An Investigation of Parallel Application I/O

Gordon Henderson EPCC–SS94–11

An Investigation of Parallel Application I/O

Gordon Henderson

EPCC–SS94–11

September 1994

Abstract

This project has tested and evaluated the performance of model parallel applications using the Parallel Utility Libraries(PUL), Parallel File(PF). The software was developed specifically to provide scalable, parallel I/O facilities. Test applications characterising typical parallel applications have been written in the form of three C programs, Numerical, Filter and Database. Each application provides thorough testing of the effect of specific PUL-PF configuration attributes on parallel I/O performance. Such attributes include different parallel file distributions, local versus remote file server access, client/server ratio etc.

This report is intended to provide users who have applications that have particular parallel I/O intensive requirements with information on how to utilise PF to its fullest.

[Keywords: scalable performance parallel I/O, multiple file servers, client/server architecture, parallel file distribution, the atom, factorial experiments]

1 INTRODUCTION

Despite a constant increase in specialist parallel hardware, vendors software designed for these machines continues to lag behind. To contend with this problem, EPCC’s Parallel Utility Library team(PUL), have developed Parallel File(PF) which provides scalable performance in one of the most active research areas of parallel computing, I/O.

One of the major problems in parallel computing is the input and output of data to and from a parallel program. Major bottlenecks occur when large amounts of data attempt to transfer through a single I/O stream, see Figure 1.

Whilst numerous advances in parallel I/O have led to the improvement of I/O performance, the majority have failed to provide a truly scalable solution. We define scalable performance I/O as maintaining a balance between computation and I/O bandwidth as the problem increases

Figure 1: Bottlenecks in parallel I/O

There are techniques for increasing the transfer of data through a single I/O stream. Redundant Array Of Inexpensive Disks(RAID) uses an array of I/O disks, with blocks of data sub-divided into smaller blocks and stored on separate disks, each disk being an element in an array. Although this method extensively increases the I/O bandwidth, there is still an I/O bottleneck due to the single server controller which looks after the multiple disks. Parallel systems represent a solution to such I/O bottlenecks by increasing the number of I/O streams through which data is transferred.

The PUL team at EPCC are dedicated to developing common approach, parallel data management software. One recent addition to the library is PF, an extension to the non-scalable parallel I/O software, Global File Access(GF). This non-scalable limitation was due to having only a single server to deal with multiple client I/O requests. GF provided a high level of functionality, that has been incorporated by PF but to achieve truly scalable performance I/O, PF has introduced multiple servers.

2 SCOPE AND OBJECTIVES

In the course of this report we shall attempt to present the methodology behind testing the PUL-PF software and also compare PUL-PF’s beneficial attributes with other parallel I/O systems.

PUL-PF was initially developed for the Geographical Information Systems Project(GIS). Brief background information on this project and how it led to the development of PF is presented in Section 3.

A detailed discussion of the features provided by PF and the client/server architecture around which PF is modelled, is presented in Section 4.

As stated, the main objective of this project was to test PF with typical parallel, I/O intensive, applications. Section 5 outlines the main characteristics of these applications along with a description of the three C programs, numerical.c, filter.c and database.c, developed to model typical parallel applications. Also provided in this section is a description of the input and output requirements for each application along with detail of the hardware and software used in developing and testing the programs.

Section 6 provides detailed information on the statistical methodology applied in this project.

Section 7 outlines the results obtained from multiple runs of the test applications followed by a discussion of the main conclusions drawn from analysis of these results.

Appendices A and B contain listings of the outfile analysis created by the statistical package, Minitab. Appendix C contains a basic user guide for anyone wishing to perform further experimentation.

3 G I S PROJECT

The Geographical Information Systems Project was carried out by staff at EPCC and the department of Geography along with support from a number of industrial companies. The overall aim of the project was to design prototype software demonstrating the effect of mapping a GIS onto parallel architectures.

GIS systems deal with large amounts of cartographic data which can be sub-divided into two main types.

1. Spatial data

2. Attribute data

Spatial data is characterised by locational data such as lines, points, areas and surfaces.

Attribute data describes the characteristics of a particular feature. For instance, typical projects which use GIS systems are traffic flow simulations. The attribute data stored in these databases would contain of information on vehicles, such as model, average speed, current destination etc.

This project had also anticipated considerable contributionsto the development of EPCC’s PUL, including the already established GF due to the fact that the GIS project was dealing with large data sets with I/O through one process, leading to the now familiar I/O bottleneck.

Unfortunately, due to lack of funding, the project was cancelled and this left PF without any real performance analysis of target applications.

4 PARALLEL FILE P F

PF provides structured and unstructured access to files shared amongst a group of processes, using EPCC’S message passing system, [Bruce R.A.A., 1993]. It is envisaged that in the foreseeable future PUL-PF will be ported to the standard, portable MPI [Bruce R.A.A., ]. To provide scalable performance I/O, PF has introduced the concept of multiple file servers.

4.1 Client/Server Architecture

The PF system is built around the concept of Client and Server roles. This concept is a useful one in software engineering and provides a flexible and attractive model for implementation of software in a distributed environment.

Briefly, the model supports behaviours of communication between systems components which are described as client or server behaviours. The purpose of the server role is to provide one or more services. A service may be either to provide some data or to act as a recipient of data (a repository). The client role models the behaviour of a component whereby a service is required from a server. The behaviour includes reading and writing data sets.

Figure 2, models an I/O intensive application.

Figure 2: I/O intensive application

As mentioned earlier, it is desirable that the I/O bandwidth is balanced with the computational bandwidth. In I/O intensive algorithms there are no realistic procedures for re-balancing the architecture as the total I/O time increases at a faster rate than the computational time. Therefore, Ghosh, Goveas and Draper, [Ghosh J., 1993], suggest a suitable scalable architecture to consist of n/log(n) servers and log(n) clients. Obviously this is intended as a general purpose guideline, as some applications will have their own specific client/server scenarios.

4.2 Multiple Servers

GF’s functionality has been incorporated into PF, the key difference being that PF extends GF’s single server functionality to deal with multiple servers.

The aim is to have one server for each disk which has a segment of the parallel file.

PF supports server-pool partitioning. An application may wish to have a sub-group of servers dealing with read requests and a sub-group dealing with write requests. This may provide improved I/O performance in certain applications.

4.3 The Atom

The atom is a user-defined record type and can be of variable length. The applications developed in this project, will not allow the atom to be split across multiple servers in a Parallel File Distribution, hence the name atom as opposed to record. PF abandons the UNIX I/O bytes steam model which GF was supporting thus providing some structure to our data, allowing the model to enforce the idea of mapping the access patterns of an application to the distribution patterns of the file.

There are situations where an atom will have to be split across parallel file segments producing smaller data blocks known as particles.

4.4 Parallel File Access Modes

Parallel File Access Modes are used to determine the manner in which clients will access the parallel file.

For a more detailed description of PFAM’s readers should refer to the PF concepts manual [Clarke L., 1993].

• single

clients synchronously access the same data.

• multi

clients synchronously access contiguous data, where the data is presented as block of atoms.

• random

clients can independently access arbitrary data using a shared file pointer, therefore if a client changes the position of a file pointer then this will effect any subsequent read or write operations performed by other clients.

• independent

each client has it’s own local file pointer and therefore will not effect operations conducted by other processes.

4.5 Parallel File Distribution

Obviously we require ways in which files will be distributed amongst the servers, consequently this complicates the way in which clients will access the file. Ideally the file should be presented as a single logical unit to the client accessing it so that the I/O operations are unaware of the distribution of the parallel file.

A diagram along with a description of each P F D is now presented.

Figure 3 portrays a Multiple Instance distribution, where the serial file is simply replicated over each of the available disks.

Figure 4 portrays a Partition distribution. In this distribution, the serial file is split into D contiguous sections, where D is the number of disks.

Figure 5 portrays a Interleave distribution. In this distribution, the serial file is distributed k mod D, where k is the atom number 0...n-1 and D is the number of disks.

Figure 6 portrays a combination the Partition and Interleave distributions, Partition/Interleave. In this distribution, the serial file is viewed as containing blocks of atoms. The atoms are distributed according to (k div B)mod D where B is the number of atoms in each block. This is distribution is more transparent when thoughtof as the under-lyingdistributionfor both Partitionand Interleave. The Partitiondistribution is simply a Partition/Interleave with block size equal to the number of atoms stored on each disk. The Interleave distribution is a Partition/Interleave with block size 1.

For more information on PFD’s and their implications, the reader should refer to [Clarke L., 1993].

5 APPLICATION IMPLEMENTATION

5.1 Introduction

This project analyses three types of parallel applications, numerical, filter and database. Each application is implemented as a separate C program.

These three programs shall be briefly described in this section.

Also discussed in this Section are the input requirements and the output generated for both of these programs, as well as a list of the software and hardware used in this project.

5.2 Software and Hardware requirements

All of these test applications have been written in the C programming language. Each application I/O test suite has been evaluated on specialist, parallel hardware, namely the Meiko SPARC CS1”hydra”. The diagrams within this report have been developed using Xfig whilst the statistical package Minitab (V9,2 Windows) was used to provide structure to and analysis of varying PF configuration experiments.

Figure 3: MULTI/INSTANCE Figure 4: PARTITION

Figure 5: INTERLEAVE Figure 6: PARTITION/INTERLEAVE

Flag Application Function -s N,F,D no. of servers -c N,F,D no. of clients -in N,F,D file for reading -out N,F file for writing -atom N,F,D maximum atom size (fixed or varied) -fixvar F,D fixed or variable sized atoms -file N,F,D serial file size -where N,F,D local/remote disk -pulpfd N,F,D type of parallel file distribution -sub N,F,D no. of sub-groups for server pool partition -arity N,F,D no. pf servers in each sub-group -array N,F,D size of array 1D,2D and 3D -block N atom block size for each client -iter N,F,D no. of compute iterations -read N,F,D no of servers associated with file -access N,F,D local/remote server access

Table 1: Command line parser options

5.3 Instrumentation

The initial task in this project was to instrument PF allowing for efficient analysis of the PF configurations under observation. Instrumented PF library functions have been developed for each PF operation, which in addition to performing the associated function, time how long the operation takes to complete. Each time is recorded along with other statistics including, minimum/maximum time, average time, standard deviation and number of calls to operation.

Another requirement for PF instrumentation was to construct a command line parser which allows the user to specify how PF will configure during an application run. Table 1 lists each flag along with its associated function.

Finally, shell scripts have been written which perform multiple experimental runs for each application without the need for human supervision. This has allowed the experiments to be run over night, reducing variability from other uncontrollable factors such as other processor loads, see Section 6. Results files are produced for each processor for each experiment, along with a single results file containing cumulative average and standard deviation totals for each active processor. The totalled results file is produced using PUL-EM, which provides the facility to sum data distributed across a number of processors.

5.4 Application Introduction

Each application has been developed with a view to testing specific PF configurations. Anyone wishing to further experiment with any of the applications must ensure that specific parameters supplied, via the command line parser, are coherent with the assumptions defined in the User Guide H.

5.5 Numerical Application

Numerical applications involve the reading and writing of large data sets such as arrays. The majority of application work carried out at EPCC is numerical. Some of the properties which characterise the Numerical application developed in this project include:

• accepts linear,2D and 3D arrays • fixed length atoms

If desired can cope with variable sized atoms. • separate input and output files

Each client will read their own allocated block of atoms before commencing with the compute and writing phases.

• separate phases: input, compute and output One iteration in the compute stage corresponds to forwarding atom elements one position(i.e. element n-1 becomes element 0 etc.).

The basic algorithm for the Numerical application involves ensuring that each client receives the correct serial atom for reading and writing. Figure represents how a number of clients read in a 2D array (in serial form):

5.6 Filter Application

The main characteristic of a Filter application is the overlap of compute and I/O phases. An example, practical application, involving a filter algorithm, would be an image processing pipeline. Some of the properties which characterise the Filter application developed in this project include:

• overlap of input,compute and output phases.

Each client in the application will read in a single atom at a time, perform a compute iteration on that atom, then write out the atom to a separate file.

• variable length atoms(records)

5.7 Database Application

Database applications involve clients accessing data items randomly. Some of the properties which characterise the Database application developed in this project include:

• overlap of compute and I/O phases • Independent PFAM • single file for reading and writing

6 STATISTICAL ANALYSIS

6.1 Introduction

This section is intended to portray in detail information on the underlying statistics in this project. Therefore, the reader who is solely interested in the final conclusions may wish to skip this section and resort to the Minitab outfiles provided in the Appendices. Each outfile is provided with suitable

X1 1 2 . . . b Row mean X2 1 Y_{11} Y_{12} . . . Y_{1b} μ_{1.} 2 Y_{21} Y_{22} . . . Y_{2b} μ_{2.} a Y_{a1} Y_{a2} . . . Y_{ab} μ_{a.} Col.Mean μ_{.1} μ_{.2} . . . μ_{.b} μ_{..}

Table 2: Factorial Design

comments enabling the reader to be acquainted with enough information to be able to appreciate the final results and conclusions. The author felt it necessary to present in detail, the definitions of main effects and interactions as they are part of every statistical experiment performed. Other branches of statistics included in this project such as, ANOVA tables etc., will be dealt with in a more conservative manner with emphasis on outline rather than detail. The reader who may wish further information should refer to the statistics bible [G.E.P.Box, 1978].

6.2 Framework for analysing experiments with two or more factors

Two main questions have come to the fore-front of the analysis in this project;Which PF parameters have a significant effect in the way we configure parallel applications? What effect do these configurations have on the response variable? In response to these questions, tests on PF’s I/O performance have been carried out involving the varying of numerous PF configuration attributes for each of the three test applications. What we are looking to obtain is trends in responses resulting from certain configurations applied to particular types of applications. For example, the time taken for a particular PF operation in the application FILTER may depend on the type of parallel file distribution, on the client/server ratio, on wether or not we are dealing with fixed/variable sized atoms, and so on. Analysing numerous factors at varying levels requires a great deal of thought in how to plan and design the levels of each factor for experimentation and also on how to analyse and validate the results. When analysing factors at various levels, simply varying one factor whilst varying all the other factors, is not an approach which will provide optimum analysis. To properly design the experiment we must change the factors together as the significance of certain factors are dependent on the setting of the levels of others.

6.3 Full factorial experiments

Factorial Experiments provide the framework for modelling experiments involving numerous factors at various levels. FE experiments not only allow us to analyse the main effects of factors but also possible significant, high/low order, interactions.

Full factorial experiments are generally carried out when there are no restrictions on economy in the number of experimental runs we can perform or when there are a small number of factors. It is usual in both full and fractional experiments to commence with a screening experiment where each factor has an associated 2 levels i.e. we have a 2^k number of experimental runs where k=number of factors(variables). For instance, if we have say 2 factors x1, x2 and both with an associated number of levels, a and b respectively(2^2=4 experimental runs), our factorial design, will have a layout similar to Table 2.

This type of design matrix is referred to as a saturated design as each column has an associated factor. From this design we can estimate a full four quantities: the overall mean, the two main effects and the second order interactions(between 1 and 2).

Let us define what we mean by main effects and interactions. Referring to our factorial design table, each of the four quantities is defined as follows:

• overall mean μ_{..} = 1 ab aX_{i=1} bX_{j=1 μij} • the main effect of factor x1,α_i α_i = μ_{i.} − μ_{..} where

μ_{i.} = 1 b bX_{j=1 μij and i = 1,2, . . . ,a}

• the main effect of factor x2,β_j β_j = μ_{.j} − μ_{..} where

μ_{.j} = 1 a aX_{i=1 μij and j = 1,2, . . . ,b}

• the interaction effect,(αβ)_{ij}

(αβ)_{ij} = μ_{ij} − (μ_{ij} + α_i + βj) = μ_{ij} − μ_{i.} − μ_{.j} + μ_{..}where i = 1,2, . . . ,a and j = 1,2, . . . ,b

Translating these equations, the main effect is defined as the effect of x1 after averaging over all levels of x2, and vice versa. If there exists an interaction then, the effect of factor x1 is dependent on the level of factor x2, or vice versa.

Each of the quantities is combined in a statistical model:

Y_{ijk} = μ_{..} + α_i + β_j + (αβ)_{ij} + ε_{ijk}

In our example design, k=1 replication.

This model provides estimates of each of the above quantities. The final term in the model ε is an approximation of the error which is given by the residuals (whats left over after fitting the model).

It should be noted that this design constitutes an non-replicated (k=1) experiment. If we perform replications then each individual ‘ij’ response will be an estimate of the mean for that combination. Subsequently, the row mean, column mean and overall mean would be an average of the mean response for each combination i.e. μ.

Replications, when permissible, should always be carried out allowing standard errors (or estimated standard deviations) to be calculated, providing a more secure analysis model. Performing replications allows standard errors(or standard deviation effects) to be calculated but if experiments are non-replicated then we have to construct probabilityplots to estimate significant effects. If in the non-replicated situation, none of the factors were deemed to be significant then each observation would conform to being a random sample from a Normal distribution.

6.4 Fractional factorial experiments

What happens when we have constraints placed on the number of experimental runs we can perform or when k → ∞? The answer is to construct a fractional factorial design matrix with 2^k�^p experimental runs i.e. half fractional factorial when p=1. Obviously in this design certain information has to be sacrificed as not all factor combinations are analysed.

Let us proceed to interpret how a basic, fractional factorial experiment, design matrix is constructed, see Figure 6.3.

The design includes 3 factors, each with an associated 2 levels. If a full factorial experiment was carried out then we would have 2^3 = 8 experimental runs and therefore we must ask;What information are we disregarding and what relationships are we analysing in a fractional design ??

The straight forward and logical answer is to sacrifice information on higher order interactions where in most cases, interactions of order 3 and above can be judged negligible. To generate each column in the fractional design matrix, we first write down a complete (full) factorial design in any 2 factors and then associate the interaction with the remaining factor where ideally main effects are confounded with the highest possible interactions.

A full 2^2 is constructed for factors x1 and x2, with x3=x1x2. If we let I be a column of +’s clearly,

I = x1x1 = x2x2 = x3x3

Now x3 = x1x2 ⇒ x3x3 = x1x2x3

I=x1x2x3

This is defined to be the generator for the 2^3�^1 design and from this we can determine the other confounding patterns.

Ix1 = x1(x1x2x3) i.e. x1=x2x3

Ix2 = x2(x1x2x3) i.e. x2=x1x3 Ix3 = x3(x1x2x3) i.e. x3=x1x2

Unfortunately this example incorporates aliasing, where it is difficult to distinguish between main effects and interactions and therefore fractional factorial designs are only recommended when the number of factors is significantly large.

From the design, Figure 6.3, L0 corresponds to the overall mean plus the three-factor interaction, L1 corresponds to the main effect of factor 1 plus the interaction between factors 2 and 3 respectively etc.

This design is said to have resolution IV i.e. (1+3=4) and (2+2=4). The higher the resolution the better the better the confounding relationships. Designs which incorporate small fractions (e.g. 1/16 of the full 28 design) will more than likely confound main effects with low-order interactions and therefore further experimentation may be necessary e.g. folding over (changing the signs of each factor in each column) the original design to obtain another fraction. In most instances where main effects are combined with higher order interactions, the design will provide un-confounded estimates of the main effects, provided higher order interactions are deemed negligible.

The initial designs in this experiment incorporate 2^7�^3 and 2^8�^4 designs. It was not felt necessary to explain the construction of these complex designs. Anyone wishing information on higher fractional designs should refer [G.E.P.Box, 1978].

6.5 Pro Forma for analysing PF

The analysis performed for each application in this project can be categorised into two main sections:

1. Fractional Factorial Screening Experiment: Starting block for analysis. An intial screening, fractional design matrix is constructed, incorporating a number of factors which fit into the 2-level categorie. Each experiment is performed once for each instrumented PF operation within each test application. If performing experiments during the working hours the order each experimental run is carried out in random order thus reducing variability from extraneous sources such as other processor loads. Using the statistical package Minitab the following information can be extracted:

• We have an non-replicated design, therefore using normal probability plots we can estimate which factors appear to be significant.

• The response variable is average time therefore we repeat the experiment for the standard deviation to check for any discrepancies.

2. One Factor Analysis: Look at factors with higher levels which require more in-depth analysis such as client/server ratio and local/remote disk. Use Minitab to construct Analysis of Variance tables and dotplots/boxplots to compare each treatment.

Dotplots and boxplots provide:

• how observations vary around the treatment(level) group mean

• how each treatment(level) group mean differs

ANOVA tables provide:

• estimates of variance

• F-tests for testing the null hypothesis that all treatment(level) means are the same

7 CONCLUSIONS

7.1 Introduction

The normal advantages associated with constructing FFD’s has somewhat been lost due due to certain, problematic factors, see H.5. Despite the fact the author has attempted to provide a sound framework for analysis, the following conclusions do not attempt to make any profound statements on overall I/O performance mainly due to time constraints, configuration problems and most of all, lack of working within the UNIX environment. It must be stressed that PF has not been tested to its fullest capabilities as originally planned, only specific configurations have been carried out and therefore any comments on I/O bandwidth etc. cannot be deemed conclusive. It is expected that the majority of the configuration problems are due to applications supplying in-appropriate I/O Hints, see [Clarke L., 1993]. These problems are not thought to be PF related but problems within the test applications which attempt to collate results for numerous configurations using runtime parameters. Keeping a level of configuration control has been difficult mainly due to inefficient error messages in certain experimental runs. When defining configurations it is advisable to be explicit, as relying on defaults in certain situations can be mis-leading.

Unfortunately, the Numerical application has not been correctly tested due to unforseen errors. The application has been written but requires testing.

7.2 Format of MINITAB Outfiles and Extracting Information

#Comments are provided in each outfile with #operation ID notifying which operation is under analysis.

For example, the first outfile page provided in A has the Database FFD experiment for the operation ID 0 (pfexport) and operation ID 1 (pfopenfile). We note the effects given and also the plotted values of NSCORES (quantiles from standard normal distribution) and the estimated effects. If we have no significant factors then each point will lie on a straight line plotted through the origin(0,0).

In this instance pfexport does not appear to be significantly effected by any of the factors but in the case of pfopenfile, FACTOR D (split/single) appears to be significant and has a negative effect on the response variable, average time. If we are looking to reduce overall time then we would have single partitions for optimum performance in this instance, i.e. level (-).

To analyse factors such as client/server ratio and local/remote disk, experimental runs have been sampled from the larger experimental design. This is acceptable for a more economical approach as long as the assumptions are fully taken into consideration.

Referring to B we have the Database client/server ratio. Eight runs have been sampled from the FFD matrix. Each run is performed for varying client/server ratios. For pfexport our dotplots suggest that I/O performance is improved by increasing the server/client ratio.Our dotplots clearly show that with the 6/1 server/client ratio the overall time for pfexport is significantly less compared to the other scenarios(5/2,3/4,2/5...servers/clients). Our one-way ANOVA table compares the means for each ratio and tests the null hypothesis that each scenario mean is the same. The F-statistic, ratio of mean squares(factor) to mean squares(error), can be tested using statistical tables to test wether or not we can reject the null hypothesis that all factor(server/client scenarios) means are the same, see [G.E.P.Box, 1978]. In this instance we can reject the null hypothesis and conclude that that the means for each client/server ratio differ.

The confidence intervals provide a graphical interpretation of how these population means differ. Again clearly the bottleneck situation, 2/5 (servers/clients), slows the overall completion time for pfexport.

Finally a plot of residuals against group averages is provided. If there is large variance for the residuals in each group we should consider a transformation of data as there has more than likely been interference in the experiment from extraneous sources e.g. in the case of testing PF, other processor loads.

7.3 Filter/Database and General Results

For both filter and database,a 2^7�^4 fractional design has been constructed with the following factors(where(- )(+) denotes levels):

• x1=fixed/variable sized atoms (+)(-)

• x2=serial filesize (600)(-) (2000)(+)

• x3=maximum atom size (16)(-) (32)(+)

• x4=split/single (+)(-)

• x5=compute iterations (1)(-) (100)(+)

• x6=array size(no. of atoms to be read) (60)(-) (600)(+)

• x7=local/remote server access(for clients) (remote)(-) (local)(+)

A list of assumptions about the unfortunately simplistic model are as follows:

• the PFD is set at PARTITION • each parallel file segment is stored in the local disk mounted /tmp • one to one client/server ratio(3 and 3) • two sub-groups (2 reading,1 writing) or single partition • all servers access all disks • independent PFAM Each of the 16 runs was performed for each of the timed functions, a list of these functions and ID’s are as follows:

• pfexport ID 0 • pfopenfile ID 1 • pfreadatom ID 2 • pfwriteatom ID 3 • pfclosefile ID 4 • serveridletime ID 5 • computetime ID 6 Database FFD:

1. pfexport: Nothing significant.

2. pfopenfile: Possibly split/single server partitions.

3. pfreadatom: Nothing of great significance for average time, comparing the standard deviation transformation(single-to-noise ratio) we not that the local/remote server access appears significant. This is because some factors effect the mean and some the variance.

4. pfwriteatom: Again when analysing the single-to-noise ratio we see that the local/remote server access factor appears significant.

5. pfclosefile: The array size and local/remote server access have significant effects on the overall time for closing the file. This implies we would set array size at a low level and configure clients with local servers to reduce overall I/O time.

6. computetime: Logically (and thankfully!) the maximum atom size effects the overall compute time per atom.

DATABASE CLIENT/SERVER ratio:

Increasing the server/client ratio improves I/O performance for each of the timed operations as expected, see B.

DATABASE LOCAL/REMOTE disk:

For all operations local disks for parallel file segments is considerably quicker than storing disks on remote disks as expected, see C. FILTER FFD:

1. pfexport: Nothing in this design causing a stir.

2. pfopenfile: The single/split server partitions appear to have a bearing on the execution time along with file size which appears logical. Looking at the signal-to-noise ratio we can deduce that the file size is having a significant effect on the overall time. (Low file size for reduced operation time.)

3. pfreadatom: The file size appears to be significant against average time and the signal-to-noise ratio.

4. pfwriteatom: The local/remote server access is significant and we would set it to the low level(-) to reduce atom transfer time.

5. pfclosefile: The array size appears to be having a significant effect.

6. computetime: It appears that most of that the number of compute iterations is significant but is a rather dubious answer (suspect extraneous sources!).

FILTER CLIENT/SERVER ratio:

Again increasing the server/client ratio improves I/O performance for each of the timed operations as expected, see E.

FILTER LOCAL/REMOTE disk:

For most operations local disks for parallel file segments is considerably quicker than storing disks on remote disks as expected, see F. However the reading and writing operations take longer to perform when accessing local disks, which suggests interference from other processor loads in these experiments.

8 Project Status

Most of the features offered by PF are in place despite the problems presented in H.5. Unfortunately these features were not included in any designs and thus experiments still need to be performed including working PFD’s and PFAM’s as these features are presented as major contributors to overall I/O performance, in [Clarke L., 1993]. The Numerical application has had to be run again due to a major mistake in the design. It is suggested that the factor ‘fixed/variable sized atoms’ is swapped for array dimensions and a FFD similar to FILTER/DATABASE is performed.

9 Acknowledgements

First of all I would like to thank everyone associated with the SSP for giving me this opportunity to gain priceless computational experience that I would not otherwise have had.

I would like to thank Colin Brough for his immaculate organisation of the SSP and for his advice and patience.

Despite the fact most of the results produced in this project are mainly arbitrary to the PUL team, the experience of working with such an intellectually rewarding and well structured project has provided me with invaluable confidence and ability for any future career opportunities. Therefore, I would also like to say a special thanks to the project supervisors, Kenneth Cameron(EPCC) and Simon Chapple(EPCC), for there guidance and patience this summer .

10 Appendix A A DATABASE FFD

17

18

19

20

B DATABASE CLIENT/SERVER RATIO

22

23

C DATABASE LOCAL VS REMOTE DISK

25

26

D FILTER FFD

28

29

30

31

32

E FILTER CLIENT/SERVER RATIO

34

35

F FILTER LOCAL VS REMOTE DISK

37

38

39

G Appendix C

H USER GUIDE

H.1 INTRODUCTION

There have been several files developed outwith the main applications in this project. A list of each file, along with its associated functions(minus variables) now follows:

H.2 *.c FILES

• random.c: This file will generate a random number when including the following two functions:

          /* sets inital value for random number generator */
             set_random()
          /* generates a random number according to previous call to set_random()*/
             random()
• ipffuncs.c

Set of instrumented PF library functions which time specific PF operations by calling timers in the file timer.c:

/* collects PF configuration details for results files*/
   ipf_init_struct()
/* associated function and timer calls*/
   ipf_export()
/* associated function and timer calls*/
   ipf_open()
/* associated function and timer calls*/
   ipf_readAtom()
/* associated function and timer calls*/
   ipf_writeAtom()
/* associated function and timer calls*/
   ipf_close()
/* function to start recording server idle time*/
   ipf_start_server()
/* function to stop recording server idle time*/
   ipf_stop_server()
/* function to start recording compute time per atom*/
   ipf_start_server()
/* function to stop recording compute time per atom*/
   ipf_start_server()

/* prints outfile for each client/server process functioning*/
   ipf_print_results()

• timer.c: Functionality behind timers and initialising functions.

/* sets up results file with current configuration details*/
   init_info()
/* initialises time structure(containing, average time, no. of calls etc) */
/* for each PF operation */
   init_timer()
/* starts system timer */
   start_timer()
/* stops system timer and updates current time structure with various */
/* time attributes */
   stop_timer()
/* distributes results to appropriate outfiles */
   print_timer()

Each of the above files has an associated *.h file with specific declarations.

H.3 Executables

• mmfwriter fix: Generates a serial file with fixed length atoms • mmfwriter var: Generates a serial file with variable length atoms • client/server: Executables for client and server processes.

H.4 Shell Scripts

A number of application specific shell scripts have been written(csh). These scripts have the following format:

• database/numerical/filter: Scripts which contain the Fractional Factorial designs. • setup: Sets up configuration according to FFD’s.(limited! . . . see problems) • hydraexlocal.chp: Configuration file for clients communicating with local servers. • hydraexremote.chp: Configuration file for clients communicating with remote servers.

H.5 Problems

As mentioned earlier, the source for most of the following problems is likely to be in-appropriate I/O hints supplied in each test application.

• PFD: One of the main factors considered to have an effect on overall I/O performance is the type of PFD. Unfortunately I could not get PF to distribute a serial file using PFMULTI. When distributing a serial file containing variable sized atoms, certain atoms were lost during an INTERLEAVE distribution.

• server timer: A timer was placed in the file server.c, to time how long servers spent idle during configuation runs. Two functions, ipfstarttimer() and ipfstoptimer() did not record the expected times in the results outfiles.

References

[Bruce R.A.A., ] Fletcher R.A. Trewin S. Smith G.A. Bruce R.A.A., Chapple S. Reuse, Portability and Parallel Libraries.

[Bruce R.A.A., 1993] MacDonald N.B. Trew A.S. Trewin S. Bruce R.A.A., Chapple S. CHIMP and PUL:Support for Portable Parallel Computing. 1993.

[Clarke L., 1993] Harding T. Clarke L. PUL-GF Parallel I/O Concepts. 1993.

[G.E.P.Box, 1978] J.S.Hunter G.E.P.Box, W.G.Hunter. Statistics for Experimenters. 1978.

[Ghosh J., 1993] Draper J.T. Ghosh J., Goveas K.D. Performance Evaluation of a Parallel I/O Subsystem for Hypercube Multicomputers. Journal of Parllel and Distributed Computing, 1993.

Gordon Henderson is a student of Mathematics with Engineering Technology at Napier University, Edinburgh.

This project was supervised by K. Cameron (EPCC) and S. R. Chapple (EPCC).