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Introduction

A
lgorithmic skeletons abstract commonly used patterns

of parallel computation, communication, and interaction [1].

They present a top-down transformational approach where pro-

grams are formed from skeleton nesting. By demonstrating a predictable

communication and computation structure, they provide a preponderant

foundation for performance modelling and estimation.

Computational grids pose a challenge to known distributed systems tech-

niques as a result of their dynamism. One of the most prominent re-

search areas concerns the availability of proved programming paradigms

with special emphasis on the performance side. Thus, adaptable perfor-

mance improvement techniques have been the subject of intense scrutiny.

Motivation

C
ompile-time optimisers formulate static decisions about

the expected behaviour of an application. On the other hand, run-

time optimisers do not generally possess direct knowledge of the structure

of the application. They lack specific information on its data and control

flows and their operation is normally driven by load-balancing criteria.

Although different parallel solutions have traditionally exhibited

skeleton-like constructs such as task farming, optimisers do not nec-

essarily employ the forecasting information of the constructs but rather

modify the scheduler, or do not decouple entirely the application struc-

ture from its behaviour.

Skeletons provide a clear and consistent meaning across platforms while

their associated behaviour depends on the particular implementation.

They possess a crucial property which favours performance optimisation:

Their structured and predictable behaviour for a given program.

Nevertheless, scant research has been conducted on improving the skele-

tal performance by actively using this information from a systems infras-

tructure perspective.

Aims

W
e plan to garner a set of adaptive optimisation techniques

to boost the skeletal performance in the Grid. This set will ad-

dress pragmatic issues in synchronisation, communication and processing

for skeletons in a grid. Our approach is:

Timely Adjusts to the grid conditions at execution time

Integrated Incorporates skeletal characteristics at compile time

Parametric Provides criteria to differentiate conditions in the Grid

Method

A
Skeletal Processor Farm, programmed in C with PACX-MPI

inter-node communications, has been initially used to compare the

effectiveness of the proposed approach. This PF adapts the task size

using the knowledge on the nodes and the network. It employs

not only the auto-scheduling features of the master-slave pattern, but

also the Network Weather System (NWS) [3] monitoring capabilities.

In practical terms, the PF transforms an input data set into an output

set by applying a given function to each element of the input data set.

In order to do this, the farmer distributes a certain number of elements

(task size) to each worker. Thus, the task size defines the granularity

of the farm, and hence the scheduling of the PF. The results are then

collected into the output data set.

The adaptive strategy, central part of this work, defines the task size by

taking into account four factors:

Current CPU CPU fraction usable by a running process

Available CPU CPU fraction allocatable to a new process

Latency Time to send a TCP message from the farmer to a worker

Bandwidth Speed which data can be transmitted to/from the farmer

and a worker

Overview of the Adaptable Skeletal Processor Farm

The main intention of this initial experiment is to help us to discretise

and bound the parameters involved, reducing the number of combina-

tions. Although measurements are supplied at execution time, the use

of skeletons allows us to make assumptions on the input and output sets

that permit a more effective allocation of computation and communica-

tion resources.

Results

T
he initial deployment utilises a sandbox grid environment

composed by 32 processors distributed into two 16-node Beowulf

clusters (bw240.inf and bw530.inf). Twenty seven workers, on the

same number of non-dedicated processors, were allocated to compute,

and the remaining five processors were used as the farmer and a two-pair

communication assembly.

Each worker performed O(109) daxpy operations per task element. The

timings are compared against a typical, static processor farm. All nodes

were on non-dedicated mode during all the experiments, and their inter-

connection channels did not have any bandwidth reservation.

Comparison of Execution Times: Adaptive vs. Static PF

It is important to notice that the adaptive model surpasses the

static one in every single task size. The variations in the execution

times in both models are defined by the non-deterministic nature of this

grid environment.

Future Directions

•Develop a more accurate adaptiveness strategy through a more compre-

hensive experimentation. A cell biology code is being tinkered with [2]

•Deploy a faster distribution of tasks by incorporating buffering

• Improve the model by incorporating new indicators such as task termi-

nation time and CPU capacity
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