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with Interdependent Tuning Parameters
via Auto-Tuning Framework (ATF)
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A\ Please Note A\

This talk will be on a quite high level:

focus of this talk are the “what” & “why” questions;

we address the “how” question by illustrating our basic ideas only;

details about our approach can be found in the paper.




What is Auto-Tuning?

Auto-Tuning (Al) aims at automatizing the process of code optimization:
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What is Auto-Tuning?

Auto-Tuning usually consists of three major phases:

tile size € {l,..., 128} QLE , 1 )

1,
~~ ~
tile size mem region num threads

mem_region € {GLB, LCL, PRV}

num threads € {1,..., 1024}

( 128 , PRV , 1024 )
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What is Auto-Tuning?

Auto-Tuning (Al) can be cateqgorized Into two major cateqories:

Spemal Purpose (SP) General Purpose (GP)
Auto-Tu n | ing | Auto-Tu n | ing |
Basic |ldea: Basic |ldea:
Auto-Tunable Auto-Tunable
Code Code

SP AT SP AT

i complicated, j
{ but automatized §

Auto-Tunable Auto-Tunable

Code . Code
SP AT SP AT
Notable Examples: Notable Examples:
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What is Auto-Tuning?

Auto-Tuning (Al) can be cateqgorized Into two major cateqories:

TR
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Special-Purpose Auto-lTuners

. General-Purpose Auto-Tuners
usually achieve good tuning results

automatically generate special-purpose tuners

However: they have to be designed &
implemented from scratch for each new
target application, which requires
expert Knowledge and is cumbersome

However: current approaches struggle
with programs that have

interdependent tuning parameters




What are Interdependent Tuning-Parameters?
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Parameters:

tile size € {1,..., 128}
mem_region € {GLB,LCL, PRV}

num threads € {1,..., 1024}

Constraints:

Configurations:

{ (1,GLB,1) ,..., (128,PRV,1024) }

Each combination of
parameters’ values represents a
valid parameter configuration
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Parameters:

tile size 1€ {l,...,128}
tile size 2€{1,..., 128}
tile size 3€{l,...,128}

Constraints:

tile size 3| tile size 2| tile size 1

Configurations:
{ (1,1,1), (LAS2), ,..., (128,128,128) }

tile size 2
not multiple of
tile size 3

Only combinations that satisfy the
constraints
represent valid configurations




Interdependent Tuning-Parameters

in General-Purpose Auto-Tuning

Current approach have either no support or only limited efficiency ior programs with
INnterdependent tuning parameters:

OpenTUﬂer

Orio

1ibTuning

no support: invalid configurations are kept in the
search space, which severely hinders the tuners

from finding well-performing configurations

limited efficiency: the approaches are efficient for
small search spaces only, because of sub-optimal

process to generating, storing, and exploring

the search spaces of interdependent parameters




Goal of this Work

We present three new contributions of our general-purpose Auto-Tuning Framework (ATF):

1. AlF generates the search space of - M Parameter
iConstraints|

interdependent parameters with high performance|

2. ATF stores such spaces with low memory footprint|
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3. AlF explores these spaces efficiently



1. Generation

Al F relles on parameter constraints, rather than traqitional search space constraints:

for ( vi @ rp ) PCs enable

generating groups parallel_for ( G : {G1,.,Gn} )
: of 1nterdependent
for ( vk @ rg ) parameters 1

. & independently & in
1T ( SC(V1,...,V|<) ) parallel

Search Space Constraint (SC)

parallel_for ( vié : ri6 )

: ' G G
add_conflg( V1,., VK ); lf( PC1 (Vl ) ) Parameter Constraint (PC)

Classical Approach

] “
lllllllllllll

parallel_for ( vitg¢ : rtgs )
PCs enable generating

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

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

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

for( vke : ¢ ) "
A

if( pc(vks) )

add_config( vi6,.., Vv« );
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' ATF’'s parameter constraints enable:

1. Checking Constraints Early

2. Generating groups of 1nterdependent parametersg ATF’s Approach
independently & 1n parallel
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2. Storing

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

p1:=(ny {22,351}, B )
Do = ( ny {2,5,7,11}, divides(n;) )
p3 = (n3 {26, 51}, _ ) \
py = (ny {1,3,13,17), divides(ns) )
ps = ( ns (27,39, 52, 54, 68} equals(ns + ny) ) m >Tree :
Example Parameters
P2 y
22| |22| |22| 22| [22] |22 A
2 2 % 2% 2 1117
20| 20| 51| |51] |91 |26 p3
1 13| [ 1] ]3] [17] | 1 > Tree 2
27| (39 52| (54| 68| |27 pe 13) (3) L7
Traditional b3 CED C§D<§§> <§@ ng//

Search Space
ATF’s

Search Space

ATF S search space structu re
avmds memory-lntenswe redundanmes

.
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3. Exploration

1,€(0,0.25], NUM_CHILD()=4
=> k;=1, s;=0D

1,e(0.33,0.606], NUM_CHILD(®)=3
=> k2=2, Sz=@

mapping

ﬁ

I3€(O.5,1], NUM_CHILD(®,@)=2
=> k3=2, S3=@

I4€(O,1], NUM_CHILD(®’@’@)=1 ’ ‘
=> k4=1, S4=@

ATF’s

Search Space Coordinate Space
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ATF is able to auto-tune the CONV implementation in [1] to: ATF Is able to auto-tune the GEMM implementation in [1] to:
>40X higher performance >104X higher performance >2X higher performance >120X higher performance
than CONV+CLTune than CONV+CLTune than GEMM+CLTune than GEMM+CLTune
on CPU on GPU on CPU on GPU
>3X higher performance >15X higher performance >2X higher performance >2X higher performance
than Intel MKL-DNN than NVIDIA cuDNN than Intel MKL than NVIDIA cuBLAS

on CPU /ittal) on GPU on CPU /iGtal)
@t/el NVIDIA. @t/el of GPU NVIDIA.
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Quantum Chemlstl'y

ATF is able to auto-tune the CCSD(T) implementation in [1] to: ATF Is able to auto-tune the PRL mp\ementation N [1] to:
>2X higher performance >1.66X higher performance  >1.07X higher performance
than TensorComprehensions than PRL+CLTune than PRL+CLTune
on GPU CLTune fails! on CPU on GPU

(too high search space generation time)

| OpenTuner falls for a11 app11cat10ns because of a :
too hlgh amount of 1nva11d conflguratlons W1th1n 1ts search space
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| 1] Rasch, Schulze, Gorlatch. "Generating Portable High-Performance Code via Multi-Dimensional Homomorphisms®, PACT'19



ATF — User Interface

ATF’s user intertace Is focus of our previous work [11:

#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

, N_1 )

range interval<int>( 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

[/

// OpenCL kernel code

(ATF is also available as programming library in C++ [2] / Python (WIP)— for online auto-tuning)

1] Rasch, Gorlatch. “ATF: A Generic, Directive-Based Auto-Tuning Framework”, Concurrency and Computation: Practice and Experience, 2019
2] Rasch, Haidl, Gorlatch. “ATF: A Generic Auto-Tuning Framework”, HPCC, 2017 14
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