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Abstract

Far from being a straightforward, the developmehtuo information infrastructure is a complex
socio-technical task. This paper focuses on idgngf some of the issues and challenges in
developing the Grid within the particle physics ecoumity in the UK. By drawing on a minimalist
version of actor network theory, we explore how tespective interests of both technical and non-
technical actors are inscribed into a newly formamfjor network. By assessing the extent to which
these inscriptions have been aligned and subsdguéarited, we assess the relative ‘state’ and
therefore stability within the network. Some ingghare made regarding standards, the user
community, the adoption of the Grid and the buddup of an installed base.
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1. INTRODUCTION

In 2007, the Large Hadron Collider (LHC) based i&ERIN, the international research patrticle
laboratory will be ‘switched on’. This is a largarficle accelerator which will be running general
purpose experiments used to answer some fundansunéations about the ‘nature of matter’. An
unprecedented amount of data will be generateithatsd at several petabytes a year. In order to
analyse and interpret the data, the UK particlesmsycommunity has committed to delivering the
necessary information and communication technoliodrastructure by 2007: the particle physics
Grid. A Grid enables the sharing of resources dills score competencies or resources to better
respond to large-scale computational and data @mmbin science, engineering and commerce (Foster
& Kesselman 2004).

In the context of this paper, the particle physicil (referred as GridPP) is defined as an inforomat
infrastructure which incorporates distinct charastes: that of an evolving, shared, open and
heterogeneous installed base (Hanseth 2000, 2002pllows that establishing an information
infrastructure is far from being a straight forwaesk which at least includes raising funding for
development, defining standards and ensuring thegfocm to bureaucratic procedures of
standardisation bodies, customising and stabili@ngerging technologies, and adapting these to
various use scenarios (Hanseth 1997). By focusinifpis complex socio-technical process we seek to
understand some of the underlying factors that eh#pe development of an information
infrastructure- before it has become a ‘black box’.

Actor network theory is used to explore the soeichhical interplay between the humans and non-
humans by offering a language to describe how teésments influence, determine and shape the
Grid (Monteiro 2000). The process of inscriptionk(ish 1992, Akrich & Latour 1992) and
translation (Callon 1994, Latour 1987), a minintakersion of actor network theory, allows the
researcher to be more specific about how sociakectthical issues are interwoven into a developing
information infrastructure (Hanseth, Monteiro, Hail1996).

The dissertation can be characterised by first rpinieing a set of issues and relevant themes which
develop a context for the empirical study of thetipee physics community shaping the Grid in the
UK. This highlights the socio-technical complexityf developing an emerging information
infrastructure followed by some insights. It praagda unique and exciting opportunity to study the
evolution of a newly forming information infrastituce.

1.1 Statement of Purpose

Our principle aim is to uncover some of the soeichnical realities of establishing an information
infrastructure; in our case to understand soméefitays in which the particle physics community is
shaping the Grid in the UK? In particular, we wishexamine how a given actor within the network
inscribes patters of use and subsequently constmatiners. Some of these inscriptions are non-
technical whilst others are technical in natureyéeer both need to be considered to appreciate the
complex process of developing an information infrature (Monteiro 2000). Attention is given to
aligning and linking inscriptions in an effort téegn their relative strength and establish the ekegf
irreversibility within the actor network (Hansetl®97). Some insights are gained regarding the
difficulty in agreeing standards, the subsequeteraperability issues experienced, the impacthhs

on the user-community, with some attention giventte installed base of technologies, users,
experience that will ultimately shape the Gridtasvblves.




1.2 Structure

This paper is organised into the following sectioasshort introduction is given followed by a
statement of purpose and an outline of the researthodology used for this thesis. In section 2 a
brief literature review of the Grid is provided tviparticular attention being given to the issues
encountered by the Grid community. Section 3 inicas$ the Grid as an information infrastructure
and highlights the importance of standards anchatalled base. In section 4 we introduce the actor
network theory and in particular the concept of iascription and translation based on the
understanding that this gives us a deeper insigbtthe relationship between information technology
and its use. Section 5 provides the case studyathgr the need for the particle physics Grid is
discussed from the perspective of some of the @etihin this complex actor network. In section 6,
the analysis based on actor-network theory is ptede This is followed by a discussion in section 7
where some lessons regarding a developing infoomatifrastructure are highlighted. Section 8
concludes the paper. In section 9 limitations &f tbsearch are outlined with suggestions for furthe
research.

1.3 Research Methodology

Information systems (IS) are social systems, mauefua set of technical, scientific and human
resources devoted to managing information. Theabeur is ‘heavily influenced by goals, values

and beliefs of individuals and groups, as well las performance of the technology’ (Angell &

Smithson 1991). This highlights the composite raatwf information systems which makes

conducting research in the IS field complex. Thaneeto adopt a positivist approach to IS reseafch o
measurement, formalisation and calculation negléstsvery essence of information systems. As
posited by Ciborra (1998) human existence repregéetessential ingredient of what information is,
and of how reality is encountered, defined and rilesd.

What is needed is a methodology which can prodace understanding of the context of the
information system, and the process whereby thanmdtion system influences and is influenced by
the context’ (Walsham 1993). This puts an emphasishuman interpretation and understanding
where the researcher is not regarded as a neubs#nger. Such an interpretist approach is
increasingly favoured by the researchers in tHd fidirschheim 1985, Walsham 1993, 1995). For the
purposes of this paper, it allows us to considerdistinctive qualities of the Grid as an inforroati
infrastructure; a socio-technical network with métations and interdependencies between the
various human and non-human actors.

Qualitative methods allow the study of a phenomeinom the point of view of the participants and
its particular social and institutional context.cheding to Miles & Huberman (1994) qualitative
research is based on words rather than numbédadiolivs that a qualitative, interpretist approasthttie
most useful in uncovering how various actors idssrn shaping the Grid within the particle physics
community. The outcome of this research is to glewd ‘snapshot’ into the dynamics and negotiatfon o
actor relationships and the subsequent attemptsditarmine the way in which the information
infrastructure is being developed.

For this purpose a series (5) of semi-structuréshiirews were conducted and summarised into a case
study (description)-this is useful where there bbesn limited prior research on the Grid from a aoci
science perspective. Semi-structured interviews bemaeficial in that they allow the researcher to
develop a ‘natural’ relationship with the interviesvwhich encourages a purposeful conversation; the
case study is then used to shed light on the tbgigroviding an in-depth narrative (Cornford




&Smithson 1996). Conversely, it can be argueddhaé studies provide only limited information which
may therefore not be representative of the whotcpga physics community. Moreover, this approach
allows for an element of bias introduced by theaesher. It follows that it was a challenge to @nv
all of the subtleties expressed by the interviewdgtsn the limited scope of the dissertation.

The following section introduces the concept of @ral by drawing on related literature and highigh
the issues faced by the Grid community.




2. THE GRID IN CONTEXT: RELATED TEXT

The development and deployment of Grids acrosglthiee is at its early stages. Therefore a large
part of Grid literature is centred on reviewing auVvancing technical and architectural aspecthef t
Grid. This is especially significant at a time whemderlying Grid standards and technologies are
being defined and agreed. Some papers provide arigeaverview of Grid computing and its
technologies (and projects) (Baker et al 2002, &&bRoure 2002, Johnson et al 2000, Grimshaw &
Wulf 1997, Rajsbaum 2002, Chetty &Buyya 2002, Walk@92), whilst others focus on addressing a
specific Grid component (Coddington 2003, Malaikale2003, Snavely et al 2003, Nagarajan et al
2001, Wolski 2003).

This paper can not be categorised into any of beve areas. Its main contribution is the insight it
provides into the complex socio-technical procdssstablishing an information infrastructure.

The following introduces the concept of the Gridl autlines some of the reasons why the Grid is an
emerging information infrastructure:

The availability of powerful computers and high speetwork technologies at low cost coupled with
the widespread use of the Internet-has enablegaisibility of using distributed computers as a
unified computing resource (Baker et al 2002, Re2602). Grids therefore enable the ‘selection,
sharing and aggregation of a wide variety of resesirincluding people, supercomputers, storage
systems, data sources and devices that are geagaiyhdispersed and owned by different
organisations (Baker et al 2002, Goble & De Rowe2 Perrott 2002). Foster et al (2001) defines
the Grid as‘a flexible, secure, coordinated resource sharingpngmdynamic collections of
individuals, institutions, and resources-what wieréo as virtual organisations’. Virtual organisat

are created to share resources and skills, corgpetemcies or resources to better respond to large-
scale computational and data intensive problemsciance, engineering and commerce (Foster&
Kesselman 2004, Baker et al 2002, Goble & De Rd082). For a discussion on how Grid
computing differs to similar models such as disti#lal computing, business-to-business exchanges,
peer-to-peer computing, and utility computing sestér al 2001, Foster et al 2002 & IT Professional
2004.
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(Source: http://www.space.com/businesstechnolagyitdogy/grid_000928.html)

The above diagram shows a production Grid. Thisatetrates ‘the integration of data generation
facilities, storage, computing and networks, phslg for scheduling, management and security’.

The Grid, as a term, was initially coined basedaoranalogy between the electricity power Grid (see
Chetty & Buyya 2002) in allowing seamless, dynaamd transparent delivery of computing and data
resources when needed. Smarr (2004) refers to tle & an ‘emerging infrastructure’ that will
satisfy society’s computing needs in the same @&me and ubiquitous manner’ as the electricity
power Grid. He argues that the Grid will have sggisocial consequences; just as the railroadadid i
the American mid-West in the early™8entury. However, unlike the railroads, Grids ‘gaing to
change the world so quickly that we are not gommgdve much of a chance-on a human, political, or
social time scale-to react and change our ingtitgti(Smarr 2004).

Initially, the Grid was focused on sharing compiot@él power and resource for science and
engineering only. In the 1990s ‘metacomputing’ ot were set up to build virtual super computers
using networked computer systems (Goble & De R@062) however the scope of the Grid has gone
beyond that: the Grid infrastructure can benefinhynapplications from collaborative engineering, to
commerce (Baker et al 2002). For example, Ellis&apeltier (2004) discuss the Grid for medical
research and patient care, whilst Stevens (200daies how the Access Grid can support group-to-
group human interaction across the Grid. Levine &\(2004) highlight the use Grid for gaming (for
the Butterfly Grid), whilst the Deutsche Bank Grieport (2000) discusses what Grid computing
means for commerce and how industry can benefit fieese developments.

The concept of the Grid has taken many forms withiferent projects however the general view to
date is that it should be made up of a number oficee components (Perrott 2002). These are
computational services, data services, applicatiervices, information services and knowledge
services (see Baker et al 2002).

From the perspective of the particle physics comitpudata services are needed for the management,
sharing and processing of large data-sets. Thesesg#s may be replicated, catalogued and even
stored in different locations. The processing ofadats is carried out using computational Grid
services and are commonly known as data Grids (Betkal 2002, Perrott 2002, Foster & Kesselman
2004, Newman et al 2003). The LHC Grid, which igart being developed by the particle physics
community in the UK, is an example of a data Grid.

To enable the seamless availability of resourcesuth the virtual organisation, the Grid must
interoperate with a whole spectrum of current anrging hardware and software technologies
(Baker et al 2002, Foster et al 2001). Interopditglis therefore a central concept in Grid compgti




The following diagram summarises the different faynat make up the Grid and illustrates the need
for interoperability:

Application
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(Source: Foster et al 2001).

As the Grid is heterogeneous in nature, has malapiministrative domains and autonomy, will need
to be scalable as well as dynamic in terms of 3ts of resources and servi¢Bsiker et al 2002), an
open-based architecture is needed: standard pitstagported by Application Programming
Interfaces (APIs) and Software Development Kits KSP (Foster et al 2001). Together, this
technology and architecture, known as middlewaas, twrn a heterogeneous environment into a
homogeneous one (Baker et al 2002).

It follows that using standard, open, general-psepprotocols and interfaces are critical for the
development of Grid computing (Foster 2002, Fo&tekesselman 2004, and Perrott 2002). Grid
technologies provide mechanisms for sharing anddieating the use of diverse and geographically
disparate resources to deliver desired qualitieseofice (Foster & Kesselman 2004). These might
include security solutions, resource managementopots and services, and information query
protocols and services. The Global Grid Forum (GRn industry and research group leading the
global standardisation effort for Grid computingcéBomost, 2004) which involves over 400
organisations in over 50 countries (Foster &Kesga@lr2004). So far the community has developed
the open-source Globus Toolkit version 2 (GT2) #rme Open Grid Services Architecture (OGSA)
into standards. Whilst the GT2 focuses on usabilityeroperability, protocols, APIs and services
(Foster et al 2002, Foster & Kesselman 2004) OG&#esents a natural evolution from GT2 and
aligns Grid computing with industry initiatives & service oriented architecture and Web services
(Foster et al 2002, Foster & Kesselman 2004, Ecistdzf04).

Inspite of these developments, it is felt that tiet Grid is ‘where the Internet was in the 1990's’
(Foster 2002). This is partly because standardatamesery stage of development; they are stithgpei
defined and agreed. Foster & Kesselman (2004) gueit much more remains to be done before the
full Grid vision is realised’. This is also becausempeting and contradictory standards are being
developed and used by the community making inteeiplity difficult. Schof & Nitzberg (2002)
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illustrate this point by referring to two standatfds information services: Globus Metacomputing
Directory Service (MDS 2.1) and Grid Monitoring Aitecture (GMA) each with individual
interfaces, APIs and protocols in an overlappinacep Meanwhile large industry players seem to be
building Grid applications which include their ovpnoprietary software; this goes against the open
source nature of OGSA (Economist 2004).

Therefore the development and deployment of Grichmding is faced with many challenges. In
addition to the difficulties experienced with stands, Schopf & Nitzberg (2002) argue that thera is
need to improve basic Grid functionality, creatasser community’, develop a security infrastructure
effectively manage the variance of resources onGhd, ease the deployment of software with
appropriate software tools, with a need for perfamoe metrics. Moreover, Medeiros et al (2003)
explain that Grids, because of their heterogeneaiisre, are more prone to failures than traditional
computing platforms. This implies issues relatingstalability and dependability (Goble & Roure
2002, Grimshaw & Wulf 1997, Schlichting 2002) whilgghlighting problems for users in terms of
needing to often diagnose and address ‘faultsfollbws that users require a level of technical
expertise coupled with a ‘heroic’ attitude. This\é and effort is regarded by some as a distraction
from getting the ‘real science done’ (Schopf & Kitzg 2002). However the challenges posed by the
Grid are not only technical: Schopf & Nitzberg (20Gefer to a number of socio-political issues
including communication between different groupsgeadeping the Grid, adding incentives for sites to
be part of a user-centric/ ‘fair play’ environmeantd resource usage policies. Various large-scale
Grid projects highlight some of these difficultibat are also able to demonstrate progress creating
services, architectures and design principles iplogéng Grid testbeds. For example, the NASA
Information Power Grid (IPG), (Johnson et al 20@82¢, Legion project (Grimshaw &Wulf 1997), the
European DataGrid (Walker 1992).

This paper is centred on GridPP. The following isectexplains how the Grid is an emerging
information infrastructure.
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3. THE GRID AS AN INFORMATION INFRASTRUCTURE

An infrastructure can be characterised as a closzplay between the heterogeneous character of
systems and institutions based on the conceptavi“{Edwards 2003). An information infrastructure
is considered an elusive term and is often comp&wedn info-bahn or the electronic highway
(Hanseth, Monteiro, Hatling 1996). Star, Bowker &uhleder, through a series of studies, develop
the perspective of an infrastructure technologpeisg far more complex than that of an ‘artefact’.
Star & Ruhleder (1994) typify an information infragture as ‘fundamentally and always in relation’.
Hanseth (2002) differentiates between three tygesfoastructures: the global ‘universal’ service
infrastructure (such as the Internet), the EDI bodiness sector infrastructures (interorganisaljona
and corporate infrastructures (organisational)foltows that the Grid can be categorised as an
emerging ‘global universal service infrastructurethat it will ultimately become a foundation upon
which many activities and services will be based.

Webster's dictionary defines infrastructure assudstructure or underlying foundation especially th
basic installations and facilities on which the thmmance and growth of a community, state etc
depend such as roads, schools, power plants, tdagpns and communication systems.” (Guralnik
1970, quoted in Ciborra & Associates 2000 pg 56)

According to Hanseth (2000, 2002) information isfractures incorporate a number of distinct
characteristics- this contrasts to the definitidnan infrastructure in management literature which
regards information infrastructures as largely nofgbematic’ (Ciborra & Associates 2000).

An information infrastructure has a supporting salging function; it is shared by a large community
and can not be split into separate parts (Hansg®®0, 2002, Ciborra 2000). Moreover, an
infrastructure continuously evolves which impligattit is also ‘open’: there is no limit to the nioen

of elements it may include. For example, the nuntbersers, nodes in the network, application areas
and so on is not limited. Therefore informatiorrastructures do not have ‘borders’: they do noehav
a ‘beginning’ or an ‘end’ (Star & Ruhleder 1994p@ira 2000, Hanseth 2000, 2002).

Hanseth (2000, 2002) further argues that infratiires are heterogeneous in nature; they are made up
of technical and non-technical components. Moreowgsrlarger components are built on existing
smaller, independent components, a change in otileesé components changes the other elements in
the ‘network’. This implies a constant need to ddamew requirements. Therefore the new version
of the infrastructure must be ‘backward compatibléh the existing components. (This raises the
‘issue’ of needing to standardise an informatidnaistructure whilst maintaining a level of flexilby;

see Hanseth, Monteiro, Hatling 1996). The desigh d&velopment of an infrastructure is therefore
influenced by the existing components; otherwisevkm as the installed base. This makes the
installed base a powerful actor in the networkitaglays a crucial role as a mediator and coordinat
between the independent, non-technological actudavelopment activitiegCiborra 2002). This is
also because as the installed base grows non-tathagtors align with the emerging information
infrastructure, thereby strengthening the netwditherefore translating installed bases into allges i
significant to creating new information infrastruis.

Moreover, the various components that make up @masimucture are integrated through standardised
interfaces. Standards are not only economicallyontamt, as bilateral arrangements between parties
are too expensive and difficult to manage (HansBtbnteiro &Hatling, 1996, Shapiro & Varian
1999), but they are critical to enabling an infrasture. Moreover, Ciborra (2002) posits that
standards, far from being mere technical artefésitould be viewed as complex, heterogeneous actor
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networks’ made up of a critical mass of users ofit®logy and infrastructure. A standard which can
establish a critical mass of users ahead of oikdileely to be cumulatively more attractive (Shapi

& Varian 1999). Also, small benefits demonstratedhe early stages influence the development of
the standard through network externalities and tpesifeedback-often leading to lock-in and
irreversibility (Hanseth 2000, Shapiro & Varian 299

Moreover, Ciborra and Lanzara (1994) introduce ttwtion of information infrastructures as
formative contexts: ‘sets of pre-existing institutal arrangements, cognitive frames and imageries
that actors bring to, and routinely enact in aatitn of action’. It follows that social and potidil
elements, as well as history and context condigation, meaning and direction of how an
information infrastructure, and therefore, standatevelop.

It follows that the Grid is an information infragtture is an installed base which evolving, op&, a
heterogeneous. The next section of the paper mtesithe actor network theory which will be used
to analyse the case study.

13



4 . ACTOR NETWORK THEORY: INSCRIPTIONS AND
TRANSLATIONS

4.1  What's so special about the Actor Network Theor  y?

The interplay between technology and society has lagldressed from a number of perspectives. The
extreme perspectives are that of technologicalraétéesm (Winner 1977) and social reductionism or
constructionism (Winner 1977, Pfaffenberger 198B3chnological determinism is based on the
premise that the development of technology follite®wn logic and determines its use, whilst social
reductionism or constructionism holds that socetd users develop the technology they want, use it
as they want and subsequently, that technologyirnéed if any level of influence (Monteiro 2000).

The view held by the majority of the scholars ire thield is between these two extremes; an
intermediate position of information technology mavboth ‘restricting and enabling implications’

(Orlikowski & Robey 1991). This is supported by ariety of theoretical frameworks including

structuration theory (Orlikowski & Robey 1991, @divski 1992), and hermeneutics (Klein &

Myers, 1992).

Actor network theory can offer a deeper insight itite relationships between information technology
and its use (Akrich 1992, Akrich & Latour 1992, [0al 1994, Hanseth 1997, Hanseth et al 1996,
Monteiro 2000, Ciborra 2002). This is based onuhéderstanding that ANT offers a language which
enables a the description of social and technie@dhanisms and the way in which they influence,
determine and shape the development of a new iafiwminfrastructure-such as the particle physics
Grid.

Actor network theory views society as a socio-técdirand heterogeneous network. It is made up of
interacting human/non-human actors and social elesral viewed will equal status and importance
(Akrich & Latour 1992). As posited by Law (1992}his is an analytical stance, not an ethical
position’. More specifically, social and technicglements of a socio-technical network are not
distinguished in the first instance, allowing fodetailed description of the concrete mechanisras th

combine to glue the network together-without beiligfracted by the means (Ciborra & Associates
2000, Ciborra 2002, Hanseth 1997, Hanseth et @)19%is allows for a level of detail and precision

A minimalist version of the actor network theoryllwbe used for the purposes of this paper:
inscription (Akrich 1992, Akrich & Latour 1992) ancinslation (Callon 1994, Latour 1987).

4.2  Inscriptions and Translations

The notion of an inscription refers to the way ehtgcal artefact embodies the patterns of use wr ho
one’s interest is translated into material forml(@a1991). Positioned between the objectivist sgan
of technology determining use and a subjectivistne of the artefact being interpreted and
appropriated by the interaction of human agencyingaoription can describe future scenarios that
enable and restrict the development and use ohtdoty (Akrich 1992, Hanseth 1997, Monteiro
2000).

Inscriptions are made into various kinds of matsrigsuch as artefacts, work procedures, written
manuals, institutional and organisational arrangemereferred to as inscribing a ‘pattern of use’
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which by implication limits the flexibility of amiformation infrastructure (Monteiro 2000). Therefor
uncovering the different materials for inscriptipi®w and where patterns of use are inscribed, is
relevant for the purposes of our discussion.

In order for an actor network to achieve stabitityd social order, actors’ interests must be aligned
through a process of negotiation. This is refei@ds translation where interests are aligned by
reinterpreting, representing or appropriating othetor interests to one’s own. This generates the
‘ordering effects such as devices, agents, ingiitat or organisations’ (Law 1992). A translation
presupposes a medium and can be ‘embodied in teetshines and bodily skills (which) become
their support...” (Callon 1991). In this part oktprocess, the ‘designer’ works out a scenaridéov

the system will be used which is then inscribed thee system. By implication programmes of action
are defined for the users and the technology; ratescompetencies are delegated to components of
the socio-technical network (Latour 1999). It fel® that this programme of action will be imposed
onto the users and technology. However, the usgrdasiate from the pattern of use or perhaps use
the system in an unexpected way which is refemegtan ‘anti-programme’ (Latour 1991). In terms
of studying a technical artefact, Akrich (1992) ipoghat it is necessary to shift back and forth
‘between the designer’s projected user and theusaf to explain the process of design. Similarly,
this analysis can be extended to a non-technit¢at.ac

Translations become durable when actors in a n&tax aligned, have gained momentum, and an
actor network can resist competing translationss Thplies irreversibility of an actor network bdse
on the strength of inscriptions. Callon (1991) po#iat the degree of irreversibility depends otha)
extent to which it is ‘impossible to go back to wéiethe translation was competing amongst others,
b) the extent to which it ‘shapes subsequent tadiosls’. It is never possible to know which
inscription will achieve the given aim, but anatysf inscriptions opens the possibility to studyihg
sequence of attempted inscriptions which unraveés domplexity of ‘how and by which means
inscriptions are achieved’ (Ciborra 2002). Accogdio Latour (1999), the degree of irreversibility
may be regarded as a process of institutionalisatiee more a network is irreversible the moreais h
become institutionalised. Conversely, institutiotesn encourage the degree of irreversibility by
aligning interests in the network.

Just as ANT refuses to distinguishpriori between humans and non-humans, it also refuses to
distinguish a priori between small and big networks

In this paper, the following aspects will be comsat for the purposes of analysing and
understanding how the particle physics communitghaping the Grid (Hanseth 1997, Monteiro
2000):

o0 The identification of explicit anticipations (orestarios) for shaping the Grid

o0 How these anticipations are translated and instriifite the materials of inscriptions.

0 Who inscribes them

0 The strength of these inscriptions-that is, thereif takes to oppose or work around them.

The next section describes the case study: thlpgrhysics community shaping the Grid.
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5. CASE STUDY: THE UK PARTICLE PHYSICS GRID

5.1  Setting the Scene...

In 2007, the Large Hadron Collider (LHC) based i&ERIN, the international research particle
laboratory will be ‘switched on’. The LHC is an emwus particle accelerator which will be able to
produce energies of 14 tera-electronvolts (14TeV).

This will make it the most powerful acceleratortire world. General purpose experiments such as
Atlas and CMS that will be carried out on the LH@ e the biggest experiments ever built and will
allow particle physicists to investigate the veature of matter. The LHC hopes to answer one of the
biggest questions being asked by particle physi¢eday: what is mass? This will either be through
the discovery and study of the Higgs Particle ooulgh whatever other mechanism is responsible for
breaking the symmetries involved in mass generdti@G website; see ref.) where experiments will
generate an unprecedented amount of data whicheées estimated a2-14 petabytes (one million
gigabytes) of data each year, the equivalent ofertioan 20 million CDs: analysing this will require
the equivalent of 70,000 of today's fastest PCemsaors! (LCG website; see ref.) This data will need
to be analysed and statistical Monte Carlo simdldega generated in order to interpret the results.

There are two respective phases of the Grid deweapin the UK:
« GridPP 1: Grid prototype {1September 2001 td'Beptember 2004),
+ GridPP 2: Grid production {1September 2004 to September 2007).
There are three main developments within GridPP:
» Grid-enabled applications; and
* Grid software hiddlewaré;

* Provision of computing infrastructure in the UK a@HERN.

et Applicatio

Grid Software
‘Middleware'
| I |
Physical Infrastructure
Computers Disks Network etc

(Source: http://www.gridpp.ac.uk/explain.html)

16



5.2  Constructing the need for the Grid for the Part icle Physics Community:
GridPP

The UK Government carried out a Long Term Techngl&eview in 1997/8 which identified
advanced IT as a requirement for science and témimolncreasing use of simulation, massive
amounts of data and demand for CPU cycles and migtvwgowere highlighted as necessary areas for
investment. From the perspective of the particlgsms community which needed IT infrastructure
for the LHC programme in 2007, the Grid seemeddbal solution.

The UK E-Science programme was initiated in 2000126y John Taylor. The Office of Science and
Technology (OST) was given money to fund advandeib lenable science. He then became Director
General of Research Council at a time when the W&a3ury and various other people felt that that
the UK was under-resourced in IT training. Mosttloé software for Physics came out of the US
where there was more of an established traditioappiied IT. The UK government provided the
Research Councils with funding for IT infrastrueur

5.3  Characteristics of Particle Physicists
The particle physics community has always beenipgghe boundaries of computing:

‘...the particle physics community is usually a fears ahead in terms of the amount of computing it
is trying to use and the amount of data it is tgyto manage...’

This is because the nature of particle physicsarebas based on analysing data-intensive expetimen
results as part of large international collaborasioComputing therefore plays a vital part in the
community being able to carry out their pure soieresearch. This necessitates software development
and distributed computing capability and experiewbéch the community has built up over the last
twenty years. In fact, the particle physics comrnudivides itself into those who focus on the pure
science and those who choose to specialise indimputing side of particle physics. This implies a
certain level of computing competency and selfisigihcy within the community.

Despite this, computing is regarded as being obrsdgary importance to the community. Particle
physicists are not interested in learning aboutpaing. Their interest lies in how technology can
deliver to their scientific goals. Their pure s@erfocus enables the particle physicists to tateher
more pragmatic approach to developing the nece$Baglutions (than the computer scientists):

‘The computer scientists will put together the masgant thing in the universe but it will never
work...Physicists will come up with the most hack@dtion in the world....but it will work...’

This ‘no frills’ and ‘can do’ approach has earned tommunity a reputation for ‘getting things done’
As a community they are driven by what they wamtaipand they are always very focused. The
community is very good at making reliable solutionkis also has implications for helping the other
scientific communities that have less experience this reason the particle physicists is usefuhto
Grid community.

The flip-side of the particle physicists’ focus apthgmatic approach is that they will only do so
much:
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‘They won't really solve the problem of the Gria.sceptical computer scientist who works with
biologists might say...it's a waste of time givthg money to particle physicists because theylleso
their own problem and they won'’t solve the probfenthe biologists...’

5.4  We need the Grid...money, money, money...

Based on their Peer Review and Strategy committeetings, the Particle Physics and Astronomy
Research Council (PParc) were aware that they desdigitional funding for computing. In order to

analyse data for the LHC programme, the communitulds have to upgrade their computer
resources. As the majority of their budget had kmatated to building detectors, they were activel

looking for opportunities to support this effort.

As part of the E-Science programme, funding fovatting IT' became available. This funding was
based on a collaboration effort with computer sists with various pseudo-rules associated with it.
Research Councils had to account for their spenaiing quarterly basis.

In 2000, PParc raised a call of opportunity spéaifythe availability of E-Science funding. This
funding was ‘ring fenced’ for investment in advatdd and computer scientists. By implication,
accessing this funding would mean delivering anciei®e programme. Deploying the Grid would
allow the community to do that whilst allowing ftire necessary computer resource upgrade for the
LHC programme. Moreover, aligning with the Grid methat PParc could eventually move all their
computing into the Grid environment and eventuslipport their existing experiments.

The UK particle physics community came together praposed the GridPP as a collaboration and
project. (In April 2004, a GridPP Press Officer veggointed to improve communication about Grid

developments between the community.) They proptsedleployment of the Grid in support of the

LHC programme in 2007. What was significant wag th@ community proposed that they could

deploy gradually developing Grid technologies t@mut existing experiments not just as the
development towards the LHC programme. Moreoves,diimmunity drew on their extensive track

record in generating and analysing large amountdaté. This and the fact that the community
‘invented’ the World Wide Web built up a strong eafor the particle physicists to become

beneficiaries of the available funding:

‘..a lot of this was predicated on the fact thathael invented the Web...if we invented the Web, then
we could invent the Grid...’

5.5 Healthy Scepticism....

Some members of the community regard the Grid dasaade’ used to generate funding for the
computer resources required for the LHC programhme. particle physics community believe that
they could meet the LHC challenge without the suppbthe Grid:

‘...I actually think that particle physicists regiess of a Grid or not can analyse the data andofeo
are smart enough to do it...’

This may partly be explained by the fact that laé available funding has gone to advancing IT. No
additional funding was made available for partipleysics which has subsequently created some
tension within the community. It follows that themas been limited acceptance of the Grid by the
community to date. Justifying the time spent onedlgping the Grid technologies can been seen as
difficult and in conflict with what the communityereds to do:
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‘...everyone has to contribute to developing tmsl @ebugging it and using it...while you're doing
that, you could be doing something else basically}can get data myself and do it and it’s all righ
and | can do it quicker than using the Grid...’

5.6 Growing Pains...

The process for initially being set up for the Ghigs been somewhat slow: for one institution it has
taken almost a year since the initial purchaserosds sent out (requesting computer resources):

‘...It's taken almost a year to get to the stagesrely you've decided on the operating system, gou’v
decided who'’s going to manage it, you've decidedhenanalysis, how you submit your jobs to this
thing and who's allowed to do what otherwise itistjanarchy...’

It follows that at these initial stages, the usehaf Grid involves a large human element making the
use of the Grid anything by ‘seamless’. Moreovéie heterogeneity of software and hardware
components between sites implies a need for stdridi@rfaces. Although at some local level this has
been made possible, standard interfaces are ydbtetadeveloped to allow for general Grid
interoperability:

‘And it's always on the interfaces that | can jasiout control my 20 computers along here and | can
just about, by going for about 20 different managetrmeetings, get onto 200 PCs in ‘X’ but getting
onto 20,000 PCs across Europe...it's still not aiyuhappening’

Grid technologies are immature and subsequentlyables Users therefore can spend a substantial
amount of time debugging and customising (softwétey have to learn more about the technology
than perhaps is relevant. Therefore, often userseapected to have a certain level of technical
expertise to address immediate interoperabilityass

By implication, users need to have a ‘gung-ho’tade in order to start using the Grid with a view
that it will take anywhere between one week to tmeeks to understand how ‘it works’. It is not
surprising that users do not have to use or areexpected to use the Grid. There are currently no
policies in place which specify using the Gridhaligh this is likely to be introduced once the Grid
becomes more stable and scalable.

At the moment there are a small number of protatyperking in ‘silos’ in the UK. In time these will
have to interoperate and scale sufficiently tovalfor a few hundred jobs to be submitted withowet th
Grid *falling over'.

5.7 Battle of the Standards

Some standards upon which to build Grid servicesyat to be defined between W3C, Oasis, DMTF
and the GGF (see glossary). However, agreeingammatds is proving to be difficult.

IBM in collaboration with Globus defined the OpenidsServices Infrastructure (OGSF). After
several years of development within this closedabolration, OGSF was presented to the community
as the new standard only to be withdrawn on thairgte that the Systems Group of IBM did not
agree with it. This led to IBM redefining the OG$# the Web Services Resource Framework
(WSRF), a modular version of OGSF, but in so domiggnated key players such as Oracle. The
Enterprise Grid Alliance (EGA) was set up as a wayounter what Oracle regarded as being an
attempt by IBM to monopolise the direction of thanslards.
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In the meantime, the collaboration between IBM avitrosoft set up to define the new web
specifications for Grid services is yet to resaultai public release of standards without which it is
difficult for the community to build higher leveésvices. This in turn limits the development of dri
services.

‘It is a huge embarrassment to IBM that we havedotte this...and Microsoft...because overall we are
inhibiting the development of IT...’

The particle physics community is also having t.kensome choices of their own in adopting existing
standards in order to deliver a programme of seipstandards which may or may not change in the
near future. It is in the community’s interest tdluence the IT industry to develop and come on
board with the standards they are trying to develop

5.8 One Step ata Time....

Data challenges are being run on an annual bastselvh fake data is generated to test the Grid
infrastructure. The idea is to be able to idergifypecific X particle/X event which is hidden amsing
the masses of generated data. If this can be dopartiof the data challenge, then by implicathia t
should be possible with real data.

Meanwhile the LCG tool release is an example ofggtagress being made by the community. Six
months ago, the first tool release was unstablediffidult to install. Therefore LCG1 had not been
installed in many sites. With the release of LC@®, installation is much easier which has enabled
over 300 worker nodes to be connected accessirggasuial CPU.

5.9 To be first...

Being one of the first science communities to belved in developing the Grid in the UK, the
particle physics community is likely to have a aganfluence:

‘Particle physics is in a good position becauseah essentially dictate to all sciences what sakwa
they should install on the Grid....this is goingsfmead out from particle physics...’

Moreover, Grid technology will be deployed over tb& in support of computer chemists and
computational scientists. Already at this stages lieing anticipated that the software neededhiisr
will be the software developed and deployed bypiduticle physics community:

‘...and I'm backing the particle physics commuriycome up with software that | need to make it
work...."

5.10 The GridPP Hierarchy

The Grid in the particle physics community is baseda hierarchical structure-which also largely
supports the community’s collaborative nature. ddta will be generated at CERN where the four
LHC experiments will be running. The raw data Wil stored at CERN with sub-sets being stored in
Tier 1 centres; large traditional computer ceninethe large collaboration countries such as US and
the UK. A further subset of data will be availablethe Tier 2 centres. These are virtual centredema
up of groupings of institutes-ScotGrid, North Gi&huth Grid and London.
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The following diagram illustrates the hierarchisaucture of GridPP:

Regional Regional

Tier-2

(Source:http://www.gridpp.ac.uk/ab/doc/GridPP_Proposal)doc

This top-down approach is based on a resourcedimind resource-efficient view of managing
computing resources and of managing data; an esrddogs not need constant access to 50m CDs of
raw data. This also feeds into the socio-politreglities of how the computing for LHC is resourced
at CERN; no individual country will singularly furadl the computer resources at CERN.
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6. ANALYSIS

We now focus specifically on how various actorshivitthe defined socio-network inscribe their
interests and how these interests are translatad @ffort to align others to their actor networkese
actors include the Grid, the particle physics comityy GridPP, PParc, E-Science programme. We
consider the strength of inscriptions and reflguiruthe stability of the network.

6.1 Creating the Actor Network...

The UK government's Long Term Technology Review 94/8) identified advanced IT as a
requirement for science and technology. By 2000 Ulke E-Science programme funding became
available for advancing IT in the research comnyaitd PParc had recognised that funding was
required to enable the particle physics communitgupport the LHC programme in 2007. In order to
meet their respective interests, the actors hadign themselves into a newly forming network. Thei
varied interests would become aligned into builddingnformation infrastructure-that of ‘constructin
the Grid'. Therefore the UK E-Science programme BRarc aligned their interest for mutual benefit.
From PParc’s perspective, alignment with the E48meprogramme would also ensure a steady
source of funding.

To secure this funding, the particle physics comiyuhad to be aligned to the newly forming
network. PParc inscribed its (programme of actiotgrest by initially ‘ring fencing’ the E-Science
investment by specifying how the funding shouldulsed, thereby becoming an ‘obligatory passage
point’ (Latour 1987) to access the funding:

‘It was a very useful tool for the senior managetmaf collaborations to be able to say: we can’t
have anyone for computing unless we do that...Aatldonvinces people to do it that way at some
level....’

By aligning with the Grid as an ally in the actatwork, PParc enrolled the support of the particle
physics community on the basis of needing to aeh&scientific goal; that of the LHC programme in

2007. The LHC programme provided a ‘flag in thed3avhich was an effective way of focusing and

aligning community effort to the actor network.

The particle physics community aligned with PPard & turn with the Grid as a way to support their
interest of achieving their scientific goal in 200lhis was translated into forming the GridPP
collaboration which became the Grid project fumtitiy body for the Grid development and
deployment in the UK. New corporate structures egybrting mechanisms were put in place to
ensure effective management of the project. Grigifiinted a Press officer in April 2004 in order to
inscribe messages related to Grid development @ssgn order to strengthen the alignment with the
particle physics community in the respective ingtis. Messages pertaining to the efficiency and eas
of use have been translated into a website, postemterences and relevant seminars.

The community as a whole was able to align with@mniel and inscribe their interests into the LHC
programme as a way of enrolling the E-Science fudAlready identified as a science priority by
the UK government, LHC represented a high profilggrt with a deadline:

‘...there is this big flag in the sand where ireavfyears time it has to work...’
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The E-Science programme translated their inteiestsgiving PParc a ‘lion share’ of the funding
available and aligned with the particle physicigtsperience, pragmatic and focus driven approach to
deliver the Grid E-Science programme by 2007.

6.2  The Particle Physicists

As a community, the particle physicists inscribesithpragmatic approach and experience in
computing into developing the Grid. As they arevein by the LCH programme deadline of 2007 and
consider technology of secondary importance, thaystate their programme of action into ‘getting
the job done'. It follows that they will only do wahis required of them. This implies that the saftav
may be ‘rough around the edges’ and difficult te,usut it will work. This is unlikely to solve the
‘overall problem of the Grid'. For example, there aecurity and ethical issues that will need to be
addressed for the biologist community which thdiglarphysics community will not resolve.

It follows that the community is inscribing theintérests of needing to deliver an E-Science
programme and translating this into their selectamd subsequent adoption of standards and
technologies. For example, new web specificationgsrid Services are yet to be defined by industry
players, however the community is having to makeauaber of early decisions by opting for
standards which may or may not change in the nglard. Subsequently the particle physicists
inscribe their interests of influencing the IT irstiy to develop and come on board with the staredard
they are trying to develop. At the same time, thegnmunity has to be flexible enough to adapt to
newly defined industry standards as and when thegrge. As another example, the LCG software
has had to be recently recompiled for CERN as@tregthe UK running a different Linux version to
the one required. The particle physics community iara position where they can ‘dictate’ their
choice of Grid software for the rest of the sciecemmunity.

The collaborative and resource intensive naturth@fcommunity’s research inscribes a hierarchical
structure on the particle physics Grid. These spoidical realities coupled with a need to manage
data efficiently is translated into constructingop-down data hierarchical structure where data is
generated at CERN and sub-sets of that data ioaet the remaining Tier centres.

It follows that the community is building up an stalled base’ including technologies, institutions,
bodies, standards, experience, policies, and psesaeshich will influence the future development of
the Grid-especially within the scientific communifys this installed base will be built up beforesno
other communities, it will become cumulatively pdgpendent especially; the installed base is highly
influenced by small benefits demonstrated by thdyestages (Shapiro & Varian, 1999, Ciborra
2002).

6.3  Visibility of the Grid.....Technical Actors in the Actor Network

Having reached a state where an actor networlkgsea to the construction of Grid, we now consider
some of the technical actors within the actor nektvas part of the ongoing development. The Grid is
not yet a seamless and interoperable informatifyagtructure. This makes the technical actors én th
actor network ‘visible’.

End-users are exposed to the heterogeneous ndtueehmical actors as standards are yet to be
defined and agreed. Grid tools and technologiesabkery early stages of development implying a
raft of technical difficulties. These technical @stinscribe their patterns of use, which at theetbf
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writing, constrain behaviour for the end-uddsers who want to use the Grid are expected to have
certain level of competency, a certain amountroétand a great deal of patience!

A lack of standard interfaces between various dpgraystems such as Windows XP and Linux, for
example, inscribes a need for users to have a tdwekhnical expertise to allow for interoperalili

This pattern of use may be witnessed when usermaotved in customising software sometimes on

a per analysis or per experiment basis. It folltieg users who do not have this level of experime

a ‘gung-ho’ attitude will currently find it difficli to use the Grid. Moreover, the immaturity and
instability of Grid tools and technology inscribeegonsiderable amount of time and effort on thé par
of the end-users. For example, the resource bi@ker glossary) on a given site used to crash once a
day often meaning that the jobs that had been gtdunto it earlier in the day had not been
completed. This inscribed the need for end-usersanually check procedures and processes and fix
any problems.

6.4  The Strength of Inscriptions....to Irreversibil ity...

According to ANT, inscriptions have to be linked large actor networks in order to give them
sufficient strength: this is based on ‘trial andogr A program of action is inscribed into a grogi
actor network until the necessary strength is aeliie(Hanseth 1997)

PParc aligned its interests with the E-Science naraghe which translated into forming a stable
network of constructing the Grid. By accepting #gnificant funding that was provided to support
the advancement of IT within the research commurtle actor network became durable, and
therefore irreversible. The network was furtheemsgithened by PParc’s interests translating into
setting up GridPP; a formal governing body for ntang and developing the Grid for the particle
physics community. By the particle physics commuriligning with these interests, the network
gained more strength and subsequent momentum (CEi@1).

Based on the large investment and the fact that.H& programme is considered a high profile
science priority, the actor network became staide@rid will be deployed for the LHC programme
in 2007.

The converse is true in the setting up of standad®rs do not seem to be aligned in their efftots
define and agree on standards:

‘(there is)...existing chaos...real chaos for the Grid stuff. 8kstandards, duplicated standards,
contradictory standards...this is a mess.’

This suggests a certain degree of ‘reversibilitithim the network; it is not made durable. Moreqver
it is clear that attempts at an ‘anti-programme’ possible as inscriptions are challenged by other
‘power brokers’, such as IBM and Oracle within Hwor network and new interests are inscribed.

With respect to the technical actors in the acttork, inscriptions constraining use are not being
made durable given the level of commitment to firigject. Although there may be some delays by
end-users who are balancing their normal worklo&t addressing Grid software bugs, progress is
being made within the community. This suggests thatinscriptions of constraint are not being
sufficiently translated into stability within thectar-network. Technical difficulties are being
addressed as part of the prototype phase of the rGlitout, and the subsequent production phase.
For example, the difficulties with the LCG1 releagere addressed in the LCG2 release.
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However, at this stage of the Grid developmentetteems to be a level of scepticism amongst
individual particle physics communities. Doubts iowhether there is a genuine need for the Grid by
the community seems to be a case in point. Theacfgmphysics community has demonstrated
sufficient computing ability in the past, irresgeetof the computing constraints, to suggest al ‘rea
need’ for the Grid. This has not been the caseinvitie Life Sciences community where the ‘real
need’ may be more acute based on their relativgper@nce in computing. It follows that there is
tension in the particle physics community in thediand effort required for development of the Grid
and pure science research. As the community ishat'cutting edge’ of developing the Grid
technologies and tools they are often exposed does of software immaturity, instability and
unreliability. This makes acceptance and subsecaémption of the Grid difficult. As considerable
motivation and ‘gung-ho’ is needed to use the Ghd,user community is relatively small.

These sentiments suggest a level of ‘instabilitithim the network. Inspite of the particle physics
community as a whole being aligned to the actowoeX, there appear to be smaller actor networks
with individual interests that are not aligned. 8 important as these individual groups of phtic
physicists represent the end-user community. Alghoitl is possible to speculate that by 2007 the
technical difficulties would have been ironed ouffisiently to enable to adoption of the Grid, it
remains to be seen to what extent this shall beilpleseven with governing bodies in place to guide
the process.
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7. DISCUSSION

The particle physics community play an importar rio developing the Grid. This is largely based
on ‘being first’ among the science communities néluence both the Grid technologies/tools and
standards. The small decisions taken at this estalge are likely to have a significant influence on
how the Grid develops as this builds up an ingfall&se including technologies, standards,
experience and end-users. If the installed basenbes cumulatively attractive, subsequent Grid
development for the science community may beconté-gependent (Shapiro & Varian 1999,
Ciborra 2002). Already at this stage, we are wiirgs the particle physics community choosing
particular technologies and developing them basetheir requirements. Further Grid developments
within the science community are likely to be basedhis installed base. The characteristics of the
particle physics community within the set contekimarking to a tight deadline also contributes to
this ‘installed base’

The Grid is not yet an information infrastructunetihat its heterogeneous components are visible and
the necessary standards are not yet defined toleetatieroperability. This exposes the particle
physics community to the ‘growing pains’ of devetapGrid technologies and standards that are at
their very early stages. By implication, the depat@nt of an information infrastructure is far from
being straight forward. There are many socio-tezdnissues that underpin its evolution. It follows
that despite the initial interests of the needdnstruct a Grid being aligned; subsequent interafsts
how and when this happens are not. For example,dB8¥Microsoft are delaying the development of
new web specifications for Grid Services which gagticle physics need to deliver their E-Science
programme by 2007. The agreement and adoptiorstralard will not take place unless the actors in
the network are aligned (Hanseth 1997). The digpafiinterests between the actors means that the
particle physics community has to ‘take the plureyed opt for existing standards which may or may
not be adopted by industry at a later stage. Thggests that there is a degree of instability and
therefore reversibility in the actor network whetandards and technologies are immature. This also
illustrates the socio-technical complexity of starts.

This points to a particular need to create a sestahdards to enable interoperability, whilst
maintaining a level of flexibility within the infanation infrastructure in order to accommodate for
necessary changes. This dilemma can be said t@atbese the development of an information
infrastructure, like the Grid where actors’ inteaseghe development of technologies and standards
and so forth is in a constant state of flux in #arapt to align and realign according to their iags.
This is especially the case where the underlying skestandards are in the process of being defined
It follows that there is a great deal of uncertambout how the actor network develops and theeefor
the way in which the Grid will evolve over time: arformation infrastructure is ‘open’ and therefore
enforcing control is difficult.

This has implications for the adoption of the Gitie lack of standards coupled with the immaturity
of Grid technologies/tools exposes end-users to‘lileeding edge’ of a developing information
infrastructure. Without the required technical exige and motivation end-users are currently figdin

it difficult to adopt the Grid. Moreover, the faittat the particle physics community are involved in
the Grid development means that they are encouagtéinie most difficult problems. It is therefore not
surprising that the community has some scepticisouawhether the Grid will improve on how they
carry out their research. Moreover, to adopt thiel @ray require a change in the existing ‘formative
context’ (Ciborra & Lanzara 1994) which by implicat will take time. Therefore, we can speculate,
that the adoption of the Grid may only result ofinecessity. Some attempts are being made by
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GridPP to address these issues by appointing acpaldtions officer to improve the communication
about Grid developments and improvements. It faldhat standards and Grid technologies will have
to be developed sufficiently in order to attraetider user-community.
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8. CONCLUSION

The aim of this paper was to uncover the issues @drallenges of developing an information
infrastructure. We believe that this has been aelie By drawing on the many socio-technical
elements that make up the Grid, we have been ablfustrate that developing an information
infrastructure is not a straightforward processthis way we have been able to illustrate how an
information infrastructure can be conceptualisedraactor-network. From a macro-level perspective,
the importance of standards has been highlighteatiowi which it is difficult to have a user
community and subsequent adoption of the Grid. hee some of the frustrations of developing an
information infrastructure may have to do with teasion between standardisation and flexibility; at
the early stages, it is difficult to know ‘whatlbe flexible over and what to standardise’.

In addition, we have outlined the significancelwd particle physics community ‘being first’ in tesm

of establishing an installed base including tecbgigls, standards, experience with some discussion
on how the context and history shapes Grid devedmprrit follows that the socio-political realities
have been taken into account as they provide aortsaut backdrop in conditioning actors.

Considering the notion of the strength of inscaps has allowed us to specify which lead to
disciplining use: this gives a different perspeette the notion of ‘politics’ and ‘power’ (Hanseth
1997). Although this was fairly obvious in actotigaing their interests for purposes of construgtin
the Grid, the macro-perspective view of the subsajand ongoing development of the Grid gave us
few surprising insights. However this concept hamtainly emphasised the socio-technical
complexity of an actor network.

Although an actor network was formed and made deratound the need to construct the Grid, there
is sufficient instability within the Grid in termsf technologies and standards that makes the future
‘unpredictable’. It will be interesting to obsertiew various inscriptions will surface and how they
will come to be translated and effectively steer @rid development in a certain direction.
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9. LIMITATIONS AND FURTHER RESEARCH

The size of an information infrastructure (HansE#97) makes a detailed and an all-inclusive study
challenging, if not all together impossible. Thetjaée physics Grid in the UK is made up of many
actors-many of which have not been discussed shghper (eg Microsoft, W3C, digital certificates).
As Star (1991) posits, in analysing an actor netwibrfollows that there are other actor netwottkatt
will be marginalised. Based on the notion of a aol@ actor, it is a matter of convenience and not
principle which ‘black boxes are opened and whighreot’ (Hanseth 1997, Monteiro 2000). In order
to provide an unbiased insight into how the infaiiova infrastructure is developing it has been
necessary to rely on the concept of being abledorh in and out’-a systematic study would have
limited this work.

The research has been approached largely from eofpacspective. It is felt that at times, to enrich
the area of study, a micro-perspective would haenlbeneficial. For example, more detail on some
of the specific technical actors would have bedavent for this research as often, IS research is
criticised for not giving enough attention to tleehnology (Orlikowski & lacono 2001). It would
have been interesting to consider more specifidaty the ‘technical mesh with the non-technical
(Hanseth et al 1996).

It follows that it has been difficult to follow asges of inscriptions in strengthening an actomoek.
This is partly due to the broad scope provided taedimited amount of time available within which
to uncover more detail to illustrate the conceptmscriptions and translations over time. Therefor
in some cases, it was difficult to assess theivelatrength of inscriptions followed by translaitso In
retrospect, in using this minimalist version ofaaatetwork theory, it would have been beneficial to
focus on a particular area of Grid developmentame detail. Although the strength of inscriptions
was illustrated in how the actor network formedusith needing to construct a Grid, this was not so
obvious in describing the subsequent ongoing dewedmt. Some inscriptions were highlighted with
a limited view on whether or not these resulted subsequent translation.

From this perspective, ANT has been criticised goesuming actors to be rational and strategic
(Monteiro & Sahay 2000). However, Latour (1999)wsyg that the equal treatment of humans and
allows for a ‘diluting of intentionality, respondlity and accountability’. Moreover, in general act
network theory has been criticised for being afalitand lacking in an evaluative stance (Walsham
1997). In spite of these criticisms, actor netwdhnleory provides ‘a new methodological and
theoretical device to enable us to think about idgbrof people and information technology’
(Walsham 1997). This is increasingly important aforimation technology and communications
becomes an integral part to daily life. As has bemmonstrated throughout this paper, the
development of the Grid is a complex socio-tecHngracess and actor network theory illustrates
these concepts well.

The Grid is a new area of research for the IS fields makes it an exciting time to carry out resha
into the Grid and the many ‘unchartered’ socia¢sce topics. For example, it would be interestong t
investigate issues of trust from the perspectivahef virtualisation of the ‘intimate relationships
between organisational and resource-sharing stegt(Foster& Kesselman 2004). New concepts of
the ‘organisation’ as we see it today are likelyptoredefined. This poses a very relevant question:
what does this mean for our organisations andtirtigths today?

It will be interesting to research how the Gridlvabme to be adopted by the science community,
namely by the Life Science community. It has be&hlighted that the end-user community in

29



particle physics has not adopted the Grid. How tils happen for the particle physicists and how
will this happen for the rest of the science comity®n

Moreover, it will be interesting to observe the elepment of standards for the Grid in some detail:
the community is surrounded by a ‘sea of standad’a ‘sea of standardisation bodies’ and industry
players with vested interests-how will standardsnewally come to be defined and agreed? Who will
be the winners and the losers?

Whatever the area of research, IS researcherfimilthis an exciting time.
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11. GLOSSARY & ACRONYMS

API

DMTF

GGF

Globus

GridPP

Grid Service

LHC:

Middleware

Oasis:

OGSF:

OGSl:

Petabyte

PP

Protocol:

Resource:
Broker:

(abbr.) Application Programming Interface

An API defines how programmers utilise a particular computer feature. APls
exist for windowing systems, file systems, database systems and networking
systems.

(See: http://www.dmtf.org/home) Distributed Management Task Force:
responsible for leading the development of management
standards/integration technology for enterprise and Internet environments.

(See: http://www.gridforum.org) Global Grid Forum: global standardisation
body for Grid computing.

The Globus Project provides a software toolkit that make it easier to build
computational Grids and Grid-based applications.

Grid for Particle Physics
A collaboration of UK Particle Physics Institutes.

A web service supports the Open Grid Services Infrastructure (OGSI)
standard. (Foster et al 2004)

Large Hadron Collider
Low-level software that enables the fabric (computers, storage and networks)

to intercommunicate and allows the sharing of these resources via common
Grid protocols.

(See: http://www.oasis-open.org/home/index.php) A non-for-profit consortium
that drives the development, convergence, and adoption of e-standards.

Open Grid Services Infrastructure: an integration of Grid and Web
technologies that defines standard interfaces and behaviours for distributed
system integration and management (Foster et al 2004)

A Global Grid Forum standard that defines the core semantics of a transient
Web service, including naming, lifetime, and exposing service state.

One thousand terabytes or one million gigabytes.

(abbr.) Particle Physics.

A protocol is a set of rules that end points in a telecommunication system use
when exchanging information. For example, the Internet Protocol defines an
unreliable packet transfer protocol. (Foster et al 2001)

Used to virtualise the interfaces to sets of resources.
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Service:

SDK

Terabyte:

WSDL:

wa3C

A service is a network-enabled entity that provides a specific capability, for
example, the ability to move files, create processes or verify rights.
Service=protocol + behaviour (Foster et al)

(abbr.) Software Development Kit. “This denotes a set of code designed to be
linked with, and invoked from within, an application programme to provide
specified functionality’ (Foster et al 2001)

A thousand gigabytes
Web Services Description Language: W3C standard that defines a standard

interface description language. (Foster el at 2004)

(See: http://www.w3.0org) The World Wide Web Consortium: develops
interoperable technologies (specifications, guidelines, software, and tools) to
lead the Web to its full potential.
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