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Outline
• Requirements
• History

• What is CAPTools ?

• Features (main components,
input codes, design, dependencies)

• Parallelization (steps, session, start
CAPTools, compile/link/run)

• Examples (applications,
acceleration, benefits, info)
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Requirements
• DoD users need help in parallelizing codes

• Accessing/harnessing new scalable systems
• Tools to convert serial Fortran code to 

portable parallel source form:
- rapidly
- almost automatically
- accurately
- efficiently and scalably

• Using either OpenMP directives or MPI 
calls or any combination
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History
• Jan 98 - Government sponsored visit from 

Prof. Mark Cross, Director of Research at 
the Univ of Greenwich, London, UK

• Aug 98 - collaborative evaluation of
CAPTools defined and proposed

• Oct 98 - PET funding for tech support
approved
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History (cont.)
• Dec 98 - collaboration between UG and

NASA Ames incorporated into ASC
project through use of OpenMP directives

• Apr 99 - MPI/OpenMP beta release
provided to ASC

• Evaluation status - UGC 99

• 3 workshops by UG
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What is CAPTools?
A software environment to transform Fortran source 
code from scalar to parallel source form with message 
passing MPI or OpenMP directives in an interactive 

semi-automatic way

INPUT CAPTools OUTPUT

Fortran77 Transformation Fortran77
code to parallel code + MPI calls

OROR
+ OpenMP
Directives
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Features
•Main components

•Input codes

•Design

•Dependencies
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Main components
• State-of-the-art interprocedural

dependence analysis techniques
• In depth analysis using symbolic algebra

methods
• User supplied knowledge to assist

parallelization
• GUI interactive front end

• Automatic user directed array partitioning

• Automatic parallel source code generation
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Input codes
• Fortran 77 (Fortran 90/95 in

development) 
• Multiple program files

• Include statements

• Conditional compilation directives
should be preprocessed
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Design
CAPTools generated
parallel source code

CAPLib API

MPI PVM
Cray

SHMEM
Transtech
i860toolset
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Dependencies
• True

A(I) = ...A(I) = ...
... = A(I)... = A(I)

• Control
IF (A(I) .EQ. 5) THENIF (A(I) .EQ. 5) THEN

A(I) = A(I) + B(J)A(I) = A(I) + B(J)
• Anti

... = A(I)... = A(I)
A(I) = ...A(I) = ...

• Output
A(I) = ...A(I) = ...
A(I) = ...A(I) = ...
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Parallelization
•Steps

•Session

•Start CAPTools

•Compile/link

•Run
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Steps
•Load Fortran 77 code

•Volunteer knowledge to the
system

•Perform dependence analysis
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Steps (cont.)

•Partition the data

•Generate control masks

•Generate communication calls
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Steps (cont.)

•Generate parallel source code

•Compile/link/run the code

•Validate the results
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Session
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• Knowledge - combines knowledge
entered by the user and that built
up by the dependence analysis

• Disproofs - proves inequalities in
dependence tests false

• Interprocedural - performs full
interprocedural analysis
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• Exact - performs tests to set the
exact dependence attribute to
dependencies

• Scalar - performs symbolic
variable equality tests

• Logic - substitutes symbolic
variables through the dependence
graph
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Start CAPTools
• Login to SGI Origin 2000 at ASC

(hpc03.asc.hpc.mil)

• Type in:

capocapo (OpenMP)

captoolcaptool (MPI)
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Compile/link

Code with OpenMP on O2K:

•f77 f77 --mp file.fmp file.f

•f90 f90 --mp file.fmp file.f
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Compile/link (cont.)
Code with MPI on O2K:
•capf77 capf77 --m sgi_64 m sgi_64 --p mpi file.fp mpi file.f

Code with MPI on SP2:
•capf77 capf77 --m sp2 m sp2 --p mpi file.fp mpi file.f

Use “capf77 capf77 --helphelp” for more info
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Run
OpenMP, interactive, SGI O2K:

setenv MP_SET_NUMTHREADS 2setenv MP_SET_NUMTHREADS 2

a.outa.out
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Run (cont.)
MPI, interactive, O2K:
caprun caprun --m sgi_64 m sgi_64 --p mpi p mpi \\

--top pipe2 a.outtop pipe2 a.out

MPI, interactive, SP2:
caprun caprun --m sp2 m sp2 --p mpi p mpi \\

--top pipe2 a.outtop pipe2 a.out

Use “caprun caprun --helphelp” for details
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Examples
•Applications

•Accelerating code parallelization
with CAPTools

•Benefit to DoD

•More info
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Applications

•N-Body
•PFEM

•R-Jet
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N-Body
•Distributes points evenly on
the unit sphere

•3D n-body model

•Hand-written MPI

•CAPTools generated OpenMP
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PFEM
•Solves 2D highly nonlinear

BVP in CSM

•Domain decomposition (two-
colorings)

•Hand-coded directive-driven
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R-Jet
•Simulates vortex dynamics

and breakdown in
turbulent jets

•Hybrid, high-order,
compact finite difference
spectral method
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Accelerating code parallelization 
with CAPTools

Code
analysis

Parallel
strategy

Parallel
code

generation

Numerical
validation
debugging

Optimiz
ation

Hand 1 mth 1 mth 3 mths 6 mths 3 mths

CAP
Tools

2 days 2 days
< 1 hour
each time

1 week 1 week

Parallelization process reduced 
from ~1 year to less than 1 month
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Benefit to DoD
• Effective utilization of SMPs and DMPs

now and in any combination in future

• Minimize the time required to parallelize
codes

• Enable a range of parallelization strategies

• Produce scalable and efficient codes

• Provide more reliable simulation of 
complete warfighting systems
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http://www.asc.hpc.mil/
PET/PTES/CAPTools/

index.html

http://captools.gre.ac.uk

luczakr@asc.hpc.mil


