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Abstract. Today, the implementation and execution of a distributed parallel grid agipticaonfronts the
developers with heterogeneous infrastructures and non-deterministigteon behavior. We present the current
status of our Grid-Occam project, which introduces a well-foundedlpbprogramming language to current
distributed heterogeneous computing environments. We show how th&@ciam compiler and the pertinent
runtime libraries can support developers for heterogeneous gricbements, while keeping the expressive
clearness of the original Occam language. We give a short overieut according teaching activities and the
BB-Grid testing environment.

1 Introduction

The last years showed a high impact of heterogeneous,bdisgd grid environments in both
research and industry. The grid-related research providesapproaches and concepts regard-
ing resource allocation, scheduling, and coordinationvéi@r, most grid environments still
rely on low-level sequential programming paradigms. Paogners usually need to consider
specifics of the target execution node, and must take cam@rafstructure properties in their
programming and deployment strategies. Due to the factibatbuted executions are usually
difficult to predict and supervise, the detection of incotteehavior caused by race conditions
can take a lot of time in the development.

In the context of this situation, the Grid-Occam projeatms at the introduction of the
traditional Occam programming language to current distat) grid environments. Within this
paper, we introduce an extended version of the Occam laegliskeeps compatibility to ex-
isting Occam programs and library code, while offering &iddal constructs and data types in
order to consider specific demands of modern grid enviromsnen

In our concept, Grid-Occam binaries are executed in modietuey machines like Java or
.NET, which ensures the independence from infrastructiomadlitions in a heterogeneous dis-
tributed system. Exchangeable runtime libraries encapstihe communication and placement
technologies and therefore allow the developer to conaentn the implementation of her
algorithm.

Due to the complete abstraction from runtime environmentdemns, we see Grid-Occam
both as a parallel programming language and as a coordinkimuage for the distributed
enactment of existing services. While this paper concesgi@t our Java-based implementation
of the Grid-Occam approach, we already demonstrated thebflty of the concept with a
.NET-based solution for the Rotor framework [24].

The remaining sections are structured the following waytiSe 2 provides a short overview
of state-of-the-art in grid programming. The following 8en 3 introduces our Grid-Occam
idea, the according Occam language extensions and thend#gige runtime libraries. Section
4 explains our evaluation efforts in according lectures tedBB-Grid testbed infrastructure.
Section 5 concludes the paper.

! http://www.grid-occam.org/



2 Gridfor End Users- State of the Art

Grid technology is currently becoming commonplace in bailergific and commercial envi-
ronments. Existing grid middleware, such as the Globusibd5] and Unicore [8], already
solve the basic questions of running jobs, transferingela@ata sets and managing security in
cross-organizational grid environments. The grid comityumiovides a set of client libraries
for such installations, e.g. GAT/SAGA [27], DRMAA [14] or CO@§]. Portal toolkits (e.g.
GridSphere) make use of these libraries in order enableréation of application-specific web
frontends for a grid environment.

The Global Grid Forum (GGF) works on the standardizationhef Grid middleware in-
terfaces, in order to ensure interoperability across argdinnal borders. Adopted and largely
accepted standards are usually aligned to the Open Gridc8sr&rchitecture [16], an archi-
tectural blueprint for service-oriented grid environngent

Developers of grid applications rely on well-known paradgyfor the development of their
distributed parallel application. Popular toolkits aresdxé on grid-enabled message passing
(MPICH-G2 [9]), master-worker paradigm (AMWAT [13]), reneoprocedure calls (GridRPC
[19], NetSolve [5], ) and service-oriented interfaces (WSRH[L6]). The toolkits either con-
centrate on the support for high-performance or for higlodghput / parameter-sweep appli-
cations.

Several projects, such as GridLab [11], Cactus [12] and GriAID$ establish their com-
plex domain-specific infrastructures based on the Globuklleware services. However, the
coordinated execution of parallel activities in an unpcéahle and highly dynamic grid envi-
ronment remains a major issue. Recent research works on rsimgpocomplex job workflow
descriptions (Condor DAGMAN [6], K-Wf Grid , myGrid), which amusually based on petri-
net descriptions for complex tasks.

3 TheGrid-Occam Approach

Developers for computational applications usually warddocentrate on the aspects of paral-
lelization for their algorithm, not on specific technicadugs for a particular execution environ-
ment. The Grid-Occam approach aims at the introduction @xéended version of the proven
Occam programming language to current grid environmentth Wspect to the largely het-
erogeneus and ever-changing runtime environments, wetarolear separation of algorithm-
related and infrastructure-related issues for grid deai®. We see a clear benefit in the first-
level support of parallelism in the Occam programming laaggu

The original Occam programming language [4] is based on éloatea of "Communicat-
ing Sequential Processes” (CSP) [2], a process algebradatascription of parallel activities.
The CSP ideas has influenced the design of languages like AdanBlibraries implementing
the model are available for modern (sequential) programgri@nguages, like C++ (Kent C++
CSP Library) and Java (JCSP [21, 1], Groovy [18]).

Due to the fact that the Occam language was directly dernged the CSP concepts, it still
allows to perform formal proofs for the correctness of Ocaedgorithms and programs. With
the application of Occam and CSP in modern distributed enwients, these environments can
benefit from the careful design of the language for the préerf unwanted race-condition
situations in parallel activities. Special properties® specific runtime environment, like long-
distance communication paths, heterogeneous executatonhs, and varying timing does not
influence the behavioral semantic of an Occam applicationttis reason, the language can act
as high-level description of coordination aspects in a Widkstributed execution environment,



as well as providing an easy teaching platform for the pnognang concepts in distributed
environments.

In order to achieve the distinction of the programming effand the runtime environment
part, we introduce the notion of @ccam runtime library. This library is utilized by the com-
piled Grid-Occam application and is responsible for enakgimg all infrastructure-dependent
parts from the overall program logic. In an ideal case, a@nogner can adopt her already ex-
isting Occam program by simply exchanging this runtimedrigr(e.g. thread runtime library vs.
MPI runtime library), without any need for changes in thegyeon code. New runtime libraries
for different infrastructures can be developed without achéor changes in the Grid-Occam
compiler itself.

Our concept supports the nested usage of runtime libraitesdifferent granularity levels
(see 3.2). An Occam process for a particular type of virtwatessor, for example a cluster
node, can itself be executed on a network of lower granylanitual processors, for example
with multiple threads.

The following sections provide an overview of our grid-eleabversion of the Occam lan-
guage and the according runtime library concept.

3.1 Programming Language

Occam was largely supported by the company INMOS for thesprater systems [17], which
contained high-performance microprocessors that supaoailel processing through on-chip
hardware [25]. The Occam programming language, in its tlat#gial version 2.1, is docu-
mented in a reference manual [4] by SGS-THOMPSON. It folleveet of simple principles,
which are mostly derived from both the concepts of CSP and énéware restrictions of the
transputer platform. The Grid-Occam language thereforésoperipheral parts, and relaxes
some of the limitations of the original Occam 2.1 standaf].[2/e also carefully extended the
language syntax, while paying attention that the puritynsimess and formal foundation of the
language is not harmed.

Programs in Occam are build of processegrdcess can be represented by an assignment,
a channel input or a channel output.

A complex process can be formed as sequeBE€) of processes, as loop, as parallel, or
as alternating execution of primitive or other complex msses. A sequence of component
processes is indicated with an indentation of two spacesdi@omnals ( F statement) and se-
lections CASE statement) are defined as in other programming languagsass kre available
with theVWHI LE keyword.

Occam distinguishes between procedures and functions ¢alted value processes). An
Occam procedure defines name and formal parameters formagiweess, while functions act
as own unit and return one or more results in a call. Functwagorbidden to communicate or
assign to free variables, which avoids side-effects irr ve@cution.

A parallel processRAR) lists up a number of processes which are executed in a camtur
manner. Like SEQ, the component processes are denoted bypaoes of indentation. The
parallel statement simultaneously starts execution aaatponent processes. The entire state-
ment is complete when the last component completes. The oftisted processes is irrelevant
for the effect of the parallel. Since the parallel itself imga an Occam process, it can be used
with all other Occam control structures (e.g. in conditishal he nesting of parallels does not
change semantics, but becomes relevant in case of an éxpipping of Occam processes to
physical processors.

Parallel processes communicate through unbuffered, necitbnal channels. Ahannel
reflects a communication path of a specific type, where onegggosends a value and the other



process receives it. Ahannel input statement¢hannel ? vari abl e) receives a value
from a channel and writes it, as an atomic operation, to aalbgiof the same type as the
channel ¢hannel protocal). A channel output action channel ! expressi on) transmits
the output of an expression to a channel, which is again teflexs one operation:

PAR
SEQ
keyboard ? varl
to.conmpute ! varl
fromconpute ? varl
display ! varl

SEQ
to.conpute ? var?2
var2 : = var2+1

fromconpute ! var2

In this example, two concurrent processes are defined. T$tepfiocess takes an input
from the special channel 'keyboard’ and transmits it to teeosid process through channel
'to.compute’. The second process receives the value, pasfthe computation and puts back
the result. The communication through a channel uses tliereous style - an output oper-
ation waits for an according input operation, and an inpwrafion waits for the according
output operation. After the transfer of the value, both [k@raomponents continue to execute.
The name of a channel may be used in a parallel only in one ggdoe input and in another
process for output, which ensures a consistent and prétidtehavior of the resulting parallel
application.

For our extended Grid-Occam language, we introduced theegtrof channel direction
specifiers, as proposed by Welch et.al. [23]. It allows theasgtical differentiation of channel
endpoints. Native Occam channels are unidirectional rfgaan input and an output endpoint.
In our enhanced version of Occam, the direction is being reagkcit by appending a question
or explanation mark to the channel name.

We extended the language with a convenient syntax to defolieebiional channels. A
channel declared &CHAN OF | NT i allows an easy realization of the often needed request
response pattern. It can be easily shown that this channdde&anapped to the definition and
usage of two different unidirectional channels, and traeetioes not compromise the founda-
tions of Occam.

Occam supports several primitive data types, named dags tjiperals, arrays and records.
We decided to add support for the definition of opaque datest{PAQUE TYPE X: ), which
cannot be manipulated within the Occam language, but carabsferred between coordinated
external processes through Occam channels. This languxagesen, together with a func-
tional enhancement of the Occam channel implementationttedupport for bidirectional
communication, allows the formulation of grid service witows as Occam program. The pro-
gram can read the output of one grid service channel outpdtuaes it as input for the next
grid service channel.

Another minor extension of the Occam type system is the dhitton of aSTRI NG data
type, representing Unicode strings of the underlying ettentenvironment. Occam 2.1 repre-
sented strings as array of bytes.

The original Occam compiler for transputer allowed to folatel inline placement instruc-
tions for parallel processes. While the description formetnged with the different Occam
versions, the all where related to the concept of virtuatess topology [7]. Our Grid-Occam



compiler and runtime libraries support this annotation mfcgsses, in order to allow the for-
mulation of an optimized placement strategy for the appbcedeveloper.

3.2 Runtimelibraries

The Grid-Occam tool chain consists of the Grid-Occam laggusompiler, together with ex-
changeable Occam runtime libraries that encapsulatefedisiimucture-dependent parts of the
program execution. We identified 4 classes of runtime libeamwhich differ in their level of
process granularity - threads, processes, cluster nodésgyral nodes. Every level of granular-
ity has its own concepts of intra-process communicatian (dPI in cluster environments) and
virtual processors (e.g. MPI rank number).

Runtime libraries of different granularity levels can be dige a nested way (see figure
1). An Occam process for a particular type of virtual prooesfor example a cluster node,
can itself be executed on a network of higher granularityuairprocessors, for example with
multiple threads.
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Fig. 1. Overview of the Grid-Occam architecture

Our concept of Grid-Occam also includes the generation t#-tlaw information by the
compiler, which can be used by the runtime libraries for vese scheduling and placement
issues. First basic implementations in the actual Grida@ctcompiler export a XML-based
description of parallel processes and their interconaadkirough static channels. With increas-
ing communication efforts in the runtime granularity lesje¢he best-possible consideration of
network interconnection characteristics becomes morevane crucial. The task-graph infor-
mation can act as helpful source of information for placera@ad resource binding decision in
the runtime library.

Currently we have running versions of thread, remoting and MRtime libraries for the
discontinued .NET compiler. For the Java compiler, différeersions of thread, RMI, and
MPI-based runtime libraries are also available.

... Gestaltung RT Interface ...

4 Evaluation

4.1 Exampleapplications

Our work on the Grid-Occam toolkit is constantly accompérbg practical experiments with
small simulation examples. Beside the still growing set oAbicompiler test cases, we try to



identify interesting simulation problems which can givesdtér indication of Occam’s feasabil-
ity for distributed parallel applications.

One of the larger example programs simulates macroscoppepies of a low energy ion
scattering (LEIS) experiment. Helium ions are scatterddadfrget surface with a grazing
incidence angle. After the scattering process the heliurtigh&is neutralized and excited.
Photons are emitted from the excited helium atoms. Theipasif the photon emission is
calculated by the application and stored in a two-dimeradianray. A light intensity map is
generated by calculating a larger set of these independacegses. (see also [22)).

We experienced that most sequential parts of the prograre pertable in a relatively
mechanical way. Most efforts where spend for the paraibmadf the underlying algorithm,
especially with respect to the Occam channel concept.

The feasibility of Occam as coordination language was tiesith the parallelization of an

existing Python program for Cornwagame of Lifealgorithm .[ToDo: Kai - Case Sudy Dokument verwursten

4.2 Grid-Occam in the Curriculum

The Grid-Occam research project is accompanied by ongeictgries in master studies cur-
riculum. Students are enabled to apply basic concepts wilmised environments on their own
version of a Grid-Occam runtime library.

The first lecture in 2004 concentrated on the developmentNES based implementation.
Five groups of 2-3 students designed an Occam-to-CSharpilewnipgether with a runtime
library based on .NET Remoting technology. The lecture exthbite students to work prac-
tically with compiler toolkits (LEX, YACC, Coco/R, Kimwitu, ANLR), as well to study the
design and implementation of compilers for parallel aglans. The architectural and imple-
mentation work concluded in the .NET Grid-Occam toolkitjefhwas presented on the second
Microsoft Rotor RFP workshop.

The Grid-Occam lecture in 2005 focused on Java as the taxgetigon platform for com-
piled Grid-Occam binaries. The most elaborate compileprasented in this paper, now acts
as base for the overall research project. Other resultsraBchpse plugin for easier Occam
development, as well as several optimized runtime libsaioe RMI and MPI environments.

4.3 TheBB-Grid Testing Environment

Practical experiments with the compiler prototype are grenkd in the BB-Grid testbed, an
open infrastructure established by four institutions inliBeaind Brandenburg (BTU Cottbus,
TU Berlin, University of Potsdam, Hasso-Plattner-InsaéjutThe BB-Grid project allows an
easy mutual sharing of heterogeneous resources for réssaddeaching purposes.

The patrticipants of the BB-grid alliance aim at the integmatad their existing compute
resources (around 60 SMP nodes), in order to establish -avadl environment for research
and teaching in the area of Grid Computing. The researchiesiof the regarding partners
cover the areas of cluster management, fault-tolerantugxgcenvironments, distributed pro-
gramming and predictable resource usage through best-8tfé fulfillment.

Primary goals of the collaboration are easy access to mrggalrces, as well as a hands-
on testing environment for distributed computing. Beside@nid-Occam tests, the established
infrastructure is currently also used in multiple teachaajivities (lectures, projects). New
institutions and partners are invited to join the BB-Grid patjfor a cost-neutral mutual usage
of distributed and heterogeneous computing resourcesstableshed a decentralized Globus-
based infrastructure (GT4), where the authorization ofsusEmains at each partner’s site.

2 We would like to thank Dipl.-Phys. Michael Dirska for the explanation text



5 Conclusion

This paper presented our Grid-Occam architecture and, tabigh aim at the introduction of
an extended version of the proven Occam programming lamgt@gurrent distributed en-
vironments. The provisioning of parallelism as first-lelalguage construct, together with a
careful extension of the language semantics, leads to arpdvw@olkit for the development of
distributed parallel applications.

The Grid-Occam compiler relies on a flexible abstractionhef éxecution infrastructure.
It allows an Occam application to be executed on different&iof runtime environments,
without modification of the compiler or the application.

The Occam language rules and restrictions, mainly reasbyéke formal foundation on
CSP, enable the compiler to check for possible race-comditad compile-time. Beside the
given advantages, interviews and demonstrations for pplesgser groups showed a broad in-
terest in the revival’ of a well-known language for todadistributed systems.

Our ongoing activities will focus on two major issues: We a@king on the further im-
provement of the Grid-Occam compiler in order to achieve mmete support of all Occam
language features. This includes also the generation argid=ration of task graphs for paral-
lel Occam code.

The work on runtime libraries will concentrate on the furthmprovement of the MPI
versions and the initial demonstration of a Grid runtimedily. In the context of the "Adaptive
Services Grid™ EU project, the results will be used for the the implementatf complex
resource coordination tasks with Grid-Occam applications
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