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Auto -tuning on 

Numerical Libraries and

Advanced Computer Systems 
- Part I of II 



¸Current computer systems are getting 
more and more complex:

M̧any-core Processors 

Ḑeeply Hierarchy and Unsymmetrical 
Access Memory Systems

¸These imply uncontrollable, especially, 
tuning process on these systems is 
tough and formidable work. 

I̧n this organized session, we will show 
the state -of-the-art for the auto -tuning 
technology , which is a crucial to solve 
the tuning problem for numerical library.
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¾ 10:00-10:25 
(L) Towards General Auto-tuning Description Language on 
Advanced Computing Systems 
Á Takahiro Katagiri, University of Tokyo, Japan 

¾ 10:30-10:55 
(S) Proposal of Run-time Parameter Auto -Tuning Approach for 
Restarted LanczosMethod 
Á Takao Sakurai, Ken Naono, and Masashi Egi, Hitachi Ltd., Japan; Mitsuyoshi Igai

and Hiroyuki Kidachi, Hitachi ULSI Systems Corporation, Japan 

¾ 11:00-11:25 
(C) Automatic Tuning for Parallel FFTs 
Á Daisuke Takahashi, University of Tsukuba, Japan 

¾ 11:30-11:55 
(C) A Bayesian Approach to Automatic Performance Tuning
Á Reiji Suda, University of Tokyo, Japan 
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(C) Core Technique and Principle;

(L) Language;

(S) Algorithm Selection; For Automatic Tuning on  Numerical Libraries



¾ 1:30-1:55 
(C) Automatic Tuning for the LOBPCG Eigenvalue Solver 
Á Toshiyuki Imamura, University of Electro -Communications, Japan 

¾ 2:00-2:25 
(S)Auto-tuning Effect of Iterative Method Library on Windows CCS
Á Hisayasu Kuroda and Takahiro Katagiri, University of Tokyo, Japan 

¾ 2:30-2:55 
(C) Performance of the Complex Hessenberg QR Algorithm on 
the CSX600 Processor 
Á Takafumi Miyata, Yusaku Yamamoto, and Shao-Liang Zhang, Nagoya University, 

Japan; Yoshimasa Nakamura, 

¾ 3:00-3:25 
(S)Automatic Selection of Parameters in Parallel Preconditioners 
for Ill conditioned Problems 
Á Kengo Nakajima, University of Tokyo, Japan 
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(C) Core Technique and Principle;

(L) Language;

(S) Algorithm Selection; For Automatic Tuning On Numerical Libraries



¾Auto-Tuning Research Group in JAPAN
ÁChair: Toshitsugu Yuba (U. of Electro-comm.)

ÁVice Chair: Takahiro Katagiri (U. of Tokyo)

ÁReiji Suda (U. of Tokyo) 

ÁToshiyuki Imamura (U. of Electro -comm.)

ÁYusaku Yamamoto (Nagoya U.)

ÁKen Naono (HITACHI Ltd.)

ÁKentaro Shimizu (U. of Tokyo)

ÁHiroyuki Sato (U. of Tokyo)

ÁShoji Ito (RIKEN)

ÁTakeshi Iwashita (Kyoto U.)

ÁKazuya Terauchi (Japan Visual Numerics Inc.)

ÁMasashi Egi (HITACHI Ltd.)

ÁTakao Sakurai (HITACHI Ltd.)

ÁHisayasu Kuroda (U. of Tokyo)
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SIAM PP08

Wednesday, March 12, 10:00 AM - 10:25 AM

Room: Roswell

Takahiro Katagiri (U. Tokyo, Japan) 

Towards General Auto -tuning 
Description Language 

on 
Advanced Computing Systems 



¾Motivation

¾Our Solutions 
ÁFIBER: An Auto-tuning Framework

ÁABCLibScript:  An Auto-tuning Description 
Language

¾Ongoing Projects

ÁMS-MPI Run-time Auto -tuning

ÁEmbedded System Application 
Auto-tuning 

¾Related Projects

¾Conclusion Remarks
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To establish high productivity  

on numerical software 
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¸Why so high cost?
1. Explosion of search space for tuning parameters

¸ Excessive development processes 

2. Tuning is not science, but craftspeople worké

¸ Excessive personnel costs    

1. Excessive development processes
¸Many algorithm parameters
¸ Preconditioner, restart frequency, block algorithm length, 
é 

¸Complex current computer architectures
¸multicore, unsymmetrical memory access,é

2. Excessive personnel costs
I̧ntricate high performance implementations
¸Craftspeople only can do it. 

¸Compilers do not work well on the complex 
current computersé.
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A̧veraged gap: 10x;  Dedicated sizes: 100x;

Ḩow should we manage it?

T
im
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d
s No Unrolling

(Compiler optimization)

ÅUnrolled coeds for matrix-matrix multiplication with nested 3 loops ( i,j,k ) from 1 to 4. 

ÅThe variation is 4*4*4=64 kinds. 

ÅFor matrix size N, it varies from 1 to 2048 stridden 1. 

ÅCompiler: HITACHI Optimized Fortran90. Option: -Oss with automatically parallelization.

ÅMachine: HITACHI SR11000/J2Model installed in Information Technology Center, 
The University of Tokyo. It has 16PEs per node.



1. To reduce tuning processes:

Á Automation of tuning can reduce the tuning 

process to hand -tuning.

º Tuning is time -consuming work even in craftsman. 

· Writing complicated codes. 

· Troublesome test-run to tune

2. To reduce personnel cost:

Á òAutomatic Tuning Recipeó makes tuning 

non-expert work.

º Software Framework

º Auto-tuning facility 

º Computer language for non-expert developers 

º Source code generator

· Tuning object codes and tuning control codes
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FIBER, ABCLibScript 

12



13

é

Operating Systems
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PC Clusters
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Facility
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Code generation Funct .

Parameter Opt. Funct .

BLAS Performance

Parameters

Optimization
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Implementation
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PC Clusters

Embedded 
Systems

Communication
Network

GRID

Supercomputers

Programs

Auto -Tuning

Middleware

ÅNational Leadership System (NLS) 

ÅNational Infrastructure System (NIS)



FIBER:
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¾FIBER (Framework for Install -time, Before 
Execute-time and Run-time auto -tuning) 
Paradigm
ÁFIBER paradigm is a methodology for auto -tuning software 

to generalize application and obtain high accuracy for estimated 
parameters.

¾How Auto-tuning is performed :
Á(a) Parameters that affect performance are extracted
Á(b) The parameters are automatically optimized

¾(a) Parameter extraction :
Áby users utilizing a dedicated language (ABCLibScript )

¾(b) Parameter optimization : 
Áthree kinds of optimization layers
Áusing statistical methods
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Library Developers

ÂSpecified by library developers

ÂIncludes instructions for 
optimization

ÂIndependence of 
computer environments

Develop the codes 

using ABCLibScript

Source codes

including auto-
tuning facilities

ÂLoop unrolled code

ÂAlgorithm (sub-routine)

selection code

ÂParameter optimization function

ÂParameter search function

Release library to the public

Execute pre-processor

( ABCLibCodeGen )



Install-time Optimization

21

End-users

ÂEstimated best unrolling depth

ÂEstimated best block lengthÂGenerated library object

ÂSpecified tuned parameters

Install the released library into userõs machine environment

(FIBER install-time optimization is performed

Debugging and Application Developments 

Using Small Sized Problems

Finish debugging or 
developing

Use semi-optimized

library



Before Execute-time 

optimization
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Perform Before

Execute-time

optimization

ÂSpecify parameters with end-userôs knowledge

(e.g., problem sizes to execute)

ÂSpecified best parameters
using userôs knowledge

Run-time optimization

Library is running

Library execution
call CalcEigen(A,x,lamba,n)

Large -Scale Computation

Use fully optimized library

ÂSpecify best parameters 
using the run-time 
parameter information 



ABCLibScript:
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!ABCLib$ install unroll ( i) region start

!ABCLib$ name MyMatMul

!ABCLib$ varied ( i) from 1 to 8

!ABCLib$ debug (pp)

do i=1, N

do j=1, N

da1 =  A( i, j)

do k=1, N

dc = C(k, j)

da1 = da1 + B( i, k) * dc

enddo

A( i, j) = da1

enddo

enddo

!ABCLib$ install unroll ( i) region end

¾Unrolling Depth Developer specifies using directive
ÁEx. Matrix-matrix multiplication code

24

Install-time 
optimization;

Unrolling process;

Unrolling Depth

Target Region

(Auto-tuning Region)



if ( i_unroll .eq. 1)  then

Original Code

endif
if ( i_unroll .eq. 2) then   /* i is dividable by 2 */

im = N/2

i = 1       

do ii=1, im

do j=1, N

da1 =  A( i,  j);  da2 =  A(i+1,j)

do k=1, N

dc = C(k, j)  

da1 = da1 + B( i,   k) * dc;  da2 = da2 + B(i+1, k) * dc; enddo

A( i,  j) = da1; A(i+1,j) = da2

enddo

i = i + 2; 

enddo

endif

é

ÁAfter invocating pre -processor, the outer i loop is unrolled.
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After code generation, 

the depth of unrolling is 

automatically parameterized.



!ABCLib$  static  select region start

!ABCLib$  parameter (in CacheS, in NB, in NPrc) 

!ABCLib$       select sub region start

!ABCLib$       according estimated

!ABCLib$          (2.0d0* CacheS*NB)/(3.0d0* NPrc)

Target Algorithm1

!ABC-LIB$     select sub region end

!ABC-Lib$     select sub region start

!ABC-Lib$     according estimated

!ABC-Lib$         (4.0d0* ChcheS* dlog(NB))/(2.0d0* NPrc)

Target2 Algorithm2

!ABC-LIB$     select sub region end

!ABC-LIB$ static select  region  end

¾Selecting algorithms as follows :
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Install-time Optimization; 

Selection Operation;

Input Variables Used in 

Cost Definition Funct .

Selection Base on 
The Cost 

Definition Function

Target Region1

Tuning Region1

Target Region2

Tuning Region2

Selection information for 

Target 1 and 2 is parameterized .


