Which standards’ characteristics increase system fl exibility?
Comparing ICT and Batch Processing Infrastructures

Tineke M. Egyedi "2, Zofia Verwater-Lukszo °

a Faculty of Technology, Policy and Management, ICT Department, Delft University of Technology, Delft, the Netherlands

b Faculty of Technology, Policy and Management, Department of Energy and Industry, Delft University of Technology, Delft,
the Netherlands

Abstract

Most large Information and Communication Technol¢i§yT) systems develop in a piece-meal
fashion. Their complexity and evolution is diffitulo manage. They lack flexibility. This
contrasts sharply with system design in the batide\wrocessing industry, where flexibility has
always had a high priority. In this industry, th88Sstandard plays an important flexibility-
enhancing role.

The paper compares the two fields of technology exymlores which standards’ characteristics
increase system flexibility. It examines whethexibility objectives in both fields differ, and
what constitutes a ‘flexible standard’.

Four standards’ characteristics turn out to be mapd: degree of specificity, level of abstraction,
system level, and degree of simplicity. They seenbd a necessary condition for standards to
create flexible systems, but whether they are facgeriit condition cannot yet be said.
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1. Introduction

Large infrastructure systems operate in dynamigrenments. They must remain responsive to
changing needs and demands, which requires actaistenance and sometimes more radical
system change. However, the maintenance of sugh kystems, let alone their evolution, poses
many problems. The Information and Communicatioohhelogy (ICT) system of a large Dutch

government agency illustrates this [1]. The agetmysists of several quasi-autonomous larger
and smaller organisational units. Its ICT infrasture has evolved in a piece-meal fashion. Bit
by bit stand-alone, local provisions have been Emipand integrated with networked

functionalities. Of the 350 software systems, 15@ generic and used throughout the
organisation (e.g. word processors). Two hundrdtivace systems serve a specific, special
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purpose and are only used by certain people. Véispact to system maintenance, the people
involved identify a number of problems. In parteyl

» the short life-cycle of IT productsl products have a relatively short life cycle. Tdeerage
time for a software upgrade is about three yeadrs dmount of time almost matches the time
needed to roll out IT products in such a large gowvent organisation (i.e. from idea to
working implementation). As a result, there is atowous pressure to upgrade the IT
infrastructure.

« different local needdDifferent IT configurations at the local level maikaifficult to rollout
IT products organisation-wide. To succeed, locahpaations are made - which further
increases the differences between local configumati

* unsustainable software desighoo little attention is paid to sustainable softevdesign. E.g.
software developed in a certain programming enwviremt does not automatically run in
another (user) environment.

* unexpected interaction between softwddew applications sometimes affect existing ones in
unexpected ways

» provider dependencélhe organisation is sometimes locked into (closedrce) software,
such as the off-the-shelf software of a monoparisthe tailor-made software of a smaller
provider. Also in the latter case system mainteaaran become very dear.

The case illustrates that where information systaresupdated, frequently, the resulting system
grows increasingly complex, as does the maintengmoeess itself [2]. The complexity and
further development of the ICT infrastructure beeodifficult to manage. The ICT system lacks
the necessarffexibility, by which we mean the ease with which a systemadaust to changing
circumstances and demands{3].entails openness to change.

Lack of flexibility is also evident in other fieldsf technology, in particular where Large
Technical Systems (LTSs) are concerned. LTS ism tesed in Thomas Hughes’ system theory
[4]. It tries to capture the complexity of the otless number of interrelated components and
subsystems. The term comprises technical as wedbeigiechnical artefacts (e.g. institutional
and regulatory provisions for artefact use and petidn). It includes, for example, the
organizations, companies and institutions that lbgvaround and sustain the system as well as
individual actors who specialize in certain tas#syelop technical add-ons and complementary
products, etc. As the LTS expands, the number rd, interdependencies between, actors and
artefacts grows. Over time, these interdependermigstallize, solidify, and make manifest a
process of socio-technicahtrenchmenf5]. Changes are only possible at the cost of jastithg

the technologies and other socio-technical arraegésnthat surround the LTSThe higher the
vested interests, the higher the costs and the wmiffreult it is to introduce changes to the
system. A well-documented example of the problem ewitrenchment is that of the
environmentally harmful polyvinyl chloride (PVC) quuction [6]. Entrenchment fostepath-

! For example, unintended changes can occur whengdd application that shares the ODBC comporent i
Windows.

2 The term ‘flexibility’ is defined in managementeiature in terms of ‘the ability of a resourcémused for more
than one end product [2]”. Because we take systather than end products as our research uniprefer a
broader definition.

® We slightly adapt Collingridge’s definition heMhere he emphasizes the technical, we emphasize tie-
technical character of the entrenchment process.



dependency7]. Path-dependent system evolution cannot cople the dynamic demands made
on LTSs. Unavoidably, friction between system atgl @nvironment arises, a friction that
increases as time passes.

According to Mulgan [8], standardising one partlué system creates flexibility in another part.
In this paper we pursue this idea and explore itwhanner standards contribute to system
flexibility. In particular, we examinavhich characteristics of standards contribute tsteyn
flexibility. We follow a two-fold approach. We analyse flekiiissues in ICTs and the role of
standards therein, and compare it with the batdegssing industry to gain new insights. For,
possibly, different areas of technology face ddférentrenchment problems. Moreover, in some
areas system flexibility has a high priority in ®m design. This is the case in the batch-wise
processing industry, where the S88 standard plagaliant role in creating system flexibility.
That is, we look towards the batch processing itrgu® explore what extra insight can be
gained about using standards for designing and giagélexible systems.

The paper is structured as follows. First, we exanfior what purpose flexibility is sought in ICT
(Section 2). Next, we turn to the batch-processmyistry and analyse the flexibility objectives
(Section 3). We discuss possibly relevant charesties of ‘flexible’ standards (Section 4), and
explore the theoretical implications (Section 5)e Wonclude with some final remarks and
research recommendations (Section 6).

2. Dynamic ICTs and flexibility objectives

Because flexibility is a means and not an endsalfit it is relevant to know for which system
objectives flexibility is desired (i.dlexibility objectivey. Many areas of technology, divers as
they may be, seem to share the same objectiveslergan [2]; Fujimoto & Raff [9]; Feitelson

& Salomon [3]; Byrd & Turner [10]). For example the field of transportation, the automobile
industry and information management producers se&knd of flexibility that allows system
development while preserving earlier investment$ilgvin the automobile industry flexibility
serves the purpose of creating a wider varietypefsonalized’ products, the general aim is the
same as in others areas: to reduce engineeringseéfiod facilitate system maintenance. Table 1
lists some general, partly overlapping flexibililgjectives. See Table 1.

General flexibility objectives for systems:

* toimprove the system while preserving earlieestments
* toreduce engineering efforts

e to reduce operational costs

e to increase system efficiency

» to reduce maintenance efforts

Table 1: General flexibility objectives.

To examine them in more detail, we return to tleddfiof ICT. Here reusability of information
system components is typically desired to manageahpid change of technological generations.
Independent and reusable data and application coemp® simplify "“(...) processes of
development, maintenance or reengineering of dpagbose systems”, and reduce their costs
[2]. Reusability is an overarching aim. It is aerakent in many of the following, more specific
flexibility objectives in ICT [11]:



* exchangeabilitythat is, reuse in a different system or contexg.(software applications,
computer hardware, etc.[12])

» portability; this refers to the different hard- and softwamforms on which software entities
can run and be ported (i.e. reuse on differentqiais [12])

« scalability, which refers to the possibility to use the samiwsoe on e.g. mainframe and
micro-computers (i.e. reuse in smaller/larger sysie?])

» extendibility or upgradeability,that is to add new elements to a system in orderetise
existing parts of the system and lengthen itsdgan [2]

* integrationof heterogeneous components and subsystemsefige of part of the system by
integrating new elements or by integrating différsubsystenig13])

* interconnectivity that is, reuse of the system through couplindp wiher (sub-)systems (e.g.
Genschel, 1993)

* reversibility(i.e. reversing changes to the system) and

» downgradeability(likewise, e.g. for accessing an older archive).

These objectives can be met by different meansStendardisation is one of the most important
ones, and the one we focus on in this paper. Tddse, there are different kinds of standards:
standards for health, safety, etc. We restrict elues to compatibility (or interoperability)
standards.

Compatibility between components can be of two $yjid]. They can be

* compatible complementthat is, when component A and C can be used tegétty. plug and
socket), and/or

« compatible substituteghat is, when component A and B can each be uséu avithird
component C to form a productive system (e.g. plagnd plug B in respect to socket C).

Looking at the list of flexibility objectives fronthis angle, the aim of exchangeability, for
example, typically emphasises the substitution aftwsaare components; while ‘portability’
implies that software runs on different complemgntalatforms, which are themselves
compatible substitutegtc.. See Table 2 below. The Table characterseshjectives in terms of
whether their flexibility exists primarily in respeto complementary or comparable, substitutive
components. This answers the question in respeethich system component flexibility is
sought. Perhaps even more important is the fund@heunestion wherein the flexibility of
standards lies. The common denominator of theofigtbjectives seems to be the need to define
component and subsystem boundaries in a way tha¢ts the system’s fabric into reusable and
adaptable units.

“ Reuse of part of a system for the purpose of iatéan with another system (part) is a transientfof flexibility:
once integrated into a — higher level- system,ilfidity is lost at the lower level.



Standards’ characteristics
Flexibility objectives Compatible complements and/or
specific to ICT substitutes Type of standard®
exchangeability substitutes interface
portability substitutes interface
scalability substitutes interface
extendibility/ complements interface
upgradeability
integration complements reference framework
interconnectivity complements interface
reversibility substitutes + complements procedural
downgradeability substitutes + complements procedural

Table 2: Flexibility objectives specific to ICT afaaterised in terms of standardisation features.

In the last column of Table 2 we try to capture tyyge of standard which is typically needed to
meet the flexibility objectives. In this paper tbrgypes of standards are most relevant:

» interface standardswhich define a common interface between components

» reference frameworksr architectural standards, which define how d#fé components
interrelate; and

» procedural standardsyhich define the organisational / operational pcages to (re-) create
compatibility.

For example, procedural standards are typicallyd usebe able to reverse changes to ICT
systems that create unexpected difficulties.

Recapitulating, standardisation is an importantmada achieve flexibility in ICT systems. The
flexible property of compatibility standards liesloosening up the interdependencies between
subsystems and/or components that are of a comptameor substitutive kind.

As the example in the introduction illustratesthie past system flexibility had little priority in

ICT system design. Is this different in the batobgessing industry?

3. Batch-wise processing and flexibility objectives

To respond to changes in the process industry @mvient, companies often have to adapt their
production by manufacturing new grades or compjetelw products using new raw materials
and new procedures. The flexible batch-wise modeopdration is recommended for such

situations. Flexibility, here, can be understoodhesability of an industrial plant to reconfigure

the plant equipment, including hardware and consydtem, and to change operational and
scheduling procedures. However, this increasesdh#lexity of management of manufacturing

operations considerably. To clarify the relationtween desired operational flexibility and

complexity in operation management, we first déscrihe process industry and the way it
operates.

® There are several categorisations of standarewrdup with a specific purpose in mind (e.g. Kreeh® Baskin
[20]; Sherif [21]). A selection thereof and the diboh of ‘procedural standards’ better applies here



The process industry converts raw materials intermediary and end products - for other
industries and consumers. There are two ways afegging materials: continuous and batch-
wise. A continuous process fed by a constant flow of feedstocks, succesdgivuns through
different process steps, and yields a constantystdtbw. Typically, the continuous production
mode is steady state, which means that at a gieam 0 the system there is no change in
process conditions over tifieExamples of continuous production are the largdesproduction

of fuels in the petrochemical industry and of sabgein the chemical industry.

A batch-wise process fed at the beginning by feedstocks, which thedemgo a sequence of
processing activities over a finite period of tinkénite quantities of material are produced using
one or more pieces of equipment. Here the produatmde is dynamic: to make different
products the composition of the batch equipmentchanges continuously. Sectors in which
batch-processes typically occur are

* Food and beverages,

« Pharmaceutical products

e Paper, cardboard and paper & cardboard products
* Fine chemicals

* Rubber and plastics

* Glass, ceramics, cement, lime and plaster products
* Basic metals.

The choice between batch and continuous processingn economic one. Investments in
continuous processes are high. The process is igptinfior one product, which results in a very
efficient but inflexible process. For these reasamtinuous processing is used for product
categories with a small product range, low prodiifferentiation, low added value and a long
production life span. Batch processing is choseere/imore flexibility and less efficiency are
required. Several operations may be carried out thie same equipment, and the same operation
may be performed with different types of equipmdritere is no one-to-one mapping between
equipment and operations.

In comparison with continuous processes, batchgss®s are more complex and difficult to
manage. This complexity stems from the non-stesale ehaviour of each batch operation in
itself, and from the need to align the various apiens and production runs as efficiently as
possible. Each batch operation runs through sev@rakes. For example, in the case of a
chemical batch reaction: process initialisation ahdrging of ingredients, heating (and possibly
pressurizing) to establish the prescribed reaatmmditions, chemical transformation, cooling of
the product mix, discharging, and reactor cleanirge frequent changing of products in a batch
plant, the variability in product recipes, the seaging problems and/or the necessity to clean the
installation between batches, the dynamic charamttezach batch process step, etc. all make
batch processes particularly difficult to manage.

It should be stressed once more, that the attewtss of batch processing plants, despite their
complexity, lies in the flexibility they offer torpduce different (types of) products with the same
equipment and to use the same pieces of equipmedifferent processing operations. These
features make batch plants eminently suitable fodycing a large number of product grades,
short series of tailor made products and new pilotucts.

® Of course, during the start-up, shutdown and ceever, the production mode is different.



The management of batch operations is so compabathvell-structured plant and process
models are required. The need to standardise Ipatchuction terminology and process
modelling was first recognized by the chemical stdy As a result, in 1988, the Instrument
Society of America (ISA) started a project grouB8PThe first part of the standard took more
than five years to complete. The ISA batch stan&38L.01 Batch Control. Models and
Terminology”was published by the International Society for Meament and Control in
February 1995. It provided standard models anditeriogy for the design and operation of
batch control systems. It is in this respect arezfee standard.

4. Flexibility in Standards

“Standards (...) may be in place to increase fléiib(...). Naturally, how they ensure
compatibility will affect flexibility too [2].” Durcan does not elaborate on her remark. She may
be referring to technically different standardsiusons, to the way standards are implemented,
but also to standards' characteristics and thélireince on flexibility in technical systems. We
pursue the latter interpretation, and more spe&gificexplore whether certain standards’
characteristics are more flexibility enhancing thathers. Little systematic research has been
done from this angle.

LTSs have a long life span. They require stand#rdscan accommodate new demands over a
longer period of time. One could therefore arguat,thto avoid standards-based system
entrenchment, LTSs need ‘flexible’ standards —asherrobust standards, for the standards
themselves do not change. As a first step towardsra systematic exploration, we focus below
on standards’ characteristics that can be reasmnetiuce flexibility-related system behaviour.
We first address a number of general, technologgpendent characteristics, which are more
elaborately reflected on in Section 5. We proosgd examples from the fields of ICT (Section
4.2) and batch processing (Section 4.3).

4.1 Standards’ characteristics that reflect on flex ibility

Four technology-independent variables (charactesisif standards) would seem relevant for
standards to cope with new demands made on thensyst

« degree of specificity in standards.
The measure of detail in a standard can vary. Sstaedards only specify the required
performance of a product or serviggefformance standardsand not how to go about
implementing them, as do thgroduct specificationsThe latter, of course, pose more
restrictions on implementations. In standardisatigmerformance requirements are
increasingly preferred to product specifications.
To give an example, the standards for the (marjtiimeght container developed in ISO TC
104 in the late 1960s were performance standardsy Thade no reference to the material
used to put an end to early discussions on wheihaiainers should be made of aluminium
(US interest) or steel (European interest). Nor tiiey specify how to construct an ISO
container. Their sole aim was to achieve operatiexehangeability [15].

" In the context of standardsbustnesss "the ability (...) to maintain a set of spedifiperformance features when
(...) subjected to (...) external disturbancel'{(Private communication Austine Ajah, PhD stud€b Delft)



» degree of functional inclusiveness
In many cases standards include options. Theseormptimay mean different things.
Sometimes these options provide similar or oveitapfunctionalities, something that runs
counter to the ideal of parsimony in standardisat{dhis will be illustrated in Section 4.2.)
In other cases, options represent complementargtibinalities. The more functionality a
standard can cater to, one might reason, the hitjeedegree of inclusiveness achieved. Is
functional inclusivenesa way to cope with different and unforeseen dersaridcorresponds
to the ‘open systems’ vision on infrastructure ifelity mentioned by Duncan. “This vision
suggests a technological capacity for ‘anythingrigone at anytime’ (...). While surely there
are few (...) examples where such a capacity has bequired and used, the capacity can
nevertheless be defended as the epitome of fleyif].”
However, flexibility in the standard - system reaship depends in particular on the degree
of interoperability achieved. Products that compith different standards options may not
interoperate. As will be elaborated in Section &rspnony of options is therefore of
overriding importance for standardisation.

e system level addressed by standardisation.

Large technical systems consist of subsystems,hwvimcurn can be divided into smaller
subsystems and components. Flexibility can be sueist each level. It is crucial to know
beforehand at what system level(s) flexibility iss@table and at what level(s) standards
contributes most, for they may work out differendlydifferent system levels. We therefore
regard system level as a flexibility-related chégastic, too. The higher and more abstract
the system level addressed, the more choices flexidility - in system design at the lower
levels (i.e. less technically fixed).

* level of abstraction in standard¢e.g. protocol vs. reference framework for protoco
development). A standard which is based on a mios&act design approach (e.g. reference
framework) incorporates more flexibility than a raatetailed approach.

To test the tenability of the proposed flexibilemhancing characteristics, they are held against
two empirical cases: the OSI model, a fundamesttaidard in ICT, and S88, a crucial standard
in the batch processing industry.

4.2 OSl standard in ICT

In complex ICT systems it is not sufficient to sigjmglefine functions. It is also necessary to
define the relations between these functions. Raeter frameworks are developed for this
purpose. The Open System Interconnect@8I] reference modé& such a framework. OSI was
adopted as an international formal standard in 1®8® 7498 and CCITT X.200). It identifies
and structures all the functions needed for datanconication. It depicts these as a set of seven
hierarchically ordered layers. These layers remtedegically separate functions of data
communication. They address a more or less circubext area of standardisation.
Standardisation of the layers can therefore taeepin parallel [17].

8 Meek (1996) points out that options “come into fisams: take-it-or-leave-it, and this-way-or-th@ihey look like
a form of overspecification, but take-it-or-leav&an mean underspecification if one must “takedtachieve the
aims of the standard. This-way-or-that can mearetsmekcification if the difference between the alédives harm
the aim of the standard and the standard failake & position on the matter.” [16]



In order to communicate between different systepegr-to-peer protocols are defined. Each
layer contains one or more protocols that speaify kommunication between the layer entities
of both systems should proceed. One can picturstdrgardised data communication process as
follows. In system 1 a set of data is passed dowasvirom the application layer to the medium.
At each layer, control information is appended whindicates how the data should be processed
and transmitted. The original data is, as it wetgcessively wrapped in different layer-specific
control information. The packaged set of data enégstem 2 at the lowest layer and is passed on
upwards. It is successively unwrapped again undlldare set of data emerges at (or above) the
application layer. To interwork successfully, theotsystems must agree how to interpret the
‘wrappings' at a certain layer level. The softwafréhe two systems should conform to the whole
stack of layer protocols if they are to interwork.

OSI was mainly developed, first, to address lacktdroperability between systems of different
vendors by defining a vendor-neutral, open technief@rence framework that could serve as a
starting point for system interoperability. Secgnali was to offer a future-proof framework with
which complex standardisation areas could be brolkswmn into manageable work items [18].
Thus, par excellenceQSI| was developed to tackle the type of LTS degigrblems we are
examining (i.e. ex ante design of flexible, futmeof infrastructures). OSI aimed at principled
internetworking solutions and provided an ex argéerence framework to guide standards
activities. The resulting standards were to bectimaeuilding blocks for systems that function in
various networking environments. It addressed tloblpm of system dynamics and evolution by
combining the architectural (abstract level of deyiand the modular approach (independent
layering, building blocks).

In terms of the four standards’ characteristics toeed earlier, OSl is a reference framework
and thus incorporates a level of abstraction. Mthier addresses a higher system level
(communication architecture between different sysle and it exemplifies performance
standards in many ways. For example, it leavestmemunication medium of the lowest layer
unspecified (e.g. copper, air, glass fibre, etit.pnly defines which service each layer must
provide to the upper layer and not how that shdadddone; etc. The OSI approach also shows
signs of ‘functional inclusiveness’. That is, tiierglards that were developed in the context of OSI
contained many options. These options, howeverlyngssulted from political compromises. A
number of crucial standards showed much needlesslapv between options. These options
hindered end-to-end interoperability in situatiovizere system A, which used option a, wanted to
interwork with system B (using option b). Somelwége options led to forks in the OSI stack [19].
That is, in this case more options would seemnddri rather than increase system flexibility.

4.3 S88 standard for batch-wise processing

As mentioned, the S88 batch control standard taaekefine terminology and concepts that make
design and operation of batch-plant control easteprinciple, the standard is applicable in any
production situation where flexibility is an impanit issue, that is, where several products can be
produced with the same equipment, or the same ptodoan be created with different
equipment. Providing that finite quantities of nreteare produced, the models defined by the
standard are applicable to batch-wise modes ofatiperas well as to continuous ones.

The standard describes a modular framework fopesdevelopment. With this framework a
recipe that specifies the production requiremeatsaf specific product can be defined without
support of a control engineer. Modularity allowseoto reuse the process-equipment module
developed for one application for another. Morepwerprinciple it is not necessary to write a
program for the batch control system that linksipes to plant equipment, since the product



information is defined in the recipes and the emépt information in the equipment models. A
recipe can be changed without re-programming thareb system. Other important, partly
flexibility-related advantages of using the S8&d&xd are:

e improved communication between all parties involved

* reduced time to reach full production levels fown@oducts
* increased supplier-independence because of trarspar

» faster and easier delivery of new products to theket

e easier optimisation of capacity usage

e reduced cost of automating batch processes

» less failures in batch control

* better maintainability of the control system

* better quality control

Not all of the models incorporated in the standaedessarily have to be implemented by a
factory to adequately define control requiremeitse user of the standard can decide which part
of the standard is applicable to the situation @ndeed be, skip part of the standard. Moreover,
the standard does not intenid ‘suggest that there is only one way to implemertpply batch
control”. There are some degrees of freedom, as we wiititite in the following.

The standard S88 describes three types of modaisely the process (what are we doing?), the
physical (with what?), and the procedural controbdel (how?). They have an internal
hierarchical structure. For example, in the procadoontrol model the procedure (the highest
level) is decomposed into a set of unit procedusbsch consist of a set of operations, which can
further be subdivided into phases. Figure 1 prastrg hierarchy of procedural elements for a
fictitious example of making PVC.

Procedure
Make PVC
I
[ I ]
Unit procedure Unit procedure Unit procedure
Polymerize VCM Recover residual VCM Dry PVC
[ I I ] | |
Operation Operation Operation Operation Operation
Preparation Charge React
| | | | |
Phase Phase Phase Phase Phase Phase Phase
Add VCM Add catalyst Heat

Figure 1: Procedural control model for Making PVC

As mentioned before, each recipe should be linkeal transparent way to an equipment control.
The standard allows linkage at different levelshaf procedural control model, i.e. at the level of
procedure, unit procedure, operation or phase. pg on the desired flexibility, the user must
choose the appropriate level. The chosen levetisffihe system’s flexibility (i.e. the ease of
adapting an automated control system to changgsoaduction recipes). To clarify, maximum

flexibility is achieved by choosing thphaseas the link level. At this level the recipes are

10



independent of pre-defined structures in the eqammThis level is recommended for the most
complex multi-product multi-purpose production ations. Its price is that the recipe should be
specified to the smallest detail and thereforangetconsuming to build and maintain. In some
cases, maximum flexibility is not necessary. Whéwoasing a higher level of linkage some
structures in the control systems are already fireste For example, if the operation “charge
material” is used, a predefined number of feedsagil be charged in a pre-defined sequence.
This level of linkage is preferable in situationkete the operations defined by various recipes
are equal and no changes are expected. The adeasftéiys level is that the recipes are concise
and easy to create. Mostly, the pharmaceutical sinduwill choose for this type of linkage
because more flexibility is not required. Linkagdetlae procedure level is appropriate only for
single-product situations (e.g. for plants prodgamly PVC).

The flexible standards’ characteristics discusseSdction 4.1 largely apply to S88. The S88
standard is @erformance standardt does not describe detailed product requiresiantl

specifies only on the desired performance. Becatifgs, the standard can be widely applied. It
can be applied, for example, to manual batch cbagevell as to fully automated ones, and to
batch as well as to continuous processing.

Moreover, S88 is an implementation framewdnigb abstraction level)lt does not specify the
manner of implementation. The user of the standasl to fill in elements of the framework,
make choices about content and decide at whictesy$tvel the models of the plant should
communicate with the control equipment.

The latter decision (i.echoice of system leyeheeds some extra explanation. Choosing for the
lowest level of communication means that phaseth@frecipe model are linked to the control
equipment. It creates most flexibility in the systéself (the batch plant) as well as in the system
model (the batch plant models developed accordin§88). This may sound contradictory to
what we remarked about the system level addresgedtandardisation in Section 4.1, but
actually it is not. The level to communicate witlt@ntrol system refers to the implementation
phase(how to apply the standard), while the systemlledelressed by the standard refers to the
choice of implementatioscope(the scope to which the standard applies). Theetattge scope
(i.e. number of procedures/processes addressed)jgher the system flexibility.

5. Reflection and theoretical implications

Let us recapitulate our line of reasoning. Our ag#ion was that, since the flexibility objectives
of LTSs differ, the role of standards is also riclly to be uniform. Indeed, the previous sections
illustrate that flexibility can mean different tlys in large ICT systems and batch processing
plants. For example, there is no obvious analogy dptimising capacity usage in batch
processing in the field of ICT; and vice versa,ré¢hés no evident equivalent in the batch-
processing world for the ICT aim of scaleabilityowkever, and perhaps more surprisingly, the
two areas of technology also have important fldxybobjectives in common such as reduced
engineering and maintenance efforts, and in pdaticeusability. The reuse of software modules
iIs essential to, for example, portability and sahigty. For batch processing, the reuse of
equipment for different products and processessemial for operational flexibility.

We explored which standards’ characteristics akelyli to be relevant in relation to system
flexibility, and came up with four plausible chateristics (i.e. system level addressed by a
standard, degree of specificity of a standard, léwel of abstraction of a standard, and a
debatable one: degree of functional inclusivendssjwo of these cases flexibility refers to a

11



property of the standard (i.e. degree of specyfiaitd level of abstraction). In the two other cases
flexibility is related to the standard’'s scope .(i.eystem level addressed & functional
inclusiveness).

On closer inspection ‘functional inclusiveness’ agerationalised in terms of number of
standards options is not a tenable flexibility eueristic, as the OSI case shows. The implicit
assumption, that each extra option represents diticathl technical functionality, is usually not
the case. Standardisation is about reducing needlesrsity. Moreover, the idea of ‘functional
inclusiveness’ is in conflict with the overall argant of this article that standards may increase
system flexibility at one point because they redoptons at another. If the argument applies to
the overall system, it should also apply to thesgatem.

st. charact. | level of abstraction simplicity (number of options)
st. trajectory
OSl trajectory high > more flexibility low (many)
Internet trajectory low high (few) > interoperatyil> more flexibility

Table 3: Comparison of the characteristics of Qfél laternet standards.

In the classic OSI-TCP/IP debate of the mid 19915| standards were frequently compared with
Internet standards. The latter contained few optidine Internet protocols illustrate that simpjicit
(few standard’s options) eases achieving interdyléyaat subsystem level, and thus also increases
flexibility at system level. This facilitated intgverability at the infrastructure level, and inceshits
usefulness and flexibility with regard to servitlegt run on ‘the Internet’. See Table 3.

We also need to take into account the intermediat@ble of how a standard is implemented.
The simpler the standard, the easier interopetaiiill be achieved. Interoperability, in turn, is
crucial for system flexibility. See Figure 2. That the ease of achieving interoperability is an
intermediate variable between standards and syi&=iility.

In sum, although ‘functional inclusiveness’ mayrsesrguable in the light of ‘flexible standards’,
we must discard it in the light of flexible systens contrast, although ‘simplicity’ — in terms of
few standards options - can be regarded as a d¢bastic of an ‘inflexible standard’, it is a
relevant characteristic for designing flexibilitystems (see B in Table 4).

. interoperability
standard: simplicity » between .| system
implementations flexibility

Figure 2: Relation between the simplicity of a sli@ and system flexibility.

Secondly, on reflection the relationship betwedexible standards’ and flexible systems is not
unambiguous. As the Internet example shows, ‘ilblex standards at subsystem level can
strongly contribute to flexibility at system levdlable 4 summarises the different combinations
possible (i.e. from A - inflexible standards leaglio inflexible systems - to D - flexible standards
leading to flexible systems).
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Where ‘flexible standards’ are concerned, flexipilis sometimes groperty of a standards
categorysuch as performance standard (degree specifiaitg) standard reference framework
(level of abstraction). Sometimes flexibility reseto the area covered by a standard (i.e.
standards’ scopeas is the case with the system level addresseal stgndard. They represent
two different angles on the relation between stestgland system flexibility.

system inflexible flexible
standards
characteristics
inflexible: A B
» degree of simplicity
flexible
» degree of specificity C D
* level of abstraction
e system level

Table 4: The distinction between (in)flexible stards and (in)flexible systems

6. Conclusion

This paper addresses the question, which charsiitsriof standards contribute to system
flexibility. The aim is to contribute towards thgathat strengthens the flexible design of large
technical systems. To increase the generalisalfitthe findings, it compares standards in the
areas of technology of ICT and batch processingially, four standards’ characteristics are
identified that seem to affect system flexibilitiiree of which are tenable when checked against
empirical data: degree of specificity, level of @mhstion, and system level. The impact of the
fourth characteristic (i.e. functional inclusivesgproves to be so strongly determined by the
intermediate factor of standard’s implementatioat th is discarded. It is replaced by a new
characteristic (i.e. degree of simplicity).

The study highlights, firstly, that where ‘flexiblstandards’ are concerned, flexibility is
sometimes a property of a standards categ@prgperty) while sometimes it refers to the area
covered by a standar(scope) Secondly, a distinction should be made betweajfl€kible
standards and (in)flexible systems. Both flexibhal anflexible standards can increase system
flexibility. Thirdly, and even more important, tlsame standard can affect a system differently.
How it affects system flexibility depends on therstards’ characteristics and system level
addressed during implementation.

In sum, certain characteristics of standards agklfirelevant for system flexibility. This would
seem to be the case irrespective of technology.eédew at this stage of our research we cannot
yet formulate necessary and sufficient conditiarsstandards to create flexible systems.
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Therefore, we recommend research

» that examines whether it is, indeed, importantistiguish between the two categories of
standards’ characteristics (property & scope) gpeet to system flexibility;

» that verifies with more divers empirical materiaetimportance and completeness of the
standards’ characteristics listed;

» that reviews standards’ characteristics from thgleaof standards implementation.

and that addresses

» the anomaly that both flexible and inflexible stards can increase system flexibility.
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