A Layered Approach to Parallel SoftwarePerformance Prediction : A Case StudyE. Papaefstathiou, D.J. Kerbyson, G.R. NuddDepartment of Computer Science, University of Warwick, Coventry CV4 7AL, U.K.Email: stathis@dcs.warwick.ac.ukABSTRACTAn approach to the characterisation of parallel systems using a structured layeredmethodology is described here. The aim of this is to produce accurate performancepredictions which maybe used to influence the choice of machines and investigateimplementation trade-offs. The methodology described enables the separate characterisationof both application, and parallel machine to be developed independently but integrated thoughan intermediary layer encompassing mapping and parallelisation techniques. The layeredapproach enables characterisations which are modular, re-usable, and can be evaluated usinganalytical techniques. The approach is based upon methods introduced in SoftwarePerformance Engineering (SPE) and structural model decomposition but due to its modularnature, takes less time for development. A case study in image synthesis is considered inwhich factors from both the application and parallel system are investigated, including theaccuracy of predictions, the parallelisation strategy, and scaling behaviour.1. INTRODUCTIONOne of the factors that has contributed to the limited acceptance of parallel systems fromthe mainstream community is the lack of efficient, user-friendly, methods and tools thatenables accurate performance predictions to be made. A novel layered approach is describedin this paper that provides performance predictions of parallel software before porting it[Nudd93, Papaefstathiou93]. This methodology is derived from the principles of structuralmodel decomposition [Patel92] and Software Performance Engineering (SPE) [Smith90],which have been widely applied to sequential systems [Smith82, Weishar87], but are hereapplied to parallel systems.A conventional modelling process starts by an examination of a computer system and theconstruction of a model of it. The measurement of the execution pattern, and thecharacterisation of the workload are required as input parameters to this model. A progressiverefinement of this model is made by the comparison of real and predicted measurements untilaccurate results are yielded. Thus, such an approach is inadequate for predicting theperformance of software which has not yet been ported since the workload cannot bemeasured.The modelling approach used within SPE enables workload parameters to be determinedwithout first implementing the software. SPE achieves this by complementing theconventional computer system model with a software execution model containing the keycharacteristics of the execution behaviour. The software execution model is constructed usingworkload scenarios, software design, execution environment, and resource usage information.It is evaluated by graph analysis algorithms to determine the workload parameters requiredfor the system model.

However, SPE has a number of disadvantages that are particularly apparent for theperformance prediction of parallel programs. These disadvantages include: a complicated andtime consuming development procedure for the system model; analytical methods usually cannot be used to evaluate the system model; the system model is software / hardware dependentand hence not re-usable.The novel layered approach described here overcomes these limitations by the use ofindependent layers for each of the application, the parallelisation technique, and the hardware.The layered technique originates from work in model decomposition [Jain89, Patel92] whosemain goal is to sub-divide the model into simpler models. The layered approach can beviewed as complimentary to SPE for the case of modelling parallel systems. Theindependence of the layers leads to:¥a minimisation of the time required to construct models¥wider applicability of analytical techniques for the models opposed to the modelswithin SPE studies¥re-usable models which allow the easy experimentation of the performance of anapplication running on different hardware and using different parallelisationtechniques.In this paper the layered approach is first described in terms of its constituent layersnamely the application layer, the sub-task layer, the parallelisation template layer and thehardware layer. An image synthesis application is used to illustrate the layered approach as acase study. The accuracy of the resulting characterisation is examined and it is shown howoptimum values of parallelisation parameters can be obtained when experimenting with theresulting analytical model.2. THE LAYERED APPROACHThe layered approach described here separates out the hardware and software systemsthrough the use of a parallelisation template, Figure 1. This modular approach leads to readilyre-usable models which can be interchanged in experimentation. For instance the performancepredictions across parallelisation techniques can be compared for a particular application on aparticular hardware. The layers used are listed below and are described in further detail in thefollowing sub-sections:¥an application layer, which models the application in terms of a sequence of sub-tasks using a software execution graph notation (from SPE). Each node of thegraph can be a sequential processing node, a user defined parallel sub-task, or aparallel processing generic (from a library).¥an application sub-task layer, which models the sequential part of every sub-taskwithin an application that can be executed in parallel. The result of the evaluationof these models is fed to the parallel template layer.¥a parallelisation template layer, that identifies the resource contention caused bythe characteristics of the algorithms.¥a hardware layer, which is responsible for characterising the communication,synchronisation, and contention of resources.2.1. The Application LayerThe purpose of the application layer is to characterise the application in terms of asequence of sub-tasks using a software execution graph. The graph notation includes controlstatements, hierarchical components, state identification nodes (lock-free, send-receive), andsplit nodes (concurrent processes), Figure 2. This provides a characterisation of the workloadwithout the need of implementation and measurement. However, the accuracy of the resulting

Application LayerSub-Task LayerParallelisation TemplatesHardware LayerApplication Domain

Figure 1 - The Layered ApproachElementaryProcessingNodesLoopCaseControlFlowLock-FreeFork-Join

StateIdentificationSend-ReceiveAcquire-ReleaseExpandedFigure 2 - Software Execution Graph Notationpredictions are dependent upon the techniques used to describe the software within theelements of the software execution graph.The nodes of the software execution graph in the application layer consist of a number ofelementary processing types, that are classified in the following categories:¥˚Sequential Processing Nodes: Tasks that can be performed sequentially.¥˚User Defined Parallel Sub-Tasks: These are defined in the lower sub-task applicationlayer using the same graph execution notation.¥˚Parallel Processing Generics: These are frequently used pre-defined parallel sub-taskswhich exist within a library. The formation of such a library is currently underinvestigation [Peps93].2.2 Sub-Task LayerIn the sub-task layer application specific models are defined for each sub-task. The resultof the evaluation of these models is the input to the parallel template layer. The sequentialparts of the parallel template must be modelled and their response time determined.Initially for each sub-task a software execution graph is constructed. The user must thenidentify the resource usage of each elementary node as defined in SPE. There are a number ofways in which each node of the software execution graph can be characterised, this iscommonly referred to as a resource usage description. These range from a high leveldescription considering sequential timing information or parametric characterisation[Hockney93], an intermediate level considering abstract machine descriptions [Saavedra89],down to a low level instruction frequency analysis [Zemerly93a]. The level at which thehardware is characterised is also dependent upon the choice of the resource usage description.In the case study below we consider a high level timing description, but work is currently inprogress to analyse these different levels of resource usage.2.3. Parallelisation Template LayerThe purpose of the parallelisation template layer is to identify the resource contentioncaused by the characteristics of the algorithm. It has been noted that a large number ofcomputations fall into a surprisingly small number of prototypical structures [Gehringer88].

In many areas it is possible to identify a small set of algorithm structures that can be modelledusing traditional modelling techniques [Allen86]. Many parallelisation techniques have beenanalysed in detail [Greenberg91, Rolia92].In order to identify the most commonly used parallelisation techniques a classificationscheme is required. The aim of such a classification is to determine different classes, on thebasis of similarities, amongst different parallel algorithms. The classification enables theextraction of the most frequently used constructs and also the definition of applicationindependent parameters. Proposed classification schemes include: the Cm* project[Gehringer88], the Basel Algorithm Classification Scheme (BACS) [Burkhart93], and thescheme proposed by Jamieson [Jamieson87]. By considering the most representativeparallelisation templates it is possible to cover the majority of applications.A parallelisation template also includes the mapping of the algorithm onto networktopologies. The purpose of determining the algorithm mapping is to identify thecommunication and synchronisation patterns that are inputs to the hardware layer. Forexample, different mappings of the master-slave paradigm on a mesh topology result indifferent communication radius influencing communication contention.2.4. The Hardware LayerThe hardware layer is responsible for the characterisation of communication,synchronisation, and contention. The information required for this layer can be organised intoa hierarchical structure similar to the one used in the architecture characterisation tool in thePAWS project [Pease91]. The requirements of the hardware model are less complex than thesystem model in SPE, making the development and evaluation procedure easier.The hardware model consists of static and dynamic performance parameters. Staticparameters (e.g. number of processors) represent hardware factors that are not influenced bythe run-time environment and can be determined either by benchmarking or configurationinformation. Dynamic parameters are influenced by the run-time environment and can bedetermined by analytical models or hardware characterisation, e.g. [Zemerly93b].3. Case study: An Image Synthesis ApplicationThe case study considered here is the computational core of an image synthesisapplication, based on ray tracing techniques, and has also been developed into a benchmark[Biersack93]. The target machine in this case study is a Parsytec SuperCluster containing 128T800 transputers.This application requires a scenery file as input, renders the image, and finally outputs thegenerated image. The synthesis problem scales in three dimensions: the complexity of thescene, the resolution of the image, and its quality. The scene contains 4n triangles, the imageresolution is 2mx2m and k ray-path samples per pixel (an image quality factor). The metric ofthe benchmark is the number of samples calculated during a fixed time period of 1000seconds.The purpose of the application layer in the case study is to combine the three phases of theapplication, input, rendering, and output. These phases can be parallelised with differentstrategies and are combined into a software execution graph. By evaluating this graph thetotal execution time of the application can be predicted:

ttotal = tinput +trender +toutput(1)In the sub-task layer the time required for the sequential part of each phase is evaluated.For the following analysis the rendering phase is examined in detailed. The parallelisationstrategies used here belong to the class of image-space subdivision algorithms [Green91]. Thesequential time in these algorithms is the ray tracing of a pixel. Figure 3 shows a high level

Create RayDatabaseSearchShadeAdd ColorIntersect?NpixeltcrtdbtactshadepiFigure 3 - Software Execution Graphfor the Rendering Phaseexecution graph for the calculation of onesample. From the evaluation of this graph thetime required for one sample is:

tsample = Npixel ⋅ tcr +tdb + pi ⋅tshade +tac ( )(2)ωηερε Νπιξελ ισ τηε νυμβερ οϕ πιξελσ ιν τηειμαγε ρεγιον τηατ α προχεσσορ ρενδερσ, τχρ τηετιμε ρεθυιρεδ το χρεατε α νεω ραψ, τδβ τηε τιμερεθυιρεδ ϕορ α δαταβασε σεαρχη το ιδεντιϕψ ιϕ τηεραψ ιντερσεχτσ αν οβφεχτ, πι τηε προβαβιλιτψ οϕ τηεραψ ιντερσεχτινγ αν οβφεχτ, τσηαδε τηε τιμερεθυιρεδ το σηαδε τηε πιξελ ωιτη διϕϕυσε ανδσπεχυλαρ ρεϕλεχτιονσ, ανδ ταχ τηε τιμε ρεθυιρεδ τοαδδ χολουρ το τηε πιξελ.Τωο τεχηνιθυεσ ηαϖε βεεν χονσιδερεδ ϕορ τηεπαραλλελισατιον οϕ τηισ χασε στυδψ, ναμελψ τηεμαστερ−σλαϖε ανδ τηε μυλτιπηασε παραδιγμσ.Βοτη οϕ τηεσε μετηοδσ ηαϖε βεεν αππλιεδ ινιμαγε σψντηεσισ αππλιχατιονσ [Ηολλιμαν89,Χολδσμιτη87]. Ιν τηε μαστερ−σλαϖε παραδιγμ, τηεμαστερ προχεσσορ διστριβυτεσ ωορκ παχκετσ οϕρενδερινγ ρεθυεστσ το σλαϖε προχεσσορσ. Ιν τηεμυλτιπηασε παραδιγμ, εαχη προχεσσορ ισ ασσιγνεδτο α παρτ οϕ τηε ιμαγε. Ωηεν τηε ρενδερινγ ϕορ ονε σαμπλε ισ χομπλετεδ, τηε μαστερ προχεσσορδετερμινεσ ιϕ τηερε ισ συϕϕιχιεντ τιμε αϖαιλαβλε το προχεσσ ϕυρτηερ σαμπλεσ. Τωο παραλλελισατιοντεμπλατεσ ηαϖε βεεν δεϖελοπεδ ϕορ τηεσε τωο χασεσ.Τηε υσε οϕ τιμε ασ α ρεσουρχε υσαγε δεσχριπτορ σιμπλιϕιεσ τηε ηαρδωαρε λαψερ βυτ ισχομπλιμεντεδ ωιτη α μοδελ ϕορ χομμυνιχατιον ωιτηιν τηε παραλλελ σψστεμ. Τηισ ισ βασεδ ον αλινεαρ ρεγρεσσιον χομμυνιχατιον μοδελ [Βομανσ89] ανδ ηασ βεεν εξτενδεδ ϕορ παχκετσωιτχηινγ ρουτινγ [Τρον93]. Μορε σπεχιϕιχαλλψ:

tcom(l,d) = α + d ⋅β + τ ⋅ l + h( ) ( ) l ≤ p α + d ⋅β + τ ⋅p ( )+ lp − 1 ⋅ α 2 +β + τ ⋅p ( ) l > p (3)ωηερε λ ισ τηε μεσσαγε σιζε, δ διστανχε βετωεεν σουρχε ανδ δεστινατιον νοδε, η ισ τηε σιζε οϕτηε παχκετ ηεαδερ, π τηε σιζε οϕ τηε παχκετ, α ισ τηε τιμε το πρεπαρε τηε μεσσαγε, β ισ τηε σταρτυπ τιμε, τ ισ τηε ινϖερσε οϕ βανδωιδτη, ανδ α2 ισ τηε τιμε το πρεπαρε α παχκετ.4. ΡΕΣΥΛΤΣΑ λαψερεδ μοδελ ηασ βεεν δεϖελοπεδ ϕορ τηε αβοϖε χασε στυδψ υσινγ Ματηεματιχα. Τηισμοδελ ισ υσεδ το προϖιδε περϕορμανχε πρεδιχτιονσ ωηιλστ ϖαρψινγ α νυμβερ οϕ αππλιχατιον,ηαρδωαρε, ανδ παραλλελισατιον παραμετερσ. Φιρστλψ τηε αχχυραχψ οϕ τηε λαψερεδ αππροαχη ισεξαμινεδ. Τωο παραλλελισατιον τεμπλατεσ αρε τηεν χονσιδερεδ ανδ πρεδιχτιονσ χαλχυλατεδ. Τηεαππλιχατιον παραμετερσ οϕ προβλεμ σιζε (ε.γ. νυμβερ οϕ ιμαγε πιξελσ, νυμβερ οϕ τριανγλεσ) αρεαλσο εξαμινεδ. Φιναλλψ τηε σχαλινγ βεηαϖιουρ οϕ τηε αππλιχατιον ισ αλσο ινϖεστιγατεδ.Τηε ϕιρστ σετ οϕ ρεσυλτσ αιμσ το ϖεριϕψ τηε αχχυραχψ οϕ τηε μοδελ υσινγ τηε λαψερεδ αππροαχηωιτη ρεαλ μεασυρεμεντσ προδυχεδ ϕρομ αν ιμπλεμεντατιον οϕ τηε χοδε υσινγ α ΠαρσψτεχΣυπερΧλυστερ μαχηινε ασ α βασισ. Τηε μεασυρεδ ανδ πρεδιχτεδ τιμε περ σαμπλε τακεν τογενερατε αν ιμαγε (οϕ σιζε 4096 πιξελσ ωιτη 256 τριανγλεσ) ισ σηοων ιν Φιγυρε 4, ανδ τηε % διϕϕερενχε βετωεεν τηε τωο μετηοδσ ισ σηοων ιν Φιγυρε 5. Ιτ χαν βε σεεν τηατ τηε πρεδιχτιονσλιε ωιτηιν αν ερρορ βουνδ οϕ 25% οϕ τηε τρυε μεασυρεμεντσ, ωιτη τηε αϖεραγε ερρορ βεινγνεαρερ το 15%.Περϕορμανχε πρεδιχτιονσ ωερε οβταινεδ ϕρομ τηε λαψερεδ μοδελ υσινγ διϕϕερεντπαραλλελισατιον τεμπλατεσ, ναμελψ τηοσε οϕ α μαστερ−σλαϖε ανδ μυλτιπηασε παραδιγμσ. Τηισ ωασαχηιεϖεδ βψ φυστ ιντερχηανγινγ τηε παραλλελ τεμπλατε λαψερ ωιτη τηε αππροπριατε παραλλελισατιοντεχηνιθυε ωιτηουτ εϕϕεχτινγ οτηερ παρτσ οϕ τηε μοδελ. Τηε πρεδιχατιονσ οβταινεδ υσινγ βοτη οϕτηεσε παραλλελισατιον τεχηνιθυεσ ισ σηοων ιν Φιγυρε 6. Ηερε τηε ρελατιϖε περϕορμανχε ισχαλχυλατεδ ασ ιν Εθυατιον 4. Ιτ χαν βε σεεν τηατ τηε μαστερ−σλαϖε παραλλελισατιον τεχηνιθυεουτπερϕορμσ τηε μυλτιπηασε τεχηνιθυε εξχεπτ ιν τηε χασε οϕ α ϖερψ σμαλλ προχεσσορ γριδ. Τηισισ ασ εξπεχτεδ δυε το τηε δψναμιχ λοαδ βαλανχινγ εϕϕεχτ οϕ τηε μαστερ−σλαϖε τεχηνιθυε.

Prelative = 1− tmaster_slave

tmultiphase

×100(4)The effect of the application parameter of the number of triangles is examined in Figure 7.This shows the average predicted time spent to deal with one triangle across a range in therequired number of triangles. The predicted time per triangle here is taken as the total timetaken (e.g. Figure 4) divided by the number of triangles. It can be seen that as the number oftriangles increases, the effective time per triangle decreases but levels out. For small numbersof triangles the effect of communication overhead is large with respect to the processing time,whereas for a large number of triangles this overhead is not significant.The scaling behaviour of the application is examined in Figures 8 and 9. By examining thepredicted speedup for between 20 and 200 processors it can be seen that a maximum speedupmay be obtained on approximately 140 processors (with a speedup of 80). Above this size thespeedup decreases due to excessive contention between the master and slaves. The effect ofincreased master-slave queuing time, and also communication time, can be seen in Figure 9.SUMMARYIn this paper we have described an approach for the characterisation of applications onparallel machines for performance prediction without the need of implementation. Theapproach is structured into four layers, two dealing with the application, one encompassingparallelisation techniques, and the last to characterise the hardware. These layers areindependent and re-usable such that different machine characterisations or parallelisationtechniques may be interchanged.A case study of image synthesis is used to illustrate this approach and a model has beendeveloped using Mathematica. Predictions have been obtained for varying a number ofapplication dependent parameters (e.g. problem size) and hardware parameters (e.g. numberof processors). These predictions have been compared with actual measurements and show anaverage accuracy to within 15%. In addition, the effect of using different parallelisationstrategies, and the scaling behaviour of the application has also been examined.A number of refinements to the layered approach are in progress. These include aninvestigation into: the effects of different levels of resource usage (e.g. low-level instructionbased, high-level abstract machine models) and their resulting accuracy; the integration ofconventional modelling techniques (e.g. queuing networks) within the layered frameworkwhere applicable. The development of a characterisation tool is also under way, that willenable the characterisation of the application, the parallelisation templates, and the hardwareto be undertaken within a homogeneous language.

Processor Grid Time/Sample (sec)0102030405060702x23x34x45x56x67x7MeasuredPredictedFigure 4 - Measured vs Predicted Time,Master-Slave (256 triangles, 4096 pixels)Processor Grid

Relative Performance-50510152025303x34x46x67x72x25x5Figure 6 - Master-Slave vs Multiphase,Predicted (256 triangles, 4096 pixels)Number of Processors

Speedup010203040506070802060100140180Figure 8 - Speedup of the Master-Slave,Predicted (256 triangles, 4096 pixels)Processor Grid

Error (%)-15-10-505101520252x24x46x67x75x53x3Figure 5 - Accuracy of the Layered Approach,Master-Slave (256 triangles, 4096 pixels)Number of Triangles

Time per triangle (ms)0100200300400500600700416642561K4K16KFigure 7 - Effects of Scene Complexity,Predicted (36 Processors, 4096 pixels)Number of Processors

Time Distribution0%20%40%60%80%100%2060100140180Proc.Com.QueueFigure 9 - Time per Function, Master-Slave,Predicted (256 triangles, 4096 pixels)ACKNOWLEDGEMENTSThis work is funded in part by ESPRIT contracts 6942 - Performance Evaluation of ParallelSystems (PEPS) and 6173 - Design by Simulation and Rendering on Parallel Architectures(DESIRE).REFERENCES[Allen86]Allen, J., �Plenary Address,� in IEEE Workshop on VLSI Signal Processing, 1986.[Biersack93]Biersack, A and Hodicke, R., "The MEASURE Image Synthesis Benchmark," in Proc.Performance Evaluation of Parallel Systems (PEPS’93), Coventry, U.K., pp. 150-157, 1993.

[Bomans89]Bomans, I. and Roose, D., "Benchmarking the iPSC/2 HyperCube Multiprocessor,"Concurrency: Practice and Experience, 1989.[Burkhart93]Burkhart, H., Korn, C.F., Gutzwiller, S., Ohnacker, P., and Wasel, S., �BACS: BaselAlgorithm Classification Scheme,� Tech. Rep. 93-3, University of Basel, Switzeland, 1993.[Gehringer88]Gehringer, E.F., Siewiorek, D.P., and Segall, Z., Parallel Processing: The Cm* Experience.Digital Press, 1988.[Goldsmith85]Goldsmith, J. and Salmon, J., A Ray Tracing System for the Hypercube, Caltech ConcurrentComputing Project Memorandum HM154, California Institute of Technology, 1985.[Green91]Green, S., Parallel Processing for Computer Graphics, Pitman London, 1991.[Greenberg91]Greenberg, G.A. and Wright, E.P., �Design and Analysis of Master/Slave Multiprocessors,�IEEE Transactions on Computers, vol. 40, no. 8, pp. 963-976, August 1991.[Hockney93]Hockney, R.W., "Performance Parameters and Benchmarking of Supercomputers," inComputer Benchmarks, Dongarra, J.J., and Gentzsch, W., Eds., Elsevier Science PublishersB.V., pp. 41-64, 1993.[Holliman89]Holliman, N.S., Morris, D.T., Dew, P.M., and Pennington A., "An Evaluation of theProcessor Farm Model for Visualising Constructive Solid Geometry," in ParallelProcessing for Computer Vision and Display, Dew, P.M., Heywood, T.R., and Earnshaw,R.A., Eds., Addison Westley, pp. 443-451, 1989.[Jain89]Jain, P. P. and Newton, P., �Putting Structure into Modeling,� in Proc. of the 1989 SummerComputer Simulation Conference, Austin, Texas, USA, pp. 49-54, 1989.[Jamieson87]Jamieson, L.H., �Characterizing Parallel Algorithms,� in The Characteristics of ParallelAlgorithms, Jamieson, L.H., Gannon, D., and Douglass, R.J., Eds., MIT Press, pp. 65-100,1987.[Nudd93]Nudd, G.R., Papaefstathiou, E., Papay, Y., et.al., "A Layered Approach to theCharacterisation of Parallel Systems for Performance Prediction," in Proc. PerformanceEvaluation of Parallel Systems (PEPS’93), Coventry, U.K., pp.26-34, 1993.[Papaefstathiou93]Papaefstathiou, E. and Kerbyson, D.J., "Characterising Parallel Systems Focusing on Re-Usability," PEPS Bulletin, pp. 5-6, November 1993.[Patel92]Patel, M. N., �Structuring Analytical Performance Models Using Mathematica,� in Proc. ofthe 6th International Conference on Modelling Techniques and Tools for ComputerPerformance Evaluation, Pooley, R. and Hillston, J., Eds., Ediburgh, U.K., pp. 273-286,1992.[Pease91]Pease, D., Ghafoor, A., Ahmad, I., Andrews, L., D., Foudil-Bey, K., and Karpinski, E. T.,�PAWS: A Performance Evaluation Tool for Parallel Computing Systems,� IEEEComputer, pp. 18-29, January 1991.[Peps93]PEPS, Characterising Processing Needs, Tech. Rep. D5.1, ESPRIT Project 6942,University of Warwick, U.K., July 1993.[Rolia92]Rolia, J.A., �Predicting the Performance of Software Systems,� Ph.D. thesis, University ofToronto, 1992.[Saavedra89]Saavedra-Barrera, R.H., Smith, A.J., and Miya, E., "Machine Characterization Based on anAbstract High-Level Language Machine," IEEE Transactions on Computers, vol. 38, no.12, pp. 1659-1679, December 1989.[Smith82]Smith, C.U. and Browne, J.C., �Performance Engineering of Software Systems: A CaseStudy,� in Proc. National Computer Conference, vol. 15, pp. 217-224, 1982.[Smith90]Smith, C.U., Performance Engineering of Software Systems, The SEI Series in SoftwareEngineering. Addison-Wesley Publishing Co., Inc., 1990.[Tron93]Tron, C. and Plateau B., "Modelling Communication in Parallel Machines within theALPES Project," in Proc. Performance Evaluation of Parallel Systems (PEPS’93),Coventry, U.K., pp. 110-117, 1993.[Weishar87]Weishar, D.J., �Incorporating Expert Systems Technology into Software PerformanceEngineering,� in Proc. Computer Measurement Group, pp. 720-722, 1987[Zemerly93a]Zemerly, M.J., Papaefstathiou E., Atherton, T.J., Kerbyson, D.J., and Nudd, G.R.,"Characterising Computational Kernels: A Case Study," in Proc. Performance Evaluationof Parallel Systems (PEPS’93), Coventry, U.K., pp. 231-237, 1993.[Zemerly93b]Zemerly, M.J., �Characterisation of Multi-Processor Systems,� Research Report 256,University of Warwick, U.K., 1993.