilistic Record Linkage [PACT'19]
"""" 3 | ouentum Chemistry | ccso(m teacrasl
"""" s | beeplearming | oW sc'aal, euas [acriel
"""" 5 | OSL Compiler Optimizations | Lift [cc0'18], MOH [PACT'I9]
"""" 6 | Polhedral Compilation | PRCG [CGo'18l, Pluto IRl
"""" 7 | signal Processing | FFT (FHNC'l0@ICPl
"""" 8 |  Stencil Computations  Cowad, Jacobi 20/3D, . [cc0'18]

18



ATF — User Interface

AlF’s user Intertace compared to popular auto-tuning approaches:

Domain-specific OpenTuner CLTune
approaches

Arbitrary Programming Language v

Arbitrary Application Domain v v
Arbitrary Tuning Objective (V) v

Arbitrary Search Technique (V) v v
Interdependent Parameters

Automatic Cost Function Generation v

ATF’s user interface combines major advantages
of existing auto-tuning approaches

19



ATF — User Interface

AlF’s interface types:

Offline Online
Auto-Tuning Auto-Tuning

#atf::tp name NUM WG 1

range interval<int>( 1,N_1 )
#atf::tp name NUM _WI 1

range interval<int>( 1,N_1 )
#atf::tp name LM_SIZE 1

range interval<int>( 1,N_1 )

constraint LM_SIZE 1 <= N_1

#atf::tp name PM_SIZE 1

range interval<int>( 1,N_1 ) _

constraint PM_SIZE_1 <= LM_SIZE_1 ATF
#atf::run_script “./run.sh” C++ In terface

#atf:icompile script “./compile.sh”

#atf::search_technique auc_bandit .
#atf::search_technique duration<minutes>( 10 ) ATF

// program code "I PythOI‘l Intel’faCe
ATF (WIP)
Tuning Annotations :

DSL-based Interface GPL-based Interfaces o0




ATF — User Interface

ATF's DSL-based user interface (3] (offline tuning):

#atf::tp name

. range
Tuning Parameters
without interdependencies
#atf::tp name
range
#atf::tp name
range
. constraint
Tuning Parameters
with interdependencies
#atf::tp name
range
constraint
Cost Function #atf::run_script
s #atf:
specification |
#atf::cost file
Search Technique #att:
& Abort Condition #att:

// program code

[3] Rasch, Gorlatch. “ATF: A Generic, Directive-Based Auto-Tuning Framework”, CCPE’19

NUM_WI_1

.complile script “./compile.sh”

:search_technique auc_bandit
:search_technique duration<minutes>( 10 )

NM_WG_1 ] Name]

interval<int>( 1,N 1 )

Hange
(either interval or set)

interval<int>( 1,N 1 )

LM SIZE 1
interval<int>( 1,N 1 )

LM_SIZE_1 <= N_1

Range
(either interval or set)

PM SIZE 1
interval<int>( 1,N 1 )
PM SIZE 1 <= LM SIZE 1

“./run.sh”

“./cost.txt”
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ATF — User Interface

ATF supports difterent search techniques & abort conditions | 3]

ATF provides pre-implemented ATF provides various
search techniques: abort conditions, e.g.:
1. exhaustive . . .
e duration<D>(1t): stops tuning after time
2. random_search interval t; here, D is an std::chrono::duration
| | (sec, min, etc.)
3. simulated _annealing
| | | Basi e cost(c): stops tuning when a configuration
4. differential evolution as. - . P J J
Techniques with a cost lower or equal than ¢ has been
5. particle_swarm found;
6. pattern_search e speedup<D>(s,t): stops tuning when within
last time Iinterval T cost could not be lowered by
/. torczon .
a factor >=s;

Further search techniques
and abort conditions
can be easily added to ATF

1. round robin > Meta
2. auc_bandit | Techniques

[3] Rasch, Gorlatch. “ATF: A Generic, Directive-Based Auto-Tuning Framework”, CCPE’19 P2




ATF — User Interface

Al F automatically generates the cost function tor the user [31:

:#atf::run_script “ /run.sh” . Script for running program to tune

g#atf: :compile_script “./compile.sh” Script for compiling program (optional)

:#atf: . COSt_fi-l.e “./cost.txt” ' Cost File (Opﬁcnal)

name NUM_WG_.1 e
range interval<int>( 1,N_1 ) | .7

name NUM WI 1
range

ATF automatically generates the cost function for

compiling & running & measuring
the program to tune

name M_SIZE_1 .
range intervalstnt>( 1,N_1 )
constraint LM_SIZE 1 <= N_1

name ng§IZE_1
range J;.ﬁterval<int>( 1,N_1 ) @Z
constraint ;PM_SIZE_1 <= LM_SIZE_1 e e EeNEENEEN R EAEEEREREENEANENESERRERRERRERRERSES | f e nemeeeansereessssEsessssEeessssssessssssessssseeens
' : #atf::opencl::platform_id © : NVIDIA.
.1 run_script “./run.sh” 3 : #atf::opencl::device_id 1 : #atf::cuda::device_id 1 CUDA
»:complle_script “./compile.sh"i - - -
m- fil “. . o - . . : . .
A ATEATIIN : #atf::opencl::input scalar<int>( N ) 5 : #atfiicuda:iinput scalar<int>( N )
::Search_technique auc_bandit E#atf: :OpenC-L: :lﬂpUt Sca-l.a r<f10at>() E E#atf: :CUda: :lﬂpUt Scala F<flOat>()
::search_technique duration<minutes>( 10 ) : #atf::opencl::input buffer<float>( N ) § - #atf::cuda::input buffer<float>( N )
// program code . .
: #atf::opencl::global_size N/WPT :  #atfiicuda::igrid_dim (N/WPT)/LS
AlF program : N N . : : N . . :
. : #atf::opencl::local_size LS : : #atf::icuda::block_dim LS :
(from S“de 22) e = E E RN E R E RN R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEw e N EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

ATF provides convenience features
for automatically generating
OpenCL and CUDA host code

[3] Rasch, Gorlatch. “ATF: A Generic, Directive-Based Auto-Tuning Framework”, CCPE’19 23



ATF — User Interface

Side note — observation.

global size ( ((1 + ((kSizeM - 1) / MWG))*MWG * MDIMCD) / MWG ,
((1 + ((kSizeN - 1) / NWG))*NWG * NDIMCD) / NWG )

local size ( MDIMCD , NDIMCD ) T

ATF: Global & Local size
Exactly as originally intended
for CLTune’s GEMM in [Matsumoto et al., 2014]
// Default values for global & local size

auto id = tuner.AddKernel(gemm_fast, "gemm_fast", {kSizeM, kSizeN}, {1, 1});

/] ..

// Sets constraints

tuner.AddConstraint(id, DividesM, {“MWG"}):; // MWG has to divide M ‘—
tuner.AddConstraint(id, DividesN, {“NWG"}):; // NWG has to divide N

workaround
(not required in ATF)
[/«

// Modifies the thread-sizes (both global and local) based on the parameters
tuner.MulLocalSize(id, {"MDIMC", "NDIMC"});

tuner.MulGlobalSize(id, {"MDIMC", "NDIMC"});

tuner.DivGlobalSize(id, {"MWG", "NWG"});

CLTune: Global & Local size

ATF is able to express exactly CLTune GEMM'’s global & local sizes,
thereby avoiding additional constraints (speedups >1,37x for DL sizes)

24




ATF — User Interface

AlTF's DSL-based user intertace |3] (offline tuning):

{ N
"tuning_parameters"” : ame

[

{
"name" : "NUM WG 1", Range
. "range" : "interval<int>( 1,1000 )" (either interval or set)
Tuning Parameters b
without interdependencies 1
"name” : "NUM_WI 1",
"range" : "interval<int>( 1,1000 )"
}
{
"name" : "LM_SIZE 1", Name
"range'" : "interval<int>( 1,1000 )",
, "constraint" : "LM SIZE 1 <= N 1"
Tuning Parameters . Range
with interdependencies { (either interval or set)
"name” : "PM_SIZE 1",
"range'" : "interval<int>( 1,1000 )",
"constraint” : "PM SIZE 1 <= LM SIZE 1" Constraint
}
I,
, "program_source" : "./program.cl",
Cost Function "compile_script" : "./compile_script.sh",
specification "run_script" » './run.bin",
“cost_file" » './cost.txt",
Search Technique { "'search_technique" : "auc_bandit",
R Abort Condition "abort_condition" : "duration<minutes>(30)",
}

[3] Rasch, Gorlatch. “ATF: A Generic, Directive-Based Auto-Tuning Framework”, CCPE’19
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ATF — User Interface

AlF's GPL-based user intertace 4| (online tuning). for C++:

int main()

{
const std::string saxpy = /* path to kernel of Listing */;
const int N = /* an arbitrary input size */s

// Step 1l: Generate the Search Space

auto WPT = atf::tp( “WPT" /
atf::interval<size t>( 1,N ) ,
atf::divides( N ) )

auto LS = atf::tp( "LS" /

4

)

°
4

atf::interval<size t>( 1,N )
atf::divides( N/WPT )

°
4

// Step 2: Implement a Cost Function

Analogous 10
ATF’s DSL-based interface

auto saxpy kernel = atf::opencl::kernel< atf::scalar<int> , // N
atf::scalar<float> , // a
atf::buffer<float> , // x
atf::buffer<float> > // vy
( saxpy kernel as string, "saxpy" ); // kernel code & name

auto cf saxpy = atf::opencl::cost function( saxpy kernel ).platform id( 0 )

.device i1d( 0 )

.inputs( atf::scalar<int>( N )
atf::scalar<float>()
atf::buffer<float>( N )
atf::buffer<float>( N )

.global size( N/WPT )

.local size( LS )

// Step 3: Explore the Search Space

auto tuning result = atf::tuner().tuning parameters( WPT,LS )
.search technique( atf::auc bandit() )
.tune( cf saxpy , atf::evaluations(50) );

[4] Rasch, Haidl, Gorlatch. "ATF: A Generic Auto-Tuning Framework”, HPCC’17

N N | |

//
//
//
//
//
//
//
//

OpenCL platform 1id
OpenCL device 1id

N

a

X

Y

OpenCL global size
OpenCL local size

20



AlF's GPL-based user intertace (online tuninqg). for Pvthon:

import atf

# kernel code as string
saxpy_kernel _as_string
__kernel void saxpy( const int N, const float

{

for( int w=0 ; w < WPT ; ++w )

{

ATF — User Interface

a, const _ global floatx x, _ global floatx y )

const int index = w *x get_global size(@) + get_global id(0);

yl index ] += a % x[ index [;

}

# 1nput size
N 1000

# Step 1: Generate the Search Space
WPT = atf.tp( "WPT", atf.interval( atf.size t
LS atf.tp( "LS" , atf.interval( atf.size_t

# Step 2: Implement a Cost Function
saxpy_kernel = atf.opencl.kernel( types=[ atf.
atf.
atf.
atf.
kernel code
kernel name

cf_saxpy = atf.opencl.cost _function(

kernel=saxpy_kernel

platform_1d=0

device_1d=0

inputs=[ atf.scalar( atf.int , N )
atf.scalar( atf.float )
atf.buffer( atf.float , N )
atf.buffer( atf.float , N ) ]

global _size=N/WPT

local size=LS

HHEFHFHRIFHRHF

)

# Step 3: Explore the Search Space

tuning_result = atf.tuner(
tuning_parameters=[ WPT, LS ]
search_technique=atf.auc_bandit

) .tune( cf_saxpy, atf.evaluations(50) )

Analogous 10
ATF’s DSL-based interface

), atf.divides( N ) )

1,N
1,N ), atf.divides( N/WPT ) )

scalar(atf.int) # N

scalar(atf.float) # a

buffer(atf.float) # X

buffer(atf.float) ] #y

saxpy_kernel _as_string

"saxpy" )

OpenCL platform 1id

OpenCL device 1id r """"""" ;"""""""""""""""""']

; : Work-in-Progress results from 5

; , 5 Bachelor Thesis: E

dpencL Tocal size.  “Migration of Auto-Tuning Framework :
i from C++ to Python” E
; Waldemar Gorous, 2019 5



Summary

AlTF’s main contribution is efficiently handling tuning parameters with interdependencies among them:

» ATF Introduces novel processes to generating & storing & exploring the search spaces of interdependent
parameters, based on its parameter constraints and the chain-of-trees search space representation;

» AlTF's user interface Is arguably simpler to use than CLTune & OpenTuner |[CCPE'19, HPCC'17].

» ATF does not contribution to search techniques (in contrast to: KT, KTT, HyperMapper — next talk, ...)

 GitLab = Menu v Search GitLab

A  Auto-Tuning Framework mdh-project > Auto-Tuning Framewor k

(D Project information

A Auto-Tuning Framework & A~ [yrstar| 0| % Fork 0

[3) Repository
Project ID: 33318174 [

[P Issues 0
3% Merge requests 0 -0- 150 Commits ¥ 3 Branches ¢’ 0Tags [} 2.4 MBFiles [ 2.4 MB Storage
¢ Cl/CD -

PASA
oy

@ Security & Compliance dev atf /|  + ~ History Find file Web IDE = v oy v Clone v o .
) Deployments V | I | |
Gx Monitor f«l\ log timestamp, check coordinates for validity 70cc88be | [%
- . ________________________________________________________________________________________________________________________________________________________________________|]
ago

@ Infrastructure

A Packages & Registries

M, Upload File ' [3) README | [ Add LICENSE | | [ Add CHANGELOG | | () Add CONTRIBUTING | | [ Add Kubernetes cluster | .
ln Analytics S T T e e
i Set up CI/CD | | {3} Configure Integrations |
[ Wiki I . | n

‘X’ Snippets Name Last commit Last update
{0} Settings
£ benchmark add plot script for benchmarks 1 day ago
£ doc/images Replace atf_experiments.png 3 weeks ago
£ examples Update examples/feature_demonstration/... 1 day ago u u
. I
3 include log timestamp, check coordinates for valid... 6 hours ago . .
~m+ Readme.md Update Readme.md 22 hours ago
h++ atf.hpp log timestamp, check coordinates for valid... 6 hours ago
[5) Readme.md

Auto-Tuning Framework (ATF)

Auto-Tuning Framewor k (ATF) is a generic, general-purpose auto-tuning approach that automatically finds well-performing values of
performance-critical parameters (a.k.a. tuning parameters), like the sizes of tiles and numbers of threads. ATF works for programs written
in arbitrary programming languages and belonging to arbitrary application domains, and it allows tuning for arbitrary objectives (e.g., high
runtime performance and/or low energy consumption).

A major feature of ATF is that it supports tuning parameters with interdependencies among them, e.g., the value of one tuning parameter

« Collapse sidebar . : . . : . .
has to be a multiple of the value of another tuning parameter. For this, ATF introduces novel process to generating, storing, and exploring
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ATF — Current State & Future Work

Current State:

 ATF's DSL-based user interface currently not maintained (we use its C++ interface)

 ATF's implementation is a proof of concept (error handling can be improved, etc)

Future Work:

e getting the best of both worlds:
1. efficient search techniqgues, as in KT, KTT, HyperMapper, etc;

2. elficient search space generation & storing & exploring, as in ATF.

* using different search techniques for search space parts with different characteristics (as in
Ptaffe et. al [ICS'19], HyperMapper, ctc): categorical, ordinal, real, etc.

* Improving multi-objective auto-tuning toward Pareto optimality (as in HyperMapper)
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Thanks for listening!

Richard Schulze Ari Rasch
r.schulze@wwu.de a.rasch@wwu.de
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