
1 INTRODUCTION

In all types of communication, the ability to share
information is often hindered because the meaning
of the information can be drastically affected by the
context in which it is viewed and interpreted (Cut-
ting1 2000). This is particularly true in construction,
since, in addition to the complexity of information
and problems of information exchange, there are ad-
ditional problems due to the number of the actors in-
volved in the construction process and the diversity
of the information handled during the building’s life
cycle (design, construction, operation of the build-
ing). This results, at the engineering design level, in
a poor understanding of the contents of the messages
between the actors and with the site.

At the same time, there is an increasing need for
improvement of the conventional design and con-
struction process in the construction industry, mainly
related to the poor performance commonly associ-
ated with building projects (Cooper 1998).

Recently, there has been an increased need for the
development of process modelling concepts, par-
ticularly in terms of how Information Technologies
(IT) are used and could be used to support the over-
all life-cycle process (Karhu 1999). A generic proc-
ess modelling method would be suitable for de-
scribing the building construction process from the

different points of view whose integration defines
the whole project.

A first stage in the integration of the construction
information lies in the development of a common
language enabling all the actors of the construction
process to share the same semantic concepts intrinsic
to the capture and exchange of information used in
the process.

Motivated by this growing need to share infor-
mation process in the manufacturing environment,
the PSL project is aimed at providing a generic Pro-
cess Specification Language, as a language focused
on the description of process, building on existing
modelling methods. Originally developed for a
manufacturing environment, and given the similari-
ties between this sector and the construction sector,
there is a need for testing the applicability of the
PSL concepts to the representation of the construc-
tion process.

2 TOWARDS A GENERIC MODEL OF THE
CONSTRUCTION PROCESS

2.1 The concept of “process”
The concept of process lacks a commonly agreed de-
finition. A typical definition is : « a set of partially
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ordered steps intended to reach a goal » (Humphrey
1992, referred in : Koskela 1995).

There are four common perspectives to processes
(Curtis 1992) :
! Functional : representing what process elements

are being performed, and what flows connect
these elements ;

! Behavioral : representing when process elements
are performed, and how they are performed
through feedback loops, iteration, decision ma-
king conditions, etc. ;

! Organisational : where and by whom process
elements are performed ;

! Informational : a perspective of the informatio-
nal entities produced or manipulated by the pro-
cess.

In the functional view, processes consist of activi-
ties, that together achieve the purported goal. In ad-
dition, auxiliary concepts such as artifacts (products
of activities) can be used for process representation.
In a behavioral perspective, processes may consist of
precedence relations or information and material/ in-
formation flows, with the time explicitely represen-
ted. Flow process concepts focus on what happens to
material and information in timeline.
In an organisational perspective, processes may con-
sist of agents (performing activities) and roles (set of
activities assigned to an agent). Also, the process
may be viewed as composed of a supplier-customer
partnership.
In an informational perspective, processes consist of
data, objects, documents, etc.
In principle, these perspectives, when combined,
produce a complete model of a process. However, in
current practice of process modelling, the functional
perspective (as provided by SADT method) often
dominates : activity is seen as the basic construct,
and this process concept only achieves one goal :
« how to obtain the result ».
Of course the answer to this question is sufficient for
achieving the process ; however, it does not exhaust
all improvement potential. There are two other rele-
vant goals, that should generally be tackled : how
not to consume unnecessary resources (Koskela
1995) and How to ensure that the result corresponds
to requirements. In order to achieve these goals,
contributions from behavioral and organisational
perspectives are needed. We will see in this paper
that, as a language, PSL is capable of expressing
these different points of view, once they have been
represented using modelling methods dealing with
these multiple views (such as IDEF3, for example).

2.2 An approach of the construction process
Information handled during the construction process
can be divided into several categories (Björk 1992) :
! First, information must state facts : such as design

documents, which are the results of design deci-
sions. Information to be transferred between
computing systems in the construction process is
mostly of this type. This information has also to
define goals and requirements which a particular
project must fulfil. The third category of infor-
mation states rules which restrict facts, but
which apply in general and are not tied to a par-
ticular project. These three categories of infor-
mation can be called « facts », « constraints »
and « knowledge ». From a programming lan-
guage point of view, facts can be constructed
using assignment statements, requirements are
mainly represented by inequality operators (or
algorithms) and knowledge through knowledge
based systems ;

! The second point provides a semantic approach
dividing information into project-specific and
more general information. Facts can be both
project specific and general. Constraints are
mainly project-specific and knowledge is usually
general in nature ;

! The third point of view concerns the presentation
and categorises the types of documents used to
present the information for human interpretation.
Some typical presentation formats used in con-
struction are : drawings, schemas, realistic visu-
alisations, written specifications, calculation re-
sults, bills of materials, contracts, orders and
various tendering documents.

We will here limit our study to project-specific
information, focusing on the semantics of the infor-
mation. The reason of this choice comes from our
primary concern to study information management
within construction projects. The information to be
communicated to other parties in the construction
process mostly consists of factual information.
Clearly constraints are very important in the early
briefing stages of projects and in quality assurance
applications. Knowledge mainly resides in applica-
tion programs and its effect on the actual transfer of
data between project participants will need to be ex-
amined further.

2.3 Modelling of the construction process
Several process models have been developed in the
domain of construction, among which the MoPo
model (Cooper 1998), covers the whole construction
life cycle. Other models mainly focus on the design
stage such as the ADePT model described in (Austin
1996). Some process models introduce concurrent
engineering features, such as the model presented in



(Anumba 1996), or client requirements (Kamara
2000).

It is interesting to make a synthesis of the com-
mon features of these models, thus leading to a ge-
neric process representation. One of these generic
representations of the construction process, as pro-
vided by (Björk 1992), consists in three main cate-
gories, which are : activities, results, resources. An

activity uses resources to produce results. Tradi-
tional construction classification systems often tend
to equate results to buildings and their parts. This is
due to a desire to distribute total construction costs
over building parts, which is useful for cost analysis
purposes. It is, however, evident that information
(mostly delivered as documents) and services are
other important sub-types of results.

Figure 1 : EXPRESS-G diagram of a generic representation of the construction process (Björk 1992)

The schema of the Fig. 1 (adapted from Björk
1992) gives an EXPRESS-G (ISO10303-11 1994)
representation of some objects of a generic con-
struction process. These include :
! Activity : the kernel of the model, with relation-

ships with most of the other objects of the
model : an activity may have relationships with
the result it produces, the resources it uses and
the agents performing it.

! Result : an example of an entity type needed for
classification purposes, but which is intermediate
in nature since most of the relevant information
about results will be defined in the class descrip-
tions of the sub-types of results.

! Physical _object : any physical object with
shape and location. Both characteristics may be
dynamic.

! Service : results of activities which are not
physical objects or documents (information),
such as « guarding the site ».

! Agent : any organisation, person, machine, or
facility which participates in the activities of the
project. An agent performs some activity in the
construction process. A fundamental aspect of an
agent (distinguishing him from a product) is that
he/it has an existence outside the project and
usually participates in several projects.

! Resource use and cost : each activity in the
project demands a number of inputs in the form
of resources which are « consumed » or used.
The actual use may be measured in manhours,
tons, squaremeters, etc. A clear distinction is
made between resource use and the resources
entity in itself, which may be documents, materi-
als, machines or persons. The use of any re-
source involves a cost, which in most cases can
be measured by the amount of the resource con-
sumed, but in some cases by the opportunity cost
of that resource, that is the cost the customer ac-
cepts to pay for the resource in question.

! Management_activity : a super-type of the dif-
ferent types of management related to a cons-
truction project, such as technical management
(planning, logistics, QS activity), document ma-
nagement (drawings, bills of quantities, calcula-
tion notes) and financial management.

This model of the construction process will provide
the basic example on which the PSL concepts will
be mapped in this paper.
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3 THE PSL (PROCESS SPECIFICATION)
LANGUAGE

The objective of PSL (initially developed by the
National Institute of Standards and Technology,
NIST, US) is to create a process interchange lan-
guage that is common to all manufacturing applica-
tions, generic enough to be decoupled from any
given application, and robust enough to be able to
represent the necessary process information for any
given application. This representation would facili-
tate communication among the various applications
because they would all have a common understand-
ing of concepts to be shared. This language is cur-
rently being standardised at the international level,
by the ISO TC184/SC4 committee (« Industrial
Data »), now at the level of Provisional Work Item
ISO 18629 (ISO 18629-1 2000).
PSL specifies a language for the representation of
process information, limited to the realm of discrete
processes related to manufacturing, including all
processes in the design/manufacturing life cycle.
Business processes and manufacturing engineering
processes are included in this work both to ascertain
common aspects for process specification and to
acknowledge the current and future integration of
business and engineering functions.
The goal of the project is to create a process specifi-
cation language, not a process characterization lan-
guage. A process specification language is a lan-
guage needed to specify a process or a flow of
processes, including supporting parameters and set-
tings. This may be done for prescriptive or descrip-
tive purposes. The language is composed of an on-
tology and one or more presentations.
This is different from a process characterization lan-
guage, which can be defined as a language descri-
bing the behaviors and capabilities of a process in-
dependent of any specific application (process
modelling language). For example, the dynamic or
kinematic properties of a process (tool chatter, a
numerical model capturing the dynamic behavior of
a process or limits on the process performance or
applicability), independent of a specific process,
would be included in this characterization language.

PSL is a neutral language for process specifica-
tion serving as an interchange language to integrate
multiple process-related applications throughout the
manufacturing process life cycle (from initial proc-
ess conception all the way through to process re-
tirement). This project is related to, and in many
cases working closely with, many other efforts
(Schlenoff 2000). These include individual efforts
(single company or academic institutions) such as A
Language for Process Specification (ALPS) Project,
the Toronto Virtual Enterprise (TOVE) Project, the

Enterprise Ontology Project, and the Core Plan Rep-
resentation (CPR) Project. In addition, the PSL proj-
ect is in close collaboration with various projects
(involving numerous companies or academic insti-
tutions) such as Shared Planning and Activity Rep-
resentation (SPAR) Project, the Process Interchange
Format (PIF) Project, and the WorkFlow Manage-
ment Coalition (WfMC). Most of these efforts have
been taken into consideration in the development of
PSL, the language benefitting from the experience
gained through the different projects analysed in the
study (Knutilla 1998).

The primary component of PSL is an ontology desi-
gned to represent the primitive concepts that, accor-
ding to PSL, are adequate for describing the basic
manufacturing, engineering, and business processes.
An ontology is lexicon of specialized terminology
along with some specification of the meaning of
terms in the lexicon.  Note that the focus of an on-
tology is not only on terms, but also on their mea-
ning. We can include an arbitrary set of terms in our
ontology, but they can only be shared if we agree on
their meaning. It is the intended semantics of the
terms that is being shared, not simply the terms.
The challenge is that a framework is needed for ma-
king the meaning of the terminology for ontologies
explicit. Any intuitions that are implicit are a possi-
ble source of ambiguity and confusion. For the PSL
ontology, we must provide a rigorous mathematical
characterization of process information as well as
precise expression of the basic logical properties of
that information in the PSL language. In providing
the ontology, we therefore specify three notions:
language, model theory, proof theory.

3.1 The language
A language is a lexicon (a set of symbols) and a
grammar (a specification of how these symbols can
be combined to make well-formed formulas). The
lexicon consists of logical symbols (such as boolean
connectives and quantifiers) and nonlogical sym-
bols. For PSL, the nonlogical part of the lexicon
comprises expressions (constants, function symbols,
and predicates) chosen to represent the basic con-
cepts in the PSL ontology. The underlying grammar
used for PSL is that of KIF (Knowledge Interchange
Format). KIF (Genesereth 1992) is a formal lan-
guage based on first-order logic developed for the
exchange of knowledge among different computer
programs with disparate representations. KIF provi-
des the level of rigor necessary to define concepts in
the ontology unambiguously, a necessary characte-
ristic to exchange manufacturing process informa-
tion using the PSL Ontology.



3.2 Model theory
The model theory of PSL provides a rigorous, abs-
tract mathematical characterization of the semantics,
or meaning, of the language of PSL – an abstract re-
presentation of the primitive concepts of PSL. This
representation is typically a set with some additional
structure (e.g., a partial ordering, lattice, or vector
space).  The model theory then defines meanings for
the terminology and a notion of truth for sentences
of the language in terms of this model. Given a mo-
del theory, the underlying theory of the mathemati-
cal structures used in the theory then becomes avai-
lable as a basis for reasoning about the concepts
intended by the terms of the  PSL language and their
logical relationships, so that the set of models cons-
titutes the formal semantics of the ontology.

3.3 Proof theory
The proof theory of PSL is perhaps its most impor-
tant component. It consists of three components :
PSL Core, one or more foundational theories, and
PSL extensions :

- PSL Core : PSL Core is based upon a precise,
mathematical first-order theory, a formal language, a
precise mathematical semantics for the language and
a set of axioms that express the semantics in the lan-
guage. There are four primitive classes, two primi-
tive functions, and three primitive relations in the
ontology of PSL Core. The classes are OBJECT,
ACTIVITY, ACTIVITY_OCCURRENCE and
TIMEPOINT. The four relations are PARTICI-
PATES-IN, BEFORE, and OCCURRENCE-OF.
The two functions are BEGINOF, and ENDOF.
ACTIVITIES, ACTIVITY_ OCCURRENCES,
TIMEPOINTs (or POINTs for short), and OBJECTs
are known collectively as entities, or things.  These
classes are all pairwise disjointed.
- Core Theories : The purpose of PSL Core is to
axiomatize a set of intuitive semantic primitives that
is adequate for describing basic processes. Conse-
quently, its characterization of them does not make
many assumptions about their nature beyond what is
needed for describing those processes. The advan-
tage of this is that the account of processes implicit
in PSL core is relatively straightforward and uncon-
troversial.  However, a corresponding liability is that
the Core is rather weak in terms of pure logical
strength. In particular, the theory is not strong
enough to provide definitions of the many auxiliary
notions that become needed to describe an increa-
singly broader range of processes in increasingly fi-
ner detail. For this reason, PSL includes one or more
core theories. A core theory is a theory that axioma-
tizes new primitive concepts not found in PSL-Core,

but which are needed to provide rigorous semantics
for other terms in PSL.

- Extensions : The final component of PSL con-
sists of PSL extensions. Roughly speaking, a PSL
extension gives one the resources to express infor-
mation involving concepts that are not part of PSL
core. Extensions give PSL a clean, modular charac-
ter. PSL core is a relatively simple theory that is
adequate for expressing a wide range of basic proc-
esses. However, more complex processes require
expressive resources that exceed those of PSL core.
Rather than clutter the PSL core itself with every
conceivable concept that might prove useful in de-
scribing one process or another, a variety of sepa-
rate, modular extensions have been (and continue to
be) developed that can be added to PSL core as
needed.  In this way a user can tailor PSL precisely
to suit his or her expressive needs. To define an ex-
tension, new constants and/or predicates are added
to the basic PSL language, and, for each new lin-
guistic item, one or more axioms are given that con-
strain its interpretation. In this way one provides a
« semantics » for the new linguistic items. A good
example of such an extension is the theory of
timedurations below. The PSL core itself does not
provide the resources to express information about
timedurations.  However, in many contexts, such a
notion might be useful or even essential. Conse-
quently, a theory of timedurations has been devel-
oped which can be added as to PSL core, thus pro-
viding the user with the desired expressive power.

3.4 Current structure of the language
To date, the language is built on the following two
categories of extensions :
- PSL core and outer-core (small set of extensions
that are so generic and pervasive that they have been
put apart), introducing primitive concepts of the lan-
guage : core, activity occurrences, atomic activities,
complex activities, occurrence trees, activity per-
forming, subactivity occurrence ordering, integer
and duration, resource requirements theory, resource
sets ;
- PSL extensions, introducing new definitions : orde-
ring relations (complex sequences), nondeterministic
activities, ordering relations over activities, junc-
tions, duration, reasoning about states, interval acti-
vities, states, temporal ordering relations, reasoning
about resource divisibility, resource roles, reasoning
about resource usage, capacity-based concurrency,
substitutable resources, fixed resource sets, homoge-
neous resource set, inventory resource sets, resource
pools, resource set-based actions, resource paths,
processor actions.

All the extensions are written using the KIF syntax,



under the form of basic axioms and related defini-
tions, in the following way : (excerpt from Occur-
rence trees extension : occ_tree.th)

Occurrences form a tree.
(forall (?a1 ?a2 ?occ1 ?occ2)

(=> (= (successor ?a1 ?occ1)
(successor ?a2 ?occ2))

 (and (= ?a1 ?a2)
(= ?occ1 ?occ2))))

4 APPLICATION OF PSL IN CONSTRUCTION

To date, PSL is mainly used in the manufacturing
environment. One of the aims of our research work
is to provide elements of convergence between the
two sectors, manufacturing and construction,
through a common representation of process infor-
mation.

4.1 Method of work
The application of PSL to the construction sector re-
quires several stages described here on the basis of
the example in the Fig. 1. These stages are not nec-
essarily sequential (Cutting2 2000).

- Stage 1 : Identification of extensions relevant to
the processes to be represented in PSL : since the
beginning, the development of extensions has pro-
ceeded on an « as-needed » basis ; the initial PSL
ontology was developed using a single scenario, the
EDAPS (Electromechanical Design and Planning
System) scenario developed by Steve Smith at the
University of Maryland (CIM). The concepts intro-
duced were defined and modelled within PSL and
later extended as other scenarios were explored,

such as the pilot implementation in the domain of
scheduling between ProCAPP (KBSI) and the
Scheduler 4.3 software (ILOG). If there is not any
extension corresponding to the concepts to be ex-
pressed with PSL, it may be necessary, either to
adapt the process model and/or its representation, or
else to develop new extension(s).

- Stage 2 : Elaboration of a synthesis model of the
construction process : generic enough to encompass
the different stages of the construction and the diver-
sity of the actors involved, but precise enough to
provide elements of information suited to the
interoperability among categories of software corre-
sponding to different stages of the building life cycle
and usually considered as incompatible in terms of
data representation.

- Stage 3 : Expression of the synthesis model us-
ing a formalism already identified as such within
PSL : this stage is not mandatory, however the work
of translating a process model into PSL is largely
simplified. This is the case when using the IDEF3
process representation (Mayer 1995), since several
PSL extensions make use of elements coming from
this method. However, a research work conducted
by (Cioccoiu 1998) provides the possibility of a
nearly direct translation from IDEF3 to PSL.

- Stage 4 : Translation of the concepts expressed
in the process model into the PSL process language.

Applied to the example in the Fig. 1, considered as a
first approach of a generic process model, the IDEF3
representation of the process model shows the fol-
lowing features, depicted in the Fig. 2 below. This
paper presents only the early stages of the work.

Figure 2 : Enhanced transition schematic representation of a part of the Fig. 1 using IDEF3
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Note : in order not to get a too complex schema,
all the elements in the Fig. 1 have not been repre-
sented in the Fig. 2.

Then, the following stage will consist of ex-
pressing the concepts of the schema into the IDEF3
language, corresponding to the graphical representa-
tion : each item of the graphics can be expressed in
the IDEF3 language, such as : UOB (Unit of behav-
iour) and UOB-use declarations, processes, links,
junctions.

The PSL representation of an IDEF3 schematic is
a set of KIF sentences that define a PSL theory. The
translation process can be described by a set of
meta-theoretic compilation rules that associate KIF
sentences with the IDEF3 constructs. Writing such
compilation rules can also be seen as providing a
formal, declarative semantics into PSL to IDEF3
constructs.

Once the compilation rules are written, imple-
menting the translator becomes possible, using for
example the lisp macros provided by the compila-
tion. It can also be possible to provide the compiler
with a KIF expression simplifier, leading to a simple
syntax using typeless quantifiers and standard op-
erators.

4.2 Benefits of the PSL approach in construction
- An important feature of this approach is related to
the role of PSL as « interlingua » : through the on-
tology on which the language is built, it becomes
possible to find, for as many concepts as mentioned
in the extensions, a common generic representation,
thus enabling exchanges of information among
software applications traditionally non-
interoperable.

The PSL approach thus contributes to the defini-
tion of interoperable process models, providing rules
enabling this interoperability. Then, the integration
of these rules may lead to a general methodology of
development of synthesis process models.

This point is very important, since many process
models have been developed, some of them are al-
ready implemented in software tools, but none of
them are, to date, able to directly exchange process-
related information.

- It is also interesting to compare the PSL ap-
proach with other synthesis approaches : here we
will base our analysis on the example of the GEPM
(generic process model) provided by the MoPo proj-
ect, since it is one of the more developed to date.

First of all, the final objective is not the same :
« the MoPo project aims at providing new methods,
reference process models and (IT) tools to support
construction process improvement through system-

atic process analysis and design/planning using con-
struction modelling approach » (Karstila 1999). The
expected results of the project are, among others, to
develop a « generic construction process information
model capturing information requirements for con-
struction process modelling, reference construction
process models to be re-used in e.g. company spe-
cific modelling efforts for process descriptions ».

In this kind of project, the main efforts concern
the development of (synthesis) process models.

However, while MoPo is aimed at providing pro-
cess modelling tools, an initiative such as PSL tar-
gets the litteral expression to be given to these mod-
els (with the final objective of computer-based
exchanges among different categories of software,
with different and most of the time incompatible
data representations).

In other words, it is also possible to say that there
is no concurrency in their use : PSL, as other process
specification languages will act downstream with
respect to modelling methods/tools such as the
MoPo initiative.

Besides, the use of generic process modelling
tools can be considered as a mandatory step of a
process representation approach using PSL, since the
genericity of these tools contributes to guarantee the
validity of the results provided by PSL ! 

The added value of the PSL approach comes from
its « interlingua » feature, however, it also comes
from the synthesis models on top of which the lan-
guage is built !

5 PERSPECTIVES OF THE WORK

One of the stages of the on-going work is to make a
synthesis of the different approaches in terms of
process modelling currently available, these in-
clude : the IRMA (Information Reference model for
AEC) initiative (Froese 1993), the Unified approach
model (Björk 1992), Process Protocol II (PPII 1999),
ADePT methodology and tools (Austin 2000), MoPo
project (Karstila 1999), DFD model of a construc-
tion company operation (Fisher 1992), COSMOS
and STAR project (Hannus 1999), Model of con-
struction process information (Froese 1994), various
papers dealing with process models, Organisation of
information about construction works, Part 2 :
Framework for classification of information, ISO
DIS 12006-2, 1999.

The following stage consists of making a synthe-
sis of these models, in order to create a generic proc-
ess model applicable to several stages of the life cy-
cle of a building (design, construction, operation,
maintenance, decommissioning, facility manage-
ment), identify the milestones of process models for
construction (mandatory features, common ele-



ments, etc.) and identify the commonali-
ties/differences with manufacturing industry : com-
parison of requirements of manufactur-
ing/construction industries.

Then, we plan to propose an IDEF3 representa-
tion of the model coming from the synthesis work,
in terms of process schematics and object schemat-
ics.

We shall then analyse the results of the mapping
to IDEF3 representation, in terms of loss of infor-
mation, incompleteness of the model, impossibili-
ties, etc. in order to propose a translation of the
IDEF3 representation into PSL, with new extensions
if they are necessary.

The validation of the work will be conducted us-
ing an example of a real construction project, in or-
der to test the concepts of the example of a real test
case.

6 SUMMARY AND CONCLUSIONS

This paper has discussed the applicability of the
Process Specification Language (PSL) to the con-
struction industry and used an example to illustrate
the representation schema. There is much scope for
the use of PSL to facilitate the specification and ex-
change of process information in the construction
industry. The research project on which this paper is
based is exploring this and intends to deliver appro-
priate PSL extensions that will facilitate its deploy-
ment in the construction sector.
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