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S u p p o r t  T o o l s  a n d  E n v i r o n m e n t s  

Programming tools are a controversial topic: on the one hand, everyone agrees 
that good tools are needed for productive software development, and a plethora 
of tools was built in past; on the other hand, many of the tools developed are 
not used (may be not even by their developers) and it is not easy for companies 
offering tools for high-performance computing to survive. In order to improve the 
situation, both scientific activities such as workshops and conferences discussing 
technical challenges, as well as organizational activities such as consortia and 
software tool repositories are needed. 

The one-day workshop Support Tools and Environments consists of a special 
session on PSPTA projects (see the separate introduction by Chris Wadsworth) 
and five additional papers concentrating on Performance-oriented Tools and De- 
bugging and Monitoring. 

Peter Kacsuk (KFKI, Hungary), Vaidy $underam (Emory University, USA), 
and Chris Wadsworth (Rutherford Appleton Lab, UK) have been co-organizers 
of this workshop. I would like to thank them and the reviewers for all help and 
work, which only made this event possible. 

I n t r o d u c t i o n  t o  P S T P A  S e s s i o n  

Background  and  Aims 

Despite the forecast demand for the high performance computing power of par- 
allel machines, the fact remains that programming such machines is still an 
intellectually demanding task. While there have been some significant recent 
advances (e.g. the evolution and widespread adoption of the PVM and MPI 
message passing standards, and the development of High Performance Fortran), 
there remains an urgent need for a greater understanding of the fundamentals, 
methods, and methodology of parallel software development to support a broad 
application base and to engender the next generation of parallel software tools. 

The PSTPA programme seeks in particular: 

- to capitalise on UK strengths in research into the foundations of generic soft- 
ware tools, languages, application generators, and program transformation 
techniques for parallel computing, 
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- to widen the application programmer base and to improve productivity by 
an order of magnitude, 

- to maximise the exploitation potential  of tools developed in the programme, 
- to maximise architectural independence of the tools and to maximise the 

leverage of open systems standards, 
- to focus on easy-to-use tools which can provide particular benefit to the 

engineering, industrial, and information processing user sectors, and 
- to prove the effectiveness of the tools and the value of the standards to 

potential users with appropriate demonstrations.  

A long term goal is to hide the details of parallelism from the user, and this 
programme also aims to address this. In the short term, however, it remains nec- 
essary to provide tools which facilitate the exploitation of parallelism explicitly 
at an appropriate level for the community of application programmers.  These 
tools will help in the expression, modelling, measurement,  and management  of 
parallel software, as much as possible in a portable fashion. 

The scope of the programme thus covers the spectrum from incremental ad- 
vances in the present generation of tools to research that  will engender the next 
generation of tools. In the medium term (five years) it is envisaged that  tools will 
become increasingly 'generative', e.g. application generators, and 'performance- 
oriented' at least for particular application domains, e.g. for databases, embed- 
ded systems, or signal and image processing. The effectiveness of the tools in 
practice is a key objective. 

15 projects (listed below) have been supported by the programme, including 
both projects to aid the porting of existing software and ones that  are researching 
methods and tools to reduce the effort in developing new applications software. 
Each project is academically led with one or more (up to 7 in one case) industrial 
or commercial partners (not listed). At the t ime of writing (May 1998) 9 of the 
projects have finished, with the remaining 6 finishing over the next 12 months. 

P a p e r s  

The six papers in this PSTPA Special Session are from different projects and 
have been refereed and accepted as regular submissions for EuroPar '98. It is 
pleasing to note that  two of these - -  by Hill et al (Oxford) and by Delaitre et 
al (Westminster) - -  have been chosen as Distinguished Papers for EuroPar '98.  

The first paper "Process Migration and Fault Tolerance of BSPlib Programs 
Running on a Network of Workstations" by Hill, Donaldson and Lanfear builds 
on the achievements of the BSP (Bulk Sychronous Parallelism) model over re- 
cent years. The PSTPA project has been developing a programming and run-time 
environment for BSP to extend the parctical methodology. Hill et al describe a 
checkpointing technique that  enables a parallel BSP job to adapt itself continu- 
ally to run on the least loaded machines in the network and present experimen- 
tal results for a network of workstations. Distributed techniques for determining 
global load are also addressed. It is seen that  the 'superstep' structure of BSP 
provides natural  times when communication is quiescent for taking checkpoints. 
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The authors conclude that fault tolerance and process migration are achievable 
in a transparent way for BSP programs. 

The next paper "A Parallel-System Design Toolset for Vision and Image 
Processing" by Fleury, Sarvan, Downton and Clarke is targetted at real-time, 
data-dominated systems such as those typically found in embedded systems, in 
vision, and in signal and image processing. Many systems in these areas are 
naturally built as software pipelines each stage of which can contain internal 
parallelism. The authors identify a generic form of pipelines of processor farms 
(PPF) as of wide interest. The paper summarises the PPF methodology and goes 
on to describe the development of a toolset for the construction, analysis, and 
tuning of pipeline farms. Performance prediction for the tuning phase is by sim- 
ulation, using a simulation visualizer, augmented by analytic prediction for some 
known standard distributions. It is seen that a key benefit is that pipeline farms 
may be crafted quantitatively for desired performance characteristics (minimum 
latency, maximum throughput, minimum cost etc). 

Image processing is also the target domain for "Achieving Portability and 
Efficiency through Automatic Optimisation: an Investigation in Parallel Image 
Processing" by Crookes et al. They present the EPIC model, a set of portable 
programming abstractions for image processing, and outline an automatically 
optimising implementation. This uses a coprocessor structure and an optimiser 
which extends the coprocessor's instruction set for compositions of built-in in- 
structions as they are used on a program by program basis. The technique re- 
moves most forms of inefficiency that otherwise arise from a straightforward 
abstract-machine based implementation. The paper concludes that the EPIC 
model is a portable software platform for its domain and the implementation 
demonstrates portability without loss of effieciency for this domain. 

The design and construction of a performance-oriented environment is ad- 
dressed in "EDPEPPS: A Toolset for the Design and Performance Evaluation 
of Parallel Applications" by Delaitre et al. Their environment is designed for 
a rapid prototyping approach based on a design-simulate-analyse cycle, includ- 
ing graphical tools for design, simulation, and performance visualisation and 
prediction. The simulator has been developed and refined over several projects, 
with results in the paper showing good comparisons against measured execution 
times. The present toolset is built around PVM, however the modular strucure 
of the simulation model makes it reconfigurable. 

Databases are an area in which parallel processing is already being exploited 
but remains in need of performance-oriented tools for accurate modelling and 
prediction. In "Verifying a Performance Estimator for Parallel DBMSs" Demp- 
ster et al address issues in predicting the performance characteristics of parallel 
database systems, in verifying the results by both simulation and process alge- 
bra. There is particular application to topics such as application sizing, capacity 
planning, and data placement. The paper describes a performance estimation 
tool STEADY designed to predict maximum transaction throughput, resource 
utilisation, and response times. Close accuracy is verified for predictions for 
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throughput  and resource utilisation. Predictions for response t imes are less ac- 
curate as yet, part icular as the t ransact ion workload increases. 

Finally, "Generating Parallel Applications of Spatial Interaction Models" by 
Davy and Essah characterises application generators as a high-level approach to 
generating programs,  typically here by specifying input model and parameters ,  
usually for a part icular  application domain.  Davy and Essah point to a wide 
range of applications of Spatial Interact ion Models (SIM) in the social sciences 
and describe opportunit ies for parallelism in the model evaluation and in the 
application. Practical  experience is presented building an application generator 
for SIM applications, with results presented showing that  the run-t ime overheads 
(compared to hand-coded versions) are less than  2% for a variety of model  types 
and number  of processors. Parallelism is encapsulated within the application 
generator, hiding the need for knowledge of it by the user who needs only to 
specify a SIM application by defining its parameters .  

L i s t  o f  P r o j e c t s  

The 15 projects with title, leader, and email  contact are as follows: 

A Portable Coprocessor Model for Parallel Image Processing 
Prof Danny Crookes, Queen's University Belfast; eraail: d.crookes@qub.ac.uk 

Portable Software Tools for the Parallelisation of Computational Mechanics Software 
Prof Mark Cross, University of Greenwich; email : m. cross@greenwich.ac.uk 

An Application Generator for Spatial Interaction Modelling on a Scalable Computing 
Platform 
Prof Peter Dew, University of Leeds; email : dew@scs, leeds ,  ac .uk 

Portable Software Components 
Dr Peter Dzwig, QMW College London; email : Heather.  Liddell@dcs.qmw. ac.uk 

Parallel Software Tools for Embedded Signal Processing Applications 
Prof Andy Downton, University of Essex; email  : A. C. Downton@essex. ac. uk 

A Distributed Application Generator in the Search/Optimisation Domain 
Dr Hugh Glaser, University of Southampton; email:  hg@ecs.soton.ac.uk 

Automatic Generation of Parallel Visualisation Modules 
Dr Terry Hewitt, University of Manchester; email  : w. t .hewittOmcc. ac .uk 

An Integrated Environment/or Modelling High-Performance Parallel Database Systems 
Prof Tony Hey, University of Southampton; email : C.J.  ScottQpac. soton,  ac.uk 

A BSP Programming Environment 
Prof Bill McColl, University of Oxford; email:  bob.mclatchie@comlab, ox. ac. uk 

Automatic Checking of Message-Passing Programs 
Dr Denis Nicole, University of Southampton; email  : D.A.Nicole@ecs. soton,  ac.uk 

The Inference of Data Mapping and Scheduling Strategies from Fortran 90 Programs 
on the Cray T3D 
Dr Alex Shafarenko, University of Surrey; email : A. $hafarenko@ee. sur rey ,  ac.uk 

A Framework for Distributed Application 
Prof Philip Treleaven, University College London; email:  P.Treleaven@ucl. ac.uk 
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occam for All 
Prof Peter Welch, University of Kent; emai l  : P.H. WelchOukc. ac. uk 

Application Sizing, Capacity Planning and Data Placement for Parallel Database Sys- 
tems 
Prof Howard Williams, Heriot-Watt University; eraai l :  howard{}cee.hu.ac.uk 

An Environment for the Design and Performance Evaluation of Portable Parallel Soft- 
w a r e  

Prof Steve Winter, University of Westminster; emai l  : win te rscOwes tmins te r ,  ac .uk 


