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The Advanced ComPuTational Software Collection Projcct

ACTS

Goal: The Advanced CompuTational Software Collection (ACTS) project makes
reliable and efficient software tools more widely used, and more effective in
solving the nation’s engineering and scientific problems.
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The Advanced ComPuTational Software Collection Projcct
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The Core Activitg Areas of the ACTS Collection Prcy'ect

Long-Term
[Maigijenance J

Tools for Run-time Support:
Scalable Debugging Tools
Performance Monitoring Tools

Software DevelopmentTools

Numerical Software

Library Optimization

Software Distribution

Software Dependency Graph:
Platform, Basic and '
Interoperability

Outreach and
Dissemination

ACTS Information Center:
Guide to Available Services
Technical Reports
Newsgroups
On-line Tutorials
Uniform Tool Documentation
Well Documented Examples for All Tools

Workshops

Independent Testing
and Evaluation

Testing Platforms
Verification Engines
Computer Vendor Collaborations
Computational Sciences and
Engineering Networking:
Developers Exchange
User Feedback
. Problem/Bug Tracking
"\ International Collaborations

High-Level
User Support

igh-Level User Interfaces
To Tool Users:
Help with Tool Selection
Help with Tool Utilization
Help with Tool Installation
Develop High-Level User Interfaces
To Tool Developers:
Tool Long-term Maintenance Practices
Tool Distribution Utilities, Licensing

QQQt
o0

Sustainable
Software
SuPPort

QQQt
o0

Short Courses and Coding Camps Tool Integration Mechanisms e P Office of
| ~4 Science
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The U.S. DOE ACTS Collection Projcct

Execution time of PDPOSV for various grid shapes

User Community

Physics Engineering M

i . 5 3 athemati
Biology Nymerical Simulation$, > ¢ hginistr w
Computer Sciences Computing System§’ Y 3
Challenge Codﬁ . . Bioinformatics 2
edicine &
T
A . 5
T Scnentli('l:ce Etgl;;putmg g
Software Tools Qo.
Workshops and L
Trainil;lg m In
Computer ance ar
Vendors A
I In-time Support: Testing Platforr

Ported
to almost all
platforms

Has automatic tools and
documentation to assist users
with its installation

Has been ported to some emerging
platforms with varying levels of
effort and developers support

On-line an|

Has no major platform restris
does not depend on unsupp1

o}
10000 9000 8000 7000

Well documented test,

examples and tutorials

00 5000

pfoblem size

4000 3000 2000 | 1000

Has been ported to more th

Verification Enc
Computer Venc
Computational

Debugging Tools
nce Monitoring Tools

Testing and

Acceptance Phase Interoperability

evelopment Tools
Software
u simization Developers Exchange
istribution M User Feedback
Software Dependency Graph;"'{,,‘@Q %\ Problem/Bug Tracking
Platform, Basic and g
Interoperability §
73}
Outreach and ©° [

Dissemination etascal

( )

ACTS Information Center:
Guide to Available Services

To Tool Users:

Engineering Net\_

\International Collaborations

i
Number of ACT

Has up-to-date documented
interfaces for all tool versions

Support from Developers

Has general tool documentation

4 9 1
Number of ACTS Tools

High-Level
User Support

)

igh-Level User Interfaces

Help with Tool Selection

ol Ltilization

Technical RepE)rE Help with T

Help with T
] y Develop Hid
| ntation To Tool Devel

imples for All Tools Tool Long-t
Tool Distrib
Tool Integra

1g Camps

« High
Intermediate level
» Tool expertise

Conduct tutorials

o Intermediate
Basic level
* Higher level of support to users of the tool

* Basic
» Help with installation
» Basic knowledge of the tools
» Compilation of user’s reports
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Tools In The ACTS Collection ACTZS

Advanced ComPuTational Software Collection (ACTS)

| Funded by DOE/ASCR I
LIBRARY DEVELOPMENT

NUMERICAL TooLs . —
ACTS

CODE DEVELOPMENT

COLLECTION
http://acts.nersc.gov

RUN TIME SUPPORT
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Category Tool Functionalities

Trilinos Algorithms for the iterative solution of large sparse linear systems.

. Hypre Algorithms for the iterative solution of large sparse linear systems, intuitive grid-
Numerical centric interfaces, and dynamic configuration of parameters.
PETSc Tools for the solution of PDEs that require solving large-scale, sparse linear and
nonlinear systems of equations.
Ax<b OPT++ Object-oriented nonlinear optimization package.
Az = )z SUNDIALS Solvers for the solution of systems of ordinary differential equations, nonlinear
A=U3VT algebraic equations, and differential-algebraic equations.
PDEs ScaLAPACK | Library of high performance dense linear algebra routines for distributed-memory
ODEs message-passing.
M

SLEPc Software library for the solution of large sparse eigenproblems on parallel
computers.

SuperLU General-purpose library for the direct solution of large, sparse, nonsymmetric
systems of linear equations.

TAO Large-scale optimization software, including nonlinear least squares,
unconstrained minimization, bound constrained optimization, and general
nonlinear optimization.

Cod Global Arrays | Library for writing parallel programs that use large arrays distributed across
ode

Development

processing nodes and that offers a shared-memory view of distributed arrays.

Overture Object-Oriented tools for solving computational fluid dynamics and combustion
problems in complex geometries.
Run Time TAU Set of tools for analyzing the performance of C, C++, Fortran and Java
Support programs.
Library ATLAS Tools for the automatic generation of optimized numerical software for modern

Development

computer architectures and compilers.

: V;"f,ﬁomce of
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Functionalitg In The ACTS Collection

COLLECTION

Cornputational ) )
Problem Methodologg Algonthms Lnbrarg
Sgstcms of Linear Scal APACK (&ensc)
, L. U Factorization
Equations SuPerLU (sparse)
Cl’loleskg
o Scal APACK
Factorization
LDLT (Trioliagonal Scal APACK
Direct Methods matrices)
QR Factorization Scal APACK
QR with column
S Scal APACK
Plvotmg
LQ factorization Scal APACK
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Functionalitg In The ACTS Collection

COLLECTION

Cornputational Methodologg Algorithms Librarg
Problem
Sgstcms of Linear Corjugate Gradient | AztecOO (Trilinos)
Equations PETSc
(cont..) GMRES AztecOO
PETSc
ngre
CG Square& AztecOO
lterative Methods PETSc
Bi-CG Stab AztecOO
PETSc
Quasi-Minimal AztecOO
Residual (QMR)
TransPose Free AztecOO
i T [

U.S. DEPARTMENTY OF ENERGY




Functionalitg In The ACTS Collection

Cornputationa
Problem

COLLECTION

Sgstcms of Linear

Equations

(cont..)

lterative Methods
(cont..)

gorit ms
SYMMLQ PETSc
Precondition CG AztecOO
PETSc
ngre
Richardson PETSc
AztecOO
Block Jacobi
N PETSc
Preconditioner
ngre
Point Jocobi AztecOO
Preconditioner
PETSc

| east Squares

Polgnomials

| 7 Office of
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Functionalitg In The ACTS Collection

/
ACTSi
COLLECTION

ComPutational Problem Mcthoc]ologg Algorithms Library
59stems of Linear SOR Preconcli’cioning PETSc
Equatlons OverlaPPing Additive PETSc
(cont..) Schwartz

APProximatc Inverse ngre
[terative Methods SP arse LU AztecOO
( £) dii PETSc
cont.. precon tbloner H ypre
lncomplete LU (L) AztecOO
Preconcli’cioncr
| east Squares PETSc
Polgnomials
i PETSc
MG Preconditioner 9
MultiGrid (MG) gpre
Methods Algebraic MG HgP"C
Semi-coarsening Hypre

AR
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Functlonalltg In The ACTS Collection ACTZS

Cornputational
Methodolo Algorithm Librar
Problem & 8 Y
Linear Least Squares |east Squares min, Il b- Ax Il, Scal APACK
X

Problems

Minimum Norm ) Scal APACK

Solution min, I x 1

Minimum Norm Least min, || b- Ax |, ScalL APACK

Squares

min, Il x /I,

Standard Eigenvalue
Problem

ngmetric Eigenvalue
Problem

Az = )z
For A=AH or A=AT

Scal APACK (dense)
SLEPCc (sparse)

Singular Value Problem

Singular Value

Scal APACK (dense)

A=UzV
Decomposition A— USVH SLEPc (sparse)
Generalized Symmetric Eigenproblem Az = ABZ ScalLAPACK (dense)
Definite Eigenproblem ABZ = )z SLEPc (sparse)
BAz = )z (CD 540

4 Science
v

U.S. DEPARTMENT OF ENERG




Functionalitg In The ACTS Collection

COLLECTION

Cornputational
Methodolo Algorithm Librar

Problem & 8 J
Non-Linear E‘quations Line Search PETSc

Trust Regions PETSc

N d ,
ewton Base Pseudo-Transient PETSc
Continuation
Matrix Free PETSc

Office of

r’
% 4 Science

U.S. DEPARTMENTY OF ENERGY
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Functlonalltg In The ACTS Collection ACZS

Computational , ’
Pll?oblem Methodologg Algor:thm Lnbrary
Non-Linear Newton OPT++
OPtimization O
Finite-Ditterence OPT++
Newton TAO
Newton Based Quasi-Newton OPT++
TAO
Non-linear Interior OPT++
Point TAO
Standard Non-linear | OPT++
G TAO
Limited Memory OPT++
G BFGS
Gradient Prcﬁections TAO
' ++
Direct Search No derivate OFT .

information

r
=y ~d Science
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Functionalitg In The ACTS Collection

COLLECTION

Cornputational
Problem

Methoclologg

Non-Linear

OPtimization (cont..)

Semismoothing

Algorithm Librarg
Feasible Semismooth TAO
Unfeasible TAO

semismooth

Orclinarg Diftferential

Equations

Adam-Moulton

CVODE (SUNDIALS)

Integration (Variable coefficient CVODES
forms)

Backward Differential | Direct and lterative CvODE

Formula Solvers CVODES

Nonlinear Algebraic

Equations

Inexact Newton

Line Search

KINSOL (SUNDIALS)

Ditferential Algcbraic

Equations

Backward Differential

l:ormula

Direct and lterative

Solvers

IDA (SUNDIALS)

| 7 Office of
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Functlonalltg In The ACTS Collection Acis

Computational S - Techni Lib
uppo echniques ibrar
Problem PP q Y
Writing Parallel Shared~l\/lemor3 Global Arrays
Programs Distributed Memory CUMULVS (viz)
Globus (Grid)
Grid Generation OVERTURE
CHOMBO (AMR)
Distributed Arrags Structured Meshes ngre
OVERTURE
PETSc
Semi-Structured CHOMBO (AMR)
Meshes HgPre
OVERTURE
—~ . WZZS" Office of
Science

U.S. DEPARTMENT OF ENERGY




Functionalitg In The ACTS Collection

COLLECTION

Cornputational
Support Technique Librar
Problem PP 9 J
Proﬁling oorith Automatic PETSc
Agorlt mic instrumentation
Performance
User Instrumentation | PETSc
Automatic TAU
Execution Instrumentation
Performance User Instrumentation | TAU
Code OPtimization ) ) Linear Algebra ATLAS
lerarg Installation )
Tunmg
Interoperabilit Language BADBEL
P J Code Generation
ComPonents CCA
/\'\\ PP == Office of

4 Science
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How Does One Use ACTS Tools? m/i

CALL BLACS GET( -1, 0, ICTXT )
CALL BLACS_ GRIDINIT( ICTXT, 'Row-major', NPROW, NPCOL )

. CALL BLACS_GRIDINFO( ICTXT, NPROW, NPCOL, MYROW, MYCOL ) La n g u ag e C a I I S

CALL PDGESV( N, NRHS, A, IA, JA, DESCA, IPIV, B, IB, JB, DESCB,
$ INFO )

e -ksp_type [cg,gmres,bcgs,tfqmr,...]
_ e -pc_type [lu,ilu,jacobi,sor,asm,...]
Command lines More advanced:
e -ksp_max_it <max_iters>
e -ksp_gmres_restart <restart>
e -pc_asm_overlap <overlap>
- -pc_asm_type <..>

Linear System Interfaces

= W |

AL & e

>
*
*

be2d
o
—

Linear Solvers Problem Domain
=1 | | o1
Data Layout I I I /_\\I . r' Office of
Lsimctued | | composite | | tiockstre | | unsinue CSR /4 Science

U.S. DEPARTMENT OF ENERGY




/\
Tool to Tool lntcroPerabi Iity ZTS

One Side lntcroperabilitg
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High~|eve| User Interfaces to the ACTS Collection

matlabMPI IStar-P @ View_ﬁeld(T]) Az =
T
NetSolve A=U2V

\
e ) e [ rerse
satarack Jswetv J 10

ASTEN| ooy ¢ .@.’ Office of
COLLECTION U.S. DEPARTMENT OF ENERGY




A Closer Look Into the ACTS Collection ACT/\i

PyACTS

e

Ax=0D>b

111
- A=UzV'

Dr. O. Marques ~ | 7
. 3 | -@- Science

Az = Az
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A Quick Introduction to Scal APACK

/
ACTS:

Team of Dcvclol:)crs:
ScalLAPACK Users’ Guide SRR et

L. S. Blackford - J. Choi - A. Cleary - E. D'Azevedo « Jaeyoung Choi, SOOﬂgSII University
J. Demmel - I. Dhillon = J. Dongarra = S. Hammarling scAm 9 Cleary) 1L 1LNL

G. Henry = A. Petitet « K. Stanley « D. Walker = R. C. Whaley t Ed D'AZCVCClO, ORNL

e« JimDemmel, UCBH

. ln&eljit Dhillon, UT Austin

e Jack Dongarra, UTK

* Ray l:e”ers, LLNL

« Sven Hammarling, NAG

= Grep Henrg, lnt§

» Sherry Li, LBNL

o Osni Marques, LBNL

« Caroline Papadopoulos, ucsb
¢ Antoine Petitet, UTK

« Ken Stanleg, uch

« Francoise Tisseur, Manchester
o David Walker, Cardiff

o« Clint Whaleg, UuTK -
- Julien Langou, UTK B ; /7 » osfg'gﬁcoef

s T U.S. DEPARTMENT OF ENERGY




A Quick In

‘roduction to Scal APACK Aci{

OUTLINE :

. Scal APACK: software structure
—Basic Linear Algebra SubPrograms (BLAS)
—Linear A|gcl:)ra PACKage (LAPACK)
—Basic Linear Algcbra Communication SubPrograms (BLACS)
—Parallel BLAS (PBLAS)
. Scal APACK: details
—Data layout
—Array J(iscriptors
~Error hanc"ing
—Performance

. ExamPics

@ Office of
{ 4 Science
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Scal APACK’s Software Structure ACT/\Z

Version 1.7 released in August 2001;
new developments under way.

Global f ___________________

N 7 Office of
A ~4 Science

U.S. DEPARTMENT OF ENERGY




BLAS: Basic Linear Algebra Subroutines ACT/Z

2.2 GHz AMD Opteron

BLAS LEVELS: 2
« Level I BLAS: vector-vector ~ *
BLAS 1
| =1l
= ~ BLAS3

1000.0

Mflop/s
00

e Level 2 BLAS: matrix-vector /M’\/\/\/\/\

=L}

100.0

o o \ o ) o o
LS S S S

o Level 3 BLAS: matrix-matrix Design Considerations:

1 e Portabilitg

— * e Performance: develo nt of blocked
T alégorit ms 1s importaﬁm) !

Ir PCI’ ormance.

. @ Office of
-4 Science
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L APACK: A Dense Linear Algebra Package ACT/Z

* Linear Algebra librarg written in Fortran 77 (Fortran 90) e
« Combine algorithms from LINPACK and EISPACK into L
a single Package. N i
« Efficient on a wide range of computers (RISC, Vector, SMPs). mj;iu;j%
» Built atop level1, 2, and 3 BLAS Basic Problems: netll!:)org

ifearsnstemet = )

— Least squares: min”Ax — b”2

- Singular value clecomposition: A=U=V"

— Eigenvalues and eigenvectors: Az= Az, Az = ABz

« LAPACK does not Provicle routines for structured Problems or
general sparse matrices (l.e. sparse storage {:ormats such as

r@' Office of
| 4 Science

U.S. DEPARTMENT OF ENERGY

comPressed~row, ~co|umn, ~cliagonal) skgline i




/
BLACS: %)
R Z
COLLECTION

ebra Communication Subroutines

Basic Linear Al

° Resl:)onse to Message Passing based distributed

communications

« Associate wiclelg recognized mnemonic names with
communication oPerations. This imPrOVCS:

— program reaclabili’cg
— sel1c~documenting qualitg of the code.
 Promote egiciencg 139 identijrying Frcquentlg

occurring oPcrations of linear algebra which can be
oPtimizecl on various coml:)uters.

= r@' Office of
~~4 Science
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Basic ConcePts of The BLACS Interface Acfi

Promote egiciencg bg ic]enthcging common operations of linear algebra
that can be optimized on various computers.

Processes are embedded in a two-dimensional grid.
0 1 2 3

o0 1 2 3

Example: a x4 grld 1 4 5 6 7

2 | 8 9 (|10 || 11

An oPeration which involves more than one sender and one receiver is

calleda scoped cperation. T

[Row  |All processes in a process row participate.
Column | All processes in a process column participate.

m All processes in the process grid participate.

N - Office of
~~4d Science

U.S. DEPARTMENT OF ENERGY




BLACS Communication Routines @

(COLLECTION

Send/Receive:

 xxSD2D (ICTXT, [UPLO,DIAG] ,M,N,A,LDA,RDEST ,CDEST)
~ xxRV2D (ICTXT, [UPLO,DIAG] ,M,N,A,LDA,RSRC,CSRC)

_ (Data type) xx (Matrix type)

I: Integer, GE: General rectangular matrix
S: Real, TR: Trapezoidal matrix

D: Double Precision,
C: Complex,
Z: Double Complex.

Broadcast:

 xxBS2D (ICTXT,SCOPE, TOP, [UPLO,DIAG] ,M,N,A,LDA)
_ xxBR2D (ICTXT,SCOPE, TOP, [UPLO,DIAG] ,M,N,A,LDA,RSRC, CSRC)

‘Row’ ‘¢ ‘“(default)

‘Column’ |‘Increasing Ring’
‘All’ ‘1-tree’ ...

S . P Office of
—4 Science

U.S. DEPARTMENT OF ENERGY




BLACS Context Ac/g

BLACS context < MP] communicator

The BLACS context is the BLACS mechanism for Partitioning

communication space.

e A message in a context cannot be sent or received in another context.

The context a"ows the user to

— create arbitrarg groups of processes
— create multiple overlaPPing ancl/ or clisjoint gricls

— isolate each process gricl so that gricls do not interfere with each
other

o N r@' Office of
~~4 Science

U.S. DEPARTMENT OF ENERGY




An E.xample Code Using BLACS ‘g

(out) uniquely identifies each process

* Get system information / (out) number of processes available

.CALL e NPROan) )integer handle indicating the context

: (in) use (default) system context
* Get default system A/te:(/t/ (out) BLACS context

CALL BLACS GET( 0, 0, ICTXT )

(output)
process row and

* Define 1 x (NPROCS/2+1l) process grid column coordinate

NPROW = 1

NPCOL = NPROCS / 2 + 1

CALL BLACS_GRIDINIT( ICTXT, ‘Row’, NPROW, NPC )

CALL BLACS GRIDINFO( ICTXT, NPROW, NPCOL, MYROW, MYCOL )
* If I'm not in the grid, go to end of program

IF( MYROW.NE.-1 ) THEN
IF( MYROW.EQ.0 .AND. MYCOL.EQ.O ) THEN k///
CALL DGESD2D( ICTXT, 5, 1, X, 5, 1, 0 )
ELSE IF( MYROW.EQ.1 .AND. MYCOL.EQ.0 ) THEN
CALL DGERV2D( ICTXT, 5, 1, Y, 5, 0, 0 )

END IF '\

CALL BLACS_ GRIDEXIT( ICTXT ) «—— leave context
END IF

send X to process (1,0)

receive X from process (0,0)

CALL BLACS EXIT( O ) «— exitfromthe BLACS
- PZ= Office of
END reeed) § .@A Science

EEEEEEEEEEE
U.S. DEPARTMENT OF ENERGY




PBLAS: Parallel BLAS Ac/z

o Similar to the BLAS in Portabilitg, {:unctionalitg and naming,
. Built atop the BLAS and BLACS

e Provide global view of matrix

CALL DGEXXX( M, N, A( IA, JA ), LDA, ... )}BLAS
CALL PDGEXXX( M, N, A, IA, JA, DESCA, ... ) }PBLAS
JIA N Array (%escriptor (to
l be reviewed later)
N

IA—T—>
" M| A(A:IA+M-1,JA:JA+N-1)

o N r@' Office of
~~4 Science
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Scal APACK Design Goals

/
ACTSi
COLLECTION

. Eﬂ:iciencg

-O|:>timized coml:)utation and communication engines
-Bloc‘epartitioned algorithms (Level 3 BLAS) for good node PerFormance
. Reliabilitg
—Whenever Possible, use LAPACK algorithms and error bounds.
. 5ca|abi|it9
—As the Problem size and number of processors grow
-Replace LAPACK algorithm that did not scale (new ones into LAPACK)
. Porl:abilitg
—Isolate machine depenczlencies to BLAS and the BLACS
. Flexibilitg
~Modularity: build rich set of linear algebra tools (BLAS, BLACS, PBLAS)
- Ease-of-Use
-Ca”ing interface similar to LAPACK

= ’.@' Office of
~~4 Science
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Scal APACK: Data Lagouts

e 1D block and column distributions

e 1D Hoc‘o-cgcle column and 2D bloc‘ocgclic distribution

/
ACTSi
COLLECTION

istribution used in Scal APACK for dense matrices

<7D block~cgc|ic ¢

w2 | S | 2 a2
3| ws| £ k| 0] k| o3| e
Rl 2] Bl O k| S R S
G| =] G| =k QO] =] O ==
B 2] R D R 2] R D
| =2 oa| = o] == 3| =
e @ | 2 on s | e
| | O k| C3] ew]| | -

J<>

Office of
Science
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How does 2D Block Cgclic Distribution Work AC/Z

5x5 matrix partitioned in 2x2 blocks 2x2 process grid point of view

[ : :

( dn de i ds du i di i din  duw diz  du
d21 d2 dz d2s A2s a2 @ ax 1 A

Bl oo ool e el e

dsr  dw» dss A dss |:> dst  ds2  dss| | dss  ds

dsn  dwe dis  du dss d3 d ds| [dm  du

\351 ds2 ds3 ds4 dss ] ds1 ds dss ds3 Aus




An Example of 2D Block Cuclic Distribution =
P Y

1.1 1.2 1.3 14 1.57 : LDA is the leading
Eagist 29 23 24 25 dimension of the local
arra
31 _35 33 34 35| CALL BLACS GRIDINFO( ICTXT, NPROW, NPCOL, MYROW, MYCOL ) y
R e T S . 1R ( MYROW.EQ.0 .AND. MYCOL.EQ.O0 ) THEN
e A(1) = 1.1; A(2) = -2.1; A(3) = -5.1;
: - A(1+4LDA) = 1.2; A(2+LDA) = 2.2; A(3+LDA) = -5.2;
i A(142*LDA) = 1.5; A(2+3*LDA) = 2.5; A(3+4*LDA) = -5.5;
ELSE IF ( MYROW.EQ.0 .AND. MYCOL.EQ.1 ) THEN
A(l) = 1.3; A(2) = 2.3; A(3) = -5.3; 4
A(1+4LDA) = 1.4; A(2+LDA) = 2.4; A(3+LDA) = -5.4;
ELSE IF ( MYROW.EQ.1 .AND. MYCOL.EQ.0 ) THEN
A(l) = -3.1; A(2) = -4.1; AT
0 1 A(1+LDA) = -3.2; A(2+LDA) = -4.2; E
A(142*LDA) = 3.5; A(2+3*LDA) = 4.5; =
dn  ae dis d4  ELSE IF ( MYROW.EQ.1 .AND. MYCOL.EQ.1 ) THEN
A(l) = 3.3; A(2) = -4.3;
0 a1 a0 dx] QA N A(1+4LDA) = 3.4; A(2+LDA) = 4.4; |

ds1 as2 dss ass as4

. . . . . CALL PDGESVD( JOBU, JOBVT, M, N, A, IA, JA, DESCA, S, U, IU,
1 . ; » 333 34 JU, DESCU, VT, IVT, JVT, DESCVT, WORK, LWORK,
INFO )
As ds dss as i

= ’.@ Office of
~~4 Science
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Whg the headache of 2D block Cgclic Distribution?z

Ensures goocl load balance — Pemcormance and scalabilitg
(analgsis of many algorithms tojusti{zg this lagout).

. Encoml:)asses a Iarge number of data distribution schemes (but

not all) .

«  Needs redistribution routines to go from one distribution to the
other.

e See http:/ '/acts.nersc. gov/sca/apack/ hands-on/datadist.html

o T r'@' Office of
~~4 Science
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[¥¥ ScalLaPACK Block Cyclic Data Distribution - Mozilla

Ele Edit Wew Go Gookmarks Tools  Window  Help

& I& file: /11 ,I’Documents°.-’o20and°.foZDSett|ngs;’oamcJ Searchl
Prink

- z - E
Back Forward Reload Skop

|»

Block Cyelic Data Distribution

The block cyclic data distribution used by ScalAPACHK 15 justified by the analysis of many algorithms mtended
for linear algebra calculations and by the goal of achieving good load balancing. See The Design of Linear
Algebra Libraries for High Pedformance Computers, by I Dongarra and D, Walkeer, and Parallel Mumerical
Limear Agebra, by I Demmel, M Heath, and H. van der Vorst).

ze the the form below to specity the dimensions of a matrse, the deswed blocking, and the process gnd
configuration. Then click on "distrbute data": a new window will pop up with the corresponding block cyclic
distribution. The acceptable values are indicated between parentheses; the defaults correspond to those of the
matrz A wsed m Exercise 4 in the hands-on.

MNote that although the PELAS allow for non-square blocking factors, most Scal APACE routines do not,
because of alignment constraints (which vary from routine to routine).

9 (=0, <101)
3 (=0, <101)

number of rows
matrix dimensions
number of columns

z (=0)
2 (=0)

rows per block
matrix blocking

columns per block

rows |2— =0)
columns 3 (=0

distribute data

process grid
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Block Cyclic Data Distribution

The table lists the data on each process. 4 = global array, B = local array, array indices start at 1

Process

et | VAR

0 B[1,1J=4[1,1 =4[1,2] B{2,1]=4[2,1] B{2,2]=A[2,2] B[1,3]=A[1,7) B[1,4]=4[1,8) B[2,3]=A[2,7) B[2.4]=4[2.8]

@ B[3,1=4[5.1] B[3,2)=4[5,2) B[4,1]=4[6,1] B[4,2]=A[6,2] B[3,3]=A[5.7) B[3 4|=A5.8] B[4,3]=A[6,7) B[4,4]=A[6,5]
’ B[S, 1J=4[%,1 =4[%,2] B{5.3]=A[9,7] B[5.4]=A[9.8]

1 B[1,1]=4[1,3] B1,2]=A[1,4] B[2,1]=A[2,3] B[2,2]=A[2,4] B[1,3}=A[1,0) B[2 3]=A[2.9] B[3,1}=A[5,3] B[3,2}=A[54]

o B[4,1]=A[6,3] B[4,2)=A[6 4] B[3,3]=4[5.9] B[4,31=A[6,9] B[5,1]=A[0,3] B[5,2]=A[9,4] B[5,3]=A[5,9]

2 B[1,1]=4[1,5] B[1,2]=A[1,6] B[2,1]=A[2,5] B[2,2]=A[2,6] B3, 11=A[5,5] B3 21=A[5,6] B[4,11=A[6,5] B[4 21=A[6,6]

0.2 B[S, 1]=4[3,5] B[5,2]=A[9,6]

3 B[1,11=403,1] B[1,21=A[3 2] B2, 1]=A[4,1] B[2,21=A[4,2] B[1,3-A[3,7) B[1 4]=A[3,8] B[2,31-A[4,7] B[2 4]=A[4,8]

1,0 B[3,11=A17,1] B[3,21=A[7 2] B[4,11=A[8,1] B[4,2]=A[8,2] B3, 3}=A[7,7) B[3 4]=A[7,8] B[4, 31-A[8,7] B[4 4]=A[8,8]

4 B[1,1]=413,3] B[1,2]=A[3,4] B[2,1]=A[4,3] B[2,2]=A[4.4] B[1,3}=A[3,0] B[2,3]=A[4,9] B[3,1]=A[7,3] B[3,2]=A[74]

an B[4,1]=A[2,3] B[4,2]=A[2 4] B[3,3]=A[7 8] B[4,3]=A[2.,9]

?[ 7 B[1,11=413,5] B[1,2]=A[3 6] B[2,1]=A[4,5] B[2,21=A[4,6] B3 11=A[7,5] B3 21=A[7,6] B4, 11=A[8,5] B[4 2]=A[8,6]

The color scheme shows the distribution of the global array on the computational grid. For the sake of resolution, colors are only displayed for less
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Scal APACK: Array Descriptors ‘g

e Each global data object IS assigneel an array c/escn}otor.
e The array c/escnptor:

— Contains information requirecl to establish maPPing between a global
array entsy and its corresponcling process and memory location (uses
concept of BLACS context).

— Is differentiated bg the DTYPE_ (first entrg) in the clescriptor.

— Provides a flexible framework to easilg speci@ additional data
distributions or matrix tgpes.

e User must distribute all global arrays Prior to the invocation of a
ScalL APACK routine, for example:

— Each process generates its own submatrix.

— One processor reads the matrix grom a file and sencl Pieces to other
processors (mag require message~l:>assing for this).

= ’.@ Office of
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V4 ’ /
Arrag DescrIPtor For Dense Matrices ACZS

DESC ) Symbolic Name Scope Definition

1 DTYPE_A (global) Descriptor type DTYPE_A=1 for dense matrices.

2 CTXT_A (global) BLACS context handle.

3 M_A (global) Number of rows in global array A.

4 N_A (global) Number of columns in global array A.

5 MB_A (global) Blocking factor used to distribute the rows of array A.

6 NB_A (global) Blocking factor used to distribute the columns of array A.

7 RSRC_A (global) Process row over which the first row of the array A is
distributed.

8 CSRC_A (global) Process column over which the first column of the array A
is distributed.

9 LLD_A (local) Leading dimension of the local array.

= ’.@ Office of
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. . e )
Array DescrIPtor for Narrow Band Matrices p %)

DESC_() Symbolic Name Scope Definition

1 DTYPE_A (global) Descriptor type DTYPE_A=501 for 1 x Pc process grid for
band and tridiagonal matrices block-column distributed.

2 CTXT_A (global) BLACS context handle.

3 N_A (global) Number of columns in global array A.

4 NB_A (global) Blocking factor used to distribute the columns of array A.

5 CSRC_A (global) Process column over which the first column of the array A
is distributed.

6 LLD_A (local) Leading dimension of the local array. For the tridiagonal
subroutines, this entry is ignored.

7 - - Unused, reserved.

= ’.@ Office of
~~4 Science

U.S. DEPARTMENT OF ENERGY




Array Dcscriptor or
R{ght Hand Sides for Narrow Band Linear Solvers

/
ACTSi
COLLECTION

DESC ()
1

AR, owODN

Symbolic Name

DTYPE_B

CTXT_B
M_B
MB_B
RSRC_B

LLD B

Scope

(global)

(global)
(global)
(global)
(global)

(local)

Definition

Descriptor type DTYPE_B=502 for Pr x 1 process grid for
block-row distributed matrices

BLACS context handle

Number of rows in global array B

Blocking factor used to distribute the rows of array B
Process row over which the first row of the array B is
distributed

Leading dimension of the local array. For the tridiagonal
subroutines, this entry is ignored

Unused, reserved
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Scal APACK l:unctionalitg

/
ACTSj
COLLECTION

Driver type | , Conditioning lterative
Ax - b Simple ExPert Factor |Solve |Inversion cstimator | Refinement
Triangular X X X X X
SPD N X X X X X X
SPD Banded X X X
SPD Triciiagonal X X 5
General X X X X X X X
General Banded X X X
General Tridiagonal X X 3
Least Squares X X X
GQR X
GRQ X
Ax - Ax or Ax - ABx Simple ExPert Reduce | Solve
Symmetric % X X X
General X X X 5
Generalized BSPD % X X
SVD X X
| 7 Office of
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Scal APACK. Error Hanc"ing Acfi

Driver and computational routines Per‘form g/oba/ and local
inPut error-checking.

— Global checking — sgnchronization
— Local checking% validitg

No inl:)ut error~c|nec‘<ing IS Peﬁcormecl on the auxi!iar9

routines.

If an error is detected in a PBLAS or BLACS routine
Program execution stops.




Scal APACK: Debugging Hini

L ook at Scal APACK. example programs.

Alwags check the value of INFO on exit from a
Scal APACK routine.

Query for size of worksl:)acc, . WORK = ~1.

Link to the Debug Level 1 BLACS (sPechciecl 139
BLACSDBRGLVL =1 in Bmake.inc).

Consult errata Files on net/:f):

http:/ " Www., nct/iborg/sca/apack/ crrata.sca/apack
http: /Swww.netlib. org/ blacs/errata.blacs

= ’.@ Office of
~~4 Science

U.S. DEPARTMENT OF ENERGY




Scal APACK Performance ‘g

«  The algorithms implemented in Scal APACK are scalable in the sense that the
Para”el egiciencg Is an increasing function of NZ/P (Problem size per node).

. Maintaining memory use per node constant allows egiciencg to be maintained (in
Practice, a slig]*it degradation IS accePtable).

e Use efficient machine~speciicic BLAS (not the Fortran 77 source code available in
http://www.net/fb.gov} and BLACS (nondebug installation).

e Ona distributeci~memor9 comPuter:
— Use ti'ie right number oi processors

« Rule of thumb: P=MxN/10¢ for an MxN matrix, which Provides alocal
matrix of size aPProximatelg IOOO~133~]OOO.

« Donot try to solve a small Probiem on too many processors.
« Do not exceed the Phgsical memory.

— Use an efficient data distribution.
. Block size (.e., MBNB) = 64

° Square processor gnd: Prow = Pcolumn. s @ Office of

Science
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Scal APACK Performance:

Varging Proc Grid Size ¢ Sumefion

Execution time of PDGESV for various grid shape

= 90-100

H 80-90
o 70-80

B 60-70
o 50-60

B 40-50
o0 30-40

seconds

0 20-30
= 10-20

80-10

10000 9000 8000 7000 6000 5000 4000 3000 2000 1000

problem size

Times obtained on:
60 processors, Dual AMD OPtcron 1.4GHz Cluster with Mgrinet Interconnect, 2GbB Memorg
(2ot
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Scal APACK Performance: Ac-Ts/i

ComPutation vs. Communication

Optimal grid (6x10) for PDGESV

Comparison between Computation and
Redistribution of Data from Linear Grid

100 |
10-

seconds 11

[0 Calculation Time

0.171 B Redistribution
0.01 - Time
1000 4000 7000 1000

problem size

Times obtained on:
60 processors, Dual AMD Opteron 1.4GHz Cluster w/ Mgrine‘c Interconnect 2Gb Memory
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, -
Commercial use of Scal APACK mis

Scal APACK has been incorPoratecl in the Fo”owing commercial
Packages:

- I:ujitsu

— Hewlett-Packard
— Hitachi

— IBM Parallel ESSL

— NAG Numerical Librar9

et rarE Bt

— NEC Scientific Software Libraxy
— Sun Scientific Software Librar9
— Visual Numerics (IMSL)




Portability Status

SUMMARY

Ported
to almost all
platforms

Has automatic tools and
documentation to assist users
with its installation

Has been ported to some emerging
platforms with varying levels of
effort and developers support

Has no major platform restrictions and
does not depend on unsupported libraries

Has been ported to more than one platform

14 15

4 10 11
Number of ACTS Tools

/
ACTSi
COLLECTION

Software Sustainabilitg

Support from Developers

chuirement

On-line and
interactive
documentation

Has general tool documentation

Well documented test,
examples and tutorials

Has up-to-date documented
interfaces for all tool versions

4 9 11 15

Number of ACTS Tools
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SUMMARY

— min[time_to_first_solution] (prototype) PYACTS

L min[time_to_solution] (Production)

e Outlive Complexitg N
= lncreasinglg sol:)histicatecl models
i i !ing + (Software Evolution)
— lntercliscipfi)narg |

e Sustained Performance |
1 lncreasinglg complex algorithms ' (L0ﬂg~’t€rm deliverables)
s lncreasinglg diverse architectures :

>min [softwarc~dcvc/opment~cost]

max [softwarc_/ifc] and max[rcsourcc_utlfizat/bn]
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* PETSc and SLEPc tutorials this week
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