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Abstract

Abstract

This study explores the potential use of PSL as a standard language for process
information exchange between software apphcations 1 construction The apphicability of
PSL m construction was investigated, and the impact of the language on software

mteroperabihty was evaluated

To imvestigate the applicability of PSL in construction, the construction process
information representations (data types) within the pre-construction stages were
idenufied through a techmical analysis of the supporting software applhications. Then the
construction process information representations’ (the applications data types) semantic
concepts were mapped aganst the manufactunng process concepts of the PSL ontology
to determune the level of applicabiity of the PSL language m providing neutral
defimtions for the construction process mmformation representations and establish the

need for new extensions to PSL ontology to incorporate construction process concepts

To evaluate the impact of the PSL language on construction software interoperabihty, the
language was implemented 1n a construction scenario within the pre-construction stages
for process mformation exchange between AutoCAD, CCS, and Microsoft project

software applications.

A number of conclusions were drawn from the results of the research, PSL is applicable
In construction provided that extensions are developed to the PSL ontology to
meorporate some of the construction process concepts that the current PSL language can
not capture; PSL is a promusing standard language for process information exchange
between heterogeneous construction software applications, the use of PSL 1n
constructton as a standard language offers the potential for integrahon within

construction and between sectors such as construction and manufacturing.

Finally recommendations are drawn for further research to provide information on the

1ssues that need further investigation and methods of research
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Chapter 1 Introduction

Chapter 1 Introduction

1.0 Introduction

The aim of this chapter 1s to provide the background for the research work presented 1n
this thesis. The first section describes the general context of the research with a focus on
opportunity for improvement and advancement in construction Information Technology
(CIT) The second section defines the problems and highlights the goal of the research
while the third section justifies the research study. In section four the methodology used
in this study 1s descibed Section five defines the scope and the specific context of the

project. Finally, the structure of the thesis outlined

1.1 Background

1.1.1 Construction Projects and Processes

The successful completion and management of construction projects 1s entirely
dependent on the degree of collaboration and coordination that can be achieved among
the several participants who usually come from diverse orgamsations. However, effective
collaboration 1s often hindered by the diversity and complexity of the construction
processes and information handled dunng projects and the difficulties 1n exchanging this

information.

Traditional approaches to collaboration have proved ineffective and are sometimes
responsible for quality problems and the increased cost and duration of construction
projects. For this reason, the need for effective computer-based collaboration between
partictpants in the construction industry has become a major 1ssue for researchers and

standardisation bodies.

The increasing cost, duration, and quality problems in construction projects resulting
from inefficient collaboration and poor methods of communications have been around in

the construction industry for sometimes. Efforts by industnal and academuc researchers
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and standardization bodies are still underway to find a mechamsm for overcoming this
problem. In order to overcome this problem the industry has to rely on the development
and use of advanced information and communication technologies supported by
mformation standards for defining and exchanging information. However,
standardization has been slow in construction compared to other counter parts such as the
manufacturing mdustry, this is due to the complexity of construction projects and
processes, the one off nature of construction projects, changing environments and the

fragmented nature of the industry.

Construction 1s an information intensive field (Ma, Z. and Chen, J. 1999) yet 1t 1s unique in
that the information 1s specific to each project. This information is generated and handled
by the many participants, who usually come from several diverse organisations using
different technology applications throughout the project hifecycle. The successful
management of the overall construction processes 1s entirety dependent on this
mformation that has to be consistent, up-to-date and standardized The bottom line 1s that
IT applications for construction processes have to support a continuously changing
environment with complex and extensive information needs. The computer industry has
provided the necessary basic technologies that would facilitate the development of new

tools suitable for construction processes.

1.1.2  IT supports for Construction Processes

Information 1n construction orgamsations covers the different aspects of projects such as
products, resources, and processes and 18 shared by participants throughout the stages of
the construcion process lifecycle. These include designers, project managers,
contractors, suppliers, clients etc. In this research study the focus 1s on the exchange of
(process aspects of construction projects’ information) process information handled 1n
the pre-construction process stages, which involve design, cost esimating and scheduling
or planning between the various participants' designer, cost estimator and scheduler. The
term “process information” refers to the information describing a process needed to
realise a project product including, amongst others, a high level descniption of the
activities, data and resource requirements, ordenng relations and temporal constraints,

cost etc. This information 1s generated and handled by the different participants duning
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the pre-construction stages of projects using different methods of information
representations and technology applications. However, dunng these processes the
completion of each of the participants’ task is dependent on data obtained from other
participants. Duning or after the completion of the pre-construction processes, the
informatton generated 1s required for the management of the construction projects. Hence
there 1s a need for communication and flow of information between pre-construction and
construction process stages. The effect of all this 1s, an 1ncreased need for integration of

the processes and process information and effective collaboration between participants.

With the wide deployment of computer applications in Architecture, Engineenng and
Construction (AEC) organizations today, the majonty of construction information is
produced electronically using IT applications such as CAD systems for drawings, word
processors for textual specifications and spreadsheets for tabular data and diagrams for
graphical representation of project information. One of the pnmary areas in which
computer applications are highly used to support construction processes are the pre-
construction process stages of projects. For example, the design, cost estimating, and
scheduling and planning information can be generated using any of the software
packages available for construction such as AutoCAD, Construction Computer Software
(CCS), and Microsoft project. However, the exchange of this information electronically
can be very difficult. Solutions are needed to standardize imformation representations
within software applications Currently, information is still exchanged via paper
documents, individual computer application files and disks (IT in Civil Engimeering,
2003).

Efforts have been made to develop better tools for creating and storing information on
one hand and standardising information representation structures on the other. The focus
of these efforts has been on specific domains. For example, the standardisation of CAD
layers (ISO TC 10, 1993) through the attachment of semantic meanings, which 1s aimed
at supporting a complete exchange of meaningful and understandable information among
CAD users only. The classification and categorisation of construction projects
information (ISO 1994a) without the definition of semantics 1s another example.
However information i construction needs to be exchanged and shared between

different applications such as CAD, cost estimating, and scheduling etc. hence there 1s a

need for wider standardisation of information representations.
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1.1.2.1 Current Construction Information Technology (CIT) practices

As descnibed earlier, the whole “body of construction information” encompasses
different aspects of projects such as products, processes, resources etc., and each of these
aspects are viewed differently across domains throughout construction projects’ hfecycle.
For example design, cost estimating, and scheduling or planming views of the processes,
products, and resources in the architectural and project management domains. Each of
these aspects and views has unique information representation formats and structures,
and termunologies depending on the domain of ongin and use of technology applications.
For instance, for the design, cost estimating, and construction scheduling information
representation different sets of conventions are used. For the design of project products,
the geometrical representation is used as the basis. The information embedded m the
geometrical representation can be conveyed by means of drawings, structured according
to industry and technology applications specific conventions In addition to this, textual
information can be added to the drawings or collected as separate specifications of
requirements, matenal and workmanship. For cost estimating information of the designed
products, a tabular representation 1s used. Also for the designed products’ realisation or
cost estimating activities scheduling information tabular and graphical methods of

representations are employed.

As descrnibed earlier, with the wide use of computer applications in construction to day,
majornity of information 1s electronic. However, electronic information although well
represented, easy to edit and structured, there are difficulties to exchange this information
without a “neutral information representation structure”. The complexity of construction
projects and processes and the interdependence of the process stages resulted in a
growing need for information exchange. As a result, the development of mechamisms for
context independent representations of information and structurtng of the information
representations and standardisation of the structures have become the focus of a lot of

research for academic, industrial and standardisation bodies.

Several groups have been working on various aspects of standards for context
independent information representations of to facilitate the mtegration of heterogeneous

software applications for the construction industry (Thomas Froese, 1994). As a solution

to some of the integration problems 1n the construction industry there have been some
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developments These are; the introduction of standardised classification systems for
construction project information (ISO TC59, 1993); a major improvement i the
structuning of CAD data has been the mtroductuon of layenng conventions, the
International Orgamsations for Standardisation has defined international CAD layening
standards for construction (ISO 1998b), and the introduction of Electronic Data
Interchange (EDI) that supported the exchange of data such as CAD files and Bill of
Quantities (BoQ) using agreed upon standards of data formats. However, this work
resulted in the need for an advanced approach and methods for information

standardisation.

In contrast with the above approaches, the introduction of advanced methods and
approaches such as the conceptual modelling methodologies and product data
technologies have exhibited great potential and promising solutions for an efficient way
of representation and exchange of information hence an increased software

interoperability (Vernadat F.B., 1996).

Product modelling techniques have been identified by many researchers as well as
standardisation organisations as the key technology for solving software interoperability
problems (Jagbeck A. 1998) Two mam mternational efforts, the STEP and IAI have
been engaged in the development of standards for conceptual schemas (structure of
product models) for product information exchange. The ISO STEP standard (Standard
for the Exchange of Product Model Data, 1SO 10303) (ISO/TC184/SC4, 1993a) and the
International ~ Alliance  for  Interpretabiity (IAI) IFCs  (http://www.ia-
international.org/ia1_international/) are aimed at product information exchange in the
AEC. These efforts have demonstrated good potential of the product model approach for
product data and product data related information exchange between heterogeneous

software applications.

Internet technologies are influencing perceptions and aftitudes 1n information
communication technology (ICT). The expectation of access to shared information and
communication 1s drastically different from what 1t was a few years ago (Froese, T.M.,
and Yu, K.Q., 1999). Currently, communication via e-mail and document shanng via the

WWW are well established practices. Increasingly, the Internet will be used for

distnibuted systems and generic data exchange. These technologies, 1n conjunction with
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information representation standardization developments, will lead to rnicher, more
industry-specific data exchange methods. This is important for the construction industry
where information 1s complex and communication 1s highly important and will lead to

information integration and AEC/FM software interoperability.

Despite all these efforts and developments 1n information standardisation for product
data integration and exchange the process or activity centred information of construction
projects have not received enough attention. Therefore the aim of this research study is to
identify and develop a mechamsm for process centred informatron integration and
exchange across different stages of construction and between construction software

applications focusing on the pre-construction process stages of projects.

1.1.2.2 Information in the Pre-Construction Process Stages

The atm of the efforts described above such as the STEP and IAI for AEC is towards
defining standards for the representation and exchange of product data and product data
related information between all kinds of AEC/FM apphcations. One example 1s the TAI
project management effort for production planmng (Froses, 1998) with a focus on
product related process information. In these efforts product data technology 1s employed
for the representation and structuning of all the necessary mformation that are required to
describe a product from product and process point of view hence provide the basis for the
standardisation process. Information concerning products 15 given meaning by formatting
it as a product model. The models include representations of product items and relations
between them. Additionally, processes and their relation to product data have been added
to the models (IAI 1997), an example of this representation from IAI 1s shown 1n figure
1.1. The figure shows an example of a conceptual schema for construction, a simplified
part of the [FC 1.5 schema defining the relations between products and processes. One of
the benefits of product modelling is n the transfer of information downstream, to the
construction process (Tarandi Vino, 1998). The semantics of the product can be
connected to the semantic structures 1n other process-related procedures such as cost
estimating, production planning and scheduling. This indicates that the product models of
these efforts don’t support information representation related to the construction of
project products such that the construction process mformation 1s not included. In order
to facilitate the exchange of product and process information between all types of

applications mcluding process related software applications, the product models 1n these
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efforts, which are based on product data technology may need to consider the
representation and structuring of product as well as process information 1.e the product
model need to incorporate process related information 1n addition to the product data and

product data related informatton.
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Figure 1.1 IFC 1 5 schema defining the relationships between products and processes (IFC 1.5,
IAL 1997)

In these models the integration of information 1s based on the connection between the
processes and product data as shown in figure 1.1 this 1s based on data requirements for

these processes, and information related to the requirements of the processes mn

producing the products. Generally, the product models are rich 1n describing products but
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lack some constructs to describe the processes, the IFC 1.5 schema of figure 1.1
lustrates this However the IFCs included some project management related objects in
the IFC Release 2.0

In addition to physical information about buildings, the Industry Foundation Classes
(IFCs) tend to represent project management information such as estimating and
scheduhing data. In addition to the core concepts relating to the project management
portions, the IFCs have included some project management-related objects in the IFC
Release 2.0. In February 1999 the Project Management (PM) Domain Group of the IAI
North American Chapter (IAI NA PM) held a workshop to test how well the IFCs
represent the cost estimating and scheduling information (T. Froese et. al., 1999). From
this workshop exercise it was learned that the need for changes of class names between
versions (from IFC Release 1.5.1 to IFC Release 2 0 Beta) became inevitable and were

confusing and required redundant work during the implementation of the PM test case.

Therefore, 1t 1s difficult at this stages to argue that the product model data representation
could facilitate the exchange of the “collective body of a construction project
information” including the *“process information”. This 1s because the product modelling
methodology does not provide the facility to represent the entire set of requirements
necessary for specifymng construction processes hence the product related process
information represented 1n the product models 1n these efforts 1s not complete enough to
represent the construction processes completely. For process centred project informatton
representation and exchange surtable approaches and techniques such as process
modelling and representation methodologies that would include the representation of
process specification characteristics are required. Process specification should include the
notton of sequence, constraints, data requirement, time duration, resources and resources
related information etc. To date, no literature has shown a single product model that
incorporates all the necessary information that can provide a complete specification of
processes. Process modelling or formal representation of process related information
using formalised modelling methodologies could complement product data technology
approaches. To facilitate a formal and structured representation of process information
and to provide a basis for a common definition of the information, a suitable modelling
methodology that can represent all the necessary requirements for specifying processes 1s

required. Among the available process modelling methodologies, IDEF3 Process Flow
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and Object State Description Capture Method (Knutilla, A., et. al.,, 1998) has been
identified as the best modelling methodology for process information representation.
This approach provides the best coverage for the representation of information

requirements, which are necessary for specifying process

1.1.2.3 The Need for an Agreed Interpretation of Process Models

Process models are formal representations of collective set of interrelated activities, and
participating objects structured using some formahsm (or language) defined by
constructs of a modelling methodology and by the syntax and semantics of the
methodology. One of the objectives (Curtis, Bill, M. 1. Kellner and J Over, 1992) of
process modelling is to facilitate interaction among groups working m different phases of
a process. This can be achieved only if a model 1s capable of providing an understanding
or a neutral representation of the information exchanged between the groups. However,
almost all existing, process modelling methodologies focus on the syntax of process
specification rather than the meaning of terms, the semantics (Knutilla, A., et al. 1998),
while this is sufficient for exchanging mformation between applications of the same type,
different types of applications associate different meamng with simular or identical terms.
Communication between heterogeneous applications 15 more concerned with the
semantics of the information exchanged rather than the terminology and data formats. An
important requirement for semantically integrated applications environments 1s the
ability to capture information from multiple domains/applications and define this
information n a form that can facilitate a correct information shanng. There 1s therefore,
a need for an agreed interpretation of process models representations/terminologies 1.e. a
formal and explicit specification of the semantic concepts of the process model. This
specification would facilitate the representation and exchange of accurate process
mformation between heterogeneous process-related applications. One approach to
generating this specification 1s through the use of ontology. Semantic defimtions of
models can be expressed in the formn of ontology, i.e. using a neutral knowledge

representation format (Neches et al , 1991).

Ontology (Uschold M., & Gminger M., 1996) 1s an explicit specification of
conceptualisation, where conceptualisation 1s an abstract view of the world represented
as a set of objects. Ontology is a formal description of terms, entities, objects, and

classes and their characteristics, relationships, constraints and behaviours (Uschold, M.
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and Gruninger M., 1996), and provides formal definitions and axioms that constrain the
iterpretation of terms (Gomez-Perez 1998). It can also be seen as an explication of the
context for which a term 1s normally used Ontology provides a sharable representation
of knowledge that 1s a shared terminology that captures key distinctions among concepts
in different applications and defines the meaning of each term in a precise and
unambiguous manner to facilitate translation of concepts among these applications. The
advantage of the use of ontology 1s the ability to overcome the problem of implicit and
hidden knowledge by making the conceptualisation of a domain explicit. This is the
focus of this research study, which, studies ontology and ontology based developments
and their apphcations 1n bndging the semantic gap that prevailing between various

information representations and construction software applications.

1.2 Problem definitions and research goal

The previous section, highhghted the obstacles to applications software interoperability
and shown that the product data technology has been identified by many researchers as
well as standardisation bodies as a key method for resolving this problem Numerous
groups working on information standards that aim to facihitate the exchange of product
data and product data related information of construction projects have employed this
technology. Among these the main two efforts: the ISO STEP (ISO/TC184/SC4, 1993a),
and IAI (http //www.iai-intenational.org/iai_international/) have produced provisional
standards and prototype tools demonstrating the potential of the product model approach
(Jagbeck A. 1994). However, the integration or standardisation of product related
information of construction project alone couldn’t bring a complete solution to the
software interoperability problems of the sector for two reasons: construction project
information includes different aspects of projects including “construction process™, and
the other 1s, there are numerous software applications that deal with the manipulation and
management of process information and thetr interoperability 1s vital in the mdustry. In
the previous section it was shown that processes and their relations to product data have
been added to the IAI's product models, however these relattons are bound to the data
requirements of the processes alone, while there are large amount of process related data
that need to be manipulated and shared amongst process related construction software
applications. Hence there is a need for a methodology with a potential to resolve the

process related information exchange problems, which hinders the interoperability of

10




Chapter 1 Introduction

process related construction software applications that deal with process centred

information in projects.

To date, there are a wide range of software applications, which deal with the
management and representation of construction process information. Examples include
AutoCAD for design, Construction Computer Software (CCS) for cost esttmating, and
Microsoft project for planning and scheduling, each of which 1s developed and supported
by different programming and control languages. Each of these applications focuses on
particular aspects of a process and uses a umque representation and terminology to
manipulate and represent process iformation. For example the description of a typical
process should include the notion of the data requirement, product to be constructed and
the materials of construction from design, resource requirements and cost from cost
estmating and time-duration, dependency etc. from scheduling and planning
applications. However, the meaning of the terminology representing process information
n any of these applications is entirely dependent on the context in which 1t 1s viewed and
mterpreted For this reason, electronic information exchange between the applications is
hindered. In order to reuse information generated at one process stage using a specific
application as input 1n other applications rudimentary methods such as communication
via paper documents, individual computer files or verbal communication are still used.
This 1s acute n the construction sector because of the growing complexity of
construction mformation and the mcreasing need to distnbute and share this information
amongst construction project stages, participants and supporting software apphcations.
Nevertheless, an effective, electronic transfer of mformation between the applications
could reduce the efforts of obtaining information and the risk of losing or distorting it at
the destmation. One of the primary obstacles to such environment 1s the lack of a “neutral
language” or formal specification of the underlying concepts of processes and a common
representation of process mformation in the domain A formal specification of the
construction process description would be a rigorous foundation to the solution of

the problem

The National Institute of Standards and Technology (NIST) have identified the
development of Process Specification Language (PSL) (Schlenoff, C., Knutilla, A., Ray,
S., 1996) as a key mechanism for process information integration and process related

software applications’ interoperability in the manufactuning environment. Motivated by a
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growing need to share process information mn the manufactunng environment, PSL 1s a
project undertaken by the National Institute of standards and technology (NIST), aimed
at developing a generic Process Specification Language, as a language for the description
of processes and as an interchange language for process information exchange between
heterogonous process related manufacturing applications, building on existing modelling
methods. In this research study, 1t is envisaged that in an analogous manner to the role of
PSL in the manufacturing environment, construction organisations could benefit from a
similar standard for the exchange of process informatton between process-related

construction software applications

1.2.1 Aim and Objectives of the Research Study

Based on the problems and the potential that some emerging technologies have 1n
overcoming such problems as discussed above the overall aim of the research 1s defined

as follows*

To explore the applicability of Process Specification Language (PSL), developed by the
Manufactuning Systems Integration Davison at National Institute of Standards and
Technology (NIST), in the construction industry, and to trial its use through the

implementation of the language in a construction case study scenario.

The Research questions are:
e How applicable i1s PSL in construction environment?
» Provided proved applicable, what 15 the impact of PSL in construction data
interoperability?
o What is the impact of construction process concepts on the use of PSL in

construction?

The aim of this project 1s achieved through the following objectives; this will be further
discussed in the following section within this chapter.
The objectives included are:
1. Study and analyse PSL and 1ts process concepts
2. Identify an approprate construction scenaro relevant to the PSL objectives, and
gather process information representations, that are necessary for modelling

construction processes within the scenano, through technical analysis of software
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applications supporting the scenario and to determune if there exists a common set
of information representations between the software applications

3. Develop process model for construction of a case study project, using IDEF3
modelling technique, and 1dentify and collect process data within the scenario 1.e.
case study project construction process information related to each of the
software applications supporting the scenano for each activity in the process
model

4. Exchange the construction process information of the case study project between
the scenano software applications using PSL as an interchange language between

the applications mformation representations.

1.3 The Research

The research problem was 1nvestigated at technological level in the following areas
process technology, information technology, and communication. The research focused
on issues related to: constructton information technology (CIT), context of IT in the
construction orgamsations, IT tools and support for construction, current practice of IT 1n
construction, construction orgamsations and processes, method of communications and
difficulties.

The aim and objectives of the research was achieved through the following phases-
Literature review* the aim of this phase was to provide the basis for the research work
through a review of the construction projects, processes, participants and information
technology (IT) 1n the industry; existing methods of collaboration between construction
projects participants with a focus on software interoperability; academic and industnal
research and developments underway for software interoperability and the technologies
and methodologies used. Previous and ongoing research and developments for software
mteroperability and nformation integration including the methodologies and
technologies used, and the proposed candidate solutions were reviewed. Standards and
standardisation efforts and developments for software interoperability for different
aspects of industrial projects, Product and process modelling methodologies, and
developments related to process and product models were also reviewed.

Identification of Construction Scenarios: this phase involved the identification and
defimtion of a construction scenarto relevant to PSL objectives, and the selection of
software applications for the scenarno. A scenario within the pre-construction process

stages, which involve design, cost estimating, and scheduling information representation
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and exchange was selected as a case study scenano for the first tnal implementation of
PSL 1n construction. Software applications, which deal with process-related mformation,
in the pre-construction process stages of projects, have been rdentified and a selection of
a number of these has been made to determune candidate software applications for the
scenano. These are: AutoCAD, Construction Computer Software (CCS) and Microsoft

project

Analysis of the Construction Scenario Software Applications: in this phase the
software applications selected for the construction scenano were analysed to 1dentify and
gather the data types necessary for the applications to represent processes information.
The process related data types of the software applications were analysed to determine a
common set of data types, which represent a shared semantic concepts between the
applications that are necessary for specifying construction processes.

Selection of Case Study Project for the Construction Scenario: 1n this phase, part of a
buillding project was selected as a case study project, and design, pretender cost
estimating, and scheduling related process information were identified, based on
information gathered from the construction specification document of the case study
project in correlation with the scenano software applications data types.

Development of Process Models: in this phase two types/sets of construction process
models were developed, within the construction scenario using an IDEF3 Process

modelling methodology, these are:

(1) Architectural design, pre-tender cost estimating and scheduling information
representation processes models: The scenario software apphications’ users tasks or
activities were represented/modelled for building projects m general

(2) Construction process model for the case study project: In this phase, a process model
for the construction of the case study project was developed and information related to
the scenario software apphcations were collected for each activity of the process model.
This model represents process information of the case study project related to the
scenano software applications, structured 1n terms of the modelling methodology used.
Process Information Representation using Scenario Software Applications: in this
phase the construction process mformation of the case study project 15 represented using

the scenano software applications information representations methods.
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Definition of the Construction Scenario Process Concepts: in this phase the native
ontologies of each of the scenario software applications were developed using the data
types that were gathered during the analysis of the software applications and the
corresponding process data of the case study project.

Implementation of PSL in the Construction Scenario: in this phase, construction
process information of the case study project was exchanged between the scenano
software applications, suing PSL as interchange language. This involved development of
hand wntten translators (translation defimtions) between the scenario software
apphications and PSL, and a manual process mformation translation between the scenano
software applications using the hand wntten translators (translations definition)
developed between the applicattons and PSL.

Evaluation of the impact of PSL in construction: the effective use and impact of the
PSL language 1n construction 1s evaluated through an analysis of the implementation

€XErcises.

1.4 Justification for the Research study

Thus research is important on several theoretical and practical grounds.

e The quality, duration and cost of projects are important considerations within
construction orgamsations. Construction projects encompass intensive and
cumbersome processes mvolving numerous participants, experts and professionals
throughout a project’s life cycle. It 1s always the combmed efforts of these
participants that achieve the planned goal, the completed project, and their
collaboration 1s important in achieving a quality product within mmmmum time
duration and cost. Hence, there 1s a need to improve collaboration between
construction project participants and promote innovative techniques. This led to an
increased need for the development of modelling concepts and standardisation of
information representation structures particularly in terms of how nformation
technologies are used and could be used to support mnovative collaboration and
coordination.

¢ Information intended for use in construction projects i1s mostly produced on
computers using IT tools and computer applications, such as CAD systems for
drawings, word processors for textual specification, spreadsheets for tabular data and
charts for graphical information. Hence 1t 1s these applications and tools that provide

the basis for the representation and managements of the information generated by
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construction professionals, and their interoperability 1s cornerstone to an improved
collaboration between the participants. Though the construction 1s a late adopter of
advanced Information Technology (IT), the role of IT 1n the adoption of innovative

(computer based) collaboration 15 under great scrutiny. The product data technology
has been as a potential and key technology in the information standardisation
developments and researches for software interoperability. Based on this technology,
there have been several imtiatives underway to 1mprove software interoperability and
hence improve collaboration. These mtiatives have been working to develop
standards for information exchange based on product models to support the exchange
of product data and product data related information within heterogeneous software
applications. However the process centred view of construction projects information
has not been receiving enough attention. The apphcability of the process description
techniques such as the “Process Specification Language” (PSL) of NIST for
exchanging project information in construction has been studied (Grumnger, et al.
2003) however the use of PSL m construction requires further investigation
particularly in the applications areas of construction process information
management. The application of PSL i the construction environment could
complement the product data technology approaches bemng explored and support the
efforts made for complete 1nteroperability of applications software 1n construction.

The adoption of IT by construction organizations has become commonplace in
today's specialised industry. From everyday tasks such as word processing to
advanced tasks such as structural analysis, IT has supplanted other methods to
become the standard operating procedure for the industry (IT in Civil Engineering
2003). However, this rush for automation often occurs with little regard to
measurement of success. One of these 1s the ability of IT tools and computer
applications to interoperate and exchange meaningful information. As described
above, information exchange can be difficult because of lack of standards or
common languages to facilitate the exchange. There are some commonly used de-
facto standards such as DXF, which can be used for information exchange between
CAD systems and other spreadsheet based applications. However, although sufficient
for CAD systems this doesn’t support the semantics of the information exchanged
between CAD and other applications. As a result There 1s a need for those standards

to be replaced by higher level ones with far greater semantic content or a further
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development of IT tools to support an accurate and complete exchange of information
between heterogeneous applications.

» The investigation of the applicability of PSL 1n construction and the implementation
of the language n a selected construction scenario are conducted within an academtc
context. However the software applications supporting the selected construction
scenano are used to reflect the vanous participants mvolved in constructron projects
within the scenario. The information generated, handled and exchanged using the
computer apphcations also represents a real construction project scenario.

¢ The findings of this study will be useful for researchers and developers interested 1n
the area of process information integration and exchange and software
mteroperability. Commercially successful standard products of general use
throughout the industry are unlikely to be produced if research projects continue to
take individual approaches to the defimtion and implementation of basic objects
relating to buildings (IT 1n civil Engineening 2003). The research study findings will
provide the basis for comparison between the initiatives for applications software
interoperabulity based on “product data models™ such as STEP and IFCs for product
data exchange and “processes description languages” such as PSL for process
information exchange. Hence, this will be useful in the determination of whether the
imtiatives based on product data technology such as the STEP and IFCs can be
manipulated to incorporate process specific concepts to the product model and clear

the road to simgle successful standard production for construction organisations.

1.5 Research Issue and Context of the Project

In the department of Civil and Building Engineening of Loughborough Umversity the
potential of advanced Information Technology (IT) for construction projects information
management and innovative collaboration between construction project professionals

have become one of the major areas of research.

As construction projects become increasingly complex with many stages and participants
involved each with different, culture, and computer programs, collaboration between
parties become harder to realise. One of the main problems 1s that almost all computer
applications are used in a stand alone manner each with its own internal data

representations; data formats and language, which makes communication between them,

difficult without application specific translators. Different construction functions and
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participants including their computer applications may use different terms to mean the
same concepts or same terms with different meanings. This has resulted m the

misinterpretation of the concepts of the message exchanged.

This research study aimed at developing an interchange language based on Process
Specification Language technology for process information specification and process
related software interoperability within construction projects, Where there is no live
industnal construction case study in a research such as this, the computer applications
supporting various constructton process stages are used to represent the numerous
professional disciplines involved 1n construction processes and use a real construction
project context. This includes the information generated, handled and exchanged between

the participants throughout the stages of construction project hifecycle.

Based on a comparison between the current collaboration practices and the possibilities
offered by advanced Information Technologies (IT) for innovative collaboration, it can
be concluded that the use and development of advanced IT holds greater promise for

interoperable computer apphications and integrated construction IT environment.

1.6 Structure of the Thesis

This thesis is organised into five parts. The first part introduces the research problem
and highlights the goal of the research and justifies the research study in Chapter one.
The second part presents research issues in areas relevant to the research problem;
reviews pervious and current developments for industnal information integration,
software mteroperability, and the information modelling methodologies employed. The
third part reviews some of the available research methodologies for IT related problems
and describes the overall research and methods used in this study. The fourth part
presents analysis of the research problem and results of applying the research
methodologies in this research while the fifth part presents the discussions, conclusions
and recommendations about the overall research work based on the results from part

four.

Part Two: literature Review in Areas Relevant to the Research Problem
The second chapter reviews the two main information modelling approaches (product

and process modelling) including the background and objectives, and modelling concepts
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of these approaches; and a number of the available process representations,
methodologies, and languages. It studies the strengths and weaknesses of these
methodologies for modeling process charactenistics that are necessary for specifying
construction processes and for integrating different applications. Chapter three reviews
information standardization developments and efforts for Architecture Engineening and
Construction (AEC) and identifies, the product modeling has been the major approach in
these developments and while most of the existing standard and ongoing developments
and efforts focused on information standardization for product aspects of construction
projects information exchange the process centered of construction projects have not
recerved enough attention to date. The fourth Chapter reviews the ontology and process
specification techmque based information standardization approach for process related
manufactuning software applications interoperability and studies the possibility for
adapting this approach to the problem area of process information exchange between

software applications 1n the construction environment.

Part Three: Research Methodologies in Literature and Methods Used
Chapter five reviews some of the available methods of data collection and mode of
analysis for IT related researches It identifies the theoretical framework of the research

and methods of data collection, and model of analysis used.

Part Four: Analysis of the research Problem

To provide basts for the tnal implementation of PSL 1n a construction scenano chapter 6
presents an investigation of the applicability of PSL 1n construction, and identifies the
PSL parts that contain applicable semantic concepts for defining construction process
information representations within the pre-construction process stages (process related
AutoCAD design, CCS cost estimating, and Microsoft project scheduling applications
data types) and the need for new extension developments to incorporate the construction
process concepts that are new to the PSL ontology. For the trail implementation of PSL
in construction chapter 7 presents a detailed description of a construction scenano
within the pre-construction process stages ncluding descriptions of the process
mformation representation processes within the pre-construction process stages, the
scenano software applications selected to support these processes in these stages, a brief
description of onsite construction process and an example of a situation within the

scenarto.
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To Iimut the scope of the construction process information exchange between the scenario
software applications, the first part of chapter 8 :dentifies a case study project (part of a
burlding construction project) for the construction scenario defined n chapter 7, and
presents a detailed description of the case study project using IDEF3 Process Description
Capture Method and the scenano software applications’ process information
representations. The second part of chapter 8 presents the result of the case study
project construction process information exchange between the scenaric software

apphications using PSL as an interchange language.

Part Five: Discussion, Conclusions and Recommendations
Chapter nine analyses and discusses the combined results of the research, while chapter
ten presents conclusions and recommendations based on the results of the overall

research,

1.7 Pelimitation of the Scope

The study 1s focused on the use of the PSL standard language for process information
exchange between software applications in construction that could compliment the
product model data standards for product data exchange. The capability of the product
model data standards to support the exchange of the whole set of construction projects
mformation including the construction process concepts that are necessary for specifying

construction processes was not mvestigated.
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Chapter 2 Construction Information Modelling and Integration

2.1 What is Construction Information?

The foundation to answenng this question lies in the identification of the “domain of
information” and “subject of information” 1nvolved n construction. For example in the
domain of architecture the subject of any piece of information 1s an archrtectural artefact
or some kind of architectural concepts. Simularly in the domain of project management:
the subjects of mformation are products or activittes and resources for cost estimating,
and activities and resources for scheduling and planning In such construction domains
the resulting information 1s not know 1n detail before the defimtion of information has
been completed. Additionally, these information defining the subject of information 1n
any of the construction domains are often 11l structured, inconsistent, incomplete and may
be subject to changes duning the production of the information or after and the exact
meanng of the terms may not be unambiguously defined. Traditionally information in an
organisation exist m the form of orgamsational charts estabhshed by management,
documented operational procedure, regulation texts, and to a large extent in the vast
amount of enterpnse data (either 1n databases, knowledge bases, or simply data files) and
code of apphcation programs Moreover, a large amount of information remains in the
mind of people and 1s not formalised nor even documented at all. Although, a wide
range of computer applications have been introduced 1n construction stages to improve
the traditional form of information management, that resulted in a well-structured and
digital information representation (physical file formats), information exchange using
these application 1s still inconsistent. As a result formal representation of information are
needed 1n order to support consistent information production and facilitate information

exchange using computer applications.
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2.2 Information Categorisation and Organisation

2.2.1 Subject of Information

The pnmary means of information categonsation are subjects of information The subject
of any construction mformation depends on the domain of the information and purpose
and use of the information. For example 1n the architectural domain the artefact and 1n
the project management domain the activities or processes and resources are subjects of
mformation for the purpose of understating or modelling the architectural design data and
project management 1nformation respectively Construction information 15 large, and
complex and 1n order to achieve some comprehension of the mnformation a distinction
between subjects of information in each domain of mnformation need to be understood
and drawn clearly Table 2.1 shows construction information at different levels of
abstraction. The following are some of the distinctions (van Leeuwen, J P and H. Wagter
1998) that can be found in many disciplines of applied information and communication
technology (JCT):

First different levels of abstraction can be distinguished for example 1n the architectural
domamn. Information is related to complete buildings, constituent parts of a building,
components, spaces, materials and so on,

Second: distinction can be made between physical part of bulding and the non-physical
concepts that play a role in design.

Third: distinction 15 between nformation that 1s related directly to the buildings and
mformation that 1s related to the context of the building for example, information
concerning the building site or its environment

Fourth: important distinction 1s between project bound information and information that
1s not related to a particular design case or building, but 1t 1s common or represents
general knowledge Examples are product information, material properties, physical

principles, normative regulations and building codes

Information Example

Project information Building construction project information
Domain information Architectural design/cost/scheduling data
Component information Product or process data

User information Product or process attnibute

Table 2.1 Constsruction information at different levels of abstraction
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2.2.2 View, Aspects and Perspectives of Information

Due to the diversity of construction information a complete representation of the whole
would be too large and complex to be useful, prosecutable and even understandable
either by humans or computer. For this reason 1t 1s useful for the mformation to be
organised 1nto groups Views, aspects or perspectives (Curtis, B., Kellner, M. and Over,

J., 1992)) often coexist as mechanisms for structuring information,

The second common orgamisation of information 1s by distinction of view of information
that 1s the views on the subject of information Views represent the information relevant
to a domain. For example a subject in the architectural domain may have many views
depending on the domain 1n which 1t 1s viewed and may be given different charactenstics
in other construction domains such as production planning, cost estimating, structural

stability and so on.

The third categonisation of information 1s by aspects. Aspects of mnformation 1n a domain
are not confined to a particular discipline but are used to select simular types of
information that may be relevant to several participants. Often aspects are defined as
properties of the subject of information or a concept in a domamn for example the cost
property of a process or product, other aspects may not be regarded as clearly as

properties for example planning aspects.

2.3 Objectives of Modelling Construction Information

From the application of information technology (IT) point of view many of the objectives
for modelling information are common to all areas of applications Generally, the main
objectives are to acquire less ambiguity, 1n the way mformation are represented and
stored, and to improve the speed and quality of retneving, manipulating and
communicating mformation. One of the main objectives 1n modelling construction
mformation 1s to 1mprove communication among participants m AEC/FM. For improved
communication 1t 1s important to understand the domamn in which information 1s
communicated It 1s also important that information is represented unambiguously, that 1s
the mnformation in the recerver domain matches the information concepts 1n the sender
domain and vice versa. In order to achieve a better understanding of information between

domains, information need to be organised 1n structured representation models. In
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summarising the problems of communication n transitional construction De Vnes (1996)
stated that communicating information on paper 1s a time consunung and eITor prone
process, when parties copying information incorrectly, interpreting information
differently or overlooking available information Although digital forms of information
documentation tend to elimunate these errors the need for mnterpretation 1s still high This

1s because information 1n computer applications 1s implicit and not explicitly defined

2.4 Issues in Modelling Construction Information

Information modelling can contribute significantly to the processes of design and
construction The IT industnes provide the adequate tools for this purpose However
there are many tssues that are specific to construction industry compared to for instance
other information technology applications and these issues require special attention
From the construction information modelling point of view one of the main 1ssues that
need special attention 1s “integration of different views, aspects and perspectives of

information” which 1s the focus of this research study.

Construction information 1s complex due to the many participants 1n the collaborative
construction process. Communication and information sharing 1s one of the problems in
the sector and brings along the difficulties 1n keeping information consistent across
domains. Integration of construction information 18 important 1n managing these
problems The challenge of integration 1s that views on information in domains to be
integrated differ greatly. For example the view of an architect on a column on space as a
spacing-disturbing element 1s different from that of a structural engineer in his domain
viewmng this column as a structural element transfermng weight of itself and other
structural elements above to another structural element below 1n a building. Additionally,
different or the same terms may be used to represent information, in which the semantics
of these diffenng or same terms are not explicitly defined. For example a “task™ in
planning domain is “operation” in cost esimating domain. Obviously communication
between these domains would be confusing 1f a domain 18 not able to understand the
exact meaning of the information from the other. Integration of information n
construction requires common and formal representation and definttion of the different

aspects, views and perspectives and subjects of information.
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2.5 Approaches to Information Modelling

Construction 1s mainly made up of products, process, resources and organisation entities,
and construction information compmnses a collection of the charactenstics of these entities
and relationships that may exist between them. These characteristics and relatonships
may represent different aspects and views for any subject of information However
without an appropriate approach of information representation these views, aspects or
perspectives may not be clear and obvious. Today there are numerous modelling
methodologies that are designed and developed to represent different aspects views or
perspectives of a subject area or information of a subject area Hence, as stressed above
to make these distinctions clear 1t 1s important to follow/select an approach (information
modelling approach) that would facilitate the representation of the requred views,
aspects or perspectives of the information based on the purpose and use of the
information There may be several approaches to information modelling, however the
product and process modelling are widely used approaches today and these are briefly

described 1n the following sections.

2.5.1 Product Modelling Approach

Product modelling is an approach used to formally represent information related to a
product in a manner that 1s atmed to cover the aspects of multiple disciplines involved
with the product and 1n vanous life-cycle stages of the product. This approach has been
identified by many researchers as well as standardisation bodies as a key approach for
information representation and has been used in the main two imtiatives, STEP
(ISO/TC184/SC4, 1993a) and 1Al ‘s IFCs (IAI 1997 and 1998) in developing

information standards for product information exchange between applications.

2.5.1.1 Background and Objectives of Product Modelling

Backgrounds

The origin of developments 1 the area of product modelling 1s found in the need to
create models that are semantically nch, and in the need to structure the integration of
computer applications used 1n product development (van Leeuwen & van Zutphen 1994).
Formal definitions of product data may be used to describe the semantics of products,

resulting 1in models that relate semantics to the graphical representation of products to
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facilitate communication and exchange of information between computer applications
There are numerous modelling methodologies and techmques that support this approach
among these, the EXPRESS language (ISO (1994 b) which 1s one of the widely used
methodologies 1s an object-flavoured information modeling language that was developed
as part of the STEP product data exchange standard. EXPRESS was developed to enable
a formal specification of the ISO standard 10303 Product Data Representation and

Exchange

Objectives of Product Modelling

The objectives for creating product models (Eastman 1993) can generally be summarnised
as follows-

o Provide a formal descnption of product data covering the tnformation
requirements of all parties mvolved in the product design and production, during
all stages of the design and production process.

o Offer the definition of formalised semantics for storage of information and
enhanced access to information by a multitude of domains and computer
applications.

0 Improve communication between design and production participants by means of
higher-level semantics of exchanged data and structured procedures for data
exchange.

o Contribute to the development of standardisation of both data structures and

exchange procedures

2.5.1.2 Concepts of Product Modelling

One of the major concepts 1n the development of product models 1s the notion of views

Many different participants mvolve 1n design and production of a single product and each
of these describes the product from different pomnt of view, hence has a specific view on
information related to the product In Architectural design, where the product 15 generally
a bwlding, this results in different views from participants such as the architect, structural
engineer, HVAC consultants etc. each of these participants has a particular way of
describing the information representing the product Moreover the set of information that
18 relevant to the different participants vanes for each of them. These different views on

building information lead to the definttion of different information models for the
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particular requrements of each participant. In the tradiional way of communication 1t 1s
required that the mdividuals involved are able to read and understand the information
from all those that take part in the communication. Computer-assisted communication
requires that the digital forms of information can be read and understood by the software
used on both sides of communication. This has been one of the problems 1n software
development and standardization efforts 1n the area of CAD/CAM/CAE 1 the last two
decades. (Jos. P. Van Leeuwen , 1999).

Product modelling efforts have incorporated the notion of views in the defimtion of
informatton models and exchange methodology. This has been a subject of research
the AEC by, amongst others (Eastman, 1992, Rosenman, 1993; Van Nederveen and
Tolman, 1992, and Amor and Hosking, 1993) Different kinds of models can be
distinguished 1n ths field of research Models that are defined for the purpose of a certain
discipline, applications or view on a building are called view-models Information
concerning a single building wall be defined 1in different ways 1n different view-models
for different purpose of applications. The fact that these view-models describe the same
physical building 1s not modelled as part of the view-models One way of defining this
relation between view-models 15 by means of a so called core-model. A core model could
be regarded as a special kind of view-model, defining the information that 1s relevant to
all or most of the involved participants in a way that 1s convenent or at least agreeable to
all of them. This model should form the basis for the communication between the
participants, meaning that 1t needs to contain defimitions of the information that 1s to be
exchanged between them. Figure 2.1 1illustrates the concepts of product modelling
(Bastman, 1992). STEP (Wix, J. 1996) models use this concept in representing a

consensus view of information.
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view model

aspects

core model

sub model

Figure 2.1 product modelling concepts (Eastman, 1992} view-models, aspects. a sub-model and a
core model

2.5.2 Process Modelling Approach

Process modelling 1s an approach used to formally represent the information describing a
process from mulitiple participant disciplines’ pomnt of view across different stages of
products’ development Process models descnbe activities to be carned out in the
developments of products including the products to be created and the resources
consumed and used including other information related to the product and other
processes. This approach has not been used widely particularly in the construction sector
compared to product modelling approach. However, there are developments 1n the
manufactuning sector aimed to develop standards for process specification and exchange
based on process modelling approaches These include A Language for Process
Specification (ALPS) Project (Catron, B., Ray, S, 1991), the Toronto Virtual Enterpnise
(TOVE) Project (Fox, M, et al, 1996), the Enterprise Ontology Project (Uschold, M , et.
al.,}, the Core Plan Representation (CPR) Project (Pease, A., 1998), the Shared Planning
and Activity Representation (SPAR) Project (Tate, A.,), the WorkFlow Management
Coalition (WfMC) project (Belgium, 1994), and the Process Interchange Format (PIF)
Project (Lee, T, et al,).

2.5.2.1 Backgrounds and Objectives of Process Modelling

Backgrounds
Historically, many of the results of process modelling available today have their ongins
m software life cycle and software development process In the 1970s 1t was clear that

the production of computer based systems, and of software specifically, presented
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problems, which were not usually, present 1n more familiar “manufactured” products As
computer systems became more complex and more pervasive, this contrast became
mcreasingly more marked The first conference (Egham, Surrey, UK, February 1984,) on
the “Software Process” was held in England in 1984 and has been followed by many
others since. Various models of the software development process have been suggested
and a number of modelling techniques developed, frequently associated with some form
of computer support to provide assistance for software developers m following such

development processes.

Objectives of Process Modelling
The process modeling may have four main objectives from (CIMOSA) projects point of
viIew
o Acqure explicit knowledge about the processes
o Exploit this knowledge in process reengineering projects to optimze the
operation
a Support the decision making activities

o Ease interoperability of the processes

2.5.2.2 Purpose of Process Modelling

The purpose of a process model 1s to dictate the elements of the process that are inciuded
i the model. Curtis (Curtis, B, Kellner, M.I, Over, J. 1992) 1dentified the possible
purposes of process modelling. understanding and communication; process
improvement; enhanced process status visibility; automated process guidance; process
enactment, and the reuse of successful processes These are briefly described as follows:
Facilitate human understanding and communication: process transparency helps
people (including the customer) to communicate on the work to be done and to
understand what part they play in the game. Process models may serve as a prerequisite
for audits and as an excellent learning aid for employees. Requires that a group be able to
share a common representational format

Support process improvement: process improvements are based on process model
assessments, be 1t in terms of formal reasoning (e g. static or dynamic analyses) or visual

assessment requires a basis for defining and analyzing processes
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Support process management: a process model provides a sound basis for detailed
planning and easier monitoring, measurement and co-ordination of an actual
development project. Requires a defined process aganst which actual project behaviours
can be compared

Automate process guidance: The documentation of process structures enables the
capturing and later reuse of process know-how The objective 1s to provide "guidance,
suggestions, and reference matenal to facilitate human performance of the intended
process”. Requires automated tools for manipulating process descriptions

Automate process execution support: This aims at the derivation of data structures for
the development or adaptation of information systems supporting the enactment of
processes Parts of the process can be automated, e g by distnbuting and supplying
mformation and documents electromically with the help of a workflow management
system. Requires a computational basis for controlling behavior within an automated

environment.

2.5.2.3 Concepts of Process Modelling
There are many aspects that may form part of a process model. The particular aspects of
a process that are modelled depend on the detail of how 1t will be used. Processes can be
modeled at different levels of abstraction (for example, generic models versus tailored
models) and they can also be modeled with different goals (desciptive models versus
prescriptive models). Process models can be developed from different perspectives
depending on the kind of information required Usually this of the type, what work 1s
going to be done, who and how 1s 1t going to be done, when will 1t be done, who will take
the decision. Hence, a process has functional, behavioural, orgamzational, informational,
and decisional and resource based content. Based on the aspects to be modelled 1n their
survey (Curtis et. al 1992) identified four most common perspectives to processes these
are functional, behavioural, organizational and informational®
o Functional: represents what process elements (activities) are being performed In
the functional view, processes consist of activities that together achieve the purported
goal In addition auxiliary concepts such as artefacts (products of activities) can be
sued for process representation
¢ Behavioural: representing when process elements are performed, and how they are

performed through feedback loops, iteration, decision making conditions, etc. process
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may consist of precedence relations or information and materialinformation flow,
with the time explicitly represented. Flow process concept focus on what happens to
material and information i tuimeline.

¢ Organizational: where and by whom process elements are performed Process may
consist of agents (performung activities) and roles (set of activities assigned to an
agent). Also, process may be viewed as composed of a supplier customer partnership

» Informational: a perspective of the informational entities produced or manipulated
by the process. In an informational perspective, processes consist of data, object,

document etc.

2.6 Modelling Methodologies and Techniques

A model (Vemadat F B, 1996) 1s a representation of a set of components of a system or
subject area that allows the system or arca of concern to be understood. A system refers
to a composition of mterfacing or interdependent parts that work together to perform a
useful function. System parts can be any combmation of entities, including people,
information, software, processes, equipment, products, or raw matenals. A model 1s
therefore an abstraction of a reahty (or umverse of discourse) expressed in terms of some
formalism (or language) defined by modelling constructs for the purpose of the user
Constructs of a modelling language can be defined i terms of graphical symbols, textual
statements, or logic and mathematical expressions depending on the degree of formalism
required Any model must clanfy the system or some aspect, view or perspectives of 1t 1n
order to be useful and 1t 1s 1mportant to be clear what aspect a model is supposed to
express, for example a static model will display the structure of the system, whereas a

dynarmic model will show the activity and flow of events in the system.

The purpose of modelling 1s for better representation and understanding of systems.
Models provide a shared vision and can be used as a common language, facihitates
capitalisation of system knowledge for later reuse and provides basis for decision making
concernmng improvement, replacement or controlling operations and components of a
systems For better representation, understanding and control of systems models are
better based on aggregation of low-level information/operation and decompositton can be

used whenever necessary.
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Some modelling objectives are to facihitate a better human understanding and
communication, and {0 support process improvement, process management, automated
gwdance 1n perforrmng the process, and automated process execution (Curtis, Bill, M. 1.

Kellner and J. Over, 1992) In addition, they demonstrated how process modelling
expenmentation could be used to investigate alternatives for orgamzational policy

formulation.

Modelling can vary widely depending on the use of the model. Some of the typical uses
(Nathan and Wood 1991; Snodgrass 1993, Reimann and Sarkis1996) of modeling are
summanzed as

0 To analyze and design the enterprise and 1ts processes prior to implementation
To help reduce complexity
To commun:cate a common understanding of the system

To gain stakeholder buy-in

0O 0o 0 o

To act as a documentation tool for ISO 9000, TQM, Concurrent Engineering, and

other efforts.

Process models are those models, which in some way descrnibe organisations 1 terms of
processes. Such models may be formed in a vanety of ways, using a plethora of different
techmques Generally, such techniques can be supported by software tools, which enable
the modeller to create the models A number of specific techniques (and tools) have been
developed to support the production of models. Those, which are particularly concerned
with providing a representation of processes, are usually called 'process representation or
process modelling techmques or methodologies An example 1s the IDEF famly of

methodologtes.

A wide range of modelling techmques, are available today to facilitate a formal
representation of the various aspects and perspectives of systems and subject areas. There
are many modelling techniques developed and used, according to the modelling goal and
perspectives The type of modelling techniques employed vartes greatly and can range
from Enterpnise Modelling (Vernadat, 1992), through bespoke methodologies (PIM,
1993), to well-established data (Chen, 1979), process (Bravoco & Yadav, 1985) and
behaviour (Murata, 1989) modelling techmques A survey conducted by Defence

Information Systems Agency (SIDA) (DISA, 1995), shown that the usual tools for
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Business Process Reengineering (BPR) are, functional modelling, data medelling and
simulation based. Among these, the data and functional modelling tools were most
widely used, whereas tools such as activity based costing (ABC), Simulation and CASE
tools are less frequently used. The survey also hsted those techmques which may be
used most frequently in the future, these include, activity modelling, information
modelling, activity based costing, mterviews and surveys, and function economic
analysis. For better information transfer, a formal modelling approach (Barkan et al,
1993) provides a means of achieving the required demand of representation of
knowledge 1n a structured way and simplifies the complexity of commumcation One
approach for achieving this 1s the ICAM DEFintion methods In the following sections a
review of the IDEF famuly of methods 1s presented followed by descnptions of the
availlable and widely used methods including the members of the IDEF famuly of
methods and other modelling methodologies and techmques for process information
representations and process descniptions.  These include the purposes; method of
representations” the concepts and syntax; and advantages and disadvantages of the

techniques

2.7 IDEF Family of Modelling Methodologies Overview

IDEF (Integration DEFinition) was developed by the US. Aiwr Force’s Integrated
Computer Aided Manufacturing (ICAM) project in the late 1980’s. The IDEF (ICAM
Definition) method (Bravoco and Yadav, 1985a and 1985b) 1s a standard for
requirements defimtion 1n manufactuning and other orgamzations. The acronym “IDEF’
ongmnally denoted “ICAM DEFmtion” (Robert. P Hanrahan) now stands for
“Integration DEFimtion”, reflecting its possible use for exchanging information between
different modeling languages. A major development from (Wisnosky, Dennis E , Allen
W. Batteau 1990) the ICAM program was the Integrated DEFimtion methodology or
IDEF as 1t 1s now called. IDEF's roots began to form when the US Air Force, 1n response
to the 1dentification of the need to improve manufacturing operations, established the
Integrated Computer-Aided Manufacturing (ICAM) program in the mid-1970s (Mayer,
Richard J., et al, 1992) As an attempt to extend the SADT method to model (CIM)
enterprises IDEF was developed as part of the US Air force ICAM program 1n the early
1980s (ICAM, 1981). Since then, it has become the most well-known and widely used
method worldwide The ICAM program 1dentified the need for better analysis and

commumecation techniques for people involved in improving manufactuning productivity
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As a result, the ICAM program developed a senes of techniques known as the IDEF

(ICAM Defimition) techmques, which included the following

1. IDEFO, used to produce a "function model”. A function model 15 a structured

representation of the functions, activities or processes within the modelled system

or subject area.

2 IDEFI, used to produce an "information model" An information model

represents the structure and semantics of information within the modelled system

or subject area.

3 IDEF?2, used to produce a "dynarmics model" A dynamics model represents the

time-varying behavioural characteristics of the modelled system or subject area

In 1983, the US Aur Force Integrated Information Support System program enhanced
the IDEF1 information modeling techmique to form IDEF1X (IDEF1 Extended), a

semantic data modeling techmque Later, IDEF has been extended to IDEF3 for

enterprise behaviour modeling and IDEFS for ontology description (Mayer et al , 1992).

IDEF6 through IDEF14 have not been pursed 1n depth at this ime These methods exist

today m vanous stages and are intended to provide the capability to describe additional

views as shown as listed tn Table 2 2

Methodologies [Views
IDEF0 Function Modelling
[DEF1 formation Modelling
{IDEF1X Data Modelling
TDEF2 Simulation Model Design
IDEF3 Eocess Description Capture Method (Process Flow and Object State
odelling)
IIDEF4 Object-Oriented Design
IDEFS5 Ontology Description Capture
IDEF6 [Design Rationale Capture
[[DEF8 ser Interface Modelling
[[DEF9 IScenario-Dniven IS Design
IDEF10 plementation Architecture Modelling
DEF11 [Information Artefact Modelling
EF12 rgamization Modelling

JI[DEF13

[Three Schema Mapping Design

JIDEF14

[Network Design

Table 2 2 Suites of IDEF Methods (Current and 1 Development) (Mayer.Richard J. et at 1992).
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As shown 1n table 2 1, IDEF comprnises a number of modeling methodologies. Each
method 15 useful for descnbing a particular perspective of a subject area or systems. The
major IDEF methods (Mayer, Pamnter, deWitte 1992) 1n use are functional or activity
modeling (IDEF0), information modeling (IDEF1), data modeling (IDEF1x), process
description capture (IDEF3), object-onented design (IDEF4), and ontology capture
(IDEF5) Although the intention for IDEF2 was to be used as a dynamic modeling
method for simulation, the numerous sunulation tools commercially available have
supplanted this method. Both IDEFO and IDEF3 methodologtes utilize a subordinate
principle of abstraction called decomposition (Rumbaugh et al 1991), which 1s the
breaking down of each box (activity) into more detail 1n a continuous manner until the

greatest level of detail 1s achieved. (Marca and McGowan 1988)

IDEF 1s a ngorous methodology The reason for the nigor 1s to ensure a robust and
complete representation. As part of this ngor, a thorough review process 1s used. The
review cycle 1s enhanced by the ngid IDEF syntax. The syntax for IDEF 1s very explicit.
However, (Larry Whitman Brian Huff, Adnien Presley, 1997) 1t should also be noted that
there are certain charactenstics of IDEF modeling that have become considered standard
practice, yet they are not a strict IDEF syntactic rule The Integrated DEFimtion (IDEF)
methodology (Fletscher and Liker, 1997) 1s a suite or famuly of methods that supports a
paradigm capable of addressing the modelling needs of an enterprise and 1ts business
areas The Integrated Defimition (IDEF) 15 a structured analysis and design method for
graphical and textual descriptton of activities, activity relationship, information, and

mformation relationships used to develop enterprise and system level architecture

2.8 Classification of Process Modelling Methodologies

Figure 22 Illustrates some of the process modelling methodologies and techmiques
categonsed 1nto the different perspectives of processes that they represent. The modelling
methodologies, and knowledge representation languages general systems, vartous
process perspectives: functional and behavioural, and knowledge representations were
reviewed, studied and presented in the following sections The modelling techmques and
knowledge representation languages are not intended to be an exhaustive list of every

process representation methodologies currently available. However, they represent a
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sample of representations that provide some insight into different ways of representing

processes and process information.

Process Modelling Methodologies and Techmques

l

|general Systems modelllng] I_Funchonai modelhngJ rbeha\uoral modelling I I knowledgs mpresentahcﬂ
- 1IDEFO p—
2IDEF3 1 Petn-Nets o KIF

Figure 2 2 Classifications of Process Modelling Methodologies and Techmigues

2.8.1 General Systems Modelling (GSM)

2.8.1.1 Structured Analysis and Design Technique (SADT)

SADT (Structured Analysis and Design Techmque) (Ross, 1985) was ongnally
developed at SofTech Inc by SofTech’s Doug Ross 1n the early 1970s as a “system
blueprinting” method for software engmeerning, 1.e. a method for detailed requirement
definition. Later on (Ross, 1997) SADT has become a full-scale methodology for
problem analysis, requirement defimtion and functional specification applicable to many
application domains As reviewed by Marca and McGowan (1988), SADT uses an
unambiguous graphical notatton mm which a natural language 1s embedded. The
methodology was devised to produce a specification that can be fed into other standard
methodologies. A subset of SADT was the basis for the Air Force's ICAM language

notation,

SADT 1s a graphical language with limited set of primitive constructs from which
analysis and designers can compose orderly structures of any required size (Ross and
Schoman, 1977). The SADT model 1s a set of diagrams arranged 1n a hierarchy. The
diagram consists of a set of boxes and arrows, which represent transformation function
and 1nterfaces, respectively. The model captures multiple levels of detail in a hierarchical
manner, with the higher level being a general representation of the system (Marca &

McGowan, 1986). This method s stmilar to Data Flow Diagram (DFD) technique 1n that
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it 1s modular and hierarchical The flow of data 1s represented in both modeling
techniques, but the SADT method further differentiates among input, control, and
mechanism entities SADT consists (D Marca, 1998) of box and arrow diagrammung
language and analysis and Design techmque The diagramming language 1s based on a
simple graphical notation called the structured analysts box This construct has dual
nature; the Actigram, which 1s used to represent activities 1n the case of transformation,
and the datagram, which 1s used 1n representing data in the case of information or
document analysis The datagrams and actigrams mn SADT define a multiple views
design. The analysis and design technique phasees involve the elaboration of actigrams
and datagrams of the system analysed, the definition of the relationships for each type of
diagram, the modification of the diagrams according to remarks and suggestions made by
users and the analysis of the sequencing of activities; and detecting inconsistency 1n the
systemn modeled and proposing correction for these by the creation of the model of the

system desired

2.8.1.2 Strength and Weakness of SADT

The strength of SADT 1s that 1t 1s based on principle of decomposition 1 e. developing
complex systems 1n to functions and sub-functions and can be applied to any kind of
system However, SADT (D A. Marca and C L. McGowan, 1988) 1s one of the
techniques that fall short on the field of customer interaction effectively encoding too

early the requirements

2.8.2 IDEF0 Functional Modelling Methodology

2.8.2.1 Functional Modelling Overview

Functional aspects concern the things to be done and the way things are done 1n a system.
Most functional modeling methods are based on functional decomposition principles.
The purpose of a functional modeling approach 1s to descnbe the functionality and
behavior of a system to the required level of detail for the users (Vernadat, F. B , 1996)
Functionality represents actions performed 1n the form of functions transforming inputs
into outputs over pertod of time. Behavior; concerns the flow of control, 1 €. the sequence
in which things are done. Behavior governs the way functionality 1s performed according

to occurrence of system states and real-world events.
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Functionahty 1s often associated with activiies while enterprise behavior 1s defined by
means of processes. However, few

modelling approaches make a clear distinction between activities and processes and most
methods use only one recursive, construct called function or activity. The scope of
functional modeling m terms of systems concerns the descniption of activities, either

performed by human or by machines.

Formal expression: Basics of Functional Modelling

A system (Vernadat, F. B , 1996) can be made of concurrent and/or co-operative process,
where each process 1s a flow of activities processing objects and triggered by some real-
world happening or events. The activities, processes, events, and the chrematistics time
and cost of activities and processes are briefly described 1n the following sections as

follows.

(a) Activities

In essence, an activity performs something, usually by transforming its inputs mto
outputs 1t 1s equivalent to mathematical function. In the general case this transformation
may happen only 1f some condition 1s venified. This condition can be expressed 1n the
form of predicate (for instance expressed 1n first-order predicate logic) called a guard. In
other words an activity transforms an input state into an output state under some

condition.

Input and output states are defined by the state of system objects used or produced by the
activity. The mput state defines what has to be true 1n order to enable the activity
execution. Function is a transformation, a mathematical function, a complex algonithm, a
scenanio to be followed by human operator, or a cogmtive process such as decision

making or reasomng (executed by human operator or an expert system).

Two special cases of a function can be considered as:
1. If a function 1s an identity function then the output state equals the input state In
this case, the activity behaves like a delay (1.e. just consumes time)
2. If a function 1s a null function, the activity 1s denoted NIL and represents the

activity which does nothing Thas 1s the neuter element or the set of all activities.
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An activity realises a task (1. a goal) as a partially ordered set of basic operations or
action executed to perform the things to be done. Activities are performed by the
functional entities and transform a input state 1n to an output state Activities can be

classified structured or non-structured as follows,

1. Structured activity; an activity 18 structured if its inputs, outputs and transfer
function are completely defined and 1if the activity behavior can be completely
defined and 1f the activity behavior can be emulated 1n by a computer program A
model of activiies and a process plan are typical examples of structured
activities

2. Non-structured; activities It 1s an activity for which the function 1s partially or not
at all known, or for which even if the input vectors are known, the output 1s not
predicable. Typical examples are human based activities such as design for which

no model or formal representation exists

(b) Processes

Process 1s defined as a logical sequence of activities, starting with an imtial set of objects
and ending with a final set of objects By defimition any activity 1s a process (1€ an
elementary process made of this activity only) these NIL 1s a process 1 e that which does
nothing (or neuter element of Process). More formally a process can be defined as an
IDEF0 model compnsing set of activities, set of objects, flow of information and
material objects, set of tnggenng conditions or controls that need to be fulfilled before
the process can start, a function such as an mnput and output that define the input and
output objects, and flow of control between activities of the process that defines the
behavior of processes. The behavior of processes can be defined for example as,
sequencing, parallel and reparative activities based on flow of control between activities
Hence a process can be defined as a partially ordered set of activities linked by
precedence relationship, execution of which 1s triggered by some events and will result in

some observable or quantifiable end result

Process can be classified as (Bussler, 1994) Well structured process; process for which
the expected end result 1s known and the sequence of activities 15 completely defined or
unstructured process; processes for which neither the end-result nor the sequence of

activities are completely known.
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(c) Events

Activities and processes of a system need to be synchromzed. This 1s the role of events,
which brings temporal dimension to the model. The start and end of each activity can be
defined as events delimiting the duration of the activity. Events can be formally

expressed as predicates or logical propositions

(d) Time and Cost

Activities and processes can be charactenized by two important parameters in terms of
modelling: tme and cost Time 1s used to represent the duration of an activity or a
process Similarly, a cost can be assigned to each activity for economuc analysis of

processes

2.8.2.2 IDEF0 Modelling Approach

IDEF(O (Integration Definition for Function Modeling) (Wisnosky & Batteau 90) was
denived form a well-established graphical language, the Structured Analysis and Design
Technique (SADT) and later published as IDEF0 under the ICAM (Integrated Computer
Aided Manufacturing). In December 1993, the computer laboratories of the National
Institute of Standards Technology (NIST) released IDEFO as a standard for functional
modelling (Federal Information Processing Standard 183). IDEFQ was the first modelling
techmque defined 1n the IDEF suite of modelling methods. It has roots 1n the Structured
Analysis Design Technique (SADT) (Marca and McGowan 1988) (Ross 1985)
developed by Ross and Softech. IDEFQ emerged from SADT and 1s widely used today.

IDEFO 15 one of the earliest and most widely known methods for functional modelling.
IDEF0 1s used to model the functions of the business or its systems With IDEFO
functional modelling, you model what controls the execution of a function such as who
performs the function, and what objects or data 1s consumed and produced by the
function. Relationships can be shown between business functions, such as shared
resources and dependencies. Later, Activaity Based Costing may be used to determune the
cost of activities based on the resources used. IDEFQ has been used extensively and
therefore there are many examples of uses of this methodology in the lterature.
Addittonally wide ranges of discussions by several authors are available 1n literature. For
example, (Ang, et al 1999, and VanRensburg, A. & Zwemstra, N., 1995) discusses and

explains how IDEF0 modeling can be used for modeling manufacturing systems. Islam
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(1997) discusses the use of IDEF0 to define a genenc computer integrated manufacturing
system (CIM).

IDEFO0 1s a2 modeling tool used to produce a model or structured representation of the
functions of a system and of the information and objects, which tie those functions
together An IDEFO model consists of diagrams and text pages descnibing the diagrams.
Diagrams are the major components of IDEFO model. IDEF0 methodology recognizes
that successful systems development requires input and validation from the people who
will ultimately use the system. The Author/Reader Cycle serves as the mechanism to
facilitate communication between systems analysts and users Distnbuting Kats
containing IDEFO models and supporting documentation to the Reader community for

comment accomplish this

IDEFO 1s used to model the activities and actions of an organisation or systems. This may
be done to model a wide vanety of automated and non-automated systems. For new
systems, IDEFO may be used first to define the requirements and specify the functions,
and then to design an implementation that meets the requirements and performs the
functtons For existing systems, IDEFO can be used to analyse the functions the systems
perform and to record the mechanisms (means) by which these are done The result of
applying IDEFOQ to a system 1s a model of the system that consists of a hierarchical senies
of diagrams, text, and glossary cross-referenced to each other IDEFO uses input, output,
control, and mechamsm (ICOM) codes for graphical representation. The two primary
modelling components are functions (represented on a diagram by boxes) and the data
and objects that interrelate those functions (represented by arrows). The boxes represent
the activities graphically and the arrows represent the information or object related to
activities. The arrows generally called ICOMs, are input, output, control and mechanism
depending on which side of the box the arrow 1s connected to. In an activity, input 1s

transformed to output by a mechanism under a constramnt or control.

2.8.2.3 Basic Concepts and Syntax of IDEF0

There are five elements 1in the IDEF0 functional model (Marca, D. A. and C. L
McGowan 1988) as shown in Figure 2.3. The boxes represent functions such as
activities; actions; processes or operations, and arrows represent interfaces. Boxes are
denoted by an active verb phrase inside the box, such as "Perform Activity” box

Figure 2.3 (Colquhoun, GJ, Baines, RW, Crossley, 1993,) Arrows indicate data
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In IDEFO, data can be information (like "current status™) or physical objects (hke "raw
maternials"). They are named by noun phrases such as "Raw Matenals” or "Tools" The
position of the arrow indicates the type of information being conveyed. To describe
interactions between activities, (Bravoco, R R, and Yadav S B, 1985) an ICOM (mmput,
control, output and mechanism) presentation 1s used to clanfy constraints and resources
pertaining to an activity The arrows entering and leaving the boxes on the left and night
represent "Inputs” and "Outputs”, respecttvely. Inputs represent data needed to perform
the function. Outputs show the data that 1s produced as a result of the function. The
function transforms the nputs tnto the outputs. Arrows that enter from the top indicate
"Controls”, or things, which constrain or govern the function Asrows entering the
bottom of the boxes are "Mechanisms" Mechanisms can be thought of as the person or

device, which performs the function (Marca and McGowan 1988, Mayer 1992).

Constrant

— ] Pafform | .
Input Activity Qutput

|

ftechamsm
{Resourte)

Figure 2 3 IDEFOQ activity model with ICOM notation

Most of the IDEF methods utilize a subordinate principle of abstraction called
decomposition (Rumbaugh, Blaha et al. 1991), which 1s the breaking down of each box
(activity) mnto more detail in a continuous manner until the greatest level of detail 18
achieved. The IDEFO method utilizes this prnciple (Marca and McGowan 1988) The
method provides a diagrammatic representation of the decomposition undertaken. An

example of this is shown 1n figure 2 4
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Figure 2 4 Decomposition Overview (source: Rogers, Whitman, Underdown 1998)

2.8.2.4 The IDEF0 Functional Model Objective

A functional model provides a description of the activities performed during the
execution of a process (e g. design, manufacturing, construction, operation, etc) The
objective of the IDEFO methodology 15 to decompose the process being analysed into
activities and sub-activities 1n a logical and progressive manner. The decomposttion of
activities 18 hierarchical where the top of the model 1s less detailed than those at the
bottom. As a function modelling language, IDEFO has the following characteristics:

o It 1s comprehensive and expressive, capable of graphically representing a
wide variety of business, manufacturing and other types of enterpnse
operations to any level of detail.

Q It 1s a coherent and simple language, providing for ngorous and precise
expression, and promoting consistency of usage and interpretation.

a0 It enhances communication between systems analysts, developers and
users through ease of leaming and 1ts emphasis on hierarchical exposition
of detail.

o It s well tested and proven, through many years of use in Air Force and

other government development projects, and by private industry.
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0 It can be generated by a vanety of computer graphics tools; numerous
commercial products specifically support development and analysis of
IDEFQ diagrams and models

2.8.2.5 Strengths and Weaknesses of IDEF0

As described 1n an analysis of the strengths and weaknesses of IDEF0 by Knowledge

Based Systems, Incorporated. “The primary strength of IDEFO 1s that the method has
proven effective 1n detailing the system activities for function modeling, the onginal
structured analysis communication goal for IDEFO Additionally, the description of the
activities of a system can be easily refined into greater and greater detail unt1l the model
15 as descriptive as necessary for the decision-making task at hand. In fact, one of the
observed problems with IDEFO models 1s that they often are so concise that they are
understandable only if the reader 1s a domain expert or has participated in the model

development ”’

2.8.3 IDEF3 “Process Flow and Object State Description Capture” Method

2.8.3.1 Overview

IDEF3 Process Flow and Object State Description Capture Method 1s another member of
the IDEF famuly of methods, which were developed under the Information Integration for
Concurrent Engineening (IICE) project funded by the U.S. Air Force (Mayer et al. 1992)
Knowledge base systems, Inc., which 1s the prime contractor for IICE and developer of
IDEF3. IDEF3 1s structured method designed to capture the behavioral aspects of an
existing or proposed system. It 1s an expressively powerful language for process
information capture and representations. It enables knowledge acquisition by direct
capture of assertions about processes and events including objects that participate in the
process, assertions about supporting objects, and the precedence (activity sequence), and
causality relationships between processes and events i the environment. The resulting
descriptions that are captured by the IDEF3 can then be used to facilitate the construction

of analytical and design models.
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2.8.3.2 Process Descriptions and Models

IDEF3 1s a process description method not a modelling language Mayer argued that 1t 1s
important to distinguish between models and descriptions (Mayer et al. 1988) It was
emphasised that although models may well be constructed from descriptions, IDEF3 1s
not for a method construction of models but the formal representation of descriptions and
the information they convey. The distinction between models and description 1s that a
“model” can be charactenized as an idealized system of objects, properties and
relationships that 1s designed to imutate in certain relevant respects the character of a
given real world systems The power of a model comes from 1ts ability to simplify the
real world system 1t represents, and to predict certain facts about that system 1n virtue of
corresponding facts within the model (Corynen, 1975). A model 1s thus 1tself, in a certain
sense, a complete system In order to be an acceptable model of a given or imagined real
world situation, 1t must satisfy certain “axioms” or conditions denved from the real world
system On the other hand, a “description” 15 a recording of facts or beliefs about the
world around us Such description are generally partial, some facts or beliefs can be
omutted from a description that do not seem to be relevant or forgotten 1n the courses of
describing a system or a real world situation. There are no preconditions on an acceptable
description, no axioms to be satisfied, short of simple accuracy as far as 1t goes;
descriptions, 1t mght be said, that are assumed to be true, but incomplete One very
powerful use of models 1s to fill in the gaps in descriptions (Menzel, et al 1990). The
accumulation of descriptions 1s thus prior to and distinct from the construction of models.
The conditions that one may put on acceptable models are denived from descriptions
{although not necessanly IDEF3 descriptions) of a domain or a system that 1s the data
from which the model 1s constructed Hence descriptions are basts to model building
process An accurate treatment of such descriptions requires two components the
syntactic and the semantics. That 1s, 1t 1s 1mportant that there 15 an effective means of
representing the descriptions, a means of capturing their logical form IDEF3 makes use
of the standard language of first-order logic as its formal base that permuts a nch and
flexible means of expressing the logical forms of any descriptive statement. On the other
hand, there must also be a nigorous account of their information content. A vanant of
first-order semantics can be used to represent information crucial/intrinsic to process

description. This approach enables interpretation of the intended meaning of a given
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description 1n terms of a semantic structure that corresponds 1n a natural way to the real

world situation being descnibed.

2.8.3.3 Basic Concepts of IDEF3 Technique

IDEF3 (Mayer, et al 1995) 1s essentially a dragramming/ graphical language, supported
by a set of forms to collect requirements for capturing mformation about the processes
and participant objects mvolved 1n a system. The IDEF3 methodology (Mayer, Cullinane
et al 1992) 1s capable of providing different users views of temporal precedence and
causality relationships via two main knowledge acquisition or description modes. One,
the Process Flow Description (PFD), provides a process-centered view of a system, while
the other, the Object State Transition Network (OSTN), allows an object-centered view.
Both of these complementary representations employ the same basic diagrammatic
notation scheme, featuring senes of boxes (either square or oblong), circles, and
interconnecting arcs Textual elaboration forms can also be attached to each of the
graphical icons, to provide additional information The meanings and usage (1e,
semantics and syntax) of these graphical entities 1s dependent upon which of the two
description modes 1s being viewed. The information 1s presented in process flow
diagrams, object state transition networks and elaboration diagrams. The resulting
diagrams and text compnse what 15 termed a " Process Descriptions” as opposed to the

focus of what 1s produced by other IDEF methods whose product 1s a " Process Model”.

2.8.3.4 IDEF3 Representation of Process Descriptions

The process flow description (PFD) provides a process-centred view of a process by
capturing description of processes and the network of relations that exists between
processes within the context of the overall scenano 1n which they occur. Process 1s a set
of activities, decision, action, function or any types of happenings that stand 1n a certain
relationship to one another and to objects over a ime point (Lee et al.96). The Object
state transition network (OSTN); provides a object-centred view of a process, by
capturing information about how objects of various kinds are transformed into other
kinds and given kinds change 1n states through a process and context setting information
about important relations between objects i a process. Objects are the entities
manipulated by the processes Objects are any physical or conceptual things that 1s

recognized and referred to, by participants 1n the domain, as part of their descripttons of
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what happens 1n their domain. IDEF3 defines an object as an abstraction of a real-world

entity, which intervenes 1n a process description.

The Process Flow description (PFD) and the Object State Transition Network (OSTN)
use the basic elements of the IDEF3 language to capture and express the assertions that
form the description. Graphical projections of the information contamned m process
descriptions are created using IDEF3’s graphical language. These graphical projections
used to both record process information directly and as a mechanism to display process
information are called schematics. Two types of IDEEF3 schematics are parallel to the two
process knowledge acquisition strategies The IDEF3 Process Schematic displays a
process-centred view of a scenano. Object Schematics support the graphical display of
object-centred information Object Schematics that display an object-centred view of a
single scenario are called Transition Schematics. Transition Schematics that display
additional objects and object relations to provide context-setting information are called
Enhanced Transition Schematics. Object Schematics that display object-centred
information spanning multiple scenanos are simply called Object Schematics. The
scenario concept 1s used to orgamze both the process-centred and object-centred views.
The collection of scenanos and the mformation they serve to organize 1s the IDEF3

Process Description.

2.8.3.5 Scenarios: The Organizing Structure for IDEF3 Process Descriptions

The notion of a scenano (Mayer, et al 1995) 1s used as the basic orgamzing structure for
IDEF3 Process Descriptions. A scenario can be thought of as a recurning situation, a set
of situations that describe a typical class of problems addressed by an orgamzation or
system, or the setting withun which a process occurs Scenarios establish the focus and
boundary conditions of a description. Using scenarios 1n this way exploits the tendency
of humans to describe what they know 1n terms of an ordered sequence of activities
within the context of a given scenario or situation Scenarios also provide a convenient

vehicle to orgamze collections of process-centered knowledge.

2.8.3.6 Description Representation Concepts and Syntax of IDEF3 Schematics

IDEF3 uses a ngid syntax that eliminates model ambiguity. The basic elemental

notations of IDEF3 Process Descrniptions Capture Method consists of a senes of square
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and oblong boxes, ciurcles and arcs, which link them, attached to each icon 1s an
elaboration form, which contains a description of that icon, reference label etc, and
details of related objects, facts and constraints, acting upon 1t. In the following sections
the process description representation concepts and syntax available 1n the two types of

IDEF3 schematics 1s described briefly.

The Process Schematics: Process Centred Views (PFD)

A process flow description (PFD). captures knowledge of "how things work" 1n an
orgamzation, ¢ g, the description of what happens to a part as it flows through a
sequence of manufactuning processes and provides a process centred view IDEF3
Process Schematics are the primary means for captuning, managing, and displaying
process-centered knowledge These schematics provide a graphical medium for
communicating knowledge about processes This includes knowledge about events and
activities, the objects that participate 1 those occurrences, and the constraining relations

that govern the behavior of occurrences.

A process-centered description can be constructed systematically, using the basic
building blocks of the IDEF3 schematic language, linked together i different ways.
These building blocks have specific semantics associated with them. That 1s, they are
used to represent certain kinds of activities or relationships 1n a real world The IDEF3
diagrams shown 1n appendix B depicts Process Schematics of an architectural design,
pre-tender cost estimating and scheduling processes developed in this project. Textual
elaboration forms are also attached to each of the graphical icons, providing additional
information as shown m Appendix C. In IDEF3, scenarios bound the context of
descriptions and are convenient artifacts for describing similar situations from different

perspectives,

The development of an IDEF3 process flow description (Process Schematics) consists of
expressing facts in terms of the IDEF3 basic description building blocks or syntax
Process schematics tend to be the most famuliar and broadly used component of
theIDEF3 method These schematics provide a visualisation mechanism for process-
centred descriptions of a scenano 1n terms of the basic graphical building blocks. The

graphical elements that comprise process schematics include Unit of Behaviour (UOB)
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boxes, hinks, junctions, referents, and notes. Referents and notes are constructs that are
common across process and object schematics. The IDEF3 method allows users to
capture descriptions at varying levels of abstractions by providing a mechamism called
decomposition Decomposition provides a means of orgamzing a more detaled
description of UOB representing an activity. The decomposition schematic follows the
same syntactic rules as those for a scenarto and 1s created using the same IDEF3
elements. The decomposition of the same UOB more than one can be employed for
representing different points of view or providing greater details of the processing

relating to the activity or UoB

A PFD displays a sequence of Units of Behaviour (UoB), which represent activities,
actions, processes or operations. These are linked together by precedence arcs or Links
that connect the boxes and descnbe the relationship between the vanous UOBs.
Junctions explicitly describe the logic of multiple links esther coming together or
spreading apart or the branching of processes. In addition the junctions can show if the
processes are being carried out 1n synchronization or asynchromsation This notation may

1mpose timing constraints on the process flow.

The Object Schematics: Object-Centered Views (OSTN)
Object state transition network (OSTN). The object state transition network description
summanzes the allowable transitions an object may undergo throughout a particular

process.

IDEF3 Object Schematics capture, manage, and display object-centered descriptions of a
process that 1s, information about how objects of vanous kinds are transformed into other
kinds of things through a process, how objects of a given kind change states through a
process, or context-setting information about important relations among objects mn a
process Object Schematics may be developed 1n the context of a single scenarto, thus
charactenzing the state transitions traversed by participating objects 1n an occurrence of
the scenario These Transition Schematics allow users to specify the rules that govern the
transitions between object states in a scenario occurrence. Alternatively, Object
Schematics may evolve 1n a more opportunistic fashion, capturing descrniptions of
objects, object states, and themr transitions across multiple scenarios. Object Schematics

developed 1n this fashion make no attempt to define the structure for object state change
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behavior in a scenamno occurrence This cross-scenario Object Schematic development
approach 1s often useful when explonng what object-centered process information merits
a more detailed focus or when attempting to discover context setting information about
the objects encountered 1n a description. IDEF3 Object Schematics are developed to
provide an object-centered description of a particular process or scenano. The IDEF3
Object Schematics diagrams shown 1n appendix B depicts an object-centered view of the
process schematics developed for the architectural design, pre-tender cost estimating and
schedulimg processes developed 1n this project. Textual elaboration forms are also
attached to each of the graphical icons, providing additional information as shown m
Appendix C. Transition Schematics therefore tend to domunate the attention of those

developing IDEF3 Object Schematics.

Object state transttion network (OSTN) diagrams capture object-centred views of
processes, which cut across the process diagrams and summanze the allowable
transitions The basic elements are nodes circles and arcs (arrows) The nodes 1n the
diagram 1ndicate the different states of the object. The arcs represent the transition that
objects can make. Object states and state transition arcs are the key elements of an OSTN
diagram A detailed specification of the IDEF3 constructs can be fond in IDEF3 Process
Description Capture Method Report (Mayer, et al 1995)

2.8.3.7 Strengths and Weaknesses of IDEF3

Among the existing process representation methodologies, the IDEF3 process description
method best meets the requirement for representing process charactenstics in a domain
(Knutilla, A., et. al, 1998). It provides the best coverage of all requirements necessary
for descnibing processes from process and participating objects pomnt of view The
methodology stops short of providing the ability to construct predictive simulation-based
models; rather, 1t 1s a method to obtain structured descniptions of what a system actually

can or will do 1n practice.

2.84 Knowledge Representations

What is Knowledge Representation?

A knowledge representation (KR) 1s best understood in terms of the five fundamental

roles that 1t plays as descnibed (R. Davis, H Shrobe, and P. Szolovits, 1993):
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1. KR 1s a Surrogate: Any ntelligent entity that wishes to reason about its world
encounters an important, m-escapable fact: reasoning 1s a process that goes on
mternally, while most things 1t wishes to reason about exist only externally

2. KR 15 a Set of Ontological Commutments: If, as we have argued, all
representations are imperfect approximations to reality, each approximation
attending to some things and 1gnoring others, then in selecting any representation
we are i the very same act unavoidably making a set of decisions about how and
what to see 1n the world. That 1s, selecting a representation means making a set of
ontological commutments.

3 KR 1s a Fragmentary Theory of Intelligent Reasoming: The third role for a
representation 1s as a fragmentary theory of intelligent reasoning This role comes
about because the 1mitial conception of a representation 1s typically motivated by
some 1nsight indicating how people reason intelligently, or by some belief about
what 1t means to reason ntelligently at all.

4. KR 1s a Medium for Efficient Computation: From a purely mechanistic view,
reasoning 1 machmes (and somewhat more debatably, in people) 15 a
computational process. Simply put, to use a representation we must compute with
1t. As a result, questions about computational efficiency are mevitably central to
the notion of representation

5 KR s a Medium of Human Expression: Finally, knowledge representations are
also the means by which we express things about the world, the medium of
expression and communication mn which we tell the machine (and perhaps one
another) about the world. This role for representations 1s inevitable so long as we
need to tell the machine (or other people) about the world, and so long as we do

so by creating and communicating representations.

2.8.4.1 IDEF5 Ontology Description Capture Method

Overview

Historically, ontologies arose from the branch of philosophy known as metaphysics,
which deals with the nature of reality of what exists. The traditional goal of ontological
mqurry, in particular, 1s to divide the world “at 1ts joints™: to discover those fundamental

categones or kinds that define the objects of the world. According to Benjamun, et al
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(1995), “an ontology 1s a description of the kinds of things, both physical and conceptual,
that make up a given domarn, their associated properties, and the relationships that hold
among them as represented by the terminoclogy 1n that domain.” Within the IDEF suite,
the IDEF5 ontology capture method (Benjanun et al., 1995) was developed for this
purpose. IDEF5 Standarcdized procedures enable the ability to represent ontology

information 1n an intuitive and natural form

IDEF5 (Mayer et al. 1992) 1s one of the IDEF (ICAM DEFmition,) methods developed
under the Information Integration for Concurrent Engineening (IICE) project funded by
the U.S. Air Force Knowledge base systems, Inc, for enterprise knowledge
representation The IDEFS ontology description capture method (KBSI 1994c¢) provides
a theoretically and empirically well-grounded method specifically designed to assist
creating, modifying, and mantaining ontologies IDEF5 proposes a methodology to
create domain ontology and provides a language to represent concepts (meta-ontology).
IDEF5 meta-ontology contains the meta-concepts process and state This is the only
difference that charactenises IDEF among other languages like KIF and Ontolingua, used
to represent domain ontologies These dynamic concepts make IDEFS an example of

meta-ontology for representing enterprise ontologies

Basic Concepts of IDEF5

Knowledge acqusition with IDEFS5 1s enabled by the direct capture of assertions about
real-world objects and their interrelationships in an intmtive and natural form. IDEFS
proposes a set of meta-concepts for ontology. They are: kinds, characterized by certain
properties and attnbutes, and process; state of an individual of a certain kind that can be
modified by a process; relations among kinds; the decomposition relation; the sub-kind
relation (a sort of refinement) Hence, there 1s the possibility of building second order
properties and relations Thus first set of concept is the base for the schematic languages
of the IDEF famuly, like IDEF3 ((Mayer et al.92) for diagrammatic representation
processes The method also provides facilities for diagrammatic representations of

ontology and a structured text language for detailed ontology charactenization is present.

IDEFS5 Ontology Languages
To support the ontology development process IDEFS proposes two languages: the

schemat:c language and the elaboration language (Knowledge Based Systems, Inc.
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(KBSI, 2000). The schematic language 1s a graphical language, specifically tailored to
enable domain experts to express the most common forms of ontological information.
This enables average users both to input the basic information needed for a first-cut
ontology and to augment or revise existing ontologies with new information. The
elaboration language 1s a structured textual language that allows detailed charactenization
of the elements 1n the ontology. Employing these two developments supports, three kinds
of expressions can be formulated: definition, term and sentence The elaboration
language uses KIF (Knowledge Interchange Format) http //logic stanford.eduw/kif/kif.html

as 1ts foundation.

The purpose of these schematics, like that of any representation, 15 to represent
information visually. Thus, semantic rules must be provided for interpreting every
possible schematic. These rules are provided by outlining the rules for interpreting the
most basic constructs of the language, then applying them recursively to more complex
constructs. This task falls to the Elaboration Language The Schematic Language 1s,
however, useful for constructing first-cut ontologies 1n which the central concern 1s to
record, m a bnefly, the basic elements that exist in a domain, their charactenstic
properties, and the salient relationships that can be obtained among objects of those kinds
and among the kinds themselves There are four primary schematic types denved from
the basic IDEF5 Schematic language, which can be used to capture ontology information
directly in a form that is intmitive to the domain experts. These are: Classification
Schematics, Composition Schematics, Relation Schematics, and Object State Schematics.
A detailed explanation of the JDEFS5 method can be found in KBSI (1994c¢).

IDEFS5 Primary Schematic Types

Classification schematics: provide mechanisms for the orgamization of knowledge 1nto
logical taxonomues The descniption subsumption and natural kind classification are the
two types of classification schematics.

Composition schematic; serves as mechanisms to represent graphically the "part-of”
relation that 1s so common among components of ontology. In particular, this capability
enables users to express facts about the composition of a given kind of object

Relation schematics allow ontology developers to visualize and understand relations

among kinds 1n a2 domain, and can also be used to capture and display relations between
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first-order relations In other process modelling/representations methodologies there 1s no
clean division between information about kinds, states and processes.

Object State Schematics: The IDEF5 schematic Janguage enables modellers to express
fairly detailed object-centred process information (i e., information about kinds of objects

and the various states they can be 1n relative to certain processes).

Strengths and Weakness of IDEF5 Method

IDEF5 1s also mtended to provide a mechamsm for reference models to facilitate
reorgamzation of simulanities between components of a system as well as with external
systems. The weakness of the method 1s that the defimitions of kinds 1n IDEFS5 are not
nigorous. IDEF5 does not impose formal constramts to imstances that are required to
share all the properties, 1.e. properties that are individually necessary and jointly
sufficient for an individual bemng m a kind. Consequently also the sub-kind relation

cannot be defined 1n rigorous manner.

2.8.4.2 Knowledge Interchange Format (KIF)

Overview

KIF (Genesereth & Fikes et al, 1992} 15 a computer-onented language armed
atknowledge shaning among disparate programs developed by the Interlingua working
group of the DARPA Knowledge Sharing Effort. At the imitial stage of design, KIF
needed to have a formally defined declarative semantics, sufficient expressive power, and
a structure that enables semi-automatic translation into and out of conventional
knowledge representation language. Furthermore, KIF was needed to decrease the
number of translators per knowledge base to one- local language to KIF and back. KIF
has a tree-like, structured syntax as well as a corresponding linear, ASCII, list-based
syntax. Intmitively, KIF terms denote objects in the umverse of discourse, and every
sentence 1s either true or false. KIF provides the user with a set of basic objects, which
are described by its standard vocabulary on numbers, lists, sets, functions, and relations
Besides the basic objects, KIF also allows expressions of meta-linguistic knowledge as
well as provides supports for representations necessary for non-monotonic reasoning
KIF 1s also not mntended as an mtemal representation for knowledge within computer
systems or within closely related sets of computer systems (though the language can be

used for thts purpose as well).
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Typically, when a computer system reads a knowledge base 1n KIF, 1t converts the data

1nto 1ts own nternal form (specialized pointer structures, arrays, etc.). All computation 1s

done using these internal forms. When the computer system needs to communicate with

another computer system, 1t maps 1ts internal data structures into KIF.

The purpose of KIF 1s roughly analogous to that of Postscript. Postscript 1s commonly

used by text and graphics formatting systems mn communicating information about

documents to printers While KIF 1s not as efficient as a specialized representation for

knowledge or as perspicuous as a specialized display (when printed 1n its list form), 1t 18

a programmer-readable language and thereby facilitates the independent development of

knowledge-manipulation programs.

The following categorical features are essential to the design of KIF

The language has declarative semantics. It 1s possible to understand the meaning of
expressions 1n the language without appeal to an interpreter for manipulating those
expressions In this way, KIF differs from other languages that are based on specific
interpreters, such as Prolog.

The language 1s logically comprehensive -- 1t provides for the expresston of arbitrary
sentences in predicate calculus. In this way, 1t differs from relational database
languages (many of which are confined to ground atomic sentences) and Prolog-like
languages (that are confined to Horn clauses).

The language provides for the representation of knowledge about the representation
of knowledge. This allows us to make all knowledge representation decisions explicit
and permuts us to introduce new knowledge representation constructs without

changing the language

In addition to these essential features, KIF 15 designed to maximuze the following

additional features (to the extent possible while preserving the preceding features):

Translatability A central operational requirement for KIF 1s that 1t enable practical
means of translating declarative knowledge bases to and from typical knowledge
representation languages.

Readability: Although KIF 1s not intended pnimanly as a language for interaction

with humans, human readability facilitates 1ts use 1n describing representation
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language semantics, 1ts use as a publication language for example knowledge bases,
1ts use 1n assisting humans with knowledge base translation problems, etc

e Implementability Although KIF 1s not intended for use within programs as a
representation or communication language, 1t can be used for that purpose 1f so

destred.

KIF Syntax

The syntax of KIF 15 most easily described in three layers. First, there are the basic
characters of the language. These characters can be combined to form lexemes Finally,
the lexemes of the language can be combined to form grammatically legal expressions.
Although this layering 1s not strictly essential to the specification of KIF, it simphfies the
description of the syntax by dealing with white space at the lexeme level and eliminating
that detail from the expression level. The syntax of KIF 1s presented using a modified
BNF notation. All nonterminals and BNF punctuation are wntten in boldface, while

characters m KIF are expressed in plain font.

The notation {x1, . ,xn} means the set of termunals x1,...,xn. The notation [nonterminal]
means zero or one instances of nonterminal;, nonterminal* means zero or more -
occurrences; nonterminal+ means one or more occurrences; nonterminal*n means n
occurrences. The notation nonterminall - nonterminal2 refers to all of the members of
nonterminall except for those 1n nonterminal2. The notation int(n) denotes the decimal
representation of integer n. The nontermunals space, tab, return, linefeed, and page
refer to the characters corresponding to ascu codes 32, 9, 13, 10, and 12, respectively.
The nonterminal character denotes the set of all 128 ascu characters The nontermunal

empty denotes the empty string

Characters
The alphabet of KIF consists of 7 bit blocks of data. In this document, we refer to KIF

data blocks via their usual ASCII encoding as characters (as given in ISO 646°1983).
KIF characters are classified as upper case letters, lower case letters, digits, alpha
characters (non-alphabetic characters that are used 1n the same way that letters are used),
special characters, white space, and other characters (every ascu character that 1s not 1n

one of the other categories)

56




Chapter 2 Construction Information Modelling and Integration

upper :=A|{B|C|D{E|F|G|H|I|J|K|L|M| N|O|P|QIR|S|T|U|VIW|X]|Y|Z

lower :=a[b|c|d|elflg|hl1]j[k{l[m|n]o|p[q]r|s[tlu]v|w|x]|y]z
digit::=0]1f2|3|4|5[(6]7]|8|9

alpha z=!$| % | & [*[+]-] |/|<|=]>]"]@]_|~|

special =" |#]" | (D ]. |\~

white ::= space | tab | return | linefeed | page

A normal character 1s either an upper case character; a lower case character; a digit; or an
alpha character

normal ::= upper | lower | digit | alpha

Lexemes

The process of converting characters mto lexemes 1n called lexical analysis The 1nput to
this process is a stream of characters, and the output 1s a stream of lexemes. The function
of a lexical analyzer 1s cyclic. It reads characters from the input string until 1t encounters
a character that cannot be combied with previous characters to form a legal lexeme.
When this happens, it outputs the lexeme corresponding to the previously read
characters. It then starts the process over again with the new character. White space

causes a break in the lexical analysis process but otherwise 1s discarded.

There are five types of lexemes in KIF, special lexemes, words, character references,
character strings, and character blocks. Each special character forms 1ts own lexeme It
cannot be combined with other characters to form more complex lexemes, except through
the ““escape” syntax described below. A word 1s a contiguous sequence of (1) normal

characters or (2) other characters preceded by the escape character \.

word ::= normal | word normal | word\character

A character reference consists of the characters #, \, and any character. Character
references allow us to refer to characters as characters and differentiate them from one-

character symbols, which may refer to other objects.

charref ::= #\character

A character string 15 a senes of characters enclosed 1n quotation marks. The escape
character \ 1s used to permut the inclusion of quotation marks and the \ character itself

within such stnngs
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string ::= "quotable”
quotable ::= empty | quotable strchar | quotable\character
strchar ::= character - {",\}

Sometimes 1t 1s desirable to Character blocks permut the group together a sequence of
arbitrary bits or characters without imposing escape characters, ¢ g to encode images,
audio, or video 1n special formats through the use of a prefix that specifies how many of
the following characters are grouped together in this way A character block consists of
the character # followed by the decimal encoding of a positive integer n, the character g

or Q, and then n arbitrary characters

block ::= # int(n) q character~n | # int(n) Q character~n

For the purpose of grammatical analysis the class of words 1s subdivide further, viz. as

vanables, operators, and constants,

A vanable 1s a word 1n which the first character1s ? or @ A vanable that begins with ? 1s
called an individual vanable. A vanable that begins with an @ 1s called a sequence

variable

variable ::= indvar | seqvar
indvar ::= *word
seqvar ::= @word

Operators are used in forming complex expressions of various sorts There are three
types of operators 1n KIF term operators, sentence operators, and definition operators.
Term operators are used in formung complex terms. Sentence operators and user
operators are used in formung complex sentences. Definition operators are used 1n
forming definitions

operator ::= termop | sentop | defop

termop ::= value | listof | quote [ if

sentop:i=holds | =] /=] not]and Jor] => | <= | <=> | forall | exists

defop ::i= defobject | defunction | defrelation | deflogical | := | :-> [ (<= | :1=>

All other words are called constants.

constant ::= word - variable — operator

Semantically, there are four categories of constants in KIF: object constants, function
constants, relation constants, and logical constants. Object constants are used to denote

individual objects. Function constants denote functions on those objects. Relation
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constants denote relations. Logical constants express conditions about the world and are
either true or false. KIF 1s unusual among logical languages 1n that there 1s no syntactic
distinction among these four types of constants, any constant can be used where any
other constant can be used The differences between these categones of constants are

entirely semantic.

Expressions

The legal expressions of KIF are formed from lexemes according to the rules presented
m this section There are three disjomnt types of expressions mn the language: terms,
sentences, and defimitions. Terms are used to denote objects 1n the world being descnbed,
sentences are used to express facts about the world, and defimtions are used to define
constants. Defimtions and sentences are called forms A knowledge base 1s a fimte set of

forms.

There are nine types of terms m KIF -- individual vanables, constants, character
references, character strings, character blocks, functional terms, list terms, quotations,
and logical terms. Individual vaniables, constants, character references, strings, and

blocks were discussed earlier.

term ::= indvar | constant | charref ] string ] block |funterm | listterm | quoterm |
logterm

An 1mplicit functional term consists of a constant and an arbitrary number of argument
terms, termunated by an optional sequence vanable and surrounded by matching
parentheses. Note that there 1s no syntactic restriction on the number of argument terms;

anty restrictions 1n KIF are treated semantically

funterm ::= (constant term* [seqvar])

A explicat functional term consists of the operator value and one or more argument terms,

terrunated by an optional sequence vanable and surrounded by matching parentheses.

funterm ::= (value term term* [seqvar])
A list term consists of the hstof operator and a finite list of terms, terrunated by an
optional sequence vanable and enclosed 1n matching parentheses.

listterm ::= (listof term* [seqvar])

Quotations 1nvolve the quote operator and an arbrtrary list expression. A list expression 1s

either an atom or a sequence of list expressions surrounded by parentheses. An atom 1s
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either a word or a character reference or a character stning or a character block Note that

the list expression embedded within a quotation need not be a legal expression 1in KIF

quoterm ::= (quote listexpr) | 'listexpr
listexpr ::= atom [ (listexpr¥*)

atom ::= word | charref | string | block

Logical terms involve the If and cond operators. The if form allows for the testing of a
single condition or multiple conditions. An optional term at the end allows for the
specification of a default value when all of the conditions are false. The cond form 1s
simular but groups the pairs of sentences and terms within parentheses and has no

optional term at the end.

logterm ::= (if logpair+ [term])
logpair ::= sentence term
logterm ::= (cond logitem*)
logitem ::= (sentence term)

The following BNF defines the set of legal sentences in KIF There are six types of

sentences We have already mentioned logical constants.

sentence ::= constant | equation | inequality | relsent | logsent | quantsent

An equation consists of the = operator and two terms. An inequality consist of the /=

operator and two terms
equation ::= (= term term)

inequality ::= (/= term term)

An implicit relational sentence consists of a constant and an arbitrary number of
argument terms, terminated by an optional sequence vanable. As with functional terms,

there is no syntactic restriction on the number of argument terms 1n a relation sentence.

relsent ::= (constant term* [seqvar])
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An explicit relational sentence consists of the operator holds and one or more argument
terms, terminated by an optional sequence vanable and surrounded by matching

parentheses
relsent ::= (holds term term* [seqvar])

It 1s noteworthy that the syntax of implicit relational sentences 1s the same as that of
implicit functional terms On the other hand, their meanings are different. Fortunately,
the context of each such expression determines 1ts type (as an embedded term 1n one case
or as a top-level sentence or argument to some sentential operator 1n the other case); and

so this shight ambiguity causes no problems.

The syntax of logical sentences depends on the logical operator mvolved. A sentence
involving the not operator 1s called a negation. A sentence mnvolving the and operator 1s
called a conjunction, and the arguments are called conjuncts A sentence involving the or
operator 15 called a disjunction, and the arguments are called disjuncts A sentence
involving the => operator 1s called an implication, all of 1ts arguments but the last are
called antecedents; and the last argument 1s called the consequent. A sentence involving
the <= operator 1s called a reverse umplication, 1ts first argument 1s called the consequent;
and the remaining arguments are called the antecedents. A sentence involving the <=>

operator 1s called an equivalence.

logsent ::= (not sentence) |
(and sentence*) |
(or sentence*) |
{=> sentence* sentence) |
{ <= sentence sentence*) |
{<=> sentence sentence)

There are two types of quantified sentences: a universally quantified sentence 1s signalled
by the use of the “forall” operator, and an existentrally quantified sentence 1s signalled by
the use of the “exists” operator. The first argument in each case 1s a list of vanable
specifications. A vanable specification 1s erther a vanable or a list consisting of a

vanable and a term denoting a relation that restricts the domain of the specified vanable

quantsent ::= (forall (varspec+) sentence) |
(exists (varspec+) sentence)
varspec ::= variable | (variable constant)
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Note that, according to these rules, 1t 1s permussible to wnite sentences with free vanables,
1e. vanables that do not occur within the scope of any enclosing quantifiers The
significance of the free vanables in a sentence depends on the use of the sentence When
we assert the truth of a sentence with free vanables, we are, 1 effect, saying that the
sentence 1s true for all values of the free varnables, 1e. the vanables are umversally
quantified. When we ask whether a sentence with free vanables 1s true, we are, 1n effect,
asking whether there are any values for the free vanables for which the sentence 1s true,

i e. the vaniables are existentially quantified.

The following BNF defines the set of legal KIF definttions There are three types of
defimtions: unrestricted, complete, and partial. Within each type, there are four cases,
one for each category of constant. Object constants are defined using the “defobject”
operator Function constants are defined usmg the “deffunction” operator. Relation
constants are defined using the ‘“defrelation” operator Logical constants are defined

using the “deflogical” operator

definition ::= unrestricted | complete | partial
unrestricted ::=
(defobject constant [string] sentence*) |
(deffunction constant [string] sentence*®) |
(defrelation constant [string] sentence*) |

(deflogical constant [string] sentence*)

complete ::=
(defobject constant [string] := term) |
(deffunction constant (indvar* [seqvar]) [string] := term) |
(defrelation constant (indvar* [seqvar]) [string] := sentence) |

(deflogical constant [string] := sentence)

partial ;1=
(defobject constant [string] :-> indvar : <= sentence) |
(defobject constant [string] :-> indvar :=> sentence) |
(deffunction constant (indvar* [seqvar]) [string] :-> indvar : <= sentence) |
(deffunction constant (indvar* [seqvar]) [string]:-> indvar :=> sentence) |
(defrelation constant (indvar* [seqvar]) [string] :<= sentence} |
(defrelation constant (indvar* [seqvar]) [string]:=> sentence) |
(deflogical constant [string] :<= sentence)
{deflogical constant [string] :=> sentence)
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A form in KIF is either a sentence or a definition.
form ::= sentence | definition

It 15 1mportant to note that definitions are top-level constructs While definitions contamn
sentences, they are not themselves sentences and, therefore, cannot be wrtten as
constituent parts of sentences or other definitions (unless they occur mside of a quotation.
A knowledge base 1s a finite set of forms. It 1s important to keep 1n mund that a
knowledge base 1s a set of sentences, not a sequence; and, therefore, the order of forms
within a knowledge base 1s ummportant. Order may have heunistic value to deductive
programs by suggesting an order 1n which to use those sentences; however, this impheit

approach to knowledge exchange lies outside of the defimtion of KIF.

2.8.5 Behavioural Modelling

2.8.5.1 Petri Nets

A Petri Net (Reisig 1992, Peterson 1981) 1s a graphical language that 1s approprnate for
modeling systems with concurrency. Petnn Nets has been under development since the
beginning of the 60’s, when Carl Adam Petn defined the language i his PhD thesis
(Kommunikation mut Automaten). The language was created to represent a net-like,
mathematical tool for the study of communication with automata such that the concept of
concurrently occurring events could be expressed. Petr1 Nets 1s a well-smited technique
for modeling and analysis of concurrency, synchronization and conflict, communication
protocols, performance evaluation, fault tolerant systems, and manufacturing control
systems and hence are a natural choice for modeling complex systems (Viswanadham
and Narahan, 1992). Petr1 Nets support advanced and formal analyses such as the
reachability of vanous process states, detection of deadlocks, and behavioural
ambiguities. According to Curtis et al. (1992) such analyses are crnitical to permt
evaluation of a proposed process for syntactic correctness, completeness, consistency,

r1sks, and opportunities for improvements

Since 1t was first introduced, Petn Nets have been modified and extended by vartous
researchers to allow for more powerful modeling capabilities: (David and Alla, 1991;
Desrochers and Al-Jaar, 1994, Kamath and Viswanadham, 1986; Zurawski and Zhou,
1994). Some of the important extensions include (1) Stochastic Petn1 nets, which capture

timed activities/events by using (probabihistic) timed transitions these Petrt net models
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can then be translated into a Markov chain for further analysis, and (1) Colored Petn
nets, where the tokens can be colored (or carry attribute information) to differentiate the
entities that flow through the system The other vanations include Timed Petnn Nets,
Predicate/Transition Nets, Object Petn Nets, Compact Petnn Nets, Role-based Extended
Petr1 Net Models, Hierarchical Petri Nets, and Queueing Petn Nets

Strength and Weaknesses of Petri Nets

Some of the arguments m favor of using Petri nets as formal representations of business

processes are.

e They represent a hterarchical modeling tool with a well-developed mathematical
foundation (Murata, 1989)

e Petn nets support both qualitative and quantitative analyses and many
computerized tools are available for the same (Desrochers and Al-Jaar 1994).

¢ They lend themselves very well to simulation/execution on distnibuted/parallel
architectures which is essential for representations of realistically-s1zed enterprise
systems (Ferscha, 1998)

¢ They have been used by themselves, or 1n conjunction with other techniques to

model bustness processes (Sagoo and Boardman, 1998; van der Aalst, 1999a,b).

2.8.6 Data Flow Diagrams (DFD)

Data flow Diagrams (DFDs) (Grady 1993, Scott1 1994) 1s another staple of the system
engmeer’s toolbox, and have also found extensive usage m many other fields including
software and information design. It 1s primanly used as a tool for performing structured
systems analyses to explore the relationships between processes and the data that they
transform or create DFDs represent the flow of data throughout a process or between
processes, depicting a system from a data perspective (of those who use the data), as
opposed to a control perspective (of those who act upon the data), or a resource

perspective (what 1s needed by whom and why, to do what),

DFDs 1s a graphical/diagrammatic representation that hierarchically decomposable, each
DFD at a given level can be seen to “explodes” a process from a preceding level. DFDs
include specifications of the boundaries of a system, sources and destinations of data,

flows of data, transformation processes, and stores of data for later use.
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2.9 Summary and Conclusions

In this chapter some of the process representations, modelling methodologies and
languages were reviewed and analysed to study the level] of therr capabilities to represent
process specification requirements table 2.3 shows the some of the process requirements
that these process modelling methodologies can represent completely. Additionally they
also represent other requirements partially. In this research study, how well a process
representation or modelling methodology 1s capable of representing process
charactenistics 15 1mportant since the arm of this study 1s to identify and represent
construction process information using a formalised modelhng methodology, for the
purpose of process information exchange between software applications which deal with
the manipulation of construction process information. The purpose 1s to identify a
modelling methodology that can represent the complete set of construction process
charactenistics and hence support 1n the identification of the construction process
specification requrements that need to be mapped to the PSL ontology in the
investigation of the applicability of PSL in construction, and implementation of the

language 1n a construction scenario

Formal expressions of an activity have proven to be good basis for developing systems
(Benveniste and Berry 1991). A theory based on process algebra can even be developed
for concurrent and communicating process specifications and proving some of their
properties (Hoare, 1985; Milner, 1980) In pnnciple, all kinds of constraints on activities
(e g. tnggening conditions or resources requirements) can be expressed as predicates
However they remain so abstract and theoretical and cannot be used as communication
languages among users For mstance they do not differentiate between the control,
mformation, and material flows as required by modelling. Furthermore they do not
explicitly say anything about the termunation or ending status of the activity (it would be
necessary to analyze the output vector to determune it) Diagrammung languages are

better representations for functional aspects of processes.

Several graphical representations have been proposed to represent activities and
processes (Vernada F B., 1996). For example the conventional box representation of

SADT or EDEF0 ICOM box are among the many others. The graphical representation 1s

preferred and has become the most wildly used method because 1t represents a good

compromuse between all other representations descnbed above.
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Form this study 1t 1s revealed that cifferent techmques represent different views and
aspects of process mformation and some representattons are general approaches for the
representation of a general process information while others are more specialized with
more detailed process characteristics representation capabilities. The ability of modeling
methodologies to capture process requirements 1s limited by the way the process and

information 1s represented.

All the general systems, functional, and behavioral modeling methodologies reviewed 1n
this chapter focus on the syntax of process specification rather than the semantics, or
meanngs, of terms. This may be sufficient when process information exchange 1s
occurring within a single domain. However, exchange of process models data among
different domains creates situations where the same terms can have different meanings. A
process representation for information exchange between different apphcations or
domains must have an unambiguous and a formal specification of the semantics of its
termunologies. This capability can be achieved through the knowledge representation
techniques or ontology modeling methodologies such as the IDEF5 and KIF techniques.
Ontology provides a common terminology that helps to capture key distinctions among

concepts m different domams/applications, which aids 1n the translation process

The Overall results of the literature review has shown that among the process modeling
methodologies, which focus on the syntax of processes, the IDEF3 Process Capture
Method best meets most of the process charactenstics representation requirements.
IDEF3, like others 1s essentially a diagrammng/ graphical language, but provides more
graphical constructs and a set of forms (elaboration forms) for captunng any kind
information about the processes and participant objects mvolved. These constructs
increased the capability of the methodology 1n captuning the required charactenstics of a

process.

In this research study few of the available process modeling methodologies were revived
and a bnef discussion 1s presented However, a detailed discussion of results from the
analysis of twenty-si1x process representations studied in the second phase of PSL project
1s available in hiterature (Knutilla, A., et. al, 1998). There 1s also a summary of a subset
of this analyses that included the DARPA/Rome Laboratory Planning Initiative work
(Polyak et al 1997)
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Methodologies and Information representation Represent completely the following Process Data
Techniques Views
DADT General Systems Modelling Data flow between processes, input/output/control & mecharusms, activities m the cases of
(GSM) transformation, data in the case of information,
IDEFO Functional Madelling Cost Data, Resource, Product Characteristics, Resource, Resource Requirements for a Task, Simple
Task Representation and Charactenistics, Task Executor, Alternative Task, Complex Task,
Representation and Parameters, Conditional Tasks, Pre- and Post processing Constraints, State
Existence Constraints, Convey the Ancestry or Class of a Task, Information Exchange Between Tasks,
Support for Simultaneously Maintamed Associations of Multiple Levels of Abstraction,
IDEF3 Process Description Capture Resource Requirements for a Task, Simple Sequences, Simple Task Representation and Characteristics,
Method Task Executor, Simple Precedence, Composition / Decomposition, Incompleteness /Vagueness,
Associated Illustrattons and Drawings, Complex Groups of Tasks, Complex Sequences; Complex Task
Representation and Parameters, Concurrent Tasks, Conditional Tasks, Constraints, Implicit/Expheit
Resource Association, Iterative Loops, Parallel Tasks, Pre- and Post processing Constrants, Seral
Tasks, State Existence Constrarnts, State Representations, Temporal Constrarnts, Complex Precedence,
Eligible Resources, information Exchange Between Tasks, Support for Task/Process Templates,
Support for Sumultaneously Mamntained Associations of Multiple Levels of Abstraction
PETI-NETS Behavioural modelling Smmple Groupings, Stmple Sequences, Simple Task Representation and Characteristics, Task Duration,
Extensibihity, Composition / Decomposition, Alternative Task, Complex Sequences; Iterative Loops,
Parallel Tasks, Parameters and Vanables, Pre- and Post-processing Constramts; Sertal Tasks, State
Existence Constraints, State Representations, Mathematical and Logical Operations, Synchromization of
Multiple, Parallel Task Sequences,
IDEF5 Ontology Description Capture Asserttons, Classification, composition, relation, state, intuitive and natural form, meta concepts, kind
Method characters & attributes, decomposition, processes, state, sub kind,
KIF Knowledge representation Extensibility, Conditional Tasks, Parameters and Varables, Mathematical and Logical Operations,
DFD Data flow modelling Data flow between processes,

Table 2 3 Summary of the process modelling methodologies and the process data they represent completely
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Chapter 3 Information Standardisation for Construction

3.1 Introduction

With the wide spread use of computer applications 1in the AEC/FM environment,
information have become 1ncreasingly available in electronic format of representation for
use in construction processes As a result there has been an increasing need for an
electronmic form of information exchange between construction applications in the sector.
There are number of approaches for direct data exchange between construction software
applications; Figure 3.1 (Foreses T. 1994) illustrates some alternative mechanisms for
exchanging information. These include transfernng physical data files, accessing a
central database through standard access methods, and procedural calls through an
application-programming 1nterface. Ideally, all the three mechamisms can be used
together (Lwiten 94) These alternatives hold great promuse for improved
communications, information exchange and integration between computer applications.
However they may not support the exchange of the exact concepts of information due to
the differences 1n the meaning of information representations between the applications
1.e. the information at source may differ i;n meaning at destination. It can be said that
information exchange 1s consistent 1f the semantics of the information can be shared but
not the message or syntax of the information alone. The ability to share accurate
information between computer applications 1s an important capability for computer-
based collaboration 1n construction. A pnimary requirement for such collaboration is the
development of information representation standards that are needed to provide a
unifying neutral language for representing the exchanged information. Standards allow
the interpretation of mformation that can be shared through one or all of the three
alternative mechanisms. Hence there 1s a need for standardizanon of information
representation structures for the construction industry to support the exchange of
meaningful construction information between diverse software applications. That is there

1s a need for a mechanism that can interpret the meaning of set of messages exchanged.

68




Chapter 3 Information Standardization for Construction

archatect
dta trearhton
4
ok TS,
wiasetwn 1
i —
a;lscm * ! / P \
pplicaton
modelhng internal
-— system datadase
procedure
als \ ‘H"ﬁ'.f
Bl .*-‘_—
shﬂ.lrﬂuc&T¢ .i-&"‘
d2ka decess dat
ac«x
Y
e |
central q——— ’-"-11"5 schedulmg
project datubase applisaton qphumn
modelin shﬂar!h:d
. e I;tl’ll data aceess
- '
Hadase aser |} # ser # !
iR eACt DD * i nlnctn) E*

strustural ..E geners} @
eDJInASr CODAractor R
= T
FE

Figure 3 1 Alternative mechanisms for direct electronic information exchange (Luiten 94)

There have been several efforts 1in information standardisation 1n the field of industnal
automation and integration in general. Most of the standardisation efforts in the AEC/FM
sector have focused on facilitating product data and product related information exchange
between software applications based on product data technology. In this chapter
following a brief description of the concepts and objectives of information
standardisation, literature from some of the major standardisation efforts for AEC/FM
orgamsations and some of the available standards for construction industry are reviewed

followed by conclusions.

3.2 Information Standardisation Definitions and Objectives

The problem of information sharing between software applications can take different

approaches (Uschold, 1996):

= Use of sharing services via point-to-point translation: In which two or more
systems share knowledge via run-time interactions. This approach 1s based on a
“commumty of experts” metaphor, in which case one system will call on another to

solve a problem, rather than request the knowledge to solve 1t itself.

69




Chapter 3 Information Standardization for Construction

» Neutral interchange formats: In which knowledge, and more generally,
mformation, is exchanged between systems via an mtermediate, “neutral” format.
The exchanged mformation may be both items of static data, or “rules” of some kind
whose pnimary interpretation has dynamic or behavioral properties.

* Neutral authoring: In which a neutral intermediate language 1s used for authonng,

rather than exchanging, knowledge.

In all of these approaches, the issue of translation between the vanous underlying
ontologies and representattons plays a major role. These three approaches differ
sigmficantly in theirr cost (both immediate and long-term), scale, usability, and
maintainability. At present, the most common approach to information shanng is through
the use of point-to-point translators, converting between different formats. The “point-to-
point”, refers to a direct translation from a source format to a target format. An
alternative approach, that is becoming increasingly common, 1s translation from source to
target through a neutral interchange format. This 1s sometimes referred to as a “hub-and-
spoke” model. This approach consists of translating each format first into the neutral
format, and then from there, out to the target format. The three models of information
and knowledge sharing are 1llustrated in Figure 3.2. The shaded boxes denote translators

between the various representation languages.

3.2.1 Neutral Interchange Format

This approach requires:
1. Design of a sufficiently expressive neutral interchange format
2. Construction of two-way translators between the neutral format and each target

application format

This model of information sharning aims to allow all applications to use information from
all other applicahions, with several potential benefits. First, there is no need for an
application developer to learn a new language for authoring, since the authonng takes
place in the oniginal application formats. Second, the different systems can be mamtained
independently: at least in theory, the only thing requinng changing should the apphcation
language be modified would be the translators to/from one’s own format to the neutral

format. Finally, there are potential savings to be gained by building fewer translators.
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One needs to build O(n) translators instead of O(n?) which would be required 1f point-to-

pomt translators were bwilt for every pair of applications. The potential benefit of
requinng fewer translators may be more than offset by the expense of building the
neutral format, especially where N, number of applications is not very large. Experience
shows that this 1s very ime-consuming, and therefore costly. If this cost 1s born by public
funding, or 1s shared among major industnal or academic consortia, then there is more

hope for the cost being absorbed in time among many users.

Applcation_1| Apphcaton_2

sy

1. Shared services via Point-to-point translation

2 Usa of a neutral Interchange format 1

Neutral

Inlerchange
3. Neutral authoring Format

.

Apphcation_1 Apphcat:on_3 Apphcation_2

Figure 3.2 Three different models of knowledge sharing (Uschold, 1996)

The other potential benefit of the neutral interchange format approach is the simplicity of
the maintenance problem, when new formats come on line, or if existing ones change. In
principle, one need only be concerned with translators to and from the interchange format
and one’s own application. If a new application comes on line, then once the translators
are 1n place for the new application, then, ideally, no more work needs to be done by any
of the other application developers/maintainers. This may be true as long as the
interchange format remains stable, but substantial changes in target formats, may require

the interchange format 1tself to be updated, which undermines this benefit
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The increased nsk of information lost in two translations compared with a single
translatton performed by a purpose-built point-to-point translator. This approach 1s used
by several standards m the domain of Information and Communication Technologies,
among which the STEP-famuly of standards (ISO 10303, 1994), presented 1n this chapter.

3.3 Information Representation Standardisation for AEC/FM: State-of-the-Art

There are numerous standardisation imtiatives on various aspects of
standards/information, and research projects aligned with some of the main efforts such
as the STEP and IFCs, for information exchange in/for the construction industry. In the
following section, a detailed literature of the some of the main international efforts (the
STEP and IFCs) 1s presented, followed by a brief review on some of the available types

of standards for construction industry, that can be found in the internet.

3.3.1 The ISO 10303 STEP Standard: Product Data Oriented Representation

The ISO TC184 1s one of the one hundred and eighty eight commuttees of the 1SO
(International Standardization Organizations, Geneva, CH). Its scope is: “Standardization
m the field of industrial automation and integration concemng discrete part
manufacturing and encompassing the applications of multiple technologies, i.e.
information  systems, machmes and equipments and telecommumcations”
(http-//www.aso.ch). The standards developed within this scope are applicable to
manufactuning and process industnes, to all sizes of business, for extending exchanges
across the globe through e-business. The standards developed within the ISO TC134
cover various domains related to industnal automation and integration, amongst which:
enterprise modeling, enterprise architecture, communications and processes, integration
of industnial data for exchange, access and shanng, hife cycle data for process plants,
manufacturing management, mechanical interfaces and programmung methods, part
libranies, physical device control, process specification language, product data, and
robots for manufacturing environment. The ISO 10303 STEP standard was developed by
the ISO Technical Commuttee on Industrial Data and Processes (TC184)
(http ffwww.so ch/meme/TC184 . html), Subcommuttee on Industrial Data (SC4)

(http //elib cme nist gov/scd/secretry htm). In addition to STEP, SC4 1s responsible for
two other related standards: ISO 13584, Standard for Part Libraries
(http://elib.cme nist gov/pub/sc4/www/plib htm) and MANDATE, a standard for
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manufacturing management data (http-//elib.cme.mst.gov/pub/sc4/www/mandate htm).
Work within SC4 on STEP 1s carried out by a number of working groups. Among these
1s Working Group 3 (WG3), which 1s responsible for the development of the actual
product models, and within WG3 1s Team 12, which 1s responsible for Architecture,
Engineering, and Constructton (AEC) activities. This encompasses the areas of Offshore
(Group 1), Shipbuilding (Group 2), Process Plant (Group 3), and Blding Construction
(Group 4). Figure 3.3 shows the organisation of STEP. Work on STEP also overlaps
with many other organizations for example the US National Institute of Standards &
Technology (NIST) (http-//ehib.cme nist.gov/} supports many aspects of STEP
development such as the National PDES Test bed. The Product Data Exchange using
STEP (PDES) is the name of the STEP project within the US PDES work is camed out
through the IGES/PDES Organization (IPO)
http*//eltb cme.mist gov/pub/nipde/orgs/ipo.html under the parent organization of the US
Product Data Associatton (US PRO) http://elib.cme nist.gov/pub/nipde/

| ISO - Internabional Standards Organizaton}
1

TC184 - Technical Committe on Indushial
Data and Processes

|
| SC4- Subcommittee on Industrial Data |
I

1 1 |
Parts Library [ STEP(1SO 10303) | [MANDATE-Manufactuing
(PLIB - I1SO 13384) Maragement Data
WG 2 - Part Library WG 3 - Preduct Data WG4 - Qualfication and
Speciiications Representation Integrabion

Team 12 - Archtecture,
Engineering, and

Construction (AEC)
|
[  Group1-Off-shore | | Group 3- Process Plnt |
[ Group 2- Shpbulding | Group 4 - Buiding

constructon

Figure 3.3 the organisation of STEP.
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3.3.1.1 The STEP Model Development Methodology

The development of standard model in STEP follows the production of standard product
models for use within specific areas of application, called Application Protocols (AP's),

and coordination of these models across application areas

The AP’s grow out of specific industry needs, and the role of the AP 1s documented 1n an
Application Activity Model (AAM). The AAM 1dentifies the processes in which the AP 1s
used, and shows the information flows among the processes using IDEFO notation, which

lists activities and the information flows between them as shown in Figure 3.4,

Buﬂdi% designpractice  Buirlding standards

Customer ia experience and codes
require- Building

ments Establish | requirements

—_—

bulding ~ ™
requirements
Approved
Create and | Prehimmnary
approve buitding Approved
preliminary design detailed
bullding design butlding
Yy design
Create detalled
designlaward
contract Contract
documents As-built
Building ¥_document-
materals Construct, ation
marage, and ™
mantath  f——%
buldng  Building

Figure 3 4 Example of an Application Activity Model (AAM) in IDEFO Notation (from AP225
ISO 1995)

The AAM serves as an mterface with industry participants 1n the modelling process and
1s the primary tool for determuning the use of the model. An Application Reference
Model (ARM) is developed that depicts the information that needs to be included 1n the
AP using the terminology and concepts of the application domain. Fnally in the
integratton process a model is developed that fully defines all the necessary data
representation structures 1 a way that is compatble with other parts of the STEP

standard. This is the interpretation process and 1t results 1n an Application Interpreted
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Model (AIM) which draws upon the ARM and other reference models, either STEP-wide
or Integrated Generic Resources (IGR's) and Integrated Application Resources (IAR's).
In addition, Conformance Classes are defined and suites of test data are developed
through which implementations can be tested. Finally, where the interpretation process
leads to the same basic concepts being represented in two or more AIM's, these model
segments are defined 1n an Application Interpreted Construct (AIC) for use in future
AIM's. A fully developed AP specifically the AIM model presented m EXPRESS

language 1s intended to be implemented to support information exchange.

3.3.1.2 Main features of the standard

Each part of ISO 10303 is an International Standard for the computer-interpretable
representation and exchange of product data (Kemmerer, 1999). The objective is to
provide a neutral mechamsm capable of descnbing product data throughout the lifecycle
of a product, independent from any particular system. The nature of this description
makes STEP suitable not only for neutral file exchange, but also as a basis for
mplementing, shanng product databases, and archiving (ISO IS 10303-1). The ISO
Initial Graphics Exchange Specification
(IGES)(http-//ehb.cme.nist gov/pub/mpde/stds/wh-1ges.html), a neutral data format for
exchanging information among CAD systems has acted in many ways as a precursor for
STEP. STEP was designed to be the successor of exchange standards as such the IGES,
SET, and VDA-FS with notable difference that STEP was intended to support data
sharing and data archiving which 1s more than supporting exchange of product data

These distinguishing concepts are:

Product data exchange: the transfer of product data between applications. STEP defines
the format of the product data to be transferred between applications. Each application
holds 1ts own record of the product data m 1ts own preferred format. The data conformung
to STEP 1s transitory and defined only for the purposes of exchange.

Product data sharing: the access of, and operation on, a single copy of the same
product data by more than one application, potentially ssmultaneously. STEP 1s designed
to support the interfaces between the single record of the product data and the
applications that share it. The applications do not hold the data in their own preferred

forms. The architectural elements of STEP may be used to support the realization of the
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shared product data 1tself. The product data of prime interest in this case 1s the integrated
product data and not the portions that are used by the different applications.

Product data archiving: the storage of product data, usually long term. STEP is suitable
to support the interface to the archive. As in product data sharing, the architectural
elements of STEP may be used to support the development of the archived product data
itself. Archiving requires that the data conforming to STEP for exchange purposes 1s kept
for use at some other time. This subsequent use may be through erther product data

exchange or product data shanng

Early in the development of ISO 10303, SC4 recognized that the scope of the standard
was extremely large. This fact resulted 1n a couple of fundamental assumptions that
shaped the architecture of STEP. SC4 assumed 1t 1s unhkely that any organization would
implement the entire ISO 10303, due to its wide scope. Therefore, the standard was
divided 1nto parts, 1n order for organizations to implement only the parts need to meet
their requirements. Another pnmary concept contributing to the architecture 1s that the
content of the standard 1s completely driven by industrial requirements. These and the
concept of re-use of data specifications are the basis that led to the development of two
distinct types of data specifications for standards. The first type, reusable, context
mdependent specifications, are the building blocks of the standard. The second type,
application-context-dependent specifications (application protocols) are developed to
satisfy clearly defined industrial information requirements. The combination of these two
specifications enables avoiding unnecessary duplication of data specifications between

application protocols.

3.3.1.3 Components of ISO 10303 STEP Standard

The architecture of STEP is intended to support the development of standards for product
data exchange and product data shaning. The industnal requirements and concepts of
reuse have contnibuted to the evolution of the architecture over the past decade. The
architectural components of STEP are reflected in the decomposition of the standard into
several senes of parts. The STEP document composition was developed at the June 1989
meeting of ISO TC184/SC4/WG1 as a senies of parts. Each part series contains one or
more types of ISO 10303 parts. Figure 3.5 shows the structure of the STEP
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documentation. Each of the structural components and functional aspects of the STEP

archrtecture are described as follows:

STEP Document Architecture
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Figure 3.5 Overview of the STEP document architecture (Kemmerer, 1999)

Description Methods: The first major component 1s the descniption method series of
STEP parts. Description methods are common mechanisms for specifying the data
constructs of STEP. Descniption methods include the formal data specification language
developed for STEP, known as EXPRESS (ISO 10303-11:1994). EXPRESS is a Part of
STEP and has been published with the number ISO 10303-11. Other descrniption
methods include a graphical form of EXPRESS, a form for instantiating EXPRESS
models, and a mapping language for EXPRESS.

Implementation Methods: The second major component of STEP is the implementation
method series of the 10303 parts. Implementation methods are standard implementation
techmgques for the information structures specified by STEP data specifications intended
for implementation, application protocols (AP) Each STEP implementation method

defines the way in which the data constructs specified using STEP description methods
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are mapped to that implementation method. This senes includes the physical file
exchange structure (ISO 10303-21:1994), the Standard Data Access Interface (SDAI)
(ISO 10303-22:1998), and 1ts language bindings (ISO 10303-23(DIS); 1ISO10303-24
(CD); 1S010303-26 (CD)) Implementation methods are standardized in the ISO 10303-
20 senes of parts.

Conformance Testing: The third major architectural component of STEP 1s 1n support
of conformance testing. Conformance testing 1s covered by two senes of the 10303 parts:
conformance testing methodology and framework, and abstract test sutes. The
conformance testing methodology and framework series of the 10303 parts provide an
explicit framework for conformance and other types of testing as an integral part of the
standard. This methodology describes how testing of implementations of various STEP
parts are accomplished.

Data Specifications: The final major component of the STEP architecture 1s the data
spectfications shown in Figure 3.6. There are four part series of data specifications in the
STEP documentation structure, though conceptually there are three primary types of data
specifications: integrated resources, application protocols, and application interpreted

constructs All of the data specifications are documented using the description methods.
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Figure 3 6 STEP data specification (Kemmerer 1999)

Integrated Resources' The integrated resources constitute a single, conceptual model
for product data. The constructs within the integrated resources are the basic semantic
elements used for the description of any product at any stage of the product lifecycle.
Although the integrated resources are used as the basis for developing application
protocols, they are not intended for direct implementation. They define reusable
components mtended to be combined and refined to meet a specific need. The integrated
resources comprise two senes of parts, the integrated generic resources and the integrated
application resources. The two series have siumular function and form: they are the
application, context-independent standard data specifications that support the consistent
development of application protocols across many application contexts.

Application Protocols: Application protocols (APs) are the implementable data

specifications of STEP. APs include an EXPRESS information model that satisfies the
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specific product data needs of a given application context. APs may be implemented
using one or more of the implementation methods They are the central component of the
STEP architecture, and the STEP architecture 1s designed pnmanly to support and
facilitate developing APs. Many of the components of an application protocol are
mtended to document the application domain in application specific terminology.
Application protocols are standardized in the ISO 10303-200 sertes of parts.

Application Interpreted Constructs: Application interpreted constructs (AICs) are data
specifications that satisfy a specific product data need that arises 1in more than one
application context. An application interpreted construct specifies the data structures and
semantics that are used to exchange product data common to two or more application
protocols Application protocols with smular information requirements are compared
semantically to determine functional equivalence that, if present, leads to specifying that
functtonal equivalence within a standardized AIC. This AIC would then be used by both
apphcation protocols and available for future APs to use as well. STEP has a requirement
for interoperability between processors that share common information requirements. A
necessary condition for satisfying this requirement 1s a common data specification.
Application nterpreted constructs provide this capability Application interpreted
constructs are standardized 1n the ISO 10303-500 series of parts.

A new concept, “common resources” has appeared within the STEP commumty, which 1s
aimed at maximezing the re-use of existing elements, either directly within the data
specifications, or by means of the development of “application modules”. Further
information about the components of the standard; details of the components of the standard,
and application modules (schema) of the ISO 10303 STEP standard on a page are available in
(http //www nist gov/sc5/soap/). These depict, the organization and status of STEP Parts;
the status of application modules; and explanatory text about the STEP respectively

3.3.2 The IAI’'s IFC de facto Standard: Product Data Oriented Representation

The International Alhance for Interoperability (IAI) 1s an international consortium of
regional chapters registered and listed as non-for-profit orgamzations : North Amenca,
United Kingdom, Germany, France, Scandinavia, Japan, Singapore, Korea and Australia,
Currently the IAI has about 650 membership organizations world-wide, being
construction companies, engineering firms, building owners and operators, software

companies, and academic institutions. The vision of the IAl1s to provide a universal
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basis for process improvement and information sharing 1n the construction and facilities
management industnes (JAI transp, 2001). The vision is supported by the IAI’s mission
statement that 1s to define, promote and publish the Industry Foundation Classes (IFC),
which 1s a specification for shaning data throughout the project life cycle, globally, across
disciplines and across technical applications. More information about the IAT is available

at http //www.iai-international.org.

The IFCs are data sharing specification, wntten in EXPRESS (ISO 10303-11:1994), a
dedicated formal language developed by ISO TC184/SC4 Contents according to IFC are
currently exchanged between IFC comphant software applications using the Clear text
encoding of the exchange structure, the STEP physical file (ISO 10303-21:1994). The
scope of the IFC spectfication 1s the project Iife-cycle of construction facihties, including
all phases as identified by generic process protocols for the construction and facilities
management ndustries, such as demonstrating the need, conception of need, outline
feasibility, substantive feasibility study and outline financral authonty, outline conceptual
design, full conceptual design, co-ordinated design, procurement and full financial
authonty, production information, construction, operation and maintenance.
Development of IFC 1s guided by versions and releases, which extend the scope
successively. The processes supported by the current IFC2x spectfications are outline
conceptual design, full conceptual design, co-ordinated design, procurement and full

financial authonty, production information, construction, operation and maintenance.

The target applications to exchange and share imnformation according to IFC2x are' CAD
Systems, HVAC design systems, Electrical design systems, Framework design and
scheduling systems, Structural analysis systems, Energy simulation systems, Quantity
take-off systems, Cost estimation systems, Production scheduling systems, Clash-
detection systems, Product information providers, Steel and Timber frame construction
systems, Prefabrication systems, stand-alone visualisation tools and others. Industry
Foundations Classes IFC2x have been endorsed by the ISO organisation as the ISO/PAS
16793 in November 2002.

3.3.2.1 The IFC Mode! Architecture

The IFC Model Architecture consists of the following layers and the organisation and

relationships between the layers 1s shown in figure 3.10:
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¢ Resource Layer
e Core Layer
o Kernel
o Extensions
e Interoperability Layer
* Domain Layer
Resource Layer: Resources can be charactenized as general purpose or low level
concepts or objects that are independent of application or domain need but which rely on
other classes 1n the model for their existence. For instance, geometry is a widely used
resource whose specification 1s independent of the domain However, an object within a
domain must be defined before 1ts geometry can exist. Exceptions to this characterization
include classes from the Utility and Measurement Resources that are used by other,

higher-level resource classes.
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Figure 3.7 layering concepts of IFC architecture (IFC TG, 2000)

Core Layer: The Core forms the next layer m IFC Model Architecture. The Core layer

provides the basic structure of the IFC object model and defines most general concepts
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that will be specialized by higher layers of the IFC object model. Core extensions from
kernel classes are shown i Figure 3.11.

The Core includes two levels of generalization:

The Kernel: provides all the basic concepts required for IFC models within the scope of
the current IFC Release. It also determines the model structure and decomposition.
Concepts defined within the kernel are, necessanly, generalized to a high level. It also
includes fundamental concepts concerning the provision of objects, relationships, type
definitions, attributes and roles. The Kernel can be seen as a template model that defines
the form 1in which all other schema within the model are developed (including all
extension models). Its constructs are very general and are not AEC/FM specific, although
they will only be used for AEC/FM purposes due to the specialization in the Core
Extensions. The Kemel constructs are a mandatory part of all IFC implementations. The
Kemel 1s the foundation of the Core Model. Kemel classes may reference classes 1n the
Resource layer but may not reference those in the other parts of the Core or in higher-
level model layers.

Core Extensions' provide extension or specialization of concepts defined 1n the Kemel.
They are the first refinement layer for abstract Kernel constructs. More specifically, they
extend those constructs for use within the AEC/FM 1industry. Each Core Extension 1s a
speciahization of classes defined in the Kernel and develops further specialization of
classes rooted 1n the IfcKernel. Additionally, primary relationships and roles are also
defined within the Core Extensions. A class defined within a Core Extension may be
used or referenced by classes defined in the Interoperability or Domain layers, but not by
a class within the Kernel or 1n the Resource layer. References between Core Extensions
have to be defined very carefully 1n a way that allows the selection of a singular Core
Extension without destroying data integrity by invalid external references. The goals for
Core layer design are, definition of those concepts that are common to all parts of the
model and that later can be refined and used by various interoperability and domain
models; pre-harmonization of domain models by providing the set of common concepts;
and stable defimtion of the object model foundation to support upgrade compatible IFC

Releases
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Figure 3.8 Core extensions from kernel classes (IFC TG, 2000)

Interoperability Layer: The main goal in the desitgn of Interoperability Layer 1s the
provision of schemata that define concepts (or classes) common to two or more domain
models. These schemata enable interoperability between different domain models It 1s at
this layer that the idea of a ‘plug-in’ model approach emerges. It is through the schemata
defined at the Interoperability Layer that multiple domain models can be plugged into'
the common IFC Core. The 'plug-In' approach also supports outsourcing of the
development of domain models.

Domain Layer: Domain Models provide further model detail within the scope
requirements for an AEC/FM domain process or a type of application. Each 1s a separate
model that may use or reference any class defined 1n the Core and Independent Resource
layers. Examples of Domain Models are Architecture, HVAC, FM, and Structural
Engineering etc. An important purpose of Domain Models is to provide the ‘leaf node’

classes that enable information from external property sets to be attached appropnately.

3.3.2.2 The IFCs Architectural Principles

The IFC Model Architecture has been developed using a set of principles governing 1its
orgamzation and structure. These prminciples focus on basic requirements and can be
summanzed as (IFC TG, 2000):

e Provide a modular structure to the model.

e Provide a framework for sharing information between different disciplines within

the AEC/FM 1ndustry

* Ease the continued maintenance and development of the model.

84




Chapter 3 Information Standardization for Construction

» Enable information modellers to reuse model components
* Enable software authors to reuse software components

¢ Facilitate the provision of better upward compatibility between model releases

3.3.2.3 The IFCs Architectural Model Schemata

The IFC Model architecture provides a modular structure for the development of model
components, the 'model schemata. There are four conceptual layers within the
architecture, which uvse a strict referencing principle. Within each conceptual layer a set
of model schemata are defined

1. The first conceptual layer provides Resource classes used by classes in the higher
levels

2. The second conceptual layer provides a Core project model. This Core contains the
Kemel and several Core Extensions.

3. The third conceptual layer provides a set of modules defining concepts or objects
commonacross multiple application types or AEC industry domains. This 1s the
Interoperability layer.

4. Finally, the fourth and highest layer in the IFC Model 1s the Domam layer It

provides a set of modules tailored for specific AEC industry domain or application

type

The architecture operates on a 'gravity principle’. At any layer, a class may reference a
class at the same or lower layer but may not reference a class from a higher layer.
References within the same layer must be designed very carefully in order to maintain
modularity in the model design. Inter-domain references at the Domain Models layer
must be resolved through 'common concepts’ defined in the Interoperability layer. If
possible, references between modules at the Resource layer should be avoided 1n order to
support the goal that each resource module is self-contained However, there are some
low level, general-purpose resources, such as measurement and identification that are

referenced by many other resources.

3.3.2.4 Connecting External Models to the IFC Model

Fully harmonized IFC Domain Models are directly connected to the Core deftmitions.
Domain Models that are not fully harmonized have to provide appropriate connection to

relevant IFC class definitions 1n order to use the IFC model framework. Such models
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may be developed according to different techmcal architectures and methodologies but

mught need to be used 1n conjunction with the IFC model at some point. This can be

achieved through the use of a connection mechanism The main requrements for
connection are the facilitation of:

o Connection of externally developed, non-harmonized, Domain Models via a
connection that provides a mapping mechanism down to Core and Interoperability
definitions. The definition of the connection 1s m the responsibility of the Domain
Model developer and is part of the Domain Model Layer.

s Establishment of an inter-domain exchange mechamism above the Core to enable
mteroperability across domains. This includes a container mechamsm to package
information. Therefore a connection is used where the defimtion of the connection 1s

the responsibility of all Domain Models that share its use.

Connections are based on Core Extension defimtions and enhance those Core Extension
definmitions. Those enhancements provide common concepts for all Domain Models that
mught further refine these concepts. As an example, the Building Element provides the
defimtion of a common wall, whereas the Archttectural Domain Model will enhance this
common wall with 1ts private subtypes and type definitions. A connection that is used by
several Domain Models therefore provides a level of interoperability through shared
connection definitions.

Non-IFC harmonized models can be connected to the IFC Core Model through a
specifically defined mapping. For specific high-level inter-domain exchange that cannot
be satisfied by common definitions in the Core, connection through mapping may

provide a specific inter-domain exchange capabulity.

3.3.3 Classification Standard: (ISO TC59 SC13 TR 14177: ISO/PAS 12006)

Classification 1s a mechanism for categonsatton of information according to specific
cntena. The need for general classification systems grows with the increased
internationalisation of the construction market and the rapid development towards a
computer 1ntegrated construction process based on computer aided product data
modelling (Ekholm, A. 1996). These processes require standardised ways of describing
construction artefacts, and classification 1s a means to achieve this. Classification within
the construction sector is based on pragmatic tradition and national needs, but

mternationally applicable classification tables must be founded on a neutral conceptual
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framework (Ekholm, 1996). The ISO Technical Report 14177 "Classification of
information n the construction industry” aims at providing such a framework. The ISO
Technical Report 14177 "Classification of information 1n the construction industry” (ISO
1994 a) 1s results of work Within ISO/TCS59/SC13, a working commuttee of the
International Standardisation Organisation, with the objective to develop principles for
the building sector’s classification system. The basic concepts in constructton works
classification within the ISO Technical Report that are of interest in the design,

construction and management processes are as follows:

Facility or construction works: A building is defined as: "a type of facility compnsing
partially or totally enclosed spaces and providing shelter”. An analysis of the examples of
classifications of facilities in the report shows that they are based on four different kinds
of properties The first three are functional, a) function with users, b) function with an
mnstallation, and c) function with an environmental agent, and the fourth, d), is based on
intrinsic properties Intrinsic properties of the last category are load-bearing, enclosing,
servicing, and spatial properties of the facility. These properties are used to support
different kinds of functions.

A construction work: 1t is an artificial system, bwilt for a purpose, 1t has a static ground
construction, and relations to the environment hike the surrounding nature and users. A
construction work, as a whole, 1s a system of interacting parts, which may be divided into
three main functional groups, load-beanng, enclosure (against for example climate and
intruders), and servicing. Construction work parts interact and constitute systems of
different kinds with new functions.

Space: a space 15 an object with certain geometnical enclosing properties and that 1t can
have a function Spaces are defined as "Three dimensional spaces within and around
buildings and other facilities, bounded actually or theoretically”. The attributes 1n
classification tables for spaces, represent functions in relation either to the users e g.
"lavatory” and “dining-room”, or a kind of installation e g. “boiler-room”, or an extemal
agent acting on the facility e.g. “rain”-shed. A spatial relation 1s a non-bonding
separation relation among objects, and space 1s a set of spatially related objects. Spaces
m a building are made up of bwilding parts. These parts have spatial relations that
constitute a suntable environment for user activities and objects Characteristic for spaces

m buildings are their enclosing properties.
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Element: 1t 1s ”A physical part or system of a facility with a characteristic function (e g.
enclosmg, furnishing or servicing building spaces), defined without regard to the type of
techmical solution or the method or form of construction”. The elements of a system are
identified through a “top-down”, functional, view. Three major kinds of elements
according to the report are structure/enclosure elements; services engineering elements;
and fixtures/equipment elements.

Designed element: 1s an element for which a “technical solution and form of
construction” have been defined. For example, an “enclosure” element may be designed
as a constructton of gypsum board and studs, and then 1t 1s defined as a designed element.
The concept of designed element 1s of mmportance for cost information and product
modelling since 1t includes both functional and materal properties.

Work section: 1t is “One or several physical parts of a facility, viewed as the result of
particular skills and techniques applied to particular construction products and/or
designed elements during the production phase”. According to the definition, the concept
work section has reference to the construction work part and its assembly. A work
section 18 a construction result characterised by the used construction products, and their
matertal substance, and the production activity. a work section 1s a “bottom-up” or
compositional view of a physical part of a construction work.

Production activity: uses resources and produces results. The resources are construction
products, construction aids and human effort (labour and thought), the results are both
physical parts of construction works and other things or processes necessary during
production Production activities are particular skills and methods in work, which
transforms and assembles particular construction products into so called "work sections”,
results. The aim of the production activity 1s to achieve work sections with “element”
properties.

Construction product: they are defined as: "Products, components and ‘kits of parts’
incorporated or intended for mcorporation into facilities, including furniture and
equipment”. Construction products are things with the purpose to be used as, or
transformed into, parts in construction works. Construction work parts and construction
products may have the same composition and internal structure, the main difference 1s
that the former 1s produced on site while the latter 1s produced “off site” with the

intention to be assembled on the site.
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Construction aids: are defined as “Scaffolding, formwork, machines and tools
(including required energy), consumable stores, construction products used for temporary
structures and facilities, and other objects needed for the purposes of the construction
process which are not incorporated into and do not furnish or equip the facility”

Attribute: a specific table for attributes can be of use for “internal arrangement of
technical documents, structuring of product data bases, structuning of other classification
tables according to pnimary attributes, and definition of requirements for projects and
resources generally”. The attnibutes represent factual or phenomenal and intminsic or
mutual properties that the construction work has either by itself or in relation to some
other thing, for example a user or a reference frame. The types of attributes that are of
interest to the construction industry are: performance, function, shape, location, matenal,

price, and production time.

3.3.3.1 Conceptual Schema of Construction Works

Figure 3.12 shows a schema presented in the ISO Technical Report that relates basic
concepts for descnbing construction works. The schema shows a level order with
buildings 1n the highest level followed by the levels of elements, work sections and
construction products 1n successively lower levels. These are all seen as produced
physical objects with examples of different attnnbutes listed. The schema 1s developed
according to the NIAM information modelling technique (Nijssen G M. and Halpin T A,
1989)
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Figure 3.13 shows a conceptual schema for construction works that relates some of the
basic concepts discussed 1n the ISO Technical Report 14177. This schema is presented 1n
EXPRESS-G, a graphical notation technique of the EXPRESS mformation modelling
language. The construction artefacts are produced m the construction process are
infrastructure units, construction works, construction work elements, element parts, and
spaces. These have properties of specific interest to the construction process like
production time, resource requirements, cost, etc. The functions of these are the relations
to 1ts environment, for example the site and the users The Classification of construction
works Technical Report has been endorsed by the ISO organisation as the ISO/PAS
12006 1n 2000.
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Figure 3 10 Level order and main properties of construction works (source:Ekholm, A. 1996).
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3.34 Other Standardization Developments

Additionally, many other standardization efforts and developments have been underway
(Froese. T, 1994).

o Several large pan-European research projects such as ATLAS, COMBINE,
CIMSTEEL, COMBI, PISA, etc., are involved 1n developing integrated systems
for the AEC industry, which may contribute to information standards.

o Several of the standardization efforts address information about the construction
process 1n addition to the product (e g., construction activities in addition to the
building components themselves). Examples include the Information Reference
Model for AEC (IRMA), which 1s a generic model of construction processes that
has been used as a vehicle for discussion among many international researchers.
Figure 3.14 showing some of the high-level data objects used to descnibe project
information and the relations among them.

e Work 1s also being carried out 1n the standardization of information relating to
document management for construction. The aim is to allow consistent access to
and information about various construction documents, which may or may not be
stored electronically.

¢ AnISO committee (TC10/SC8/WG13) is developing an international standard for
the use of layers in computer-aided drafting (CAD) for construction. Their current
proposal is that individual layers should be identified in terms of three mandatory
information categonies agent (the party responsible), construction element (type
of component), and graphical element (colours, hatching, etc.) as well as four
optional categories status (e g., existing structure to be demolished, new structure,
etc.), ime segment, space segment (location), and a user-defined category.

¢ Froese (1994) also has summansed vanous aspects of standards for information
exchange in the construction industry that was the focus of discussion in “the
standardization of mformation structures in the construction industry” workshop

held at the Royal Institute of Technology, Stockholm, on April 6-7, 1994.
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3.3.5 Some of the Available types of Standards in the Construction Industry

Numerous standards initiatives have been and many more are underway on different
aspects of standards resulting in many different types of standards. In this section some
of the available types of standards for construction industry that can be found m the
Internet are presented including brief descrniptions of their nature, use and ongin.
Additionally, A very comprehensive hist of current and recent projects on standardization
and information standards 1mitiatives is available at:

http /iwww.cica org.uk/construction_IT_standards_links html.

CITE, Construction Industry Trading Electronically: CITE has developed a range of
data exchange standards. These include enquines, orders, invoices, and bills of
quantities, valuations, and project information. CITE has also developed XML standards
based upon existing international data standards, to allow companies across the

construction industry to access the XML benefits. (http://www cite.org.uk)

Industry Foundation Classes (IFC’s): are classes of objects 1n an agreed manner that
enables the development of a common language for construction for Interoperability

among AEC/FM software applications across the domains. These classes provide a
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universal basis for process improvement and “product related information” sharing 1n the
construction and facihities management industries The first Chapter of the International
Alliance for Interoperability was set up in North Amenica i June 1995, the UK Chapter

in January 1996. http://www.tar-international org

Data Interchange Format (DXF): The DXF file format was onginally created by
AutoDesk to represent 3D models and scenes built with AUTOCAD. The DXF format 1s
synonymous with the DWG format.

Coordinated Project Information (CPI): this 1s for coordination of contract
documents. Standards (BPIC, 19987) UK approach for cross-referencing between the
documents for integration of the suite:

« Drawings to Specifications

= Bulls to Specifications

* Not spec to drawings

* Not spec to bills

Building Construction eXtensible Mark-up Language (BcXML): these are developed
Under a European commumty funded project called “E-Construct” XML schema
taxonomy and dictionary which 1s focused on construction products, resources, work
methods and regulations. This new communication technology aims to provide the
industry with a powerful but low cost communication infrastructure that support e-
buisness between clients, architects and engineers, suppliers (of components, systems
and services), contractors and sub contractors. It will integrate with e-commerce and
design / engineering applications and support virtual construction enterprises over the

borders of the individual European states. Http://www.econstruct.org

aecXML: this 1s XML based language for representing information in the AEC industry
and facilitate information exchange on the Internet. The information may be resources
such as projects, documents, matenals, parts, organizations, professionals or activities
such as proposals, design, estimating, scheduling and construction. This imtiative 1s
allied to the IAI and the aim is to bring IT to building design, construction and operation
and, to develop an environment 1n which computer programs can share and exchange
data automatically (without translation and human intervention), regardless of the type of

software or where the data may be residing. Http://aecxml.org
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ebXML: Global XML framework for business specification to lower the barrier of entry
to electronic business in order to facilitate trade, particularly with respect to small and
medium sized enterprises and developing nations The UN / CEFACT The United
Nations body for Trade Facilitation and Electronic Business and OASIS (Organisation
for the Advancement of Structured Information Standard) initiate a world-wide project to
standardize XML business specifications. The ebXML 1nitiative was established to
develop a technical framework that will enable XML to be utilised 1n a consistent manner
for the exchange of all electromc business data, in order to create a single global

electronic market. (Http://www.ebxml.org)

Business Applications Software Developers’ Association (BASDA): BASDA has
developed standards and accreditations for handling business-to-business and business to

Government e-Commerce, euro compliance and VAT handhng. (Http://194.164.46.55/).

CIMsteel Integration Standards (CIS): Standard object defimtions for structural
steelwork. These define how data 1s represented, shared, and managed between the
myriad of software applications used 1n the structural steelwork industry. CIS/2 1s an
extended and enhanced second-generation release of the CIMsteel Integration Standards
(CIS), CIS/2 has been developed to facilitate 2 more integrated method of working
through the sharing and management of information within and between companies
involved in the planning, design, analysis and construction of steel framed buildings and
simular structures. As this new method of working 1s likely to evolve gradually, the
standards may be implemented 1n various degrees of complexity, from basic file
exchange through to advanced implementation 1n a Database Management System
(DBMS). For detailed information on CIS Refer to CIS/2 by STEP (ISO 10303) and
http://fwww.c1s2.0rg

AP225 (STEP): Standard object defimtions for the exchange of building component
geometry (ISO 1995). AP225 1s aimed at representing buildings as assemblies of
elements e.g., beams, columns, windows, etc. along with the explcit (1.e., non-
parametric) 3D geometry of each element and some additional information such as
matental properties, bulding element classification or element versions. The AP has been
developed as a German nationally funded project headed by W. Haas, and it is the

furthest along in the standards process of the building construction AP's, having reached
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Commuttee Draft stage in January 1996. Experimental implementations have been
completed that exchange complex building CAD models between heterogeneous CAD

systems

STEP CDS 2D (STEP): 2D drawing exchange for construction object based exchange to
manage information

IFCXML: IFC 1in XML format. The goal of this project (the ifcXML extraction and
evaluation project) 1s the provision of the internationally agreed content and structure of
the IFC2x specification (and any valid subset thereof) to the XML community. This is to
1. Enable the exchange of IFC data files alternatively as XML instance documents

2 Enable the reuse of IFC content and structure within XML based mihiatives for data

exchange and sharing 1n the construction and FM industries (Http://www.iai.org.uk)

EDIFACT: ebXML 1s developed from EDIFACT. Electronic data interchange (EDI) is
the electronic transfer of business data from one independent computer system to another
using agreed upon standards of data format. In order to implement EDI within an
mdustry, there must be well-defined standards and protocols for each type of message
that can be exchanged. Organizations have been established to create these standards,
including the following:

o UN/EDIFACT: overall organization for establishing EDI, a joint sub-group of the
UN/ECE/WP.4/GE.1 and ISO/TC154. EDIFACT boards exist for Westermn
Europe, Eastern FEurope, North Amenca, Australia/New Zealand,
Japan/Singapore, and Afnica.

s JMT7: world-wide construction group within UN/EDIFACT.

« EDIBUILD: a Pan-European EDI user's group for the construction industry that
looks at usage issues such as business requirements, implementation 1ssues,
liaison with other sectors, and trial use

e« MD5: the technical body within the Western European EDIFACT Board
responsible for message development and maintenance for the construction
industry.

e CIAG, Construction Industr'y Action Group, a users group for EDI within the
construction industry in North America.

+ PDIX, Process Data Exchange Institute.
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3.4 Summary and Conclusions

This chapter presented a hiterature review on industrial information standardisation,
including the efforts, developments and outcomes and information representation and
modelling methodologies used 1n the process of standardisation Additionally some of the
available types of standards in the construction environment are briefly reviewed and

summansed in table 1.3.

Information standards provide a neutral representation or language through which
accurate meaningful information can be exchanged between users of mtegrated computer
applications. Numerous standards have been developed and several are underway for
industnal in general including construction industry. These standards support different
aspects of projects information. Hence these standards were developed based on different
information representation or modelling methodologies. Most of the standardisation
developments and efforts have focused on product aspect of projects information and the
product data technology and product modelling approach have been key technologies n
these developments and efforts. However the process aspects of projects information has
not received enough attention to date. In some of these efforts such as the IAI's IFCs’
target applications include software packages, which deal with management of process
mformation such as cost estmating and scheduling and planning. In the IFC models the
integration of information related to process 1s based on the connection between the
processes and product data that is from viewpomnt of data requirements for these
processes in producing the products However the IFCs have included some project

management related objects in the IFC Release 2.0.

In addition to physical information about buildings, the Industry Foundation Classes
(IFCs) tend to represent project management mformation such as estimating and
scheduling data. The IFCs have mcluded some project management-related objects since
thetr imtial Release, 1 addition to the core concepts relating to the project management
portions of the IFC, a sigmficant number of new and revised objects have been included
in the IFC Release 2.0. However these have received no implementation until the Project
Management (PM) Domain Group of the IAIl North Amencan Chapter (IAI NA PM)
held a workshop to conducted trials of the project management portions of the IFCs 1n
February 1999 (T. Froese, et al., 1999.) to test how well the IFCs represent the cost
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estimating and scheduling information and evaluate the current IFC models as they relate
to the project management tasks of estimating and scheduling (Clayton et al 1998). Form
this exercise 1t was 1dentified that changes of class names between versions (from IFC
Release 1.5.1 to IFC Release 2.0 Beta) were 1nevitable resulting confusion and requred

redundant work during the implementation of the PM test case.

The information modelling methodologies provide the basis for the information
standardisation process by documenting the aspects of information that are the target in
the standards development. Hence standards based on product models may not facilitate
the complete exchange of construction projects information and no literature to date has
stated that these standards can support the exchange of the entire aspects of projects
mformation As a result the need for process information standards that would
complement the product model based imtiatives for interoperability of software
applications in the construction industry become important. Hence a need for appropriate
process information modelling methodology that 1s capable of documenting all the
necessary process aspects of projects that are necessary for specifying construction
processes provide the basis in the process of standardising process information

I epresentatl ons.

Existing modelling methodologies support the representation of different aspects of
projects. This implies that there will be a need for the use of combination of the existing
modelling methodologies to support a completed representation of the projects
information otherwise the development of different standards for different aspects of
projects information will continue. This is because the use of different standards for
example product data and process information standards by orgamsations could be
expensive compared to the tradittonal method of work, Therefore, there is a need for
these standards to merge or find a way for one standard to incorporate all the information

need to be exchanged between software applications of organisations of an industry.

The aim of this research study 1s to 1dentify and study the process aspects of construction
projects informatton, as a first step by targeting information within the pre-construction
process stages, and based on existing standards and standardisation efforts to develop a
mechamsm that would compliment the product model data exchange approaches for

construction software interoperability.
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Name of standard Scope Target Applications Domains Apphcations Description Standardisation
Methods
15O 10303 STEP [ndustnal automation Information systems, machunes | Enterpnse modelling, enterpnise | Manufacuring and | EXPRESS (ISO Conceptual model
and integration and equipments and architecture, communications and | process industnes 10303-11 1994}
telecommumcations processes, integration of mdustrial daia IDER)
for exchange, access and sharng, lfe
cycle data for process plants,
manufacturing management, mechanical
interfaces and programming methods, part
hibranes, physicat device control, process
specification language, product data, and
robots for manufactuning environment
Industry Foundation AEC/FM CAD Systems, HYAC design Project life cycle, globally, across Construction and EXPRESS (1SO Conceptual model
Classes (IFC) systems, Electrical design disciplines and across technical facilities 10303-11 1994}
systems, Framework design and | applications management IDEFO
scheduling systems, Structural mdustnes
analysis systems, Energy
simulanon systemns, Quantity
take-off systems, Cost
estimation systems, Production
scheduling systems, Clash-
detection systems, Product
tnformation providers, Steel and
Timber frame construction
systems, Prefabrication systems,
stand-alone visnalisation
ISQ TC59, 1993 Construction proyects Construction NIJAM nformation Categonisation and
Classification of mmformation mdustry modelling techmque | classification
Information 1n the
Construction Industry
Data Interchange Format Cad apphcations Data format
(DXF}
Building Construction Design / engineering e-buisness between clients, Construction Construction products,
eXtensible Mark-up apphcations and virtual archatects and engineers, mdustry resources, work
Language (BcXML) construchion enterpnses suppliers (of components, methods and
systems and services), regulations
contractors and sub contractors
aecXML Bwilding design, proposals, design, estimating, AEC mgustry
construction and scheduling and construction
Operation
ClIMstee! Integration Planming, design, Software apphcations i the Standard object

Standards (CIS)

analysis and construction
of steel framed buildings
and simular structures

structural steelwork sndustry

defimtions for structurat
steelwork

Table 3.1 Summary of some of the available and under development standards for construction
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Chapter 4 Information Standardisation for Manufacturing

4.1 Process Specification Language (PSL)

As the use of information technology 1n the manufactuning operations matured (Schlenoff,
et al. 1999), and the capability of software applications to interoperate became
increasmgly important, motivated by the growing need to interoperate process related
manufacturing applications, a Process Specification Language (PSL) was developed, at
National Institute of Standards and Technology (NIST), for process mmformation
exchange between multiple manufactuning process related applications such as process
modelling, process planming, scheduling, simulation, workflow, project management, and

business process re-engineenng tools by translating between their native format and PSL.

The Process Specification Language (PSL) Project at NIST 1s orgamized under the
Manufacturing Systems Integration Division (MSID). For many years MSID has been
involved in the defimition of a neutral representation of product data that was reahized
recently through the STEP standard (http://www.mel.mst.gov/psl/). With that effort well
underway, the representation of manufacturing process became another candidate area of
focus Like product data, process data is also used throughout the life cycle of a product,
from early indications of manufacturing process flagged durning design, through process
planning, validation, production scheduling and control. In addition, the notion of
process also underlies the entire manufacturing cycle, coordinating the workflow within

engineering and shop floor manufacturing.

The PSL project at the National Institute of Standards and Technology (NIST) has been
addressing the issue of software interoperability difficulties by creating a neutral,
standard language for process specification to serve as an interhingua to integrate multiple
process-related apphcations throughout the manufacturing life cycle. This interchange
language is unique due to the formal semantic definitions (the ontology) that underlie the

language. All concepts in PSL are formally defined, using the Knowledge Interchange

Format (KIF) (Genesereth, M., Fikes, R, 1992), to eliminate the ambiguty usually

encountered when exchanging information among disparate applications. Because of
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these explicit and unambiguous defimtions, information exchange can be achieved
without relying on hidden assumptions or subjective mappings. Following a brief look at
the scope and goals of the language a literature review of the development and

components of PSL 1s presented 1n the following sections.

4.2 Scope of PSL

The scope of PSL project (C. Schlenoff, A Knutilla, S. Ray, 1997) was limited to the
realm of discrete processes related to manufacturing, including all processes 1in the design
and manufacturing life cycle. Business processes and manufacturing engineering
processes are mcluded in this work both to ascertain common aspects for process
specification and to acknowledge the current and future integration of business and

engineering functions.

4.3 Goal of PSL

The goal of PSL 1s to create a process interchange language that 1s common to all
manufacturing applications, 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 facilitate communication among the vanous
applications because they would all have a common understanding of concepts to be
shared. A good analogy is that PSL 1s for discrete process data as STEP (ISO 10303, the
Standard for the Exchange of Product Model Data) 1s for product data exchange between

multiple applications.

Although the ultimate goal of PSL 1s for information exchange there are a number of
different opinions regarding other ways in which 1t could be used (Schlenoff. C., 1999),
these include: The high Ievel concepts of PSL could be used to model process m multiple
domains and integrate multiple domains at highest level of process. In addition, the goal
of this project 1s to create a “process specification language”, not a “process
charactenization language”. The definition of a process specification language is a
language with which to specify a process or a flow of processes, including supporting
parameters and settings. This may be done for prescriptive or descriptive purposes and 1s
composed of ontology and one or more presentations. This is different from a” process

charactenization language”, which referred to as a language describing the behaviours
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and capabilities of a process independent of any specific application. For example, the
dynamic or kinematics properties of a process independent of a specific process can be

included 1n this characterization language.

4.4 PSL Related Works

PSL 1s a neutral language for process spectfication to integrate multiple process related
software applications throughout the manufacturing process life cycle (from initial
process conception all the way through to process retirement). This project 1s related to,
and 1n many cases has been working closely with, many other efforts. These include
individual efforts (those involving only a single company or academuc institution) such as
A Language for Process Specification (ALPS) Project (Catron, B., Ray, S, 1991), the
Toronto Virtual Enterprise (TOVE) Project (Fox, M., et al, 1996), the Enterprise
Ontology Project (Uschold, M., et. al., 1996}, and the Core Plan Representation (CPR)
Project (Pease, A., 1998) In addition, the PSL project 1s 1n close collaboration with
various projects (those that involve numerous companies or academic mstitutions) such
as Shared Planming and Activity Representation (SPAR) Project (Tate, A,), the
WorkFlow Management Coaliton (WIMC) (Belgium, 1994), and the Process
Interchange Format (PIF) Project (Lee, J., et al, 1998).

ALPS, was a NIST research project whose goal was to identify information models to
facilitate process specification and to transfer this information to process control. PSL
project, which could be viewed as a spin-off of the ALPS, 1s a project with a goal to take
a much deeper look 1nto the issues of process specification and explore these issues in a

much broader set of manufacturing domains.

The TOVE project provides a generic, reusable data model that provides a shared
terminclogy for the enterprise that each agent can jointly understand and use. The goal of
Enterprise Ontology project is to provide “a collection of terms and defimtions relevant
to business enterprises to enable coping with a fast changing environment through
improved business planning, greater flexibility, more effective communication and
integration”. While both TOVE and the Enterprise Ontology focus on busimess processes,
there are common semantic concepts in both these projects and the manufactuning

process focused PSL.
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The aim of CPR project 1s to develop a model that supports the representation needs of
many different mihtary planming systems The SPAR project is an ARPI (ARPA
(Advanced Research Projects Agency)/Rome Laboratory Planning Imtiative) funded
project whose goal 1s similar to CPR. Both of these projects are similar to PSL in the
sense that the aim is to create shared model of what constitutes a plan, process, or activity
and their core models have similar roots. However, SPAR and CPR focus more on

mulitary plans and processes

While, PSL solely focused on developing a neutral representation for exchanging
manufactunng process information, PIF (Lee, J., et al, 1996) 1s an interchange format
based upon formally defined semantic concepts, like PSL. However, unlike PSL, PIF 1s
focused on modeling business processes and offers a single, syntactical presentation, the
BNF (Backus-Naur Format) specification of the Ontolingua Frame syntax. It was found
that many of the concepts need to be represented were exactly the same and that the lines
between business and manufactunng were very hazy. As a result, PIF Project has been

merged with the PSL (Process Specification Language) Project at NIST.

The Workflow Management Coalition has developed a Workflow Reference Model
whose purpose 1s to 1dentify the charactenstics, terminology, and components to enable
the development and interoperability of workflow specifications. Although the area of
workflow is within the scope of the PSL project, it is only one small component The
Workflow Reference Model has and will be used by the PSL project to ensure

consistency.

In addition to the projects descnibed above, there have been other, previous efforts aimed
at creating process representations focusing specifically on various representational areas
or on different functionality. For example, representational areas such as workflow,
process planming, artificial intelligence planning, and business process re-engineerning
have had representations developed focusing solely on their respective areas. Equally
important to the representational area in whach the representations are being developed 1s
the role (functionality) that the representation will play. There have been process

representations developed which have focused on simply graphically documenting a

process, to those which are used as internal representations for software packages, to

those which are used as a neutral representation to enable integration. The process
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representations that resulted from many of these efforts were analysed 1n the second
phase of the PSL project. A samphing of some of these existing process representations 1s
shown 1 Figure 4.1 and detailed information about the representations can be found in

Iiterature (Knutilla, A , et al , 1998)

4.5 Development of PSL

The PSL development approach involved five phases: requirements gathering, existing
process representation analysis, language creation, pilot implementation and validation,

and submission as a candidate standard.

The completion of the first phase resulted 1n a comprehensive set of requirements for
specifying manufacturing processes (Schlenoff et al. 96) that were grouped into four
major groups: the core, outer core, extensions and applications specific as described
briefly below:

Core The most basic, essential requirements inherent to all processes. To represent
process, 1t is either critical that these requirements be mcluded, or these requirements are
so common that every apphcation either exphicitly or implhcitly uses them. While all
processes contain core requirements, the core requirements provide the basis for

representing only the simplest of processes, e g, resource, and task.

Outer Core: The pervasive, but not essential, requirements for describing processes
common to most applications, €.g , temporal constraints, resource grouping, alternative

tasks.

Extensions: The groupings of related requirements, common to some, but not all,
applications that together provide an added functionality. Although the requirements
listed within the extensions are not inherently necessary for representing processes, they
are useful duning implementation to provide their respective functionality. They are
included here because the PSL must be able to represent information that will ultimately
allow this functionahity. The six extensions are Administrative/Business,
Planning/Scheduling/Quality/Analysis, Real-Time/Dynamic, Process Intent, Aggregate

Resources/Processes, and Stochastics/Statistics.

Application Specific: These are requirements only relevant within specific applications,

e g., dynamic rescheduling for the production-scheduling environment.
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These process specification requirements provided the context for analysing existing

process representations.

In the second phase of the project, twenty-six process representations as shown in figure
4.1 were analysed by the PSL team and analyzed with respect to the phase one to
determine their applicability for representing the set of manufacturing process
specification requirements 1dentified and gathered in the first phase of the project
(Knutilla, A., et al , 1998).

The objectives for analysing existing approaches for representing process included:

*  Gain an improved understanding of existing approaches for representing process

Identify how process specification requirements are represented within existing

approaches
» Determine the strengths and limitations of existing approaches

» Identify the existng representations or combination of representations that provide

the best coverage of all process specification requirements

*  Understand and define what types of representations (e.g, object-oriented) provide
the best coverage of all requirements

* Determine the completeness of process specification requirements 1dentified 1n the
first phase

» Refine the techmcal approach for developing a process specification language

= Identify the need as well as the canchdates for PSL semantic concepts and their
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s ACT « IDEFO
e A Langusge for Process Speafication « IDEF3
(ALPS) s <[-N-OVA> Constraint Model

» AND/OR Craphs »  Knowledge Interchange Format (KIF)
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¢ Carc Plan Representation (CPR) « OZONE
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o  Directed Graphs e PAR2
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s+  EPFL Petnn Net Representation e PERT Networks
¢  Functionol Flow Block Dhagrams e Petn Nets
»  Gantt Charts e Process Flow Representation (PFR)
»  Generohzed Activity Networks (GAN) e  Process Inlerchange Format (PIF) Version
o  Hicrarchical Task Networks (HTN) 11

»  Quk Models

e State Transiion Dhagrams

»  Tree Stuchres

o Visual Process Modeling

Language (VPML)

Figure 4.1 A Sampling of Existing Process Representations (source: Knutilla, A , et al , 1998}

4.5.1 PSL Implementations in Manufacturing Scenarios

Form the analysis of process representations i1t was concluded that nearly all of the
representations studied focused on the syntax of process spectfication rather than the
meaning of terms, the semantics. While this is sufficient for exchanging information
between .applications of the same type, such as process planning, different types of
applications associate different meanings with simular or identical terms. As a result, the
development of a formal semantic layer {an ontology) for PSL based on the Knowledge
Interchange Format (KIF) specification (Genesereth, and Fikes, 1992) became the third
important phase in the project. Based on the ontology developed to define explicitly and
clearly the concepts intrninsic to manufacturing process information, PSL was used to
integrate two manufacturing process applications: the ProCAP (KNO98) IDEF3
(MAY95) based process modelling and ILOG Scheduler 4 3 (ILO98) 1n the first pilot

implementation of PSL (Schlenoff, et al. 1999) of the fourth phase of the project
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4.5.2 PSL Extensions Development Approach

The development of PSL has proceeded on an as-needed basis. The mitial PSL ontology
was developed using a single scenaro, the EDAPS (Electromechamical Design and
Planning System) scenario developed by Steve Smuth at the University of Maryland
(Smuth at al., 1996). The concepts introduced 1n that scenario were defined and modeled
within PSL and later extended as other scenanos were explored. The PSL ontology was
then further expanded to incorporate the concepts introduced in various manufactunng
software applications when PSL was used to exchange process information among these
packages As more software applications become “PSL-compliant,” PSL will be
continually expanded to ensure that all process-related concepts are capable of being

represented within the language.

4.6 Semantics of Process Representations

In the second phase of PSL project (Knutilla, A., et al, 1998) from the analysis of twenty
s1X process representattons it was concluded that almost all existing approaches to
process modeilng lack an adequate specification of the semantics of the process
termunology, which leads to inconsistent interpretations and uses of information. Hence,
models tend to be umique to their applications and are rarely reused. Obstacles to
interoperability arise from the fact that the systems that support the functions in many
enterprises were created independently, and do not share the same semantics for the
terminology of their process models. For example, Figure 4.2 depicts (Schlenoff, et al.
2000} a situation 1n which two existing process-planning applications are attempting to
exchange data. Intuitively the applications can share concepts; for example, both
material 1n Application A and work-piece 1n Application B correspond to a common
concept of work-in-progress. However, without explicit defimtions for the terms, 1t 1s
difficult to see how concepts in each application correspond to each other. Both
Application A and B have the term resource, but in each application this term has a
different meaning. Stmply sharing terminology is msufficient to support interoperability;
the applications must share their semantics, ie., the meaning of their respective

terminologies.
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Process-Related Process-Related
Application A Application B
MATERIAL  ——-- - Work In Progress -———-  WORKPIECE
STOCK Material - RESOURCE
RESOURCE et Machme ~——-— MACHINE TOOL

Figure 4 2: The Need for Semantics of Terminologies (source: Schlenoff, et al. 2000)

A ngorous foundation to the solution of such problem 1s the development of a formal
specification of the semantics of process models. One approach to generating this
specification 1s through the use of ontology. An ontology 1s a formal description of the
entities within a given domain: the properties they possess, the relationships they stand
1n, the constraints they are subject to, and the patterns of behaviours they exhibit
(Uschold, and Gruninger 1996). Ontology provides a common terminology that helps to
capture key distinctions among concepts in different domains, which aids m the
translation process. PSL was developed to address this issue by creating neutral standard

language for specifying processes to integrate multiple process related appheations.

4.7 The State of PSL: PSL Ontology

PSL 15 intended to include a default interchange language that manufactunng can use to
exchange process information between process related applications. Currently,
(http-//www mel.nist.gov/psl/} efforts have focused on developing the PSL data model
that referred to as an ontology, which defines the meamng of the process-related terms 1n
the language Therefore, as PSL stands now, 1t 1s more appropnate to refer to it as an
ontology or a data model, which incorporates a syntax and grammar specification to

make 1t a language.

An ontology 1s a lexicon of specialized termunology along with some specification of the
meaning of terms 1n the lexicon. The primary component of PSL is ontology designed to

represent the pnimitive concepts that, according to PSL, are adequate for describing basic
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manufacturing, engmeenng, and business processes and 1t 15 another aspect that makes
PSL umique. All concepts in PSL are formally defined, using the Knowledge Interchange
Format (KIF) (Genesereth, M, Fikes, R, 1992), to eliminate the ambiguity usually
encountered when exchanging information among disparate applications. This ontology
provides the backbone that enables and ensures correct translations. An arbitrary set of
terms can be included in the ontology, but they can only be shared if there 1s an
agreement on the meaning of the terminology. It 1s the intended semantics of the terms

that 1s betng shared, not stmply the terms.

The challenge 1s that a framework 15 needed for making the meamng of the terminologies
for ontologies explicit. Any intuitions that are implicit are a possible source of ambiguity
and confusion. For the PSL ontology, 1t 1s necessary to provide a rigorous mathematical
charactenization of process information as well as precise expression of the basic logical
properties of that information in the PSL language In providing ontology the following
three notions specified:

¢ Language

¢ Model theory

e Proof theory

4.7.1 The Language

A language 1s a lexicon (a set of symbols) and a grammar that 1s a specification of how
these symbols can be combined to make well-formed formulas or formal sentences. The
lexicon consists of logical symbols (such as boolean connectives and quanttfiers) and
nonlogical symbols. For PSL, the nonlogical part of the lexicon consists of expressions
(constants, function symbols, and predicates) chosen to represent the basic concepts in
the PSL ontology. Notably, these will include the 1-place predicates ‘activity’, ‘activity-
occurrence’, ‘object’, and ‘ttmepomt’ for the four primary kinds of entity 1n the basic
PSL ontology, the function symbols begmof and endof that retumn the timepoints at
which an activity begins and ends, respectively, and the 2-place predicates 1s-occurring-
at, occurrence-of, exists-at, before, and participates-in, which express important relations

between various elements of the ontology

The underlymg grammar used for PSL 1s that of KIF (Knowledge Interchange Format).
Briefly stated, KIF (Genesereth, M, Fikes, R, 1992) is a formal language based on first-

order logic developed for the exchange of knowledge among different computer
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programs with disparate representations. KIF provides the level of rigor necessary to
define concepts in the ontology unambiguously, a necessary charactenistic to exchange

manufacturing process information using the PSL Ontology.

4.7.2 Model Theory

The model theory of PSL provides a ngorous, abstract mathematical characterization of
the semantics, or meaning, of the language of PSL an abstract representation of the
primitive concepts of PSL. This representation 1s 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 1n terms
of this model. Given a model theory, the underlymg theory of the mathematical
structures used 1n the theory then becomes available as a basis for reasomng about the
concepts intended by the terms of the PSL language and their logical relationships, so

that the set of models constitutes the formal semantics of the ontology.

4,7.3 Proof Theory

The proof theory of PSL 1s perhaps its most important component. It consists of three

components: PSL Core, one or more foundational theories, and PSL extensions

PSL Core: the PSL Core 1s a set of axioms written in the basic language of PSL. The
PSL core axioms provide a syntactic representation of the PSL model theory, 1n that they
are sound and complete with regard to the model theory That 15 to say, every axiom 18
true 1n every model of the language of the theory, and every sentence of the language of
PSL that is true in every model of PSL can be derived from the axioms. Because of this
tight connection between the Core axioms and the model theory for PSL, the Core itself
can be said to provide semantics for the terms in the PSL language.

Foundational Theories- the purpose of PSL Core 1s to axiomatize a set of intuitive
semantic primutives that 1s adequate for descnbing basic processes. Consequently, 1ts
characterization of them does not make many assumptions about their nature beyond
what 1s needed for describing those processes. The advantage of this is that the account
of processes implicit in PSL core is relatively straightforward and uncontroversial.
However, a corresponding liability 1s that the Core 1s rather weak in terms of pure logical

strength. In particular, the theory is not strong enough to provide defimtions of the many
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auxiliary notions that become needed to descrbe an increasingly broader range of
processes 1n mcreasingly finer detail. (Auxiliary notions are axiomatized in PSL
extensions) For this reason, PSL includes one or more foundational theories. A
foundational theory is a theory whose expressive power is sufficient for giving precise
definitions of, or axiomatizations for, the primutive concepts of PSL, thus greatly
enhancing the precision of semantic translations between different schemes. Moreover,
m a foundational, one can define a substantial number of auxiliary, and prove important
meta-theoretical properties of the core and its extensions. There are several good
foundational theories. Of these, set theory 1s the most familiar, and most powerful and 1its
foundational capabilities are well known. For PSL’s purposes, however, a more suitable
foundation 1s a modified and extended vanation of the situation calculus. The reason for
this 1s that the situation calculus’s own pnmutives situation, action, fluent (roughly,
proposition) are already highly compatible with the pnmutives of PSL. It is very natural
to identify PSL. primitives with, or define them in terms of, the pnmutives of the situation
calculus. In addition, the situation calculus is also strong enough to define a wide vanety
of auxiliary notions and, with the addition of some set theory; 1t can be used as a basis for

proving basic metatheoretic results about the Core and 1ts extensions as well.

Extensions* the final component of PSL consists of PSL extensions. PSL core is a
relatively simple theory that 1s adequate for expressing a wide range of basic processes.
However, more complex processes require expressive resources that exceed those of PSL
core. PSL extensions give the resources to express information mvolving concepts that
are not part of PSL core. Rather than clutter PSL core itself with every conceivable
concept that might prove useful in describing one process or another, a varety of
separate, 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 ones expressive

needs

To define an extension, new constants and/or predicates are added to the basic PSL
language, and, for each new linguistic item, one or more axioms are given that constrain
its interpretation. In this way one provides “semantics” for the new lingwistic ittems For
example PSL core does not provide the resources to express information about time-
durations. However, such a notion might be useful or even essential in many contexts.

To facilitate the expressive needs for ime duration, a theory of ume durations has been
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developed which can be added to PSL core, thus providing the user with the desired
expressive power.

When combined with a foundational theory like the situation calculus, a distinction can
be drawn between definitional and nondefinitional extenstions. As the name suggests, a
definitional extension 18 an extension whose new linguistic items can be completely
defined in terms of the foundational theory and PSL core. Theoretically, then,
definitional extensions add no new expressive power to PSL core or foundational theory.
However, because definitions of many subtle notions ¢can be quite mmvolved, definitional
extensions can prove extremely useful for descnibing complex processes in as succinct a
manner as possible. Nondefimtional extensions, on the other hand are extensions that
mvolve at least one notton that cannot be defined 1n terms of PSL core and the chosen

foundational theory.

4.8 Consistency and Completeness of the PSL Ontology

One of the advantages of using a formal approach to ontology design 1s that the axioms
and defimitions of the ontology are consistent, and that they are complete with respect to
the intended models, which are specified 1n the model theory of the ontology. It is shown
that the axioms 1n a PSL extension are consistent by constructing a model that satisfies
all of the axtoms. Then a complete charactenzation of these models also provided by
showing that any structure that satisfies the axioms 1n the extension 1s one of the intended

models.

4.9 PSL Architecture

The three components of the PSL architecture and their relations are illustrated in Figure
4.3. The solid arrows indicate the definability relation. The dashed lines indicate partial
definability, i e, the case where some, but not all the additional linguistic items 1n the
language of an extension are definable. Two or more solid arrows pointing to the same
oval indicate the possibility that more than one given theory mught jointly be used to
define a new extension. PSL core 1s connected to foundational theories, but this would
not sufficiently distinguish the central role of the Core from the more auxiliary roles of
extensions. Hence, PSL Core is pictured as sitting directly upon the foundational
theories. “(PSL Core and Foundation Theory) ” in the PSL Core box indicates that PSL

Core together with a foundational theory are used to formulate defimtional extensions.
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Figure 4 3. The PSL Semantic Architecture (source: Schlenoff, et al. 2000)

3.9.1 Informal Semantics of PSL-Core

PSL-Core 1s based upon a precise, mathematical, first-order theory, 1e., a formal
language, a precise mathematical semantics for the language, and a set of axioms that
express the semantics in the language. Here we will provide a brief informal sketch of
the semantics. There are four pnmitive classes, two primutive functions, and three
primutive relations in the ontology of PSL-Core The classes are OBJECT, ACTIVITY,
ACTIVITY_OCCURRENCE and TIMEPOINT. The four relations are
PARTICIPATES-IN, BEFORE, and OCCURRENCE-OF. The two functions are
BEGINOF, and ENDOF. ACTIVITIES, ACTIVITY_OCCURRENCES, TIMEPOINTSs
(or "POINTs", for short), and OBJECTs are known collectively as entities, or things.

These classes are all pairwise disjointed.

Intmtively, an OBJECT is a concrete or abstract thung that can participate in an
ACTIVITY. The most typical examples of OBJECTs are ordinary, tangible things, such
as people, chairs, car bodies, NC-machines, though abstract objects, such as numbers, are

not excluded. OBJECTs can come into existence (e g., be created) and go out of
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existence (e.g., be “used up” as a resource) at certain pownts in time. In such cases, an
OBIJECT has a begin and/or end point. Some OBJECTs, e.g., numbers, do not have finite
begin and end pomts. In some contexts 1t may be useful to model certain ordinary

OBIJECTsS as having no such points either.

An ACTIVITY-OCCURRENCE is a limuted, temporally extended piece of the world,
such as the first mountain stage of the 1997 Tour de France or the eruption of Mt. St.
Helen. Any ACTIVITY-OCCURRENCE 1s simply taken to be charactenzed chiefly by
two things: its temporal extent, as determuned by it’s begin and end POINTS (possibly at
infimty), and the set of OBJECTs that participate n that ACTIVITY at some point
between 1ts begin and end POINTS.

TIMEPOINTs are ordered by the BEFORE relation. This relation 1s transitive, non-
reflexive, total ordering. In PSL-Core, that time 1s not dense (i.e, between any two
distinct TIMEPOINTS there 1s a third TIMEPOINT), though 1t 1s assumed that time is
infinite. POINTs at infimty (INF+ and INF-) are assumed for convenmence. (Denseness,
of course, could easily be added by a user as an additional postulate.) Time intervals are
not included among the primutives of PSL-Core, as intervals can be defined with respect
to TIMEPOINTs and ACTIVITIES. TIMEDURATIONS are included 1n an extension of
the PSL-Core that builds upon (Hayes, P., 1996).

The basic notions of the PSL-Core are axiomatized formally as a first-order theory.

These axioms simply capture, in a precise way, the basic properties of the PSL ontology.

4.10 Requirements for PSL extensions

A goal of PSL (ISO DIS 18629-1,) 1s to facilitate applications interoperability by means
of the development of translators between the native formats of those applications and
PSL. To support this goal, each part of the standard will be composed of one or more

extensions to PSL-Core. For each extenston, the standard will include the following:
= Non-logical lexicon

» Specification of models

» Set of axioms

= Theorems for the verification of extension
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=  Grammar for process descriptions that use the terminology of the non-logical lexicon.

4.10.1 Non-logical Lexicon

The non-logical lexicon 1s the terminology of the standard that corresponds to the
concepts and relationships related to manufactunng processes. All terms in the non-
logical lexicon of the standard are constant, function, or relation symbols m KIF. Each
extension specifies a umque non-logical lexicon. Any term in the standard shall belong to

the non-logical lexicon of a unique extension.

4.10.2 Specification of Models

The specificaion of model for PSL provides a ngorous abstract mathematical
charactensation of the semantics of the terminology of PSL. This charactenisation defines
the meanings of terms with respect to some mathematical structures together with a

notion of truth with respect to those structures for sentences of the language.

4.10.3 Axioms of the extensions

The axioms of PSL are the set of KIF sentences that constrain the interpretation of the
terminology of the non-logical lexicon The axioms are organised into PSL-Core and a
partially ordered set of extensions to PSL Core. An extension provides the logical
expressiveness to express information involving concepts that are not exphcitly specified
in PSL-Core. All extensions within PSL shall be consistent extensions of PSL-Core, and
may be consistent extensions of other PSL extensions. However, not all extensions

within PSL need to be mutually consistent.

4.10.4 Grammar for Process descriptions

The underlying grammar used for PSL is that of KIF (Knowledge Interchange Format),
KIF 1s a formal language based on first-order logic developed for the exchange of
knowledge among different computer programs with disparate representations. KIF
provides the level of ngour necessary to unambiguously define concepts in the ontology.
Process descriptions are sentences in KIF that use the non-logical lexicon of PSL. In
particular, process descripttions will be restricted to sentences that are satisfied by

elements 1n a model of the axioms of PSL. Process descriptions are not arbitrary
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sentences. Each extension shall have an associated BNF grammar for process

descriptions, which extends the BNF grammar associated with PSL-Core.

4.10.5 Format for Extensions
All extensions have the following header information:

= Extension name: Core theory names with a suffix of the form .th, and definitional

extension names with a suffix of the form def.
= Primative lexicon,
= Defined lexicon;

» (Core theonies required by the extension. This is a list of PSL-Core theones, each of
which 1s an extension of PSL-Core The given extension is an extension of the set of
axioms which is the union of all theones n the list, together with the axioms n the

extension;

* Defimtional extensions required by the extension: This 1s a list of definttional

extensions, each of which 1s an extension of PSL-Core

The content of any PSL extenston 1s a set of KIF sentences. For core theones, there 1s a
set of arbitrary KIF sentences for the primitive lexicon of the set of axioms. For
definitional extensions and terms in the defined lexicon of a Core theory, each term shall
have a conservative defimtion. In addition, each KIF sentence must have corresponding

text 1n English that summarises the key intuitions captured by the sentence.

4.11 ISO 18629 PSL Standards

PSL 1s beimng standardized within Joint Working Group 8 of Sub-commuttee 4 (Industral
data) and Sub-committee 5 (Manufacturing integration) of Technical commuttee ISO TC
184 (Industnial automation systems and integration) as ISO 18629. More information
about PSL standardization and on the evolving PSL Standard 1s avalable from
http //www.mel mist.gov/psl/. The following sections present the parts and series of the
ISO 18629 PSL standard and their orgamizations

116




Chapter 4 Information Standardization for Manufacturing

4.11.1 Organization of the ISO 18629 PSL Standard

The components of the ISO 18629 PSL standard are grouped 1nto the following parts:
Note that not all of them are completely developed to date.

a) Part 1: Overview and basic principles

There are two types of extenstons within ISO 18629: they are the core theones and the

definitional extensions.

b) Part 1x series: Core theories

The current contents of these series of parts addresses:
Part 11: PSL-Core,

Part 12: Outer Core,

Part 13: Duration and ordermg theornes;

Part 14: Resource theories;

Part 15: Actor and agent theories.

Any new core theory will have to be included in the Part 1x senies
¢) Part 2x series: External mappings.

The current expected content of this senes of part includes:
Part 21: EXPRESS;

Part 22: XML;

Part 23: UML.

This set of mappings may evolve according to industry needs and technology changes.

d) Part 4x series: Definitional extensions

In addition to the core theories, ISO 18629 PSL provides a series of definitional
extensions used to capture the semantics of process terminology in different applications.
All definitions in these extensions use the termunology of the core theories. The series

currently includes:

Part 41: Activites;

Part 42: Temporal and state;

Part 43: Activity ordening and duration;
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Part 44: Resource roles;
Part 45: Resource sets;

Part 46: Processor activities,
Part 47: Process intent

Additional extensions are to be developed later according to industry needs by any
standardisation commuttee. Any new extension that is a definitional extension of PSL-

Core will be included in the Part 4x senes.
e) Part 2xx series: Translator Implementation Guidelines

Parts of this series will be developed according to industry needs and technology

changes.

4,12 IS0 18629-1x series Core theories

4.12.1 ISO 18629-11 PSL-Core
The PSL-Core 1s based upon a precise, mathematical, first-order theory that 1s a formal
language, a precise mathematical semantics for the language, and a set of axioms, which
express the semantics in the language. The basic elements of the language are four
prnimutive classes, two primitive functions, and seven primutive relations of the ontology
of the PSL-Core

» The pdmtive classes are activity, activity_occurrence , timepoint, and object.

= The two functions are beginof and endof.

s The seven relations are before, occurrence_of, between, before-
eq, between-eq, is-occurring-at, participates-in,
exist-at.

4,12.2 1SO 18629-12 OQuter Core

This set of extensions of PSL-Core is used in defining those extensions that shall be used in
practice for specifying manufacturing processes that belong to individual applications. The set of
extensions m ISO 18629-12 augment PSL-core but they are not expressive enough to specify the
complex items found in practice. The extensions i ISO 18629-12 are more generic and
pervasive in their applicability than the rest of the extensions except PSL-Core m ISO 18629,

The extensions in ISO 18629-12 are less generic than the PSL-core. The main difference 1s that
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PSL-Outer Core requires PSL-Core for its specifications whereas PSL-Core does not require any

other set of axioms for its specifications These extensions are*
*  Qccurrence Trees;

* Discrete States;

= Subactivity;

= Atomuc Activity;

* Complex Activity;

= Activity Occurrence.

The Occurrence Tree extension introduces a tree structure over the set of possible activity
occurrences; branches 1n the tree correspond to different sequences of primative activity
occurrences.

The Discrete State extension specifies the basic concepts for states and their relationships
to activity occurrences. In particular, all discrete states are changed by activity
occurrences, but they do not change during an activity occurrence.

The Subactivity extension describes how activities can be aggregated and decomposed

The Atomic Activity extension introduces the class of concurrent activities.

The Complex Activity extension specifies the relationship between occurrences of the
subactivities of an activity and occurrences of the activity 1tself.

The Activity Occurrence extension defines relations that allow the description of how
activity-occurrences relate to one another with respect to the time at which they start and

end

Figure 4.4 shows (ISO DIS 18629-12,) the relationships between these theonies within
the Outer Core, in which the arrows represent the dependencies among the theories. All
theonies 1n the Outer Core are extensions of PSL-Core. The Atomic Activity Core theory
18 an extension of both the Subactivity and the Occurrence Trees theones, while the
Discrete States Core theory 1s an extension of the Occurrence Trees core theory alone.
The Activity Occurrence Core theory 1s an extension of the Complex Activities core

theory, which 1n turn is an extension of Atormic Activities.
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Figure 4.4: Relationships among sets of axioms within PSL Outer Core,

These extensions, together with PSL-Core, provide much of the mfrastructure for
specifying the defimtions of terminology within ISO 18629. Every extension within the

current version of ISO 18629 is an extension of one or more of these theonies.

The following sets of theones define other extensions of the Outer Core, required by

some, though not all, definitional extensions within ISO 18629.

4.12.3 1SO 18628-13 Time and ordering theories
The extensions related to time and ordering theones are:
*  Duration;
= Subactivity occurrence ordering
= Jterated activities
= QOccurrence tree automorphisms

= Envelopes and umbrae.
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The duration extension introduces the concept of duration as a relationship among
timepoint. This allows the introduction of quantitative concepts related to time, as well as
providing the basts for defiming the duration of activities, activity occurrences, and

objects.Intuitively, duration 1s the "difference” between two timepoint 1n the timeline

The subactivaity occurrence ordening extension specifies the relations required to
represent vanous kinds of partially ordered sets of activities. This includes sequences,

parallelism, AND sphits/junctions, and OR splits/junctions.

4.12.4 IS0 18629-14 Resource theories
The extensions related to resource theones are:
= Resource requirements,

»  Resource sets.

The resource requirements extension turns into axioms of the concept of resource as any
object, which 1s required by an activity. In particular, resources are defined with respect

to the possible interactions among activities.

The resource set extension turns into axioms of the concept of a set of resources, which
as a whole also satisfy the axioms for resources. Different kinds of resource sets are
defined in Part 44, and they include such concepts as resource pools (sets of machines)

and buffers (sets of inventory resources).

4.12.5 1SO 18629-15 Activity performance theories
The extension related to activity performance theories 1s:
* Activity performance

The Activity performance extension turns into axioms the relationship that holds between

an activity and the actor (such as a human or machine) who performs the activity.
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4.13 ISO 18629-2x series External mappings

In addition to specifying the grammar for process descriptions, ISO 18629 also specifies
mappings between this grammar and languages used by other manufacturing standards.
In particular, there shall be mappings between the grammar of ISO 18629 and EXPRESS
(to facilitate interoperabihty with applications using ISO 10303), as well as mappings to
XML and UML.

These other languages are used as alternative ways of representing particular process
descriptions, rather than in the specification of the semantics of the terninology of ISO
18629.

4.14 ISO 18629-4x series Definitional Extensions

4.14.1 1SO 18629-41: Activity extension

The fundamental theories that are part of ISO 18629-41 are (ISO CD 18629-41,):
s Determumstic Activities” Permuting Branch Structure;

= Non-deterrmimstic Activities: Folding Branch Structure;

» Non-determunistic Activities: Branch Structure and Ordering;
* Non-determunistic Activities: Repetitive Branch Structure;

» Spectrum of Activities: Permuting Acttvity Trees;

= Spectrum of Activities: Compacting Branch Structure;

= Spectrum of Activities: Activity Trees and Re-ordering;

» Spectrum and Sub-tree Containment;

»  Embedding Constraints for Activities;

»  Skeletal Activity Trees;

»  Atomic Activities: Upwards Concurrency;

= Atomic Activities: Downwards Concurrency;

= Spectrum for Atomic Activities;
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=  Preconditions for Activities.

Figure 5 shows the relationships between these extensions and the foundational
theories of ISO 18629-12 that are useful for specifying defimtional extensions m ISO
18629-41.

The arrows show dependencies between extensions in ISO 18629-41 and ISO 18629-
12. All theories m ISO 18629-41 are extensions of the ISO 18629-11, itself an
extension of the ISO 18629-12. Only the parts of ISO 18629-12 that are useful to

showing dependencies with extensions 1n ISO 18629-41 are shown m Figure 4.5.

Permuting Compacting Branch
- Activity Trees Structure
Activity Trees and
Re-ordering
Permuting Branch
Structure
Folding Branch Branch Structure
Repentive Branch Structure and Ordenng
Structure

Atomuc Activities Spectrum and Sub-
Upward tree Containment
Concurrency

Atomic Activihes

Downward ISO 18629-12
Embedding

A

ctivilies Constraints for
Activities
Spectrum for
Precondittons for Atomuc Activities Skeletal Actvity <
activities > Tree '

Figure 4.5. Defimtional Extensions of ISO 18629-41

4.14.2 1ISO 18629-42: Temporal and State extension

The extensions in this part are defined with respect to the Part 12 Outer Core and the Part

13 Time and ordenng theories. They include:
= Preconditions for Activities

= State-based Preconditions for Activities
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= Time-based Preconditions for Activities
= Preconditions based on State and Time
= QOccurrence-based Preconditions for Activities

= Preventable Preconditions for Activities
= Penodic Preconditions for Activities

» Spoilage Preconditions for Activities

s Effects of Activities

»  State-based Effects of Activities

=  Time-based Effects of Activities
»  Qccurrence-based Effects of Activities
=  Effects of Activities: State and Occurrences

» Effects of Activities: Time and Occurrences

= Fluent Trees

=  Distribution of Complex Activities

= State-based Distrnbution of Complex Activities

=  Time-based Distribution of Complex Activities

= Distnbution based on State and Time

= Variation of Complex Activities

= State-based Vanation of Complex Activities

= Time-based Vanation of Complex Activities

= Variation based on State and Time

= Variation of Atomic Activities: Upward Concurrency
® Variation of Atomic Activittes: Downward Concurrency
= Interfenng Preconditions

= Clobbenng Effects

»  Vanation of Interfering Preconditions

= Vanation of Clobbering Effects

The interval activities extension considers kinds of activities that can be defined using
the relations in the state constraints extension In particular, 1t considers activities that

have the property of being interruptible or non-interruptible,
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The state constraints extension defines relations between states and activity occurrences.
These include concepts such as preconditions and effects, as well as the notions of an

activity achieving or fals:fying various states.

4.14.3 1SO 18629-43: Activity ordering and duration extension

The extensions 1n this part are defined with respect to the Part 12 Outer Core and the Part

13 Time and ordering theories. These include,
» Strong Partially Ordered Activities

»  Weak Partially Ordered Activities
* Duration Constraints for Activity Occurrences)

= State-based Duration

* Time-based Duration

* Duration based on State and Time
* Ordenng and Duration Constraints on Activity Occurrences ‘
* Ordering and Duration Constraints on Embedded Activity Occurrences ‘
* Spoilage Preconditions for Activities

= Scheduled Embedding Constraints

» Interruptable Activities

* Duration-based Effects

= Effects of Activities based on Duration and State

= (Classes of Iterated Activity Occurrences

The complex sequence ordenng relations extension 1s restricted to non-deterministic
activities. It supports the specification of activities in which there 1s branching and

conditional occurrence of sub-activities.

The ordering relations over activities extension are restricted to determumstic activities. It
specifies different kuinds of activities in which there 1s a partial ordening over sub-activity

occurrences.
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The temporal ordenng constraints extension specifies relations among the occurrences of
activities with respect to the times at which they occur. These relations are particularly

used within scheduling applications.

4.14.4 1SO 18629-44 Resource roles

The extensions 1n this part are defined with respect to the Part 12 Outer Core and the Part

14 Resource theories. They include:
= Capacity-based concurrency;

» Reasomng about resource divisibility;
* Resource role;

»  Reasoning about resource usage.

The capacity-based concurrency extension defines different kinds of activiies and

TESOUICES USING CONCUITENCY constraints.

The resource divisibility extension considers the different ways 1in which resources can

be shared by multiple activities.

The resource roles extension defines various roles that resources play with respect to

activities; these include reusable, consumable, and renewable.

The resource usage extension characterises constraints on resources over the intervals

which activities occur.

4.14.5 ISO 18629-45 Resource sets

The extensions 1n this part are defined with respect to the Part 12 Outer Core and the Part

14 Resource theornies. These include:
= Homogeneous resource sets

= Inventory resource sets

» Resource pools

= Resource set-based activities

»  Substitutable resources

The primary purpose of these extensions 1s the set of axioms for discrete capacity

resources for which the discreteness of the resource anses from the fact that it 1s actually
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composed of a set of resources, and any activity requires or provides some subset of

resources 1n this set.

Homogeneous sets define different kinds of substitutable resources

Inventory resource sets are related to buffers
Resource pools are equivalent to discrete capacity resources.

Resource set-based activities define kinds of activities that use resource sets.
Substitutable resources make the distinction between sets of arbitrary resources and sets

of resources that can be substituted for others m an activity.

4.14.6 1SO 18629-46 Processor Activities

The extensions 1n this part consider a particular kind of activities that are defined with

respect to the roles of the resources required by the activities This includes:
* Processor activitics
* Resource paths

Processor actions are actions that use some set of resources, consume some set of

material resources, and produce or modify some other set of material resources.

Resource paths are partially ordered sets of processor actions in which the output
matenal resource of one processor action 1s the input matental of the next processor

action.

4.14.7 1SO 18629-47 Process intent

This number has been reserved for the development of appropnate extensions.

4.15 ISO 18629-2xx series Translator implementation guidelines

The guidelines in the 200 series of ISO 18629 identify the different extensions within the
ontology that are necessary for developing translators among applications 1n different

manufactuning domains. Possible examples of use are:
*  Process modelling

» Process planning
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* Productton planning
* Project management
* Scheduhing
* Simulation

=  Process execution

416 Summary

The Process Specificaion Language (PSL,) was developed, at National Institute of
Standards and Technology (NIST), as a neutral language for manufacturing processes
specification and to address the 1ssue of interoperability problems among process related
manufacturing software applications. PSL has been standardized within Joint Working
Group 8 of Sub-commiitee 4 (Industnal data) and Sub-committee 5 (Manufacturing
integration) of Techmcal commttee ISO TC 184 (Industrial automation systems and
mntegration) as IS0 18629.

The development of PSL has proceeded on an as-needed basis. The initial PSL ontology
was developed using a single scenano and later extended as other scenanos were
explored and when PSL was used to exchange process information among the packages
in the scenanos. After the initial development of PSL 1n the EDAPS (Electromechanical
Design and Planning Systern) scenano PSL was extended to incorporate concepts
introduced 1n the IDEF3-based ProCAP process modelling tool and the C++ based ILOG
Scheduler when PSL was used to exchange process information between these two
packages mn the first pilot implementation of the language mm the manufacturning
environment. The PSL ontology is still under development and new concepts are still
appearmg 1n the ontology, however there were no other implementations and there is no
clear indication about what these new concepts relate to and their target applications for

mteroperability.

Although PSL was mainly developed in the manufacturing environment for process
related manufacturing applications interoperability, as a first research on PSL 1n the
construction environment, the applicability of the Process Specification Language (PSL)
i construction has been studied at Stanford University focusing on Vite™ , which is a

project and organization modeling system designed to assist in developing organizational
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structures and identifying potential problems with project cost, time, or quality.
(Gruninger, et al 2003). This was to analyse this emerging standard Process
Specification Language and research the possibihity for adapting this standard to the

problem area of software applications’ interoperability in the construction environment.
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Chapter 5 Research Methodology and Design

5.1 Literature Review and Theoretical Framework

The first sectton of this chapter discuses selected elements of the literature review on
research approaches and methodologies and outhines the research strategy taken for this

study. This 1s followed by, sections on research methods and approaches used.

5.1.1 Research Approaches in Construction IT

Research 1n constructton mformation technology (IT) 1s not the study of pure technological
problems alone, concerns are closely related to human activities, organisational as well as
technological 1ssues. Construction IT research constitutes complex phenomena with the need
for appropnate research methods for producing an understanding of the complex
orgamsattonal context of the IT applications, the process whereby the IT applications
influence and are influenced by the context, and for addressing the problems of the sector.
However, researchers, rather than adopting research approaches approprate to the research
n question, tend to unquestioningly mhent the positivist paradigm, which is the dominant
approach in construction management research by the majority of researchers (Seymour et
al. 1997). Therefore, there 1s a need for transition from single and/or inherited approaches to
an appropnate research method (whether single or mxed research methodology). While
Information Systems (IS) research (Myers, Michael D. 1999; Avison et al., 1993; Lee et al,,
1997, Ngwenyama et al , 1999, Nissen et al., 1991) has seen shifts from pure technological
to managenal and orgamisational 1ssues, the majority of the researches work in construction
IT is still focusing on pure technological 1ssues 1n which the organisational context of the IT
applications is 1gnored or not taken into account. As a result there have been sophisticated
technological developments however the impact on construction practices have not been

successful (Leilie, 1997; Wix, 1998; and Eastman, 1997).
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The evolution of Research in constructton management (Carter and Fortune 2002) has been
the focus of debate for construction researchers in the industry. The focus of research in
construction has evolved from on site operations aimed at improving construction processes
m the 1960, to integration of operation, and with the IT revolution of the 1980s that brought
multitude of construction software, the emphasis of research moved to construction
processes (McCaffer and Edum Fotwe, 1999). The rapid cultural and technological changes
m the industry have changed the requirements of research, and the need for different
approaches has been recogmsed to addressing the problems of the industry (Edum Fotwe et
al. 1996). And now with a wide use of computer applications 1n the industry, the focus of
research has shifted to more or less pure technological 1ssues. Research in construction has
been contmuously changing to hit the target of addressing a specific problem of the industry
at a time. However, the philosophical assumptions that guide construction research and the
use of methods of research have not seen much change. The complex organisational context
of IT applications 1n construction needs complex research methods that are multi-paradigm
approaches 1f the problem, which are interwoven in the orgamisation of the industry is to be

addressed.

There are unavoidable relations between the construction operations, IT tools and
applications and human activities, who carry out the operatrons using the IT applications.
However, the focus of this research (research in construction IT) is not seen as how the
construction operations, IT apphcations and human activities are related organised and work
together, or how the human activities interact with IT applications, but how the humans
communicate and interact with each other using IT applications. This brmngs into
consideration issues from computer science (IS and IT) research. However, the construction
processes, humans or professional participants, IT applications including thear organisational
issues requre studying through hterature review and some kind of observation, hence the
need for issues to be considered from sociology and psychology as well as computer science.
Therefore, the development of theoretical framework for this research study has been
influenced by the discussions and literature on paradigms (at the phlosophical and technical
level) 1n the computer science and within the new discipline of Information Systems (IS)
(Avison et al., 1993; Lee et al.,, 1997, Ngwenyama et al., 1999; Nissen et al.,, 1991,
Fitzgerald & Howcorft, 1998; and Walsham, 1993), as well as the discussion of research
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methodologies in construction (Carter. K, and Fortune C. 2002) and manuvfacturing
(Schlenoff, C, Knutilla, A, Ray, S., 1998, 1997; Schlenoff, C., Gruninger M, Tissot, F.,
Valois, J, Lubell, J, Lee, J.,2000) researches.

5.1.2 Philosophical Basis of Research

Research is based on some underlying assumptions about what constitutes 'vahid' research
and which research methods are appropmate. In order to conduct and/or evaluate research, 1t
15 therefore important to be aware of these assumptions that guide a research. These are
referred to as philosophical assumptions of research approaches. Philosophical assumptions
for a research can be related to the underlying ontology, which refers to the study of bemg,
and about the state/nature of the world (what exists?), and our presuppositions about the
nature of ‘reality’, ‘being’, etc.; epistemology, which 1s the assumptions about knowledge
and how it can be obtained (the philosophical theory of knowledge); methodology, the
system of methods followed in a particular discipline or the branch of philosophy that
analyses the principles and procedures of inquiry 1n a particular discipline; and axtology, the
study of values and value judgments (Guba, E., & Lincoln, Y.1994 and Fitzgerald and
Howcroft 1998). It can be seen from Figure 5.1, that there are soft and hard positions at
different level of abstractions that guide research approaches These are the main
dichotomies charactenstics of each research tradition categorized according to various
levels, namely, ontological, epistemological, methodological, and axiological. These
paradigms provide a theoretical and methodological framework from which to view and
make sense of a research subject. Thus a research subject 15 contrasted in the five sets of
assumptions at the five levels shown in figure 1., these assumptions move gradually to lower

levels of positions and influence a research process.

At the methodological level of figure 5.1, research approaches can be classified 1n vanous
ways, however one of the most common distinctions is between qualitative and quantitative
research methods. The two major research approaches, the qualitative and quantitative are
seen as soft and hard approaches. The quantitative research approach 1s seen as objective that
1s relating to a phenomenon or conditions independent of the individual thought and
perceptible to all observers, and relying heavily on statistics (Lee, 1992). On the other hand

the qualitative approach is seen as subjective, relating to expenence or knowledge as
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conditioned by personal mental characteristics or states and preferring language and
descriptton. These distinctions are useful m recognizing the two approaches however; each

of the approaches can be guided by differing paradigms,

At the ontological level, to the realist the social world (the social world is real and external
to our individual descriptions) 1s tangible, made up of relatively immutable structures that
exist independently of our individual descriptions. The relativist however views reality as
created m concepts that are used to structure that reahty hence there are multiple realities
Critical realism is a modemn realism with a cntical twist: Critical realists believe that reality
1s affirmed, but the way that reality 1s represented/expenenced/interpreted 1s seen to be
shaped by social, culture, language, political interests, race, gender, class etc. The
unsuccessfulness of research informed by positions at the extreme of continuum between
hard and soft research approaches and the need for mutual integration of the realist and

relativist positions has been explored by (Fitzgerald and Howcroft 1998).

At the episternology level, while Positivists generally assume that reality 1s objectively
given and can be described by measurable properties, which are independent of the observer
(researcher), the Interpretivists relies on human interpretations of reality as the basis of
understanding the world Rather than focusing on the objective reality interpretivist are more
interested in how people interpret that reality and how they act based on those interpretations
(Creswell 1994) While positivist generally attempt to test theory, 1n an attempt to increase
the predictive understanding of phenomena (Orlikowski and Baroud: 1991 ), Interpretivists
understand.phenomena through the meanings that people assign (Walsham 1993). The
objective versus subjective research methods (Burrell and Morgan, 1979), are concemed
with the discovery of general laws {nomothetic) versus bemg concerned with the uniqueness
of each particular situatton (idtographic), as aimed at prediction and control versus aimed at
explanation and understanding, as taking an outsider (etic) versus taking an insider (emic)
perspective, and so on. Axiologtcal assumptions are closely related to the epistemological.
These assumptions are regarding the role of values. The rigor and relevance at the
Axiological level are mghly valued by researchers in construction and there is a debate
concerning how to achieve these (Crook, et al.1996, Fenn, 1997, Seymour, et al., 1996,
Seymour and Rooke, 1998, Runeson, 1997, and Walker, 1997).
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SOFT HARD
ONTOLOGICAL LEVEL
Relativist Realist

Belef that multiple realities exist as subjective
constructions of the mind Socially-transriutted terms
direct how reality 18 percerved and this wall vary across
different languages and cultures

Belief that external world consists of pre-existing hard,
tangible structures which exist independently of an
ndividual’s cogmition

EPISTEMOLOGICAL

Interpretivist

No untversal truth Understand and interpret from
researcher’s own frame of reference Uncomrmitted
neutrality impossible Realism of context important

Positivist

Belief that world conforms to fixed laws of causation
Complexity can be tackled by reductionism. Emphasis on
objectivity, measurement and repeatability

Subjectivist

Distinction between the researcher and research situation
1s collapsed Research findings emerge from the
interaction between researcher and research situation, and
the values and beliefs of the researcher are central
mediators

Objectivist

Both possible and essential that the researcher remain
detached from the research situation Neutral observation of
reality must take place 1n the absence of any contaminating
values or brases on the part of the researcher

Emuc/Insider/Subjective

Ongins 1n anthropology Research onentation centered on
natrve/ mmsider’s view, with the latter viewed as the best
judge of adequacy of research

Etc/Outsider/Objective

Onigins 1n anthropology Research onentation of outside
researcher who 1s seen as objective and the appropnate
analyst of research

METHODOLOGICAL LEVEL

Qualitative

Determining what things exist rather than how many there
are Thick descniption Less structured and more
responstive to needs and nature of research situation

Quantitative

Use of mathematical and statistrcal techmiques to 1dentify
facts and causal relationships Samples can be larger and
more representative Results can be generalized to larger
populations within known Irmuts of error

Exploratory

Concerned with discovering patterns in research data, and
to explan/understand them Lays basic descniptive
foundation May lead to gereration of hypotheses

Confirmatory
Concerned with hypothesis testing and theory verification
Tends to follow positivist, quantitative modes of research

Induction

Begins with specific instances which are used to armve at
overall generalizations which can be expected on the
balance of probability New evidence may cause
conclusions to be revised Cnuicized by many
philosophers of science, but plays an amportant role in
theory/hypothesis conception

Deduction

Uses general results to ascribe properties to specific
mstances An argument 1s valid af 1t 15 impossible for the
conclusions to be false if the prermuses are true Associated
with theory venificanon/falsification and hypothesis testing

Field

Emphasis on realism of context i natural situation, but
prectsion in control of vaniables and behavior
measurement cannot be aclueved

Laboratory

Precise measurement and control of varables, but at expense
of naturalness of situation, since real-world intensity and
variation may not be achievable.

Idiographic

Individual-centered perspective which uses naturalistic
contexts and qualitative methods to recognize umque
expertence of the subject

Nomothetic
Group-centered perspective using controlled environments
and quantitative methods to establish general laws

AXIOLOGICAL LEVEL

Relevance

External vahidity of actual research question and its
relevance to practice vital, rather than constrammng the
focus to that researchable by “ngorous” methods

Rigor

Research charactenzed by hypothetico-deductive testing
according to the pesitivist paradigm, with emphasis on
mternal validity through tight experimental control and
quantitative techniques

Table 5.1. Summary of Soft vs Hard Research Dichotomies (adopted from' Fitzgerald and Howcroft

1998 )
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5.1.3 Critical Research

The main task of cntical research 1s seen as being one of social critique, whereby the
restrictive and alienating conditions of the status quo are brought to light. Critical research
focuses on the opposttions, conflicts and contradictions 1n contemporary society, and seeks
to be emancipatory i.e. it should help to eliminate the causes of alienation and domination
The critical paradigm is stmular to the interpretive, but goes a step beyond 1t 1n that 1t is very
value-oriented. This paradigm takes a cntical look at society and tnes to 1dentify inequities
as well as ways to remedy them. The cnitical theory paradigm has been cast as combining an

essentially realist ontology with a subjectivist epistemology (Guba 1990),

5.1.4 Triangulation or Pluralistic Research Approaches

The use of mixed methodologies or the positioning of a research at two or more extremes of
positions 1s called tnangulation or pluralistic approach. This would allow for a contingent
tool-box approach where different methods with complementary strengths could be used as

appropniate (Landry and Banville 1992; McGrath 1984).

The research positions on both side of table 5.1, have strengths and weakness or limitations.
However, 1t 15 argued that (Morgan 1983), 1t 1s wrong to condemn any research perspectives,
reject a position of knowledge or replace one approach with another but adopting a mult1
parachgm strategy is the best alternative. In the literature these research approaches/
paradigms have been viewed as mutually exclusive opposites, (Burrell and Morgan 1979).
Guba and Lincoln (1994) stated that interpretivism and positivism “cannot be logically
accommodated anymore than ideas of contradiction. However, some researchers have
argued that these positions should not be viewed as mutually exclusive (e g, Firestone 1990;
Gable 1994; Iivari 1991; Jick 1983; Morey & Luthans 1984; and Patton 1990). For example,
qualitative techmques complemented quantitative ones to interpret empincally determined
statistical relationships in a successful research study (Kaplan and Duchon 1988). Thus,
methodological pluralism has been recommended as an appropnate strategy in practice
(Landry and Banwville 1992; livan 1991; Nissen, Klemn and Hirschheim 1991). Additionally,

there 15 an argument that qualitative and quantitative research methods are not mutually
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exclusive, and it should be possible to combine in order to tackle the diversity of

construction research (Raftery et al. 1997).

5.1.5 Basic and Applied Research

Newman {1994) and Galliers {1991) in their classifications of research methods draw a
distinction between basic and applied research. Basic research involves “theory building”
and “testing” and contnbutes to the generalization of knowledge To a certain extent, this
kind of research can only be conducted after a field of study has reached a certain level of
matunity and has all the parameters clearly defined to be generalized in a form of an
appropnate theory: an established paradigm (Kuhn, 1970). Applied research, on the other
hand, targets a specific problem relating to practice. The result of such research 1s intended

to help practitioners to be better informed about their work environment (Newman 1994)

Building a theory involves discovery of new knowledge in the field of study and can be seen
as rarely contnbuting directly to practice. Two approaches; deductive and inductive
reasoning can be used in the process of theory building. In the positivist or deductive
approach a general theory is generated and narrowed down to more specific hypotheses for
testing and for collection of observations to address hypotheses. This vltimately leads to the
test of the hypotheses with specific data or confirmation of the onginal theores. By contrast
in the inductive research theory development begins with specific observations and
measures, to detect patterns and regulanties, formulate some tentative hypotheses for
exploration, and finally end up developing some general conclusions or theories. Testing can
be conducted in more or less natural settings using interpretive and pseudo-scientific
(positivist) approaches. An interpretive study provides a more flexible setting for applied
exploration without any predefined vanables, but focusing on the full complexity as the
situation emerges (Kaplan and Maxwell, 1994,). On the other hand, experimentation requires
a certain level of control over some of the vanables under consideration at least to the extent
that independent, dependent and controlled variables can be predefined dunng the research

design stage.
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5.2 Research Methods

5.2.1 Research Methods Available

As there are vanous philosophical assumptions, which can inform research approaches, so
there are various research methods. A research method is a strategy of inquiry, which moves
from the underlying philosophical assumptions to research design and data collection and
analysis. The choice of a specific research method is independent of the underlying
philosophical position adopted. For example, case study research can be positivist (Yin,
1994), interpretive (Walsham, 1993), or critical, just as action research can be positivist
(Clark, 1972), interpretive (Elden and Chisholm, 1993) or critical (Carr and Kemmus, 1986)
Fellow and Lie 1997 has listed five research methods that can be applied to research in
construction: action research, case study research, ethnography, grounded theory,
expeniments and survey. A literature of the five and other research methods are reviewed 1n

the following section

5.2.1.1 Action Research

Action research is a practical problem solving onentated research method capable of
expanding the scientific knowledge (Nunamaker et al., 1991; Mathiassen, 1997, Vidgen et
al., 1997; Baskerville & Pries-Heje, 1999). According to Argyris (1985), action research 1s a
process of critical inquiry that fosters the learning of theory and practice. Although there are
many different forms of action research (Baskerville, 1999; Baskerville and Wood-Harper,

1998), all are based on collaboration between researchers and practitioners.

Actions research is descrnibed as a five phase cyclic process (Susman & Evered, 1978),
which mvolves, first the establishment of research environment that 1s a specification of for
example the boundaries, scope and condition of the research followed by five iterative cyclic
activities, including problem diagnosis, action intervention, evaluation and reflective
learning. These are briefly descnibed 1n the following section.

(1) Diagnosing. corresponds to the ident:fication of the primary problems that are the
underlying causes of the desire for change. Diagnosing involves self-interpretation of the

problem, not through reduction and simplification, but rather 1n a holistic fashion. This
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results 1n a development of theoretical framework (assumptions 1.e., 2 working hypothesis)
about the nature of the problem in a domain. (2) Action planming: This activity spectfies
actions that should improve or solve these primary problems. The theoretical framework,
which indicates both, the desired future state and the changes that would achieve such a state
gmde the discovery of the planned actions. (3) Action taking then implements the planned
action causing certain changes to be made. (4) Evaluation includes determining whether the
theoretical effects of the action were realized, and whether these effects brought solutions to
the problems. (5) In the learning cycle, the knowledge ganed in the action research (whether
the action was successful or unsuccessful) can be directed to wards diagnosis for further

action research interventions or providing future directions for researchers.

5.2.1.2 Case Study

The term "case study” has multiple meanings. It can be used to describe a unit of analysis
{e g. a case study of a particular organisation or situation) or to describe a research method
Case study as a research method, Yin (1994) defines it as an empincal inquiry that:
investigates a contemporary phenomenon within its real-life context, especially when the
boundaries between phenomenon and context are not clearly evident” (Yin 1994, ), and in
which multiple sources are used. Case study research can be positivist, interpretive, or
cntical, depending upon the underlying philosophical assumptions of the researcher. Yin
(1994) and Benbasat et al. (1987) advocates of positivist case study research, whereas
Walsham (1993) advocate of interpretive indepth case study research, or critical, where
research 1s mainly concerned with social critique (Habermas, 1984). Case studies are
generalisable to theoretical propositions, the investigators goal 1s to generalise theortes and
not to generalise statistics. Data translated 1deographically 1n terms of particular case, rather
than nomothetically in terms of law like generalisation (Simister, 1995). In literature the use
of case studies is descnibed (Bloomfield 1998) in construction IT and (Simuster 1995) in
construction management studies. Case studies are often referred to interchangeably with
ethnography, field study, and participant observation. Case studies require a problem that
seeks a holistic understanding of the event or situation in question using inductive logical
reasoning from specific to more general terms. Case study research method is particularly

well suited to IS or IT related researches, since the object of IS discipline is the study of
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information systems 1n orgamizations, and "interest has shifted to orgamizational rather than

technical 1ssues” alone (Benbasat et al. 1987).

5.2.1.3 Ethnographic Research

Ethnographic research comes from the discipline of social and cultural anthropology where
the researcher/ethnographer spends a sigmificant amount of time in the field. The fieldwork
notes and the experience of hiving there become an important addition to any other data
gathening techmques that may be used. Ethnographers immerse themselves 1n the group they
study (Lewis 1985,) and seek to place the phenomena studied 1n their social and cultural
context. After early ground-breaking work by Wynn (1979), Suchman (1987) and Zuboff
(1988), ethnography has now become more widely used in the study of information systems
m orgamzations, from the study of the development of information systems (Hughes et. al,
1992; Orlikowsks, 1991; Preston, 1991) to the study of aspects of information technology
management (Davies, 1991; Davies and Nielsen, 1992) Ethnography has also been
discussed as a method whereby multiple perspectives can be incorporated 1n systems design
(Holzblatt and Beyer, 1993) and as a general approach to the wide range of possible studies

relating to the investigation of information systems (Pettigrew, 1985).

5.2.1.4 Grounded Theory

Grounded Theory or as it was onginally titled ‘The Discovery of Grounded Theory’ (Glaser
and Strauss, 1967) is a method for the collection and analysis of qualitative data. Grounded
theory 1s "an inductive, theory discovery methodology that allows the researcher to develop
a theoretical account of the general features of a topic while simultaneously grounding the
account in empirical observations or data” (Martin and Turner 1986). The major difference
between grounded theory and other methods is its specific approach to theory development;
grounded theory suggests that there should be a continuous interplay between data collection
and analysis. Grounded theory approach is extremely useful in developing context-based,

process oriented descriptions and explanations of the phenomenon (Orlikowski, 1993).

In this method conceptual properties and categones may be discovered or generated from the
qualitative data by following a number of guidelines and procedures. The three concepts of

Grounded Theory have resonance with the process of interpretive research.
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Firstly constant comparative analysis: a procedure for i1dentifying conceptual categories
and their properties that may be embedded 1n the data.
Secondly theoretical sampling: by which the conceptual categones are enriched through
coding and integration.
Thirdly: these two procedures above lead to the development of a hierarchy of integrated
categories, and to the emerging theory. Theory 1s the third concept of note, and the usage of
the term 15 critical. Strauss and Corbin (1994) maintain that theory consists of
“Plausible relationships proposed among concepts and sets of concepts researchers are
interested 1n patterns of action and interaction between and among varous types of social
units (1.e. actors) They are also much concerned with discovering process not necessarily
in the sense of stages or phases, but m reciprocal changes in patterns of action/interaction
and 1n relationship with changes of conditions either internal or external to the process

1itself” (Strauss and Corbin, 1994)

and they note two important features: Firstly that they are traceable to the data and secondly
that they are ‘flmd’, that 1s to say the emphasis 1s on process and the temporal nature of the
theory. So then ‘theory’ is used in the method to refer to local empincal models surrounding
the phenomenon under study, it 1s not substantive. The theory 1s made apparent through the
production of an account and/or associated relationship diagrams of categones. Dey (1999)
provides useful 1nsight into the term:

“Theory focuses on how individuals 1nteract in relation to the phenomenon under study; 1t

asserts a plausible relation between concepts and sets of concepts; it is derived from data

acquired through fieldwork interviews, observations and documents; the resulting theory

can be reported 1 a narrative framework or as a set of propositions” (from Dey, 1999,).

5.2.1.5 Concept Mapping

Conceptual mapping technique began during the sixties with the Joseph's D. Novak studies
(1993) at the Cornell University. His job was based on David's Ausubel theores (1968) that
emphasized the importance of the ability to learn new concepts. Conceptual mapping was
bomn therefore for being able to formalize structured knowledge: in other words the way in

which several concepts are correlated inside a determined cognitive dominion.
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Concept mapping 1s a type of structured conceptualisation, which can be used by groups or
individuals to develop a conceptual framework that can guide evaluation, planning etc. In a
typical case, si1x steps are involved:

Preparation Step: involves 1dentification of participants and development of focus for the
conceptualisation.

Generation Step: development of statements that address the focus

Structuring Step: sorting of the statements into piles of sumilar 1deas or structuring of
statements

Representation Step: the representation of statements in the form of a concept map. This is
the process of taking the sort and rating input and "representing” 1t 1n a map form using
multidimensional scaling and cluster analysis. There are two major statistical analyses that
are used n this process. (1) The first, multidimensional scaling takes the sort data across all
participants and develops the basic map where each statement 1s a point on the map and
statements that were piled together by more people are closer to each other on the map. (2)
The second analysis cluster analysis takes the output of the multidimensional scaling (the
point map) and partitions the map into groups of statements or ideas, into clusters. If the
statements describe activities of a program, the clusters show how these can be grouped into
logical groups of activities. If the statements are specific outcomes, the clusters mught be
viewed as outcome constructs or concepts.

Interpretation Step: this 1s the stage where 1individual labels and interpretations of concepts
are developed for vartous maps.

Utilization Step: involves using the maps to help address the original focus. On the program
side, the maps can be used as a visual framework for operational program. On the outcome

side, they can be used as the basis for developing measures and displaying results

Trochim and Linton (1986) proposed a general framework for structured conceptualisation
and showed how specific conceptualisation processes can be devised to assist groups in the
theory and concept formation stages of planming and evaluation. Conceptualisation refers to
the articulation of thoughts, ideas, or hunches and the representation of these in some
objective form. While in a planning process, the aimn 1s to conceptualise the major goals and

objectives, needs, resources and capabilities or other dimensions, which eventually constitute
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the elements of a plan In evaluation, the arm 1s to conceptualise the programs or treatments,

samples, settings, measures and outcomes, which are relevant.

Concept mapping is used for many purposes strategic planmng, product development,
market analysis, decision-making, measurement development, research formulation etc. In
concept mappmg, 1deas are represented in the form of a picture or map. To construct the
map, 1deas first have to be described or generated, and the mterrelationships between them
articulated. Multivariate statistical techmques, multidimensional scaling, and cluster analysis
are then applied to this information and the results are depicted m map form. The method
generates a group aggregate map; 1t uhhzes multivanate data analyses to construct the maps,
and 1t generates interval-level maps, whrch have some advantages for planming and

evaluation, especially through pattern matching,

In concept mapping, it 1s important to distingmsh between theones and concepts. One thing
to recogmze 1s that while theories are built upon concepts, concepts are not, 1n and of
themselves, theories A theory postulates a relationship usually causal between two or more
concepts. A concept map provides a framework within which a theory mught be stated Thus,
concept maps can act as the framework for a statement of theory, but are usually not

considered a theory 1n and of themselves

Group concept mapping 1s consistent with the growing interest in the role of theory in
planning and evaluation. In evaluation, for instance, this interest is evidenced 1n wntings on
the importance of program theory (Bickman, 1986; Chen and Rossi, 1983, 1987); 1n the
increased emphasis on the importance of studying causal process (Mark, 1986); in the
recognition of the central role of judgment especially theory-based judgment in research
(Cordray, 1986; Einhorn and Hogarth, 1986), and, in the thinking of critical multiplism
(Shadish et al, 1986) which emphasizes the role of theory in selecting and guiding the
analysis of multiple operationalizations. Concept mapping can be viewed as one way to
articulate theory in these contexts. In planning, conceptualisation has had somewhat more
attention and is evidenced in the sometimes daunting proliferation of different planming

models and methods of conceptualisation (Dunn, 1981).
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5.3 Modes of Analysis

5.3.1 Approaches to Data Analysis

In this section three approaches to data analysis for qualitative research, are reviewed, these
are: the hermeneutics, semuotics, and approaches, which focus on narrative and metaphor.
Grounded theory 1s also a mode of analysis and research method (Martin and Turner 1986).
These modes of analysis are different approaches to gathering, analysing and interpreting
qualitative data. The common thread 1s that all qualitative modes of analysis are concerned
primartly with textual analysis (whether verbal or written). Hermeneutics and semiotics can

be treated as both an underlying philosophy and a specific mode of analysis.

Hermeneutics

In an orgamzation, people (e.g. different stakeholders) can have confused, incomplete,
cloudy and contradictory views on many 1ssues. The aim of the hermeneutic analysis
becomes one of trying to make sense of the whole, and the relationship between people, the
orgamzation, and information technology. Hermeneutics can be treated as both an
underlymg philosophy and a specific mode of analysis (Bleicher, 1980) As a philosophical
approach to human understanding, 1t provides the philosophical grounding for
interpretivism. Hermeneutics, as a mode of analysis suggests a way of understanding textual
data It 1s primarily concerned with the meaning of a text or text-analogue (an example of a
text-analogue 1s an orgamzation, which the researcher comes to understand through oral or
written text) The basic question in hermeneutics 15 what 15 the meaning of this text
(Radmtzky 1970). Taylor says that:
"Interpretation, 1n the sense relevant to hermeneutics, 1s an attempt to make clear, to
make sense of an object of study. This object must, therefore, be a text, or a text-
analogue, which in some way 1s confused, incomplete, cloudy, and seemingly
contradictory in one way or another, unclear The mterpretation aims to bring to
hight an underlying coherence or sense” (Taylor 1976).
The 1dea of a hermeneutic circle refers to the dialectic between the understandings of the text
as a whole and the interpretation of its parts, tn which descriptions are guided by anticipated

explanations (Gadamer 1976). As Gadamer explained, " The movement of understanding 1s
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a circular relationship, the anticipation of meaning in which the whole 1s envisaged becomes
explicit understanding 1n that the parts, that are deterruned by the whole, themselves also
determine this whole." Ricoeur suggests, "Interpretation, 1s the work of thought which
consists 1n deciphering the hidden meamng 1n the apparent meaning, in unfolding the levels

of meaning implied 1n the literal meanming" (Ricoeur 1974).

Semiotics

Semiotics 1s primarily concerned with the meaning of signs and symbols in language. The
essential idea is that words/signs can be assigned to primary conceptual categories, and these
categories represent important aspects of the theory to be tested. One form of semiotics is
content analysts Krippendorf (1980) defines content analysis as a research technique for
making replicable and valid references from data to their contexts. The researcher searches
for structures and patterned regularities 1n the text and makes inferences on the basis of these
regulanties. Another form of semiotics 1s conversation analysis In conversation analysis, 1t
1s assumed that the meanings are shaped 1n the context of the exchange (Wynn, 1979). The
researcher immerses himself/herself 1n the situation to reveal the background of practices. A
third form of semiotics is discourse analysis Discourse analysis builds on both content
analysis and conversation analysis but focuses on language games. A language game refers
to a well-defined unit of interaction consisting of a sequence of verbal moves in which turns

of phrases, the use of metaphor and allegory all play an important part.

Narrative and Metaphor

There are many kinds of narrative, from oral narrative through to histonical narrative,
Metaphor 1s the application of a name or descriptive term or phrase to an object or action to
which 1t 1s not literally applicable (e.g a window 1 Windows 95). Narrative and metaphor
have long been key terms 1n literary discussion and analysis. In recent years there has been
increasing recognition of the role they play in all types of thinking and social practice.
Scholars i1 many disciplines have looked at areas such as metaphor and symbolism 1n
indigenous cultures, oral narrative, narrative and metaphor 1n orgamzations, metaphor and

medicine, metaphor and psychiatry etc
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5.4 Valid Analysis

5.4.1. Criteria for Evaluating Research

According to Johnson (1997), vahdity was traditionally attached to quantitative research; but
what 1t means when qualitative researcher speaks of validity is qualitative research that 1s
plausible, credible, trustworthy and defensive. Most validation methods were developed for
quantitative research, but have also been applied to qualitative research. Some qualitative
researchers refer the 1ssues of validity as establishing adequacy of evidence and credibility
(Chenitz & Swanson, 1986). Guba and Lincoln (Trochim 2001) proposed four criteria for
evaluating the soundness of qualitative research, an alternative to the more quantitatively
onented criteria: credibility or authenticity (Trochim, 22001) for quantitative criteria of
internal validity; transferability, (Trochim, 2001 & Miles & Huberman, 1994) for
quantitative critenia of external validity; dependabulity or auditability (Miles & Huberman,
1994 & Trochim, 2001) for quantitative critenia of reliability; and finally, conformability 1s a
qualitatively oriented criterion for objectivity, this criterion refers to the degree to which the

results could be confirmed or corroborated by others (Trochim,2001).

Burstein & Gregor proposed five cniteria by which software development (SD) type research
might be evaluated (Burstein F. & Gregor S. 1999). It is argued that SD research 1s a form of
action research and will often employ a case study approach and qualitative data collection
techmques may be used. The criteria are drawn mamnly from discussion of case studies,
action research and quahtative studies (Miles and Huberman 1994; Yin 1994). Although
these criteria are proposed for this type of research work, it 1s not argued that these criteria
are, at an underlying level, markedly different from cntena used for more traditional work in
expenimental or quasi-experimental settings (Cook and Campbell 1979) the underlying
concerns for the vahidity of claams and arguments made should be similar. Rather, the
criteria may use different terms or have different emphasis. These critena are: Significance,
Internal validity, External validity, Objectivity/Conformability, and
Relrabihity/Dependability/Auditability, which are reviewed as follows:
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1) Significance.
The study must be sigmficant, either theoretically, practically, or both. Yin (1994) in
discussing case studies says that “the mdividual case or cases are unusual and of general
public interest. The underlying 1ssues are nationally important, either 1n theoretical terms or
in policy or practical terms or they are both the preceding”.
Some relevant queries that mght be asked are:

¢ Does the study have theoretical significance? Is 1t theory-building or theory-testing?

e Does the study have practical significance? Will 1t contribute to the building of

“better” solution?

2) Internal validity

Internal validity refers to the credibility of the arguments made. Do the findings of the study
make sense? In expenimental and quasi-experimental work, internal validity refers to the
nature of the evidence and arguments for causal relationships between constructs (Cook and
Campbell, 1979). With respect to interpretive work, the importance of such aspects as
“apparency” and “‘vensimilitude”, “authenticity”, “plausibility,” and “adequacy” are stressed
(Miles and Huberman 1994). Yin (1994) suggests that 1n collecting data about a system n a
case study one needs to ask if the study 1s complete. The boundary of the study should be
defined 1 such a way that it can be seen that mformation beyond the boundary 1s of

decreasing relevance. In addition, the reader should be convinced that very httle relevant

evidence rematns untouched.

3) External validity
Cook and Campbell (1979) define external validity as approximate validity with which
conclusions are drawn about the generalizability of a causal relationship to and across
populations or persons, settings, and times Some relevant queries that might be asked of an
SD study are:

* Are the findings congruent with, connected to, or confirmatory of prior theory?

¢ Are the methods, processes and outcomes described 1n conclusions generic enough to

be applicable 1n other settings?
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o Does the researcher define the scope and boundanes of reasonable generalization
from the study?

o Is the transferable theory from the study made explicit?

4) Objectivity/Conformability

Miles and Huberman (1994) say that an important basic issue is one “of relative neutrality

and reasonable freedom from unacknowledged researcher biases at the mmimum,

explicitness about the mevitable biases that do exist”. Other authors may class this cnterion
under the heading of internal or construct validity (Cook and Campbell 1979). Some relevant
queries that might be asked of an SD study are:

e Are the study’s methods and procedures described explicitly and 1n detail?

e Can we follow the procedures of how data was collected?

e Has the researcher been explicit and as self-aware as possible about personal
assumptions, values and biases? This question 1s of special importance n action
research. For example, 1s there a Iikelihood of bias if people testing a system or method
are aware of the identity of the developer? Could feelings about the developer influence

responses to questtons about the system?

5) Reliabulity/Dependability/Auditability
Miles and Huberman (1994) state that the underlying issue here 1s whether the process of the
study 1s consistent, reasonably stable over time and across researchers and methods. The
question is one of quality control. Have things been done with reasonable care. Relevant
quenes include:

o Are the research questions clear?

e s the researcher’s role and status explhicitly descnibed (of particular interest 1in action

research)?

» Are basic constructs clearly specified?
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5.5 Research Strategy and methods of the Study

5.5.1 Theoretical Framework

The interpretive position of underlying epistemology, (Boland 1985, Walsham 1993) which
believe that knowledge of reality 1s gamed through socral construction such as language,
consciousness, shared meaning, guides the research methodologies and approaches used for
this research study. Context-dependent knowledge has been colleted and analysed in an
iterative manner until context independent representations of the knowledge are achieved
through compromse in the conceptual mappang of the shared knowledge across the contexts,
to a common representations/definitions provided by a neutral language, the Process
Specification Language (PSL).

Prior to the adoption of PSL 1n the construction environment it has become important to
investigate the applicability of the language in the construction environment and evaluate the
effectiveness and usefulness of the language in overcoming the information exchange
problems that preval between construction software applications, provided that that
language 1s proved applicable. Therefore, thus research study is carried out 1n three sets of
major phases, these are' literature review; investigation of the applicability of the Process
Specification Language (PSL), which 1s developed for manufactunng software
interoperability, in construction environment; and finally implementation of the language 1n

a constriction scenario.

In the first phase of the study, an intensive literature review was carned out 1n the area of
developments and researches conducted by standardisation, industrial and academuc bodies
for software interoperability, informatron standardisation; information and processes
mntegration; and the research methodologies used 1n the construction and manufacturing

environments.

Phase two involved the investigation of the applicability of the PSL language in the
construction environment through conceptual mapping of the construction process concepts

within the pre-construction process stages to PSL ontology, which contains neutral
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specification/defimtions for manufacturing process concepts. In this phase an in depth
Iiterature study of PSL langnage and technical analysis of concepts and constructs were
carried out to identify the manufacturing process concept defined n the PSL ontology and
deduce stmilartties and differences between the manufacturing and construction processes.
Thus 1s followed by a techmcal analysis on a set of three construction software applications,
supporting the pre-construction process stages, which was chosen as a test scenario for the
apphcability of PSL in construction. During the technical analysis of the software
applicattons a set of data types that are necessary for each of the software applhcations to
represent construction process information were identified and gathered. Based on the data
types gathered, conceptual models that are centred around the basic data entities/types were
developed for each of the software applicatrons and the attributes associated with each basic
data entity were 1dentified and categonised. Finally, conceptual mapping of the data types
gathered to the PSL ontology were conducted through multidimensional scaling/conceptual
analysis between the applications data types and the concepts defined in the PSL ontology
Figure 5.1 shows the mapping of the applications data types to the PSL ontology parts or to
the new extensions. This 1s to 1dentify and determine the parts of the PSL ontology that are
applicable to providing the required common defimtion for the shared sets of the contextual
data types or construction process concepts that are shared among the three software

applications.

PSL ontology is a map of process concepts, which is developed, in the manufacturing
environment thorough conceptual mapping of process concepts 1dentified and gathered from
different manufactunng software applications and application areas. By conceptual mapping
of the construction process concepts to PSL ontology, the intention of the researcher, 1s not
to propose a modification or alteration to the PSL ontology it 1s rather, based on the
applicability of the PSL language, to use the PSL definitions to the representations of the
construction process concepts. In the concepts mapping process, of this research study,
based on the simmilanty between the data types representing construction process concepts
and PSL ontology concepts the multdimensional conceptual analysis creates mapping
points, which map the set of data types that were 1dentified and gathered during the technical
analysis of the scenano software applications, to the PSL map (PSL ontology).
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Figure 5.1. Conceptual mapping of the software applications’ data types to PSL ontology

Figure 5.1 Depicts the mapping process of the software applications’ data types to PSL
ontology, in which the tail of the arrows indicate the software application’ data types, and
the head of the arrows points to the PSL parts that contain concepts that are apphcable to
define the data types at the tail of the arrow., Where the arrowhead point to an empty circle,
this indicates that there 1s no concepts defined in PSL ontology that is applicable to the data
type at the tail of the arrow. Hence this empty circle 1s an open space for proposal of new
extensions to incorporate new construction process concepts in the PSL ontology that can
provide neutral definitions for the data types at the arrow tail. The actual mapping process is

reflected 1n chapter 7.

Based on results from the investigation of the applicability of PSL in the construction

environment, in the third phase of the research study, the evaluation of the effectiveness
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and usefulness of the language in the construction environment was conducted through
implementation of the language in a construction scenano. The construction scenario is
described 1n chapter 7 and the description of the construction case study project for the
scenario and the implementation of the PSL is 1n the scenario 1s presented in chapter 8. In
this phase, a rigorous and systematic mtervention process is required to solve the practical
problems of this research study. One acceptable way to systematically evaluate the
effectiveness or usefulness (or the effective use) of the PSL language in construction is
throungh implementation of the language i1n a construction scenario. The problem of
evaluating the effectiveness or usefulness of PSL in 2 construction scenarno 1s of theoretical
and practical mportance The implementation of the PSL language in a construction
scenario provides the framework for the intervention into construction exchange scenano
and 1t gmided the investigation and critical analys:s of the research problem. The interest of
the research 1s 1n improving IT and communication practices so the motivation was to solve
the problems in a manner that contributed to the existing body of knowledge about research
m constructton IT. To achieve this objective of the study parsing and concept mapping or
pattern matching were used as the methods of choice in the implementation of the PSL
language 1 the construction scenario, because an interventiorust research method that would
advance knowledge in communication practice 1s needed. It 1s identified that the
mnplementation of the language in a real type construction case study is applicable to
achieve the objective of this study due to 1ts practical problem solving onentation and its

ability to expand the knowledge about construction IT problems and possible solutions.

The implementation of the language in the construction scenario was conducted through
translation of the scenario software applications’ representations of the case study project
construction process information to PSL representations and back to the apphications. This
translation involves a two stages process: syntactic translation and semantic translation. The
syntactic translator is a parser between the PSL syntax (e.g. KIF) and the native syntax of

one of the applications; this parser keeps the terminology of the

Translation Processes
While 1n the syntactic translation process, the applications’ process nformation

representations of the case study project were translated to PSL syntactic representations,
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which 15 a Knowledge Interchange Format, (KIF) syntax using a parsing method. The
parsing method, translates each of the application’s syntax to PSL syntax keeping the
applications terminology in tact. In the semantics translation process, the case study project
data in PSL syntax, which is result of the parsing, was translated to PSL semantic
representations through mapping or pattern matching of the case study project data in PSL
syntax to PSL semantic concepts. The actual translation process 1s carned out by hand using
parsing procedures and hand written semantic translators (semantic translation definitions
written between the applications and PSL) and the result of these translations 1s elaborated in

chapter 8.

Construction Scenario within Pre-construction Process Stages

A multidimensional conceptual analysis and conceptual mapping research were conducted 1n
a construction scenario within the pre-construction process stages that mvolves process
information representation and exchange using the candidate construction software
applications supporting these stages. A construction scenarto within the pre-construction
process stages was chosen because 1t is in these stages of construction projects that most of
the construction process related information is generated and manipulated and these stages
are one of the primary area in which software applications are wieldy used to support the
generation and manipulation of the construction process related information. Additionally,
this area exhibited the complexity of the process related information that are mampulated
and shared among the stages and the problem of exchanging this informatton between the
software applications supporting these stages. Therefore it is considered as an approprnate
test scenario for evaluating the effectiveness/usefulness and the impact of the PSL language

i the Architecture Engineering and construction practices.

The construction scenario comprised three process stages and supporting software
applications, a construction case study project, and case study project construction process
information exchange between the scenario supporting software applications. The three
stages mvolve, architectural design, pre-tender cost estimating, and scheduling processes for
the construction case study project and the supporting candidate software applications are

AutoCAD design, CCS cost estimating, and Microsoft project scheduling.
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Figure 5.2, PSL ontology component parts of interest to this project

The Research Problem

The aim of the research study is to evaluate the effectiveness/usefulness of the PSL, an
existing process specification and exchange language, based on its ability to interoperate
manufacturing software applications, to solve the prevailing interoperability problems
among process related construction software applications. PSL 15 ontology or a data model,
which mncorporates a syntax and grammar spectfication to make it a language. PSL ontology
component parts of interest to this project are illustrated in Figure 5.2. The PSL Core 15 a set of
axioms written in the basic language of PSL. PSL core 1s a relatively simple theory with
purpose to axiomatize a set of intuitive semantic primitives that is adequate for describing a
wide range of basic processes. A foundational theory 1s a theory whose expressive power is
sufficient for giving precise definitions of, or axiomatizations for, the primitive concepts of
PSL, thus greatly enhancing the precision of semantic translations between different
schemes. The final component of PSL consists of PSL extensions that give the resources to
express information involving concepts that are not part of PSL core. The relationship
between the PSL components are shown by amrows, while the solid arrows indicate the

definability relation, the dashed lines indicate partial definability, 1.e., the case where some,
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but not all the additional hnguistic 1tems m the language of an extension are definable.
Figure 5.2 shows the PSL map of manufacturing process concepts and theones. To reduce
congestion of concepts and theones only few of the PSL parts that are considered to be of

mnterest to this research study are presented in the map.

The Information Exchange Problems in the Pre-construction Process Stages

The aim of this research study is to improve the construction processes by solving the
organizational and technical problems: that is the lack of shared semantics or understanding
among the process related construction software applications It was believed that by using
PSL as a process specification and exchange language in construction scenarios, the
construction software applications would have better understanding of each other and
exchange the correct information. Prior to the implementation of the PSL language 1n this
study there was no semantic understating between the software applications supporting the
scenario within pre-construction process stages. This is because each of these work in a
stand-alone manner with umque representations and terminologies, therefore, do not
share the same process concepts, even when the same terminology is used, or different
terminologies may be used for the same process concept Consequently, a decision was
made to implement the PSL language in the scenario within the pre-construction process
stages and 1t 1s expected to prove the usefulness or positive impact of the language in the

construction environment.

The Effectiveness of PSL for Construction Process Specification and Exchange

The effectiveness/usefulness of the language in construction 1s measured by 1ts ability to
solve the prevailing problems of information exchange hence by its applicability to facilitate
the correct and complete exchange of process related information between construction
software applications mn the environment. The main goal 1s to find out how useful and
effective 1s the PSL language for construction process specification and exchange thorough
implementation of the language in construction scenanio. The result of the implementation
exercise is expected to provide, significant support for evaluating how effective and useful
the language for construction organisations, and basts for future directions in the use of PSL

in the sector.
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The mmplementation of the PSL in the construction scenario required identification and
formal representation of the construction process related data of the case study project. This
15 achieved, after 1dentification and gathening of process related data from the construction
specification document for the case study project, first through process models development
for the case study scenario project construction, using IDEF3 modelling methodology. This
modelling facilitated the formal representation, of the processes required to construct the
case study project and the process data related to the three software applications supporting
the scenarto. Then the three software apphications were used to represent the processes and
process related data of the project. Finally, using PSL as an interchange language, the two
stages translation process 1s carried out to exchange process information between the three
scenario software applications. The role of the two stages translation process i the
implementation of PSL 1n construction case study scenano was to facilitate the step-by-step
transfer of information from applications representations and semantics to PSL and back to
the applications, The exchange of information using PSL ivolved translation of
mformation between the software apphcations using hand wntten translators (translation
definitions between the applications and PSL). Though, this translation process and concepts
mapping has limitations in providing a significant support for evaluation of how effective
and useful the language is in construction, 1t supported the 1dentification of the applicable
PSL concepts 1n the scenario and formulation of extensions to the PSL ontology that are
needed to incorporate concepts that are specific to the construction scenario through
identification of the concepts that were not supported by PSL and their relations to other
parts of the PSL ontology that were used in the translation process. Finally the result of the
implementation exercise was evaluated through analysis of the scenario before and after the
implementation of PSL, to measure the success of the implementation and the impact of PSL
in construction information exchange within the scenario and the proposal for new
extensions to the language was formulated. Figure 5.3 Shows the construction scenario
before and after the implementation of PSL and strategies in the implementation of PSL 1n

the scenario,
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5.6 Research Methods Used

A technical analysis, multidimenstonal conceptual analysis, conceptual mapping, process
modelling, translation processes and a single case study, have been used 1n this study to
mvestigate different aspects of the research problem as described below.

1. A techmcal analysis of the construction scenano software applications was used to
identify the data representations' data representation terminologies adopted by each
application, file formats and common exchange file formats through which the
applications may exchange physical files, to identfy and gather the data types that are
necessary for representation of construction processes information, and to 1dentity and
determune a common set of data types representing the same process concepts or
information that are shared among the applications.

2. Modelling of the processes for the case study project construction 1s used to formally
represent the construction processes and process data, related to the scenano candidate
software applications.

3. A conceptual mapping 1s used in the investigation of the applicability of PSL in
construction. It is used to map the data types, gathered through technical analysis of the

scenario software applications, to the PSL ontology based on the result of the
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multidimensional conceptual analysis between the application’s data types and PSL
ontology. Using this method context dependent data types were mapped to PSL to find
context independent representation (integrated data or neutral specification) for the
common set of data types that are shared among the software applications.

. A construction scenano within the pre-construction process stages, which mvolve
process information representation and exchange between AutoCAD, CCS and Microsoft
project applications for a case study project 1s used to explore the practices in
construction; information representation and exchange, the methods of information
exchange between participants, and the problems. The research is carried out within pure
academic research with the candidate software applications supporting the constructron
process stages of the scenario were used to represent the vanous professional participants

involved in the construction scenario to give a real construction project character of the

industry. This includes the information generated, handled and exchanged between the
participants’ activities using IT applicattons to represent a real construction phenomena.

. A manual translation processes 1s used 1n the implementation of PSL i the construction
scenario. In this implementation a syntactic and semantic translation were carmed out
through parsing and patten-matching and mapping methods. This includes development
of hand wntten translators (translation defintions) between the software application and
PSL and information exchange between the software applications using the hand wntten
translators and finally validation of the implementation.

. Additionally, an extensive literature review in the areas of research and developments
and researchers for software interoperabiity was used as a secondary source of

information for the research study.
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5.7 Data Collection and Analysis Methods Used

The research problems have been addressed through combination of qualitatve research
methods and data gathering and analysis methods. Although a clear distinction between data
gathering and data analysis 1s commonly made in quantitative research, such a distinction 1s
problematic for many qualitative research (Bleicher, J., 1980). For example, from a
hermeneutic perspective it 1s assumed that the researcher's presupposittons affect the
gathering of the data. The analysis affects the data and the data affect the analysis in
significant ways. In qualitative research, it is therefore more appropnate to talk of "modes of
analysis" rather than "data analysis" (Bleicher, J. 1980). These modes of analysis are
different approaches to gathermng, analysing and interpreting qualitative data. The common
thread is that all qualitative modes of analysis are concerned primarily with textual analysis

(whether verbal or wrtten).

Mode of Analysis
Different modes of analysis were used m the different part of the research to address the

research problems Technical and empincal data have been collected with respect to;
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technical characteristics of the construction scenario candidate software applications, data

representation termunologies and data types of these applications, process concepts m each

component parts of the PSL ontology, construction case study project data, construction

process information of the case study project related to scenario within the pre-construction

process stages. The methods used in the data collection and the mode of analysis and the

purposes are summarised in table 5.5,

Technical Study/Research Qualitative Research

Components

Purpose To identify the common or exchange | To 1dentify the processes and process related
file formats, through which the | data from the case study project for a formal
scenario software applications may | representation of the construction process
exchange physical files; information using IDEF3 modelling method,
To identify and gather process related | To identify contextual process data of the case
data types and terminology of the | study project e data related to each of the
software applications; scenario applications and define the process
To identify and determine the data | concepts using the software applications
types of the applications repressing the | representations or data types, and finally, to
same concepts; define these concepts using PSL language
To identify and determine PSL | through mapping of these concepts to PSL
concepts and theories apphcable in | ontology.
construction, and investigate the level
of applicability of PSL concepts and
theories for defining the shared
process related data types between the
three software applications

Data Technical Qualitative data collection method

collection

method

Source of Scenario Candidate Software Case study project and scenano applications’

data applications and technical documents; | data types
and PSL ontology

Mode of Technical analysis Qualitative analysis;

analysis Semiotics,

Table 5.2. Summanes of the data collection and analysis methods and the purposes

In the assessment of the software interoperability problems, sets of technical data.

information representation data types and terminologies, file formats, and import/export or

file exchange file formats, were gathered from the construction scenario software
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applications and a technical analysis were conducted to 1dentity the common file formats that
these applications may use to interoperate, and the data types and terminologies representing

the shared concepts between the applications.

In the investigation of the applicability of PSL in the construction environment, conceptual
properties and categories were generated from the technical data gathered through techmical
analysis of the scenario software applications and PSL ontology, and a multidimensional
conceptual and technical analysis were conducted to 1dentity and determine the parts of PSL
ontology that are applicable in providing common defimtions for the shared concepts
between the applications, and the new concepts that may need to be incorporated in PSL

ontology new extensions.

In the formal representation of the case study project construction process information, usmg
IDEF3 modeling methodology, data were gathered from the construction specification
document of the case study project, in correlation with the scenario software applications
and qualitative and technical analysis were conducted to identity the constructton processes

and corresponding data related to the three scenario software applications.

Understanding of the construction scenario situations involved, gathering and analysis of the
whole data related to the construction processes of the case study project; identification and
collection of contextual process data related to each of the scenario software applications,
identification and collectron of data types of the software applications representing the case
study project construction process mformation, the problems 1n exchanging this information
between the scenario software applications required identification of the file formats of each
of the applications and the common or exchange file formats for the exchange of physical
files between the applications, and the level of semantic understanding  and/or

misunderstanding that may exist between the applications representations or data types.

In the analysis of the data gathered during the analysis of the construction scenarno process
concepts and manufacturing process concepts of the PSL ontclogy a multidimensional
conceptual analysis were employed for referencing data in their contexts, shaping the

meanings of each of the applications data types 1n their context and based on this units of
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interactions were carnied out, 1n which 1s a sequence of data moves from context dependent
(the applications data types) to context mdependent representation (PSL representations)of
the data. This is to tdentify the semantic simulanties and differences between the scenano
software applications’ process mformation representations (data types) and the PSL concepts
and theones that are applicable for defining the data types, which represent shared process

concepts between the three software applications.

5.8 Conclusions

The overall research problem was addressed through a combination of different approaches
and methodologies studied and used in the different parts of the research. The situations n
the complex contexts of IT applications 1n construction were analysed in terms of the level
of apphcability of the PSL language in the construction environment. This 1s achieved
through ivestigation of the applicabihty of PSL 1n the construction environment and
implementation of the language m a construction scenario. Finally the mmpact of the
language 1n the construction scenario was evalvated through techmical and conceptual

analysis of the results of the implementation exercise
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Chapter 6 Investigation of Applicability of PSL in Construction

6.1 Introduction

There are numerous computer applications within the construction mdustry, which deal
with the description and representation of construction processes (management of
construction process mformation) prior to the implementation of these processes on site
Integrated computer systems offer the capability of improving the effectiveness and
efficiency of construction management processes (Russell & Froese 1995) A central
requrement for such systems 1s the ability to share information between multiple
computer applications Therefore, the integration of these applications 1s comerstone for
an effecive and efficient management of the construction operations. However, the
ability to share process information between these applications 1s highly dependent on
the specification and representation of the information. An integrated process related
construction computer applications environment in the industry requires a common
specification language to facilitate the representation and exchange of process

information between heterogeneous software applications.

Ontology based processes description and interchange mechanisms have stmplified the
integration of some process related software applications in the manufacturing
environment, one such mechanism 1s the Process Specification Language (PSL)
(http://www mel.nist.gov/psV/pubs.html). Motivated by a growing need to share process
information 1n the manufactuning environment, PSL was developed at National Institute
of standards and technology (NIST), aimed at creating a generic Process Specification
Language, focused on the descniption of processes buillding on existing modeling and
process representation methods, for integration of multiple process-related applications
throughout the manufacturing life cycle, (Schlenoff, C., Gruninger M., Tissot, F., Valois,
J., Lubell, I., Lee, J., 2000). In the same way, there 1s an expectation that the construction
sector could benefit from PSL for interoperability of multiple process-related software
applications. One of the main objectives of this research study focuses on the assessment
and 1nvestigation of the applicability of the Process Specification Language (PSL) n the

construction environment.

162




Chapter 6 Investigation of Applicability of PSL in Construction

This chapter reviews the process concepts defined mn the PSL ontology and the
construction environment from the production/construction processes perspective, looks
briefly at the design, cost estimating and scheduling construction application areas and
supporting software applications and discusses the process concepts (construction
process concepts) of these application areas based on results of analysis of the software
applications supporting these areas. Finally, the applicability of the PSL language in
construction 15 assessed through a multidimensional conceptual analysis between the
construction process concepts and PSL ontology (manufactuning process concepts), and
mapping of the software applications data types, which deal with the representation and
manipulation of construction process imformation within the pre-construction process

stages, to PSL ontology

6.2 Construction Environment

6.2.1 Introduction

Construction 1s a project based industrial development where each project includes
diverse work pieces and tasks, within each stage of projects lifecycle. The construction
industry has not been at the leading edge of the industrial development except for one
aspect and that 1s the ability to orgamise and re-reorgamise 1t self around b1g projects (A.
Jagbeck, 1998). In-order to overcome the unlimited and complex management needs the
industry had to rely on production units, sub-contractors or work groups. Each work
group is independent, and yet interdependent 1n the process of achieving a final goal, the
constructed facility. As a resuit the need for communication and information exchange

between the work groups is of paramount importance 1n the construction mdustry

Construction encompasses mntensive and fragmented processes with numerous
participants, experts and professionals involved across the various stages throughout the
projects hfe cycle and large amount of mmformation 1s generated for each project
undertaken, and this information 1s also fragmented. The vanous participants usually
come from several diverse organisations and involved in different phases throughout the
project lifecycle with different goals, needs and cultures. These participants have their
own unique terminology, technology applications and way of expressing and handling

mnformation and yet interdependent. Moreover, much of the information exchange
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between participants 1s still done manually or using mformation technology only 1n the

rudimentary way.

6.2.2 Construction Process Information

Construction involves designing and implementation of a building project form the
conception of the project 1n a client’s mund to its completion for commissioning and use
(CIB W65, 1985). For an effective and efficient management of construction projects the
construction processes need to be descnbed, represented and managed prior to the actual
implementation of these processes on site Process descniptions include information
descnibing construction processes such as in design, cost estimating and scheduling
stages, and this is referred to as construction process information. The term “construction
process mformation” refers to information descrnibing the construction operations needed
to realise a project including, amongst others, a high level description of the activities,
data requirements, resource requirements, ordering relations and temporal constraints,
time-duration, abstraction, cost etc. This information is generated and manipulated at
different process stages throughout a construction project’s lifecycle by the vanous
participants employing different software applications. Each of these applications focuses
on particular aspects of the process For insistence CAD design applications specify the
project products and parts to be realised by construction or production processes hence
provide the design data requirements of processes, cost estimating defines the processes
needed to realise the designed project products, resources needed to perform the
processes and determine the cost of the activities based on the cost rates of the resources
and planming and scheduling specifies time of occurrence, duration, sequence, resource
requirerents etc. of each process and constraints that may exists between them. All this
information is fragmented and yet has to be shared by the different construction process
stages and supporting software applications. While “Fragmented information™ refers to
the process mformation generated and represented at the various process stages using
different supporting software applications with varying termunology and file formats.
“Shared information” presents the information exchanged or shared, by vanous

applications within the pre-implementation of construction processes on site.
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6.2.3 Construction Computer applications

The advent of Information Technology (IT) has presented promusing opportunuties for the
development of digital applications that may significantly improve the traditional
management of projects information m the construction domain. To date, there are a
wide range of computer applications employed across construction process stages, to
support the description and representation of construction processes. Some of the primary
areas in which computer applications are widely used to support the description and
management of construction processes are the pre-construction process stages These
include design; cost estimating, and project scheduling applications areas. Some of the
software applications that support these areas include, AutoCAD for design, Construction
Computer Software (CCS) for cost esumating and Microsoft project for planning and
scheduling, each of which 1s developed and supported by different programming and
control languages. Each of these applications focuses on particular aspects of a
construction process and uses a unique representation and termunology to describe the
processes and represent the process information. The “Process information™ in this
context refers to the information describing the construction processes, in terms of the
data types introduced within the different software applications supporting the various
construction application areas. For example, a typical construction process descrniption
should include design data requirements 1.e. design data handled by AutoCAD such as
attribute specification of a product to be realised by construction processes; construction
processes plan handled by Microsoft Project such as descnption of tasks, ordenng
relations, time-duration, constraints etc.; and cost information handled by CCS such as

description of tasks, resource requirements and their cost effects.

This shows that each of these applications focus on different aspects of a process to
generate and mampulate all the information requured dunng the reahisation and
management of construction projects and may need to share at-least some of the
mnformation. However, almost all of the construction software applications work in a
stand-alone manner each with unique representations and terminologies, therefore,
do not share the same process concepts even when the same termunology 1s used, or
different termunologies may be used for the same process concept. Hence the meaning of

the terminologies representing process information 1n any of these applications 1s entirely
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dependent on the context 1n which 1t 1s viewed and interpreted. As a result information

exchange between construction software applications 1s problematic

6.2.4 Communication

In the construction tndustry, collaboration between several professionals who usnally
come from diverse organisations and the interoperability of the numerous computer
applications, which are normally introduced throughout the project’s lifecycle, to solve
specific problems and support information management are comerstone for the
successful achievement of construction projects. Hence, communication and information
sharing has become of paramount importance in construction organisations. However, 1n
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 1t 1s
viewed and interpreted (Cutting, 2000) This 1s due to the diversity and complexity of
construction information handled dunng the project’s life cycle and the barrier to the
exchange of the information, which has resulted from the division of work groups and
the differences in the representations of information n the systems. Additionally,
different construction functions and applications may use different terms to mean the
exact same concept or the use exact same term to mean different concepts. This has
resulted 1n msinterpretation of the contents of the information exchanged between

applications and poor communication practice in the sector.

Although, the use of computer applications 1s wide spread m construction today, most
information exchange and shanng still has to be done in some form of manual
transaction. The reason is that, most of the construction computer applications are used
throughout project’s hfecycle to deal with individual problems and support specific
information requirements working in a stand-alone manner each with 1ts own and umique
information representation; file formats and terminologies. Hence, information shanng
between apphcations is inconsistent, difficult and some times impossible without the
application of specific translators, as the meaning of the information can be completely
dependent on the context in which it 1s interpreted. One of the pnimary reasons for this

problem 1s the lack of a common language for specifying construction processes.
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6.2.5 The challenges

Traditionally information exchange and communications has been poor and inconsistent
in the construction industry. In order to reuse information generated at one process stage
using a specific application as an input to another application, manual methods of
exchange are still sometimes used. Finding an effective way of communication and
information sharmg has become the greatest challenge faced by construction
orgamsations today. As a result the capability of AEC/FM applications to inter-operate
has become a major tssue for academics, researchers and standardisation bodies As a
result there have been efforts in developing interoperability mechanisms and standards
for information exchange between AEC/FM software applications. Several data
standards have been developed for product description and exchange of construction
projects (IAI 1997 & 1998; ISO/TC184/SC4, 1993a). However, among these efforts
towards interoperability the process centred view of the construction information has

received hittle attention.

The first stage in developing mechamsms for interoperability of process related
construction computer applications hes in the development of a common specificatton of
construction processes. This requires a neutral language that would facilitate the
specification of construction processes. Developing a language for the specification of
construction processes 15 one of the challenging task for researchers and standardisation
bodies. One of the objectives of this research study 1s, to investigate the applicabihity of
the manufacturing Process Specification Language (PSL) for the specification of

construction processes.

6.3 PSL from Construction Processes Perspective

PSL was manly developed and used 1n the manufacturing sector for the specification and
representation of manufactuning processes information to integrate multiple process
related manufacturing applications. This project proceeded to investigate the apphcability
of this language 1n construction by focusing on the application areas within the pre-
construction process stages that PSL 1s expected to support the specification and
representation of construction process information and to assess how the process

concepts in these areas impact on the use of PSL 1n construction environment.
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This section, first briefly looks at the application areas within the pre-construction
process stages chosen as an investigation ground for the applicability of PSL n
construction, and then 1dentifies the process concepts intnnsic to theses application areas
and discusses the process specification and representaion needs for these areas. The
application areas are reviewed and process related information representations are
1dentified through techmical analysis of the software applications supporting these areas.
The data types used in these software applications that are necessary for representing the
construction processes mformation within the pre-construction process stages were
analyzed and compared with the manufactunng process concepts defined 1n the PSL
ontology. The PSL ontology 1s assessed to identify whether 1t contains concepts and that
can capture the intuitive meaning of the construction process specification requirements
or data types of the design, cost esimating and scheduling applications. The expectation
15 that either PSL will need to incorporate defimtions for the construction process
specification requirements {data types) or these requirements will need to be defined

within new extensions to the PSL ontology.

The following sections will identify and present the construction process representation
requirements that are intrinsic to the pre-construction process stages. The manufacturing
process concepts of the PSL ontology were assessed to determune the applicability of the
PSL language for process related architectural design, cost estimating and scheduling
information representations’ semantic concepts definitions and based on the result of the
mvestigation conclusions were drawn on the applicabihty of the language in the

construction environment.

6.3.1 Process Specification Requirements in the Pre-Construction stages

The pre-construction process stages are the areas in which computer apphcations are
widely used to support the description, and planning of construction processes. The
requirements related to the pre-construction process stages that are necessary for
representing construction processes can be identified through analysis of the software
applications supporting these stages. This section briefly looks at the architectural design,
cost estimating and scheduling application areas of the pre-construction process stages
and the requirements are gathered through identification of the data types that are used, in

these software applications as a method of description and representation of construction
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processes. Programs supporting the architectural design, cost estimating and scheduling
applications areas whuch are the focus of this research study are: AutoCAD, Construction
Computer Software (CCS) and Microsoft project. These applications describe
construction processes from design or product data requirement, cost effects and
scheduling and planning point of view and were analyzed to identify, what process
related requurements need to be represented 1n each of these applications AutoCAD 1s
widely known as a product related application, however in this research study it is
analysed as a process related application because 1t deals with project information
representation including process related data. These packages were selected as test
apphcations for the mnvestigation of the applicability of PSL in construction, because
AutoCAD and Microsoft Project application are currently the most widely used
applications 1n the UK construction orgamizations, and CCS 1s an application with a

complex information representation structure.

As the one of the main objectives of this research study 1s on mformation exchange
between the three software applications, the process specification requirements that
represent shared process concepts between the applications are the focus of mnvestigation.
The construction process specification requirements that represent shared process
concepts are tabulated together against the PSL process concepts in the following
sections 1n order to summarize the result of the investigation of the applicability of PSL
in comstruction. The process specification requirements (or process information
representations) related to architectural design, cost estimating and scheduling and
planning application areas that are supported by AutoCAD, CCS and Microsoft project

applications are described as follows

6.3.1.1 Process Specification Requirements related Architectural Design

The AutoCAD drawing objects provide a wvirtual representation of the architectural
products 1n a project, which are being realised by construction processes. AutoCAD
provides geometrical representation and textual specification of the project objects The
geometnical representations may convey information such as dimensions and location of
products in a project. However realization of the project products require more
mformation than that can be conveyed through the drawmg information representations
of AutoCAD application. AutoCAD drawing objects are the main entities by which a

designer captures a compound (composite) and component (detailed) objects or products
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n a project. Textual attributes can be attached to each drawing object to represent more
detailed descriptions based on 1ts purpose in the construction process for the product
represented by the drawing object. Figure 6.1 illustrates the basic data model for
AutoCAD application, which 1s developed based on the analysis carmed out to 1dentify
the process related project information representations of AutoCAD and other
applications such as database and spreadsheets that can be used for structuning textual
information of drawing objects. Attrbutes can be extracted from AutoCAD drawing
objects and used in a spreadsheet or database to produce textual information. Database
file formats (spreadsheet files) are widely used in applications such as AutocCAD for
structuring information extracted from drawing objects, however there are no default data
fields set for this purpose. AutoCAD application users or designers need to define the
data fields for data types and relationships between them that need to represent the

process related information of a project at the design stage.

Figure 6.1 Shows the AutoCAD design application’s basic project information
representation entities. The basic entities are drawing objects, blocks, and attnibutes that
can be associated with each drawing and block for textual charactensation of the drawing

objects.

AutoCAD Block objects [—has—{ Aftribute Objects
1

’[__COITEIHS —'_J\

i

DWG cbject componentsP—contains —] DWG object

2 1

Atnbute Objects Atribute Objects

Figure 6. 1. Design application model based on AutoCAD

The process related mformation that need to be represented 1n architectural design stage
are: the name of the geometrical (i.e. the drawing objects) representation of the project
products; and the textual attnibutes that can be attached to and extracted from each
drawing object and structured in database file formats to provide information related to
the project product’s construction processes. For further clanfication of the design

information representation data types a glossary of technical terms for the AutoCAD
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software application 1s attached in Appendix A. The followmmg provides a bmef

description of the AutoCAD nformation representations depicted n figure 6.1

DWG object:

Block objects:

Attribute objects:

Spreadsheet files:

geometrical representation of project products, which 1s being
realized/constructed by construction processes. This representation
provides the overall graphical/geometrical view of the compound
and component project products and some data that can be
attached to the drawings this includes dimensions, onentation and
locations of the overall object and parts.

these are AutoCAD symbols representing drawing objects simple
geometric shapes and complex objects A block is a group of
entities or drawings or objects that can be manipulated as a single
unit and any instance of a block can be exploded into detailed
entities or drawing objects.

Attribute objects are textual definition of characterises of the block
or drawing objects.

AutoCAD allows designers to extract attnbute information from
drawing and block objects as a list .n CDF (comma delimited
format), SDF (space delimited format) or DXF (data exchange
format) for use in other programs such as spreadsheet files to
produce information such as parts list, bill of materials (BOM), or
bill of quantities (BoQ). The CDF, SDF and DXF file formats
can be imported into any word processing program that accepts
ASCII files, these include, Microsoft Excel and Microsoft Access
files.

6.3.1.2 Process Specification Requirements related Cost Estimating

In this section the requirements for the representation of process information related to

cost estimating are identified through analysis of the cost estimating methods used 1n the

CCS application. Figure 6.2 shows the CCS cost estimating applications basic model

developed using the applications method of cost estimating. The model 1llustrates the

basic cost esttmating entities and the data types associated with each basic entity i e. the

fields associated with the basic entities, The main entities are: CCS macros, operations
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and resources Macros are products of projects or the high level or complex construction
operations. Macros can be found at the different level of abstraction. Operations are
activities at the lowest level of decomposition of the macros that are performed to
achieve the next higher-level macros. Finally the third basic entity 1s resources (labour,
plant, matenal, temporary matenal, subcontractors etc.) that perform the operattons All

these entities have numerous data fields associated with them.

; Resources

| Operaton [
| Operafon II

Figure 6 2. Cost estimating application model based on CCS

The main entittes and the associated attributes represent the construction process
specification requrements. For further clanification of the cost estimating information
representation data types a glossary of techmcal terms for the CCS software application
is attached 1n Appendix A. A large number of attributes are associated with these basic
entities. In this case, Construction Computer Software (CCS) has the following data
structures:

a Macros have the following data fields associated with each macro operation
- CCS Page Number, Item Number, Op Code (Operation Code), Op Code
Description,
- Op Code Unit, Billed Quantity, Nett Rate, Nett Amount
- Trade code
- Operations
- Nett Split Rates
- Op Code Attributes (Attr)
- Page / Item: page number and item number combined
- Gross Rate, Billed Gross Amount
- Selling Rate, Billed Selling Amount
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o Operations: have the following data fields associated with each operation
- Item Number, Op Code (Operation Code), Op Code Description, Op Code Unut,
Quantity, Nett Rate, Nett Amount
- Work sheet resources and cost rates
- Nett Split Rates, Op Code Attributes (Attr)
- Page / Item, Gross Rate, Billed Gross Amount
- Selling Rate, Biiled Selling Amount
o Resources: have the following data fields associated with each resource
- Resource Type, Resource Code, Resource Descrniption, Final Rate, Resource Unat,
Resource Attributes (Attr), Base Rate
- Resource group codes
- Resource class codes, Production Factor, Production Code
- Usage, Usage Value

- Resource amount

6.3.1.3 Process Specification Requirements related Scheduling and Planning

One of the computer apphcations widely supporting construction planning and
scheduling 1s Microsoft Project (Microsoft INC.) Figure 6.3 (Thomas Froses, 1997)
illustrates the basic data model adopted by Primavera Project Planner (Primavera 1991}
and Microsoft Project (Microsoft 1994). The model 1s centered around the activity or task
(essentially a process entity), other main entities are the project 1tself, resources,
resource utilization (the allocation of specific resources to specific activities), precedence
logic (the inter-activity sequencing constraints), and work calendars (descriptions of the

length and timing of the work week available for different types of processes).

®. () L)
[ Activity Coce Def'n | | Calendar | {Resource Defn|

.

b Q
["Actvity Coce b—réActmlyé

| Logic Constraurt |

Figure 6 3. Scheduling application model based on Microsoft Project planner ( source:
Thomas Froses 1997)

A large number of attributes are associated with these basic entities. The basic entities

and the associated attnbutes represent the process mformation specification requirements
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related scheduhng. For further clanfication of the application’s information
representation data types a glossary of Microsoft Project application basic entities and the
associated data types (technical terms) 1s attached in Appendix A. In this case, Microsoft
Project, has the following data structures.
0 Tasks have the following data fields associated with them, including other data
related to these:
- durations, start and fimsh dates (early and late), float or slack time, and
task delays,
- work hours, task progress, and earned value analysis,
- predecessor, successor, and scheduling constraints,
- task costs,
- hierarchical breakdowns (outlines), summary and rollup schedules,
subprojects, and work breakdown structures,
- resources,
- task ID's, names, user-defined text and flag fields, notes, contact names,
creation dates, and OLE linked objects,
- mulestone, crticality, pnonty, confirmation, and update indicators,
- multple versions of many of the above data items are stored, including
normal, actual, baseline, remaining, and numerous user-defined versions.

a resources have the following data fields associated with them, including other
data related to these:

- costs, work hours, work calendars, vanances, accrual basis, overhime,
rates,

- resource ID's, names, groups, units, notes and OLE linked objects,

- progress, peak use, and over-allocation indicators,

- multple versions of many of the above data items are stored, including

normal, actual, baseline, remarning, and overtime.

6.4 Construction Process Concepts Analysis and Mapping to PSL ontology

6.4.1 Introduction

In the previous sections (sections 6.3.1.1-6.3.1.3) sets of data types (process specification

requirements) that are necessary for representing construction process mformation within
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the pre-construction process stages (design, cost esimating, and scheduling or planning)
were 1dentified and gathered through analysis of AutoCAD, CCS, and Microsoft project
scheduling applications selected to support these stages. In order to facilitate the mapping
of the process specification requirements of these stages to the PSL ontology, this
section, first presents process related design, cost estimating, and scheduling or planning
concepts maps as shown 1n figures 6.5, 6.6 & 6.7, thorough conceptual analysis and
mappmg of the applications’ data types. These maps provided a framework within which
a theory that postulates relationships between the data types mught be stated. Based on
these maps the construction process concepts related to the design, cost estimating, and
scheduling applications are defined using natural language statements of the applications
data types’ semantic concepts The PSL ontology also is a map of manufacturing process
concepts developed through conceptual analysis and mapping of the process
representations related to various software packages and applcation areas in the
manufacturing environment. The manufacturing process concepts 1n the PSL ontology
are defined formally using Knowledge Interchange Format (KIF) specifications. Based
on analysis of the natural language statements of the applications data types’ semantic
concepts and the manufactunng process concepts defined in PSL ontology, the
applications construction process representation data types shown in figures 6.5, 6.6 &
6.7 were mapped to the PSL ontology shown i figure 6.4, and the results of the
mapping process 1s shown 1n figures 6.8 to 6.9 and summanzed 1n table 6.1. Finally,
analysis of the mapping process 1s presented followed by conclusions. In the following
sections a brief review of the PSL ontology is presented and the construction process

related design, cost esimating and scheduling concepts maps are descnibed.

6.4.2 PSL Ontology Concepts and Current Theories and Extensions

The Process Specification language 1s a neutral language, for the representation of
process information, related to manufactunng, including all processes 1n the
design/manufactuning life cycle. This interchange language 1s umque due to the formal
semantic definitions (the ontology) that underlie the language, All concepts with the PSL
representations are unambiguously and formally defined in the PSL Ontology. PSL
Ontology 1s a set of specialised terminology along with some specification of the
meaning of the terms 1n the lexicon. It provides rigorous and unambiguous definitions of
the concepts necessary for specifying manufacturing processes to enable the exchange of

process information. The PSL ontology is represented using the KIF specification
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(Genesereth, and Fikes, 1992). KIF 1s a formal language based on first-order logic
developed for the exchange of knowledge among different computer programs with
cisparate representations KIF provides the level of ngor necessary to define concepts 1n
the ontology unambiguously, a necessary charactenistic to exchange manufactuning

process information using the PSL ontology.

The foundation of the ontology 1s a set of process-related concepts that constitute the
core of the PSL ontology and set of extensions to these core concepts to ensure the
robustness of the ontology. The PSL ontology is organized modularly with a set of core
concepts and multiple extensions add to the core. The PSL-Core 1s the set of axioms
written in KIF (the Knowledge Interchange Format) and using only the nonlogical
lexicon of PSL Core. The extensions form a lattice of extensions to PSL-Core. PSL-Core
18 not strong enough to provide defimtions of the many auxihary notions that become
necessary to descnbe all intintions about manufacturing processes. To supplement the
concepts of PSL Core, the ontology includes a set of extensions that mtroduce new
termunology. A PSL extension provides the logical expressiveness to express mformation
involving concepts that are not explicitly specified in the PSL Core. A distinction 18
drawn between definitional and nondefinitional extensions of the PSL Core. A
definitional extension 15 an extension whose nonlogical lexicon can be completely
defined 1 terms of the PSL-Core. Defimtional extensions add no new expressive power
to PSL-Core. Nondefinitional extensions (also called core theories) are extensions of the
PSL Core that involve at least one new primitive not contained 1n the PSL Core. The
architecture of PSL ontology shown in Figure 6.4 presents the possible parts of PSL that
are suggested and selected to be applicable and provide semantic concepts defimtions for
AutoCAD design, CCS cost esttmating and Microsoft project scheduling applications’
data types. In the following sections a review of the PSL parts and their concepts are
presented. Detailed formal and informal defimtions of the PSL ontology concepts and

parts are available m (http//www.mel nist.gov/psl/ontology.htmi}).

6.4.2.1 Core Theories of PSL Ontology

PSL-Core:

¢ PSL-Core: The purpose of PSL-Core 1s to axiomatize a set of intuitive semantic
parmtives that is adequate for describing the fundamental concepts of manufacturing
processes.
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Quter Core

Subactivity Theory: The PSL Ontology uses the sub-activity relation to capture
the basic mtuitions for the composition of activities.

Theory of Occurrence Trees: An occurrence tree 18 the set of all discrete
sequences of activity occurrences.

Theory of Discrete States: The Discrete State core theory 1s intended to capture
the basic intuitions about states and their relationship to activities.

Theory of Atomic Activities: The core theory of Atomuc Activities provides
axioms for intuitions about the concurrent aggregation of pnmutive activities.
Theory of Complex Activities: This core theory provides the foundation for
representing and reasoning about complex activities and the relationship between
occurrences of an activity and occurrences of its subactivities. Occurrences of
complex activities correspond to sets of occurrences of subactivities; in particular,
these sets are subtrees of the occurrence tree

Activity Occurrence: The axioms of the Activity Occurrences core theory ensure
that complex activity occurrences correspond to branches of activity trees. A
subactivity occurrence corresponds to a sub-branch of the branch corresponding

to the complex activity occurrence.

Duration and Ordering Theories

Duration Theory: The axioms of duration core theory ensure that duration
relationships between time point and duration and between durations.
Subactivity Occurrence Ordering: The axioms of this core theory defines the
relations of precedes, root, leaf, next, for activity occurrences.

Iterated Activities: The axioms of this core theory define the concepts of
repeating occurrence of activities.

Occurrence Tree Automorphisms: There 1s no clear statement about the use of
this core theory.

Envelopes and Umbrae: There 1s no clear statement about the use of this core

theory.

Resource Theories

Resource Requirements Theory: defines the concepts of resource that is any
object, which 1s required by some actvity.

Resource Sets. underdevelopment
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Actor and Agent Theories

» Activity Performance: underdevelopment

6.4.2.2 Definitional Extensions of PSL
Activity Extensions

Branch Structure
s Determumnistic Activities: Permuting Branch Structure
+ Nondeterrmnistic Activities: Folding Branch Structure
o Nondeterministic Activities: Branch Structure and Ordering
+ Nondetermunmstic Activities: Repetitive Branch Structure
Spectrum
o Spectrum of Activities: Permuting Activity Trees
» Spectrum of Activities: Compacting Branch Structure
e Spectrum of Activities: Activity Trees and Reordenng
« Spectrum and Subtree Containment
Embedded Activity Trees
« Embedding Constraints for Activities
¢ Skeletal Activity Trees
Atomic Activities
* Atomic Activities: Upwards Concurrency
« Atomic Activities: Downwards Concurrency

» Spectrum for Atormc Activities

Temporal and State Extensions

Preconditions
« Preconditions for Activities
« State-based Preconditions for Activities
« Time-based Preconditions for Activities
« Preconditions based on State and Time
» Occurrence-based Preconditions for Activities
« Preventable Preconditions for Activities
« Periodic Preconditions for Activities

» Spoilage Preconditions for Activities
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Effects

[
-
L]
[ ]
L]
L]

Effects of Activities

State-based Effects of Activities
Time-based Effects of Activities
Occurrence-based Effects of Activities
Effects of Activities. State and Occurrences
Effects of Activities: Time and Occurrences

Fluent Trees

Distribution

Distnbution of Complex Activities
State-based Distrtbution of Complex Activities
Time-based Distnibution of Complex Activities

Distribution based on State and Time

Variation

Vanation of Complex Activities
State-based Vanation of Complex Activities
Time-based Vanation of Complex Activities

Vanation based on State and Time

Embedded Activity Trees

Embedded Activities: Plans
Embedded Activities: Temporal Spread

Atomic Activities

Vanation of Atomic Activities: Upward Concurrency

Variation of Atormuc Activities: Downward Concurrency

Interfering Preconditions
Clobbering Effects
Vanation of Interfering Preconditions

Vanation of Clobbening Effects
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Activity Ordering and Duration Extensions

Duration
» Duration Constramnts for Activity Occurrences
= State-based Duration
» Time-based Duration
» Duration based on State and Time
» Duration-based Effects
» Effects of Activities based on Duration and State
» Ordenng and Duration Constraints on Activity Occurrences
e Ordenng and Duration Constraints on Embedded Activity Occurrences
» Spoilage Preconditions for Activities
» Scheduled Embedding Constraints
Subactivity Occurrence Orderings
« Strong Partially Ordered Activities
s  Weak Partially Ordered Activities
» Complex Activity Occurrence Ordenings
Envelopes and Umbrae
o Interruptable Activities
Iterated Occurrence Orderings
o Classes of Iterated Activity Occurrences
Resource Roles
» Resource Roles
« Capacity-Based Concurrency
« Reasoning About Resource Divisibility
» Reasonmg about Resource Usage
Resource Sets
» Resource Set-Based Activities
« Substitutable Resources
 Homogenous Resource Sets
+ Inventory Resource Sets
» Resource Pools
Processor Activity Extensions
+ Processor Activities

e Resource Paths
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6 Reasoming About
7 Processor Resource
Actvities Dvisibility

4 Resource
Requirements Theory
3 duration theory

2 Subactvity Theory

Figure 6.4. PSL ontology (manufactunng process Concepts Map)

6.4.3 Process Information Concepts within the Pre-Construction Stages

AutoCAD Design Related Construction Process Concepts

From the data types; drawing objects (or project product design element), construction
method, and matenal of construction of figure 6.5 (conceptual map for AutoCAD
application) the design related construction process concepts are defined using natural
language statements as follows “In AutoCAD design, drawing objects (project design
elements) that represent construction or project products are made up of other objects or
component parts, that are constructed by the construction method (construction
activities) from materials that are specified by the material of construction for the
component parts. Hence the construction activity transform, modify, or destroy the

material in the development of the component parts and eventually produce the target

product”,
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1 DWG object name 6
I
2 DWG object
component name-1
has

3 matenal of 4 construction
construction method

Figure 6 5. AutoCAD design data types map

CCS Cost Estimating Related Construction Process Concepts definition

The conceptual map (conceptual models) for CCS application as shown 1n figures 6.6 (a
& b) are developed into parts. This 1s because CCS unlike the other two candidate
applications use different data formats for the mput files and output or report files. The
first 15 cost estimating concepts map as shown in figure 6.6 a, which is developed from
data types of the applications input files. The second 1s cost concepts map as shown 1n

figure 6.6 b, which 1s developed from data types of the applications output or report files.

From the data types of the CCS input files; bill items, billed qty, Nett-rates & Nett-
amounts of bill 1tems, resource categones (plant, matenal, labour, temporary materials,
subcontracts etc.) and resource rates of figure 6.6 (a and b) (conceptual map for CCS
application input file) the cost estmating related construction process concepts are
defined suing a natural language statements as follows: “in CCS cost estimating bill
items (that are assigned with a macro or simple operation code) are construction project
products to be constructed or construction activities to be performed, that could be
complex activities that need to be accomplished by other set of simple activities or a
simple activity that can not decompose into other actvities. The construction project
product is constructed by set of sumple and/or complex activities. Complex activities may

decompose into set of simple activities, which require resources categorised into plant,
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material, labour, temporary material, subcontract etc. and these activities use,
transform, modify or destroy resources. These resources have cost rates based on their
utilisation by activities, which are used to calculate the Nett-rate for the simple operation
or activity and the Nett-rates for the simple operation or activities contribute to the Nett-
rate of the operation at the next higher level ( the macros). The project product, the
complex and simple operations have billed quantities and this quantity with the Nett-rate

generates the Nett-amount of the projects products and operations ™.

PR > ot Ao
> D
T
2 macro op
T @ —> (11 Nett Amount
~5 S e

10 Nett rate 3 operation

7
.ﬁ

@

Figure 6.6 (a) CCS Input cost estimating data types map
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Figure 6.6 (b) CCS output Cost data types map

Microsoft Project Scheduling Related Construction Process Concepts definition

From the data types of the Microsoft project scheduling application; summary task and
task (sub tasks), resources, cost/use and standard rates of resources, total and fixed costs
of summary tasks and tasks of figure 6.7 (the conceptual map for Microsoft project
scheduling application files) the scheduling and planning related construction process
concepts are defined using a natural language statements as follows: “ in scheduling
summary tasks have sub tasks that require resources which have cost/use (cost of
resources per use by a task) or standard rate(cost rate per duration of a task). Tasks
transform, destroy, modify or use resources and a task can have a fixed cost (e.g.
subcontract’s cost) or cost caused by resources utilizations While resources with
cost/use are assigned to a task the cost/use of all the resources add up to produce a total
cost for the task, the resources with standard rates require duration of the task to

produce the total cost of the task. ™
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Figure 6.7 Mucrosoft Project scheduling data types map

6.5 Analysis of the Construction Process Representations and Mapping to PSL
Ontology

The objective of this section 1s to assess the applicability of PSL 1n the pre-construction
process stages through multidimensional conceptual analys:s between the AutoCAD,
CCS and Microsoft project scheduling applications data types (represented by
construction process related design, cost esttmating, and scheduling maps) and PSL
ontology, and mapping of the applications data types to the PSL ontology. The
implication is that PSL is expected to include defintions for the construction process
related design, cost estimating and scheduling data types or new extensions should be
developed in such way that constructton semantic concepts that can define the
applications’ data types could be added to the PSL ontology. The construction process
representations within the pre-construction process stages (shown in figures 6.5 to 6.7)
were mapped to the PSL ontology (shown in figures 6.4), 1n order to assess the degree of

applicability of the PSL language in the pre-construction process stages.

Mapping of the Applications Data Types to Parts of PSL Ontology
As can be seen from the mapping of the applications’ data types to the PSL ontology (see
figure 6.8 to 6.10), the applications data types created pointers (shown as arrows

pointing to the PSL ontology parts) to the PSL parts when there are concepts in these
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PSL parts those are applicable to define the data types, or created pointers to the “NEW
COCEPTS”, to indicate the need for new extensions to the PSL ontology. The different
pointers to the new extensions provide the information required for the development of
the new extensions to the PSL ontology by directing the applications data types and
existing PSL parts that need to contnibute to the defimtion of the new concepts. For
example referring to figure 6.8, (CCS cost estimating application’s data type mapping to
the PSL ontology), the matenal, plant, and labour rates are new concepts to PSL
ontology, and the ontology needs to create new extensions for these concepts hence the
mapping created pointers to the new extension that contain concepts of COST, and
because these are resource cost rates, the new extensions for COST requires a resources
theory which is already defined in PSL ontology, therefore the mapping created a pointer
form the “resources requirements theory” part of PSL ontology to the new extenston for
COST and these rates are related to other data types such as those that rates that
contribute to the amount of operations (see Appendix A for the term “amount” of
operation). The mapping of the different apphcations data types to the PSL ontology
shown 1 figures 6.8, 6.9 & 6.10 are shightly complicated but this 1s summarized in table

6.1 to provide a clear view of the mapping process.

Based on multidimensional conceptual analysis between the natural language definitions
of the AutoCAD design related construction process concepts and the PSL ontology, and
mapping of the AutoCAD design data types (shown in figure 6.5,) to the PSL ontology
the “Processor Activities” part 46 of PSL ontology was 1dentified to contain defimtions
for the AutoCAD design related construction process concepts. Duning the mapping of
the contents of AutoCAD design concepts map to the PSL ontology the need for new
extensions to the PSL ontology to incorporate the “PROJECT DESGN ELEMETNS OR
PROUDCTS " concepts was 1dentified (figure 8).

Based on multidimensional conceptual analysis between the natural language definitions
of the CCS cost estimating related construction process concepts and the PSL ontology,
and mapping of the CCS cost estimating data types (shown 1n figure 6.6(a & b)) to the
PSL ontology the “Sub-Activity Theory”, “Theory of Resource Requirements” and

“Processor Activities” parts of PSL are selected as applicable defining theornies for the
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CCS process concepts. However, duning the mapping of the contents of the CCS cost
estimating concepts map to the PSL ontology the need for new extensions to the PSL
ontology to incorporate the “RESOURCE CATEGORY, BILLED QUNATITY, AND
COST CONCPETS” were identified (figure 6.9).

Based on mult:dimensional conceptual analysis between the natural language defimtions
of the Microsoft Project Scheduling related construction process concepts and the PSL
ontology, and mapping of the Microsoft Project Scheduling data types (shown in figure
6.7) to the PSL ontology the “Sub-Activity Theory”, “Theory of Resource Requirements™
and “Processor Activities” parts of PSL are selected as applicable defiming theones for
the Microsoft project scheduling process concepts. However, duning the mapping of the
contents of the scheduling concepts map to the PSL ontology the need for new extensions
to the PSL ontology to incorporate the “COST CONCPETS” were 1dentified (figure
6.10).
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Figure 6.8. Design and cost estimating data types mapping to PSL ontology
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Figure 6.10 Microsoft Project scheduling data types to PSL ontology
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O TEMP MATERIAL cost O  Resource cost/use Q NEW COCEPT for COST
0 SUBCONSTRACT cost O  Resource cost/use O NEW COCEPT for COST
Bill Resource Analysis Resource sheet entry Resource sheet entry
O RESOURCE NAMES O Rescurce name O  PSL Resource requirement theory
O Rate/per unhzation Q  Standardrate/perduration O NEW COCEPT for COST
O UTILIZATION a 0  PSL Reasoming about resource divisibility
O AMOUNT=rate*utilization O Cost/use O NEW COCEPT for COST
O LABOUR O Resources 01 NEW COCEPT for RES CATEGORY
O PLANT O Resources 00 NEW COCEPT for RES CATEGORY
O MATERIAL O Resources O NEW COCEPT for RES CATEGORY
O TEMP MATERIAL 0O  Resources O NEW COCEPT for RES CATEGORY
3 SUBCONSTRACT 0O  Resources 0O NEW COCLCPT for RES CATEGORY
Resource by Bill Item Gantt chart entry Gantt chart entry
O OP CODE DESCRIPTION Q Task O PSL Processor activity
QTY
RATE
Q RESOURCE NAME O Resource names O PSL Resource requirement theory
0O QUANTITY Q O PSL Reasomng about resource divisibility
Q RATE 0O  Resource rate O NEW COCEPT for COST
O AMOUNT O Costluse O NEW COCEPT for COST

Table 6.1. shared construction process specification requirements and corresponding PSL representation
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6.6 Conclusion on the applicability of PSL in Construction

From the hterature review of the construction environment and manufactunng it is
established that the two sectors are stmular mm many ways. One of the basic converging
point for manufacturing and construction 1s the unit process concepts, that is a process 18
a generic concept that can be applied to any activity that produces or outputs a product or
result, inputs data or matenals, has control methodology and resource requirements; and
the five components common to all umt processes. The only difference that can exist
between these two environments are: the fixed place of production for manufactunng and
completely varying places for construction, the products produced by the processes, and
the orgamsations mnvolved in the productions. The uniqueness of the construction project
and the varying participant orgamsations for each umque project has made the
construction environment more complex making the need for a common language

between the participating orgamsations even more important.

One of the objectives of this research study is the investigation of the applicability of the
PSL language, developed for manufactuning processes specification and process related
applications 1nteroperability, in the construction environment. This objective 1s achieved
using multdimensional conceptual analysis and concept mapping methodology between
the construction process concepts within the pre-construction process stages and the PSL
ontology (defimtion of the manufacturing process concepts). Based on the analysis of the
result of the concepts mapping shown in figures 6.8, 6.9 & 6.10, and summarised in
table 6.1 1t was concluded that PSL, should be applicable in the construction
environment provided that extensions are developed to incorporate construction specific

concepts.

From the mapping of the construction process concepts related to the construction
process information, which s dealt within the pre-construction process stages, to the PSL
ontology, it was established that in order for PSL to support the specification of the
construction processes and facilitate the exchange of process information between
AutoCAD design, CCS cost estimating, and Microsoft project scheduling packages, there
15 a need for new extensions to be developed to the PSL ontology to incorporate the
concepts of PROJECT DESGN ELEMETNS OR PROUDCTS”, “RESOURCE
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Chapter 6 Investigation of Applicability of PSL in Construction

CATEGORY, BILLED QUNATITY, AND COST”. These new concepts will be further
elaborated in the discussion section of the implementation of PSL mn a construction

scenano.

Based on the conclusions on the applicability of PSL tn construction, a decision was
made to implement the PSL language in a construction scenario within the pre-
construction process stages, the results of this tmal implementation of PSL in

construction are presented in the following chapters.
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Chapter 7 A Scenario for Implementation of PSL in Construction

7.1 Introduction

The Process Specification Language (PSL) 1s a standard language developed at National
Institute of Standards and Technology (NIST) for interoperability of process related
applications 1n the manufacturing environment. The 1mitial development of PSL ontology
was from a single scenarnio, the EDAPS (Electromechamcal Design and Plannming
System) scenario developed by Steve Smuth at the Umiversity of Maryland (Smuth, at al,
1996). After the imnal development of PSL, 1n that scenario there were multiple pilot
implementations of the language planned each focusing on different fields/applications
within the manufactunng environment, to further expand the language to incorporate the
process concepts introduced in vanious manufactunng application when PSL was used to

exchange process information among the applications.

Dunng the various implementations of PSL m the manufactuning environment 1t has been
helpful to engage 1n scenano analysis (Asta et al. 1994, Kazman et al 1996). Scenano
analysis has been defined in a software engineenng context as “the process of
understanding, analyzing and describing a system’s behavior 1n terms of particular ways
that the system is expected to be used” (Hsia et al. 1994) In the case of shared
representation languages such as PSL, scenario analysis 1s defined as “ the process of
understanding, analyzing, and describing knowledge representation in the way the

language is expected to be used.

One of the mam objectives of this research study is the implementation of PSL n a
construction scenario within the pre-construction process stages, to evaluate the use and
the mmpact of this standard language in construction practices. This mvolves the
representation of architectural design; pre-tender cost estimating; and scheduling and
planning application areas related process information for a case study project and
exchange of this mformation between these areas using PSL as a common standard
language. In this implementation, PSL is expected to facilitate the exchange of correct

semantics of the process information shared between the construction software
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applications chosen to support these areas; these are AutoCAD design, CCS cost

esttmating and Microsoft project scheduling and planning packages.

This section presents a description of a construction scenano, within the pre-construction
process stages, chosen for the first tnal implementation of PSL in the construction
environment. This descniption includes; general overview of construction scenario; a
brief overview of the genernic construction process information representation and
exchange within the pre-construction process stages, the architectural design, pre-tender
cost esimating and scheduling processes, software applcations supporting the design,
cost estimating and scheduling processes; the on-site constriction processes that are
normally descnbed in the pre-construction process stages, and a typical construction
example within the pre-construction process stages, which involves information

representation and exchange using supporting software applications.

7.2 Implementation Qverview

7.2.1 Purpoese of the Implementation of PSL in a Construction Environment

The development of PSL has proceeded on an as-needed basis (Schlenoff, C, Gruninger
M, Tissot, F, Valos, J, Lubell, J, Lee, J., 2000) and multiple pilot implementations of
the language 1in manufacturing scenarios. The purpose (Raig Schlenoff, Mihai Ciocom,
Don Libes, Michael Gruninger, 1999) of the muluple piot implementations of the
language each focusing on different package, within the manufacturing environment
were to further develop and improve the initial process specification language, to ensure
that 1t 1s able to handle real-world exchange scenarios, and to ensure that PSL. can

terface well with typical process-related software packages.

In the same way but in a different environment, the implementation of PSL m
construction 1s aimed at explonng a construction scenario in which PSL can be used to
facilitate the representatton and exchange of process imformation, between candidate
software apphcations of the scenano, for a the case study project. The purpose of this
implementation of PSL in construction scenario is not to propose change to or extend the
PSL ontology but to evaluate the use of the language in construction and the degree of

applicability of the concepts of the language 1n providing common definttions for the
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construction process representations introduced in the scenano, and to identify the
construction process representations that cannot be completely defined using the current
PSL concepts and propose concepts and theories related to the scenano for new
extensions development to the PSL ontology, and specify the relations that can exist
between the exisung process concepts of the PSL ontology and the new construction

process representations semantic concepts.

7.2.2 Implementation Approach
The 1mplementation of PSL 1n the construction scenarnio for a case study project involved
the following steps’

1. Identification and description of a construction scenarnio for this research study
and selection of software applications for the scenario.

2. Selection of a case study project for the construction scenano and analysis of the
project construction specification to identity and gather process related
information

3 Development of process models for the case study project construction and
collection of data related to architectural design, pre-tender cost estimating, and
scheduhng stages for each activity of the process model

4 The scenano software applications’ representations of the process related
information 1dentified and gathered from the project specification, and production
of complete construction process information, for the scenario, using the software
applications.

5 Ident:ifying and clearly defining the construction process concepts of the scenario
based on the data gathered from the case study project construction specification
and the software applications’ representations of these data

6 Exchange information between the scenano software applications using PSL

7. Idenufy and propose concepts and theonies for related the scenario new

extensions development to the PSL ontology.

7.3 Construction Context Overview
Generally, construction mvolves the implementation of the required faciliies such as
buildings, bndges, and roads etc. and the production of information, for the management

of the implementation, at the various stages throughout the projects hifecycle. While, the

196




Chapter 7 Scenario for Implementation of PSL in Construction

umplementation 1mvolves onsite construction operations (construction processes) carned
out by contractors and subcontractors, the production of mmformation for the management
of the implementation spans from the conception of a project 1n a client’s mind to design
wmvolving different disciplines (Architectural, Civil, Structural, Mechamcal, Electnical,
etc ), cost estumating, construction process planning and scheduling, facihity management
etc In this research study, the implementation of PSL in a construction environment will
focus on the exchanging of information between software applications supporting a
construchion scenarto within the pre-construction process stages, which involve

architectural design, pre-tender cost estimating, and scheduling, and planning.

Construction processes are complex with the subsequent need for management of a
complex “construction process information” This information needs to be defined and
managed prior to the commencement of the actual construction processes by contractors
and the management of the construction 1s based on this information This information 1s
generated and manipulated at different construction stages untilizing different software
applications. Each of these applications focuses on particular aspects of a process. For
msistence AutoCAD design applications supports the defimition and specification of
project products to be realised by the construction processes, the CCS cost estimating
application generates resource and cost immformation of the processes, and Microsoft
project planming and scheduling deals with the mampulation and management of time
oriented process information. All this information 1s fragmented and needs to be shared
across the different construction stages and between supporting software applications.
While “Fragmented information” refers to the process information generated and
represented at the various stages utithzing differing software applications with varying
languages and termunologies; “Shared information” refers to the information shared,
within the different construction stages and exchanged between supporting software
applications used n construction stages. Figure 7.1 outlines the construction process
and process information representations and exchange scenario within the pre-
construction process stages. This scenario involves the design, cost estimatng, and
scheduling, and planmng information representations and exchange of the mformation
between software applications supporting the scenario In this case while the
implementation 1nvolves on-site construction operations the production of information
for the management of the implementation mvolves the representation of the project

products to be constructed, the activities performed to realize the products, the materials
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and resources required, the cost of the activities and their associated matenals and
resources, the construction plan; the time duration needed by the resources to perform the
activities, and the relationships between activities, and constraints that may exast caused
by resources avarlability, project products orientations and other controls. From figure
7.1, it can be seen that information is generated and represented by the different software
applications duning the pre-construction process stages, and this information is
exchanged between the software applications supporting the design, cost estimating and
scheduling process stages. The information generated by these applications 1s required
during/for the implementation and management of the construction and sometimes after
the commencement of construction, change of information is inevitable requunng the
flow of information between construction processes, i.e. between onsite and offsite

processes and between off site processes.
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7.4 Detailed Description of the Construction Scenario

This section presents a detalled descniption of the construction scenano within the pre-
construction process stages. This provides a detailed view of the scenano, including
process information representations within the scenaro (architectural design, pre-tender
cost esimating, and scheduling and planning processes), candidate software applications
used 1n the scenario, an example of a construction situation, which mnvolve real world
type construction process mnformation exchange, within the scenarno, and an overview of

project realization construction processes

7.4.1 Process Information Representations Qverview

Process information representation refers to the sequence of activities carried out to
describe processes needed to realise project products, including the high level activities,
data requirements, resource requirements, ordering relations, time and durations

requirements, cost, abstraction, location etc In the following sections, a detailed view of
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the architectural design, pre-tender cost estimating, and scheduling and planmng
mformation representations are presented and the supporting software applications are

descrnibed

7.4.1.1 Architectural Design

Architectural design is a process (an activity) of specifying projects/facilites/products
such as buildings and their parts, by means of drawings and textual specification, which
complements the drawings This process (activity) involves several phases spanning from
brief to schematic and detailed design. Schematic design is the phase where the gross
features of the product or facility are defined including the overall shape, size, structure,
adjacencies, circulation, and the matenals of construction, and each feature will undergo
refinement and elaboration in subsequent design phases, the detailed design. Based on
the VIT building process mode! (V, Keitlla, M, Lahdenpera, P. 1997) a formal
representation of an architectural design process was developed using an IDEF3 Process
modehng Methodology (Mayer et. Al 1992). Both, the process and object view of the
model 15 attached in appendix B. Figure 7.2 shows the process view of the
decomposition of the “produce and manage architectural design data™ process, which 1s

the sub process of the overall construction process.

weand
Craw up el Draw w prograsvme Make ol deign Make detal desgn Mty daugn dumg o ion Bo ol dofg
<+ 4+ ——] 4P H->
AR} I mnul =111 I b AR l b-ARt I ji-Aal ] I

Sceraro 102.1 Produce a0d Manage Archicctural Desgn Data

Figure 7.2. IDEF3 model for the produce and manage architectural design data high level process

Taking the view that projects are umique assemblies of discrete, mostly standardized
components, the design and representation of projects information is divided into two
compornents: the production of project object, using drawing, which stores 1nformation,
about vanous project elements using geometrical representations; and the production of
specification, text files, which holds textual information about these elements and
relationships that can exast between them. Drawings represent geometry of objects, in a

highly symbolic form accompanied by textual labels and specificatons (such as
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matenals, products, construction techniques, etc ). The representations must mclude the
necessary information that can support the assessment of the project from different pomts
of view such as production, cost estimating and scheduling, and planming are among
many others. The results of this process are. erarchy of products (products and
breakdown of these products) to be constructed by hierarchically interconnected

construction processes.

7.4.1.2 Pre-Tender Cost Estimating

The ntent of cost estimating 1s to determune the monetary valve of projects based on
various objects, involved 1n the project realization processes and operations, mcluding
resources used and consumed A cost estimator’s task involves several sub-processes to
determuine the estmmated cost of an activaty. Determunation of the purpose and scope of
the estimate 15 the first step and the identification of the activities, products and resource
to perform the activities follow. The total sum of the costs of all the activities gives the
cost estimate of the project Cost of an activity required to construct or install a designed
object/product 1s estimated based on the use and consumptions of resources performing
the activity. This requires design information and product data of projects i e. detailed
information of the designed project object, its component parts, material of construction,
method of construction, dimensions, quantities etc  Based on this information, tasks or
activittes and matenals are selected and resources allocated resulting 1n the cost of the
activity based on the cost rate of the resources and matenals, This estimate includes the
unit costs of resources, the resulting costs of the tasks, and the total costs of the project

Based on the Data Flow Diagrams (DFD) cost estimating procedure (Norman 1992) a
formal representation of the cost estimating process is developed using an IDEF3 Process
Modeling Methodology (Mayer et. Al 1992). Both, the process and object view of the
model 15 attached i appendix B. Figure 7.3 shows the process view of the
decomposttion of the “pre-tender procedure”, which 1s the sub process of the overall

construction operation.
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Figure 7 3 IDEF3 model for the pre-tender procedure: cost esttmating high level process

Cost Estimating process includes the following Sequence of Activities:

* Analysis of design data available for cost estimating taking in to consideration the
purpose and scope of the estimate and determination of the matenal of
construction and construction method The construction method specifies the
tasks that need to be completed to construct the design objects and the matenal of
construction is the matenal consumed by a task.

* Identificatton of resources that may be needed to perform the tasks
realizing/constructing the designed objects, the resources required to perform
each of the tasks are determined according to their performance and types

*  Once the types and quantities of resources are determined for an activity, costs
are applied to resources and cost of a task 1s calculated.

» Cost esimate can be carned in different forms, cost based on tasks and resources
suing umt costs for the resources or cost based on the overall product using unit
cost for the overall object.

* Cost may be summarized at the task (for process management data) or product

(for design object) level.

7.4.1.3 Scheduling and Planning

Projects are made up of tasks and each task has work to be done and the completion of
these tasks is important to the project’'s completion. Scheduling 1s an activaty of planning
and orgamizing tasks, esumating time and duration and sequencing of work required to
construct a project object/building based on resource usage and relahonships between the
tasks and specification of the effects of these on the total ime-duration of the project to
be delivered. A task m a schedule 1s a job that has a beginning and an ending and it

sometimes referred to as an activity  Scheduling requires design and/or cost estimating
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mformation and breakdown of complex work or aggregation of simple estimating data

mto tasks appropnate for scheduling

Schedules consist mainly of tasks, dependencies between the tasks, durations,
constraints, and time-onented project information. Different scheduling terms are used to
represent scheduling information. For instance, task dependency constrains start and
Finnish time, Lead-time overlap tasks; Lag time delay tasks; tasks may split for
temporary task halt ¢ g. dunng redesign of part of a project its production activity should
be on temporary halt, a task is a predecessor or successor, repetitive, or cntical n a
schedule, precedence constraints define the ordenng relations between activities. Tasks
1n a schedule require resources, which may be recoverable or non-recoverable during the
activity A resource becomes non-recoverable if a task requires that it will not be
available to perform other tasks in a schedule and a resource becomes recoverable if a

task requires a resource that will be available for other tasks in a schedule.

Based on the Data Flow Diagrams (DFD) cost estimating procedure (Norman 1992) a
formal representation of the scheduling and planning process 1s developed using an
IDEF3 Process Modelhing Methodology (Mayer et. Al 1992). Both, the process and object
view of the model s attached in appendix B. The sequence of activities mvolved 1n the
scheduling and planning process are formally represented n this model Figure 7.4
shows the process view of the decomposition of the “plan and schedule construction

operations” process, which 1s the sub process of the overall construction operation.
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Figure 7.4, IDEF3 mode! for the panrung & scheduling high leve! process
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7.4.2 Software Applications Supporting the Process Infermation Representations

There are numerous computer applications currently used to support the representation
and management of process information 1n the pre-construction process stages.
AutoCAD, CCS and Microsoft project among others are the candidate software
applications of the scenano selected to support process related architectural design, pre-
tender cost estumating, and scheduling and plantung information representations.
Technical and use descriptions of the candidate software applications will be further
elaborated tn the following sections. This includes how these applications support the
representation of information in projects, the information representation and exchange

formats and input and output data of each of the applications

7.4.2.1 AutoCAD

AutoCAD 1s a general-purpose computer aided drafting tool, imtially developed in the
early 1980’s by AutoDesk Inc. It 1s an AutoLISP program for creating and manipulating
AutoCAD graphical and textural objects The tool supports several programming
langnages, from simple scripts to & C+-+ interface. This application consists of AutoLISP
applications or routines that provide drafting objects such as text and symbol fonts, line
types, shapes, hatch patterns, fill patterns, and geometric charactenistic symbols. These
objects enable users to create AutoCAD drawing objects such as buildings and their
parts, and attach attributes for textual specification, which charactenises the drawing

objects.

At the core of any computational system that can support design development, there is an
mtelhigent representation, which should be able to represent all the different components
that make up a project, along with the manner in which they come together The
representation must be geometrically clear and textually informative complementing
geometrical representation. AutoCAD uses graphical drawings (DWG files) and
attributes (ASCII text-files) to represent project product data for project products

realisation and other purposes.

The drawing objects provide a geometrical representation of a project such as a building
mass (during the scheme design stage), compound object parts of a project such as doors

and windows and their detailed component parts (such as frame, panel, hardware set etc.)
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1n the detailed design stage. The detailed geometnical representation of a project provides
information such as dimensional data, object’s location (to the required level of detail).
AutoCAD ncludes tools that are used to create and edit the representations, drawings
and textual attnbutes. Block-objects provide the capabilities of orgamsing and
manipulating components mto compound objects and this may be exploded m order to
reduce 1t back to 1ts separate components for detarled information Attributes can be used
to attach mformation to blocks or drawings to convey important information that can
later be extracted from a drawing for use in a spreadsheet or database to produce
information such as parts list or bill of matenals (BOM) and hill of quantities (BoQ)
Tables 7.1 and 7.2 1illustrate AutoCAD Design output data types and the file formats

Tespectively.

AutoCAD Design Software

QOutput Data types

Drawings:

- Graphical/geometncal information representing of the design object and 1ts dimensicnal
values Such as distance, angles eic,

Textual information such as:

- Dimensional values of a drawing representing the designed object. This can be area,
volume etc.

- Matenal of the designed object

- Method of construction/production

These data can be represented in the following AutoCAD native file formats:

Drawings. graphical/geometnical representation

Blocks: symbols representing a drawings

Attribute (ASCII text file): a tag attached to a block containing data for a drawing inserted 1n
to a block. Such data can be.

- Dimensional values

- Matenal

- Method of construction/production

External references:

- store drawings as external reference. Stmilar to blocks

Drawing databases.

- for textual Information extracted from blocks, External references ete.

Database files-

- Attnbute nformation extracted from DWGs formatted 1n a spreadsheet or database files.

Table 7.1 AutoCAD Design output data representations
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AuteCAD Output (export) file formats

DXF ( a dos text file)

DXF1s ASCI or Binary file

Text

Spread sheet

Database

Metafile ( wmt)

ACIS{ sat)

Litograph ( st)

Encapsulated { eps)

DXX extract( dxx)

Bitmap graptucs ( bmp)

AutoCAD other releases ( dxf)

Raster and vector files

Postscript description

HTML format

DWF (drawing web format) files

DXB files(Dumb graphics)

Table 7 2. AutoCAD Design file formats

In addition to the native file formats (DWG and textural attributes) AutoCAD can read

from and write to the external file formats shown in figure 7.3,

the complete st that appears m the AutoCAD File import and export and File save dialog drop-down

import file types:

export file types:

save file types:

wmf (Windows Metafile)

dxf (Drawing iaterchange file)

sat (ACIS files)

esp {Encapsulated PostScript files)
pex {raster-image file)
Mif (raster-umage file)
.gif (Bitmapped picture format)
3ds (3D Studio files)

Wmf (Wiwndows Metafile)

-esp (Encapsulated PostScript files )
sat ACIS files )

Jxx (DXX extract)

~bmp (bitmap graphics )

dxf (a dos text file, (ASCII or
Binary file))

SAVEIMG saves a rendered image
to a file in TGA, TIEF, GIF, or RND
format.
BMP File Tt saves selected objects to
a file in device-independent bitmap
format

7.4.2,2 Construction Computer Software (CCS)

mdustry and new user requirements

Table 7.3 AutoCAD application import /export and file save types/formats

Construction Computer Software (CCS) 1s an integrated Project Management System
specifically designed for the construction industry (WWW.ccsuk.com). The major
components are Esumating, Valuations, Project Planning and Project Cash Flow, used by
project planners and contractors for greater accuracy and productivity. CCS was started
in 1978 as a division of a large South African construction company. Today it is an
independent orgamizaton and most of the software team has been with CCS since 1ts
mnception. Over 250 contractors in more than 20 countnes use the CCS System. The

system is continually bemg extended to accommodate changing conditions 1 the
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The CCS estimating application uses ASCII text files to specify the tasks and resources,

details of the project and matenals, equpment and labour and other related information.

Table 7.4 illustrates the input and output data types of the CCS applications. The file

mnput and output format are shown in table 7.5. The following bill importers are available

m CCS to facilitate the import of information form other applications supporting the;
Delimted files (CSV), ASCII files (Text), CITE files and WinQS files.

CCS Cost Estimating INPUT/OUTPUT DATA TYPES

INPUT DATA OUT PUT DATA
BILL OF QUANTITIES BILL OF QUANTITIES GROSS AMOUNT
0O PAGE ITEM
O ITEM OP-CODE
Q MACRO OP-CODE DESCRIPTION (BILL ITEM DESCRIPTION)
G MACRO OP DESCRIPTION (BILL ITEM UNIT
DESCRIPTION) QUANTITY of ull item
O UNIT GROSS AMOUNT (gross-rate *bill-gty)/sum of spht
QO QUANTITY of bill item SPLIT AMOUNTS
O NETT RATE 0O LABOUR --(nett-spht rate *tall-qty)
Q NETT AMOUNT O PLANT-(nett-spht rate * bill-qty)
0 MATERIAL--{nett-spht rate * bill-qty)
Q TEMP, MATERIAL--(nett-split rate * bill-qty)
QO OVERHEADS--(nett-spht rate * hill-qty)
Q PROV SUMS--(nett-split rate * hill-gty)
Q SUBCONTRACT--{nett-spht rate * bill-qty}
QO MARKUP
MACRO OP BILL ITEM INFORMATION
ITEM
a ITEM CODE
Q OPCODE DESCRIPTION
Q OPCODE DESCRIPTION (BILL ITME QTY
DESCRIPTION ) UNIT
Q UNIT NETT-RATE =(SUM OF RESOURCE RATES)
Q QUANTITY RESOURCES INFORMATION
O NETTRATE Q RESOURCE GROUP
O NETT AMNOUNT O RESOURCE CODE
Q RESOURCE NAME
Q CURRANCY
Q QUANTITY
Q RATE
O AMOUNT =QTY*RATE
Q PRODUCTION

SPLIT RATE PRICING BILL ORDER
OP CODE
PAGEATEM
MATERIAL
LABOUR

PALNT

TEMP. MATERIAL
OVERHEADS
PROV SUM
SUBCONTRACT
NETT RATE

NETT AMOUNT

CcoOo0o0OO0ODODDOD

Table 7 4 Construction Computer Software (CCS) application input output data types
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In addition to the native file format CCS can read from and write to the following
external file formats.

CCS can wntes to MPX files that may be opened 1n Microsoft Project or Primavera P3,
writes to and reads from Microsoft Excel files, writes to multiple Excel spreadsheets files
for use with other applications, reads from a Microsoft Project export file (MPX file),
reads from a Primavera export file, reads from an ASCII (text) file, reads Lotus 1-2-3

through Microsoft Excel, reads from Microsoft word and Save current selection as

Bitmap file.
Input File formats Qutput File formats
Space delimited text Spool file (direct)
Tab delimited text PDF export
Comma delimuted text ASCII (Text)
Comma-Quote delimted Comma separated ( CSV)
Quote-Quote delimited Excel Spread Sheet (direct)

Table 7 5 CCS Input/Cutput File formats

7.4.2.3 Microsoft Project Scheduler

Microsoft Project 1s a scheduling tool developed by Microsoft inc., currently widely used
1n the construction project management domam Microsoft project scheduler 15 a C4++
library of classes and functions that implement concepts for constramnt based scheduling.
The library enables the representation of scheduling elements and constraints such as
activity duration, precedence constraints, resource assignments and resource shanng. The

scheduler uses MPP, MPX and templates to specify and represent project information

MS project uses DFD cost estimating procedure to assign cost rates to resource’s work
1e. work items or BoQs or activities are assigned with cost rates that include elements for
the people, equipment, and supplies used to complete tasks 1n a project. Microsoft Project
also allows assignment of rates to resources so project costs can be managed accurately.
A cost that remains constant regardless of the task duration or the work performed by a
resource can be assigned to a task. Multiple standard rates, overtume rates, or per-use
rates can be assigned to resources along with the dates for each rate to go into effect. MS
Project also allows the companson of current cost, or budget This applicatton requires
design and/or cost estimating data as mput and produces the construction process plan

and schedule. The Input-output data file of MS Project application 1s shown 1n table 7.6.
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Microsoft project also mtroduces the notion of groups and units of resources required by
an activity Resources m Microsoft project include the people, equipment, supples,
subcontractors, and preliminanes. The following cost notions: fixed task cost, data flow
diagram (DFD) cost estimating rates for tasks and multiple standard rates such as over
time rates and per-use rates to resources are used in the apphication Microsoft project
scheduler defines precedence constramnts and time-vanations concepts The precedence
constraints are fimish-to-start, start-to-start, fimish-to-finish, and start-to-finish The time-
vaniations are lag-time, lead-time and vanous slack-times. Activities also consume and
use resources to realize the project products Microsoft project supports schedule

information management, using scheduling applications representations such as Gantt
and PERT charts.

MICORSOFT PROUJECT SCHEDULING INPUT OUTPUT DATA TYPES
INPUT DATA OUT PUT DATA
PROJECT PROJECT

0O START AND FINISH TIME O START AND FINISH TIME
TASK INFORMATION

O D TASK INFORMATION

a WBS O

O CONSTRAINTS 0 WBS

O TASKNAME 0O CONSTRAINTS

O DURATION O TASKNAME

Q START TIME QO DURATION

0O FINISH TIME O START TIME

O PREDECESSORS Q  FINISH TIME

O RESOURCE NAMES O PREDECESSORS

O RESOURCE NAMES

RESOURCE INFORMATION

Q D RESOURCE INFORMATION

Q RESOURCE INFORMATION o D

Q RESOURCE NAMES O RESOURCE INFORMATION

0O INITIAL O RESOURCE NAMES

O GROUP Q INITIAL

O MAX UNIT O GROUP

O STDRATE O MAX UNIT

O OVTRATE O STDRATE

Q COST/USE Q OVTRATE

O ACCRUEAT Q COST/USE

O BASE CALENDAR 0O ACCRUE AT

QO CODE 0O BASE CALENDAR

O CODE

TASK FIXED COST INFORMATION TASK FIXED COST INFORMATION

o D O D

O TASKNAME O TASKNAME

Q FIXED COST O FIXED COST

Q FIXED COST ACCURAL 0  FIXED COST ACCURAL

Q TOTAL COST O TOTALCOST

Q BASELINE O BASELINE

O VARIANCE O  VARIANCE

Q ACTUAL O ACTUAL

O __REMAINING 0O REMAINING

Table 7 6 Input-output data types for Microsoft project scheduling apphcations
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Table 7.7 shows the complete list that appears m the Microsoft Project File Save and
File Open dialog file-type drop-down. Microsoft Project 98 can read from and wnte to

these external file formats.

File Save file types File Open file types
Project (* mpp) All Files (* *)
Template (* mpt) Microsoft Project Files (* mp*)
Project Database (* mpd) Projects (* mpp)
MPX 4 0 (* mpx) Project Databases (* mpd)
Microsoft Access 97 Database (* mdb) Templates (* mpt)
Microsoft Excel Workbook (* xls) Workspaces (* mpw}
Mircrosoft Excel PivotTable (* xls) MPX (* mpx)
HTML Document (* html) Microsoft Access Databases (* mdb)
Text (Tab delimted) (* txt) Microsoft Excel Workbooks (* xls)
CSV (Comma dehmted) (* csv) Text (* txt)

CSV (* csv)

Table 7 7 Microsoft project scheduling file save and file open formats

7.4.3 Construction Projects Realization Process Overview

(13

In the description of the construction scenario and throughout the report the term
process information” has been the keyword for this research study and the defimtion of
this terms is given in the report. However the actual “construction process” which 1s the
basis for this key word has not been described. Hence this section provides description of
the constriction process in terms of construction projects plan or schedule, cost estimate

and design

Construction process refers to the operations that correspond to sets of activities or tasks,
which can be performed to construct or produce numerous separate parts of a project and
eventually achieve the final required facility such as a building. Each of the activities or
tasks 1s the result of decisions concerning the method of construction to be used 1n order
to achieve the goal, a constructed facihity. The process of decomposing this high level
process to low-level detailed activities, which are executed dunng produchion process,
results in hierarchal process network (hierarchically connected operations realizing the
several parts of the facility and eventually achieving the final facility). A construction
project schedule or plan represents construction processes as a collection of mterrelated
tasks along with other scheduling mnformation such as tme duration, resources,
relationships between the activities etc. In the same way, a cost estimate of 2 construction
project represents construction processes as cost estimating tasks along with other cost

estimating information such as resources performung tasks and cost of the resources. Also
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a design of construction project represents construction processes a set of construction
methods along with other design data such as matenal of construction, locations,

products of the design methods, and so on.

7.4.4 An Example of a Construction Situation within the Scenario

In a design and build project contract, a designer is required to produce a design for a
project to a specified budget and time duration for construction to commence
immediately after approval 1s obtained for the design and cost estimate from the chent
among others. The project mvolved the architect designer, the cost estmator, and the
scheduler or planner The designer’s role 1s to produce a design data The cost estimator,
estimates the cost of the activities based on the cost of the matenals and resources, the
planner takes design and/or cost estimating data, aggregates or wdentifies scheduling tasks
with single deliverables, that are necessary to produce the products within the project,
assigns resources required by the activities, calculates the time and duration required, and
determunes the order in which these activities must occur taking nto account any

constraimnts etc.

In this sitnation, since architectural design is a multi-phase process, at the various stages
durmg the evolution of the design, an estimator is required to produce the cost estimate in
order for the designer to keep to the specified cost. Dunng this process the estimator
requires design data and the designer need to access cost data for the design objects
produced. A planner is required to produce an acceptable construction process plan based
on the design and/or cost estimating data, for the construction process to start after the
design and cost estimate approval. For instance, dunng the early stages very little design
information will be available and only a brief estimate, based on the mformation
available will be possible In later design stages, when more detailed design information
1s available, a more accurate estimate can be produced. At the same time, dunng the
design and estimating processes, since design is a top-down and production 1s a bottom-
up operation, only an interim plan of the construction operation can be produced. This
includes planning tasks, assignment of resources and cost, and estmate of tme-duration
of each task. For the construction process to commence immediately after approval 1s
obtained for the design and cost estimate the design, cost eshmating and construction
scheduling need to be more or less concurrent. The challenge 1s that the designer uses the

AutoCAD, the cost estimator uses CCS cost estimating and the scheduler uses Microsoft
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project, while as descnibed above each of these applications uses different information
representations, data formats and ternunology These apphcations currently cannot

exchange mformation.

In this research study 1t was decided to use PSL, 1n such a situation within the scenano,
as a neutral, standard Janguage to serve as an interlingua to mtegrate and allow these
apphcations to share semantic concepts of their respective information representations
Hence, the designer produces a design data file using AutcCAD as shown n the IDEF3
model of the design process (see Appendix B) and runs the translator to convert the file
to PSL The cost estimator and scheduler then run themr respective translators to convert
the design file 1n PSL to CCS and Microsoft project respectively and produce the
required cost estimate and process plan, following the tasks/procedures of the cost
estimating and planning IDEF3 model (see Appendix B) The use of PSL in the process
information exchange between the construction scenano software applications 1s shown
through the implementation of the language in the construction scenano within the pre-

construction process stages, described.
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Chapter 8 Implementation of PSL in the Construction Scenario

8.1 Introduction

In chapter 7, a constructton scenano within the pre-construction process stages was
detailed and an example of a construction situation was described within the scenano.
This chapter presents the implementation of PSL 1n the construction scenario, The
mmplementation of PSL in this scenario required a construction case study project, and a
“metal door 1n a metal opemng of a building project” was selected mn order to have a real
construction process information exchange, between the scenario software applications,
using PSL as interchange language n the tnal of the first implementation of PSL 1n the

construction environment.

This section presents a detailed description of the construction case study project, “a
metal door m a metal opemng of a building project”. The PSL language was
mmplemented 1n the scenano in which the language can be used as an interchange
language for the case study project construction process related architectural design; pre-
tender cost estimating, and scheduling information exchange between the scenano
software applications. For example, as described in the example of a construction
situation within the scenario in the pervious chapter, the result of a design task need to be
exchanged between the cost esttmator and scheduler applications to cost estimate and
plan the construction processes. However the three applications may have different
interpretations for their respective construction process representations. The correct
mterpretation and exchange of this information can be achieved through the use of PSL
as a common mnterchange language between the applications. However, prior to the use
of the language 1n the construction environment the need to evaluate the use and impact
of the language 1n construction practices became important. As a result this project
determuned to implement the language in the construction scenario descnbed in which
process related architectural design, pre-tender cost esumating, and planning process
mformation, for construction of a metal door 1n a metal opening of a building project, can
be exchanged between AutoCAD, CCS and Microsoft project applhications using PSL. A
manual translation process was camed out to exchange, the case study project

construction process information, between the scenario software applications usmg PSL
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based hand wnitten translators. In the following sections a detailed description of the case

study project 1s presented, followed by the result of the translation process.

In the following sections a detailed description of the case study project “the metal door
1n a metal opemng of a building project” within the scenario 15 presented. Section 8.2
presents descriptions of the design products to be constructed or realised (construction
products) and the matenals of construction used for these products (raw matenals or
manufactured products), and section 8.3 describes the processes that may be used to
assemble or construct the construction products. Section 8.4 describes the structuning of
the construction process related information of the case study project using the scenario
software applications’ information representations, file formats, and termmnologies. In
this section the architectural design data 1s presented and structured n Excel file format,
the cost estimating data 1s presented using the CCS application’s data representation
format, and the construction planmung information 1s structured using the Microsoft
project scheduling information representation format Section 8.5 descnbes the manual
translation process, by which the cases study project construction process information
was exchanged between the scenano software apphications usmg PSL and the
applicatons based hand wntten translators Finally a section of discussion on the
implementation of PSL in the scenario 1s presented and conclusions and

recommendations are drawn.

8.2 Cases Study: “Metal Door in a Metal Opening of a building” Project

This section presents a detarled description of a situation i which PSL may be used as a
common representation for architectural design, pre-tender cost estmating, and
scheduling and planning related process mformation for the case study scenario project
This representation 1s expected to facilitate the exchange of this process information
between the scenario software applications. A textual specification of the construction
case study project, which includes “metal building opening construction detail” and
“metal door construction detail” is shown m figures 8.1 and 8.2, and detailed drawings

of the building openung and the door parts are attached 1n appendix E.

These types of doors are mostly used for building 1n hurnicane vulnerable areas and their

construction detaill is complex This type of project with complex construction

iformation has been selected for the construction scenario to 1llustrate the complex
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process related information in construction projects that need to be represented
unambiguously, shared and exchanged between applications consistently The source of
the design specification of the case study project comes from Hurmcane Engmeering and
Testing INC.https-//secure.metaldoor net/dominionproducts/specifications/specs110 cfm,

which deals with computer controtled product testing and design and wind analysis of
construction products. Sets of information were abstracted from the textual specification
of the construction case study project and described 1n the following sections. These
descriptions provide an overview of the vanious elements, which represent the case study
project. These are the products, matenals (resource) and construction processes aspects
of the case study project These aspects came from the textual specification of the case
study project hence relate to the design stage of the construction scenano and referred to
as the process information related to design. Other process information related to cost
estimating and scheduling or planning were 1dentified based on the design related process
information of the project and structured using the CCS and Microsoft project scheduling

applications’ information representations described and shown i section 8.4
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Overall Opeming Dimensicn

Height of Honzontal Girt above the floor
Adjustable Attachment chp

Honzonial Top Gurt

Honzontal Iatermediate Gurt

Method of Construction:

Grit)

The Top Girt Attachment-

Wall Panel Installation:

from the bottom

Metal Building Openung Construction

"wx 102%"h

7*-5" (above normat instaltation hexght)
I 5/8 “x 8" x 0100”

55/8” x 8" d x0 023" t x 95- 15/16
S5/ x B dx0023"tx 274"

A wood frame measuring 97" wide x 102 52 * hugh was constructed using double 2 x 12 Douglas Fire Wood An
8" giuth with 3" flange was installed 89" above the base floor (which 15 above normal installanon height of

The top Gurt was attached with wood frame using a gurt attachment clip The clip was attached to the Gurt with
six #12 x} ¥4 Self Drilling Screws with 0 563" Sieel washer with neoprene seal, and the clip was attached to

the wood frame using four #12 x 1 % “ Wood Lag Screws

The portion of the operation excluding the door area were covered with 26 Gage, 38" x 108 %" overlapping
metal panels The panel material exceeding wood frame was tnmmed The panels were attached to wood vertical
members with tea #12 x 1 %" Self Dnlling Screws along each side at 11 4" oc, starung at 2 %4” from bottom,
Nine #12 x 1 %4 Self Drilling Screws along top wood member at 3 %4 from end and 10" O ¢, and three #12 x 1
14”Self Drilling Screws on bottom wood on each side of the door ate 8 7/8” o ¢, staring at 4 %4"fro end . the

panels were also attached to door frame with mne #12 x 1 14" Self Driling Screws ata 9 %" o ¢, starung at 4 %"

Report No HETI-03-1759

Table 8 1. Metal Building Openung Construction Design Detail (source: Hurncane Engineering

and Testing INC )
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Door Construction Details \

PRODUCT Single Metal Door Installed 10 Metal Buiiding Opening
DESCRIPTION OF UNIT
Model Designation AMSCOKD, 20 Gage Textured
Overall door si1z¢ 41”7 x86 1/8" h
Configuration X
No and size of vents {1} 3534 x 83 3/8” (acuve)
8.1 Door Frame Matenal & Construction

Strut A shding 1 3/4”x3” galvamized steel strut wath 2 %7x3 7/8x wide welded steel chip on

top The assembly was shd upward to attach to horizontal girt using two 5/6” X 34" nut
and belt on intertor and extenior face of jamb

Jamb and Head 16 Gage Kerfed frame profile, double rabbet with a foam filled Gasket, measuring

3"X81/8" (overall dimension) The depth of the door stop was 2 1/8” n fromt and !
15/16" 1n rear, the height of door stop was 5/8”

Hinge reinforcement three, 7 Gage, 10" x 1 4™ lunge reinforcement were four pomnt spot welded at end to
doorjamb at 7** from end at centre of the jamb

Bottom Jamb angle 12 Gage galvanized steel angle measunng 1 34" x2* x7 %™ x 0 099 thack 1 34" leg was
four point spot welded to the jamb

Sinke Plate 486" x 1 757 x0 079" thuck steel strike plate was instatled to the doorjamb

Strike Plate Reinforcement A three powmnt spot welded 16 gage x 1 %4” x6” strike plate reinforcement was installed

Corner Construction The door jamb was attached to head extension strips with two 5/16™ x %™ hex head nut
and bolt screws
821
Door Leaf Matenal and Construction
Overall size 35 %" wide x 33 1/8" lugh x 1 3/4 “ deep
Core Expanded polystyrene core
Hinge Remforcement (3)9" x 1 %" x7 Gage
Lock Preparaton A 16 Gage steel lock reinforcement plate was six points spots welded to the door face
sheet.
Leaf Construction 20 Gage galvamized steel top and bottom face sheet with vertical hemmed edge seams,

mechanically interlocked, square hunge and 1/8” 1n 2" bevelled lock edges A 16 Gage
flush top and bottom channel welded to both face sheets, Hinge reinforcement was
iostalled at centre of the leaf and 6 5/16” from top and bottom

Hardware and Components

Locks Yale 5307 Lever Lock (one)
Hinge (3) 41/2” steel hinges with non-removable pin template
Weatherstrip AMSCO extruded aluminium & vinyl weatherstnp.
Method of attachment The door assembly was attached to honzontal gnit on top and wood frame ate bottom

using adjustable chips Jamb mounted to girt using %*1” Machine screws 2 each side,
and to wood frame using 1/16"*1 5/8" wood lag 2 each side

Table 8.2 Metal Bulding Opening Construction Design Detail ( source. Hurncane Engtneering
and Testing INC ,)
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8.2.1 Products and Materials Overview of the Case Study project

The “metal door in a metal building opening” 1s a product of a sub-process within the
construction of a building, which can be performed to assemble the component parts of
the product. Various resources are used throughout the construction processes of the
metal door and these may be used in different forms during each process These are
referenced 1n the detailed description of the construction processes A diagrammatical
view of the design products of the case study project, and the matenals, which may be
manufactured products or raw matenals that are required during the construction process
of the project are depicted in figure 8.1. This diagram shows the hierarchical breakdown

of the products and materials of the case study project

i ok

l 1
(o] (o ] (o i
l Hardw 2ra and components |
CONSTRUCTION PRODUCTS
e ]
sied grit | metal Panal I
expanded
I I 2:::::: poly siy rena core hinga renkrcement
m botom }amb shke plah
e renkrement Yock renlorcement
oot I—' plal 1op and botom channel
famb & heads hinge renforcement skrike plap | I ] I
C:l [ ks | | moges | | wetersep
=== MATERIALS (MANUFACTURED PRODUCTS)

Figure 8.1 . hierarchucal breakdowns of the products and matenals of the case study project

8.3 Detailed View of the Case Study Project Construction Processes

In this section, a particular set of interrelated processes and sub-processes, and the
activittes, which represent the decomposition of these processes and sub-processes, for

construction of the case study project are described. These processes and activities can be
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used 1 the generation of a detailed process plan and cost estimate of the construction of
the “metal door in a metal opening of building project” Figure 8.2 Qutlines a generic
high level construction processes for a typical building project and 1illustrates the
relationships between the various processes. The relationships between the processes can
be read from top to bottom with the most general at the top and detailed at the bottom. A
more detailed view of the two sub-processes for the “building opemng” and
“complimentary structure door” construction highlighted 1n figure 8.2, which constitute

the “metal door mn a metal opening of a building project” construction process, are shown

1n figure 8.3
budbung LEVEL 1 o detail
l L Peopet
LEYEL 2 of deladl
creale Spaces
T
I = l rm l mem I a4 2 ra shitol oher asks

[ Constuct, Meta BuktingOpaning - {

. For o e - — . — g oTe o~
. #membteandaﬁachebmtﬁasemblthﬁﬂa?ldWmdmea of the Opening

metal door w metal building opecing construction progess

Figure 8 2. Generic Overview of Building Construction Processes

The following sections (sections 831 to 8 3.9) include detailed descriptions for the
“metal door in metal opening of a building project” construction processes shown in
figure 8.3. This includes descriptions for the sub-processes and activities that must be
completed for the accomplishment of the hgh level “construct metal door in metal
opening of a building project” process. The processes, sub-processes and activities are

extracted from the construction specification of the cases study project shown 1n tables
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8.1 & 82. The detailed description of each of these processes, sub processes and
activities contains an IDEF3 Process Description Capture method representation (IDEF3
process model) and textual specificatrons for each of the activities of the process model.
The processes and sub-processes mainly reflect the herarchically mnterconnected
activities, which are used to achieve the parts of the “metal door in a metal opening of a
building project”. At the lowest level of decomposition of each process 1e. at the activity
levels, the vanous resources required and products produced that are data related to
design stage of the scenano are listed. Process data related to the cost eshmating and
scheduling stages can also be attached to each activity of the process model, but due to
the dimension of data that need to be listed for each activity, and to keep this clear and
uncluttered these data are presented using the scenano software apphcations Based on
the design related data for each activity of the process model other process mnformation
related to cost estimating and scheduling for each activity of the process model are
identfied and orgamzed and structured using the scenario software applications’

information representation files and screen shots of these representations are shown m

section 8.4
alach cip b b it
alch DY ot D wood Fame
alach dp b be wood Far
it wal panel
alth paned b doof Fame
oount Jabes 1t Aawaod Tare
o b I
mach qrand ety
e e == |

bl g o e Dl e Bt

consuct and hangdoor sal

Figure 8.3 Detailed view of the “metal door in a metal opening of a blding project”
construction process
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8.3.1 Install Metal Door in a Metal Building Opening

The “install metal doors 1n a metal bulding openming” process 1s a high level process,
which can be accomphshed through more detatled processes. This process describes the
way in which this type of doors may be installed in buildings with metal openings The
high level process * Construct Metal Door in a Metal Building Opemng” 1s decomposed
mto two sub-processes. These sub-processes n the order of occurrence are: construct
metal building opening and assemble and attach door assembly to honzontal girt and
wood frame of the opening These sub-processes may be accomplished 1n various ways

as tllustrated 1n the further sections.

nsifl metaf door n meil
buking oprng

3 |

- e
- -
- e

assible and atach door
constuct metal buidng cprng asymbly b hoesibonal grtat
-1 bp and wood ¥ama al botom

314 | 315 |

Figure 8.4 Install Metal Door 1n a Metal Building Opening Process

Figure 8.4 shows the decomposition of the “Install Metal Door 1n Metal Building Operung”
process Each of these sub-processes are related to another via, a precedes arrow This
indicates that the process on the left must be completed before the commencement of the
task on the night. For further Information on the process representation concepts and
notations of IDEF3 Process Description Capture Method used n the representation of

these processes, there 1s hiterature and references on this topic 1n chapter 2 of this thesis

8.3.2 Construct Metal Building Opening

The 1nstallation of the door assembly 1n the building opening requires the construction of
the opemmng on which 1t is attached. The “Construct Metal burllding Opening” shown in
figure 8.5, 1s simular to its parent process n that the decomposition of this process results
in three ordered more detailed sub processes linked via precedes relation arrows. These
sub-processes define the building opeming construction process and these sub-processes
i their order of occurrence are: construct wooden frame, nstall gut or attach top girt to

wooden frame, and install wall panel
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construct metal building opning

31 |

install et or atiach op g o
— wood framna

4110 | a1 | 4112 |
Figure 8.5 Construct Metal building Operung Process

intall wall paned

Y

The two processes represented by boxes 4.1 11 and 4.1.12 are processes that may need to
be accomphlished via other lower level processes Tht;ses two sub-processes are
decomposed and detailed in further sections The “Construct Wood Frame™ 1s an activity
at the lowest level of decomposition of the “Construct Metal building Opening” process.
The process information related to design, the matenals used and products produced,
which are extracted from the case study project construction specification (shown in table
8.1 & 8.2) for the “Construct Wooden Frame task™ activity are as listed below.

o Construct Wooden Frame task
- requires: 2¥12 Douglas Fire Wood
- produces' 97"w*102 2"h Wooden Frame

8.3.3 Install Girt or Attach Top Girt to Wood Frame

The “Install Girt or Attach Top Girt to Wood Frame” Process 1s the second step 1n the
parent “Construct Metal building Opening” process. This process is decomposed mnto two
distinct activities, which are. “attach chp to girt” and “attach clip to wooden frame” by
which the imstallation of the gurt 1s accomphshed After these activities are completed the

wall panel can be 1nstalied.
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msill grtor attach op gt o
wood frame

a1 |

. attach chp b the gt ~

1133 | .

atiach clip I the wcodn ame J2

1114 |

Figure 8 6 Install Girt or Attach Top Gart to Wood Frame Process

Figure 8.6 depicts a scenario 1n which the activities 1n boxes 11.1 13 and 11 1.14 can be
mitiated and completed m any order of time as illustrated by the IDEF3 asynchronous
Junctions J1 and J2 The followmg lists the process mformation related to design; the
matenals used and products produced, as extracted from the case study project
construction specification (shown in tables 8.1 & 8.2) for the “attach clip to girt” and
“attach clip to wooden fame” acthivities.
Q Attach chp to girt task
- Requures: 8" girt with 3” flange, six #12*1 4" Self Dnlling Screws, 0 563”steel
washers
- produces: clip on girt
o Attach clip to wooden frame task
- requres four #12 *] ¥”"Wood Lag Screws
- produces chp attached to girt; girt attached to wooden frame with clips.

8.3.4 Install Wall Panel

The “Install Wall Panel” Process is the third step 1n the parent “Construct Metal building
Opemng” Process. Thus process decomposes 1nto two sub-processes by which the parent
process may be completed These sub-processes “Install Wall Panel or Cover Portion of
Opeming”, and “Attach Panel to Wooden Vertical Members” are activities at the lowest
level of decomposition of the patent process “Install Wall Panel”. Figure 8.7 shown the
process m which these two activities may start and complete 1n any order of time as

mdicated by the IDEF3 asynchronous junctions J1 and J2. The performance of these
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activities within the decomposition of the parent process depends on the fact that the

vertical members and the wood frame are constructed and completed

intall wall panel or cover
proton of openg exculing the
door area wih mefal panels

4112
’ ~
I’ \\
I’ » ~
I’ \\
L attach panel o wooden .
, —={ veratal members on each .

. side of door N .
i’ 12115 | S
& —= | &
J1 J2

attach the panles to door
> frame
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Figure 8.7. Install Wall Panel Process

Process information related to design; the matenals used and products produced, as
extracted from the case study project construction specification (shown in tables 8.1 &
8.2) for the *“attach clip to girt” and “attach clip to wooden fame” activities are as
follows.

0O Attach panel to wooden vertical members on each side of door task
- requires. wall panel, twenty two #12*] 14” Self dnlling Screws,
- produces: wall panel attached to vertical members

0 Attach Panel to door frame
- requues mne #12*1 147 Self dnlling Screws

- produces: wall panel attached to door frame

8.3.5 Attach Door Assembly to Girt and Wood Frame of the Building Opening

The “Attach Door Assembly to Girt and Wood frame of the building opening” process
defines the way in which the door should be constructed and attached to the building
opening. This process 15 accomplished through the construction of the doorframe and leaf
before the hardware and components can be fixed to the door. Figure 8.8 shows the
decomposition of the process mnto two sub processes. These processes need to be
accomplished through other lower lever sub-processes. The “Attach Door Assembly to
Girt and Wood frame” process is the second step 1n the high-level “Install Metal Door 1n
224




Chapter 8 Implementation of PSL in the Construction Scenario

Metal Burlding Operung” process. Once the construction of the door opening 1s completed
these two sub processes can commence asynchronously, The IDEF3 Junctions J1 and J2
1n figure 8.8 convey an asynchronous relationship between the construction of doorframe

and door leaf processes that they can start and finish in any order of time.
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Figure 8.8. Attach Door Assembly to Girt and Wood frame of the building opening Process

8.3.6 Construct Door Frame

The “Construct Door Frame” process creates a frame to which the door can be hinged.
The accomplishment of this process requires the completion of each of the four sub-
processes shown i figure 8.9. While the sub-processes represented by boxes 6.1.17,
6 1.18 and 6 1.20 are activities at the lowest level of detail of the parent process, the sub-
process mn box 6.1.19 requires further decomposition mto more detailed sub-process by
which this process can be accomplished The arrows between the boxes signify sumple

precedence relationship between the four sup-processes.
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Figure 8.9. Construct Door Frame Process

The “Mount doorjamb to girt and wood frame task™ “Attach strut to honzontal girt and
doorjamb task” and “Attach door jamb to head extension stnp” sub-processes are
achivities that can be found at the lowest level of decomposition of the parent process
“Construct Door Frame”, and the process information for each of these activities related
to design; the matenals used and products produced, as extracted from the case study
project construction specification (shown i tables 8.1 & 8.2) are as follows.

o Mount doogamb to girt and wood frame task
- requires; doorjamb, four ¥%4”*1 machine screws, four 5/67*1 5/8” wood lags
- produces door jamb in place

O Attach strut to horizontal girt and doorjamb task
- requres’ shding I %”*8"h galvanized steel strut, two 5/6” X %" nut and bolt
- produces: girt and doorjamb fastened m place wath bolts and nuts

a Attach door jamb to head extension stmp
- requires* two 5/16” x 3" hex head nut and bolt screws

- produces doorjamb attach to head

8.3.7 Prepare Doorjambs

The “Prepare Doorjambs” is a high level process, which can be accomplished via other
lower level processes shown m figure 8.10 This representation 1illustrates that
preparation of a doopambs for this type of door require four distinct sub processes,
which are: “weld hinge remnforcement” and “weld steel angle” and “install strike plate”
and *install strike plate reinforcement” to doorjambs. This process puts all the necessary

reinforcements for hinges and strike plates before the hinges and plates can be fixed to
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doorjambs As described for other processes, these four sub-processes can start and
complete 1n any order of tume as indicated by the IDEF3 Process Description Method
asynchronous junctions J1 and J2 of figure 8.10 Once these four sub-processes are
completed the doorjambs can be attached to head extension before the door leaf can be

fixed to the jambs.
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Figure 8.10. Prepare Doorjambs Process

The process information related to design; the matenals used and products produced, as
extracted from the case study project construction specification (shown in tables 8.1 &
8.2) for the “weld hinge reinforcement™ and “weld steel angle” and “install strike plate™
and “mstall stnke plate reinforcement” to doorjambs sub-processes, which are actvities
that can be found at the lowest level of decomposition of the parent process “Prepare
Doorjambs”, are as follows

a Weld hinge reinforcement to doorjamb task
- requires. doorjamb;-three, 7 Gage, 10” x 1 14" hinge remforcement
- produces: hinge remforcements welded to doorjamb

o Weld steel angle to doorjamb
- requres’ 12 Gage galvaruzed steel angle measuring 1 3™ x2" x7 2" x 0 099”thick. 1 %" leg
- produces: steel angle welded to doorjamb

a Install steel strike plate to doogamb task
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- requires: 4.86” x 1.75” x0 079" thick steel strike plate
- produces- stnke plate welded to doorjamb
0 Install strike plate reinforcement
- requres three pont spot welded 16 gage x 1 %4™ x6” strike plate reinforcement

- produces reinforcements for strike plate

8.3.8 Construct and Hang Door Leaf

The “Construct and Hang Door Leaf” process 1s accomplished via three sub-processes
represented by boxes 7 1.25, 7.1.26 and 7.1 27, which can commence and complete 1
any order of time, as indicated by the IDEF3 Process Description Method asynchronous
junctions J1 & J2, before the hardware and components are placed and the door leaf 1s
hanged via the “place hardware and components” and “hang door leaf” processes as
Hlustrated 1n figure 8.11 While the sub-processes 1 boxes 7 1.25, 7.1.26, 7.1.27, and
7.1 29 are activities that don’t need further decomposition for completion for each of
these, the sub-process i box 7.1 28 requires further decomposition into more detailed
activities, by which the completion of the “hardware and component” process can be met.
Figure 8.11 shows that process box 7.1 28 cannot commence untl all the three
asynchronous activities are completed. The performance of the three activiies within the
decomposition of the parent process doesn’t depend on any other process. It can be
mitiated or completed at any time that 1s before, parallel or after the “construct door

opeming” or ** construct doorframe” processes.
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Figure 8.11. Construct and Hang Door Leaf Process
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The “Weld top and bottom channels to both face sheets of door leaf”’, “Install hinge
reinforcement at centre of door leaf”, “Weld lock reinforcement plate to door leaf” and
“hang door leaf” activiies have the following process information related to design; the
matenals used and products produced, as extracted from the case study project
construction specification (shown in tables 8.1 & 8.2).
0 Weld top and bottom channel to both faces sheets of door leaf
- requres door leaf with Expanded polystyrene core, 16 Gage flush top and bottom channel
- produces door leaf with channel welded to both face sheets
0 Install hinge reinforcement at centre of the leaf
- requires. door leaf with Expanded polystyrene core, (3) 97 x 1 %" x 7 Gage hinge
reinforcement
- produces: door leaf with hinge remnforcement
0 Weld a steel lock reinforcement plate to door face sheet
- requires door leaf with Expanded polystyrene core; 16 Gage steel lock remforcement plate
- produces lock reinforcement plate welded to door leaf.
@ Hang door on door frame
- Tequires- screws

- produces. door leaf hanged on door frame

8.3.9 Place Hardware and Components and Finish Door

The “Place Hardware and Components onto Door” process 1s the final step 1n the overall
process of the cast study scenano project. This process should be accomplished via three
activities. These are* “fix lock on door leaf ”, “install hinge on door leaf” and “apply
weatherstnip to door” asynchronous activities. Figure 8.12 1illustrates the asynchronous
behavior of this process in which the three activities can start and complete 1n any order
of time, which 1s conveyed by the IDEF3 Process Descnption Method asynchronous J1

and J2 junctions
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Figure 8.12. Place Hardware and Components and Finish Door Process

The following lists show the process information related to design for each of the three
activities; the matenials used and products produced, as extracted from the case study
project construction specification (shown in tables 8.1 & 8.2).

o Fix lock on door leaf

requires: (1) Yale 5307 Lever Lock
- produces: lock fixed on door leaf
a Install hinge on door leaf
- requires- 4 14" steel Hinges with non-removable pin template
- produces: hinge mstalled on door leaf
0  weatherstrip door
- requires AMSCO extruded alurminum & vinyl weatherstrip
- produces: weatherstripped door

8.4 Process Information Representations using Scenario Applications

In the previous section the on site construction processes for the case study project were
modeled using IDEF3 Process Description Capture Method and data related to design
stage of the scenario, which were extracted from the case study project construction

specification (shown 1n tables 8.1 & 8 2) were attached to the model at the
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activity level of decomposition of the processes. This referred to as process information
related to design. In order to develop the full construction process information related to
the scenano that is process information related to design, pre-tender cost estimating, and
scheduling for the case study project, 1t was determined to use the scenanio software
applications’ information representation files. These applications provide data fields for
the representation of the processes and activities of the model and associated data related
to each process and activity In this way, the applications representattons of the process
mnformation provided a view nto the data types of the applications representing the case
study project information, hence a view into the native ontology of each of the
applications. The native ontology of each of the applications 1s important mn the
translation process, because this ontology 1s mapped mto the PSL ontology and
information translation 1s conducted between these applications’ native ontologies and
PSL ontology, therefore the translaton defimtions must be written between these
ontologies and the PSL ontology Additionally the use of the scenano software
applications provided a clear view wto the applications’ data types and the concepts
represented by these data types Hence an understanding of the use of the same or
different data types to represent cifferent or the same process concepts 1s achieved during
the applications’ representations of the case study project construction process
information. This provided the shared information between those applications that need

to be exchanged between them during the pre-construction process stages.

As descnibed above although these applications have different file formats there are some
common exchange file formats that can be used to export and import files between the
three scenario software applications. CCS and Microsoft project have a default data
format that is the same for all types of projects and for all users, however for AutoCAD
there 1s no such data format and every designer or user needs to structure the information
that can be extracted from design drawings In the following sections, a bnief description
of the scenario software applications representations of the case study project

construction process information 1s presented.

8.4.1 AutoCAD Design Data Representation using Excel File Format

AutoCAD drawing objects provide geometrical representation of the case study project

products to be realized by the construction processes of the IDEF3 model. A drawing
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representation of the case study project is attached 1n appendix C Attnibutes that can be
attached to AutoCAD drawing objects are given in the case study project construction
specification as shown i tables 8.1 & 8.2. In AutoCAD these specifications can be
attached to drawing objects and extracted using AutoCAD tools for use in a spreadsheet
or database files to produce textual information structured in file formats that can be
exported and imported to the other two scenano applications. Figure 8.13 shows a screen
shot of the textual information, extracted from the case study project construction
spectfication shown n tables 8.1 & 8.2, 1n relation to the drawing objects of the case
study project, structured 1 Excel file format These are construction case study project
objects represented using drawing format, including, therr component parts and other
process related information. The drawing objects at the hughest level have data fields for
ID, quanuty, and component parts etc of the products. The component parts of the
drawing objects at the lowest level are drawing objects on their own nghts and have data
fields associated with them for methods and material of construction etc  In this section
excel file format 1s used to structure the textual information associated wath the drawing
objects of the cases study project. This file format allows for the information to be
exported and mported to and from CCS and Microsoft project scheduling applications.
The design related textual construction process information of the case study project 1s

organized and structured using excel file as shown 1n figure 8.13
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8.4.2 Cost Estimating Data Representation using CCS Files

The CCS cost esumating application uses ASCII text files to represent cost estmating
related process imformation. CCS uses bill of quantities (BoQ), macros, and operations
files, at the different level of abstractions to organize the processes and products (input
data from design stage) and provide data fields for other cost estmating related data.
CCS uses separate worksheets files to calculate nett-rates for each operation based on
suppliers’ resources cost rates Operations 1n CCS are attached to worksheet where the
resources such as material, labour, plant are determined and the supphers’ rates of the
resources that may be consumed or/and used by each operation are 1dentified and used to
produce nett-rates per billed quantity of each operation. The nett-rate and billed quantity
of each operation produces the nett-amount of the operation Using the operations’ nett-
rates the value of other items (the macros or operation) at the higher level of abstraction
such as the nett-rates and nett-amounts, can be calculated and finally combined to form
the overall project cost Figures, 8 14 (a) & (b} show screen shots of CCS application’s
bill of quantity BoQ, and macro files at different level of abstraction; and the operations
and worksheet files respectively that are used to orgamze the cost estimating related

process mnformation of the case study project.
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Figure 8.14 (b) cost estimating data of the case study project structured 1n CCS Operation &
work sheet files

8.4.3 Construction Plan Representation using Microsoft Project Files

Microsoft project scheduling application uses Gantt charts and Resource Sheets to
structure processes and activities, resources and other related information A typical
project consists of a series of interrelated tasks, the building blocks of a schedule In
Microsoft project the processes at different level of abstraction, and information related
to the processes and activities are structured into summary tasks and sub-tasks and
associated data fields for resources and other scheduling information 1n the Gantt chart
Resource Sheets provide the capability for creating a resource list and associated
nformation for a project, such as resource name, groups, costs etc. any of these resources
can be assigned to tasks, with associated data fields for different types of cost rates and
cost values, when these resources are assigned to tasks Microsoft project automatically
calculates the cost of the tasks Microsoft project application’s capability of process
mformation representation 1s not limited to these schedulimg concepts descnbed m this
section however the focus of this project 1s on the process information that are shared
between AutoCAD and CCS applications and limited to the concepts described. Figures
8.15 (a & b) show screen shots of the Microsoft project’s Gantt charts and Resource
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Sheets representations of the processes and resources and associated information for the

case study project construction.
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8.5 Information Translation between Scenario Software Applications using PSL

In this section as an interchange language PSL is used to facilitate process information
exchange between the scenario software applications; AutoCAD, CCS and Microsoft
Project. The information translation between the applications files requires a two-stage
process: syntactic and semantic translations. The syntactic translator is a parser between
the PSL syntax (KIF notation) and the native syntax of each of the applications; this
parser keeps the terminology of the applicaton intact. The semantic translation
substitutes termunology of each of the applications wath the defimitions wnitten using PSL
termunology The information exchange between the scenario applications 1s carried out
through translation of information representations between each of the scenario software
application’s native ontology and PSL ontology using parsing and pattern matching
(concepts mapping) procedures for syntactic and semantic translations respectively
Hence 1 order to facilitate the mapping of information between the applications and
PSL, the first step m the translation process 1s the development of each of the
applications native ontology The ontology of each of the applcations 15 hidden and 1s
known by the developers only However, ontology of such applications can be developed
from the user pomnt of view that is, how an application structures information using the
terminologies and file format, defined by the developers 1s the ontology of the
applicatton Based on this, the ontology of each of the scenano applications was
developed from the case study project construction process mmformation and the
representation of thus information using the applications terrmnologies (data types) and
file formats as shown in section 8.5.1, 8.5.5, 8.5.6 & 8.5.9. In chapter 7, some
conceptual information was gathered during the conceptual analysis and mapping of the
scenanio software applications data types (the applications’ representations of process
concepts) to PSL ontology. Based on this information, prior to the start of information
translation process, hand written semantic translators (semantic translation definitions)
were developed between the each of the apphcations and PSL ontology. Figure 8.16
lustrates the case study project construction process information exchange between the
three scenario applications and the role played by the PSL Ontology. Figure 8.16 depicts
the translation of process information representations between the three scenario software
apphcattons using Excel file as a common exchange file format for physical file
exchange (import and export) between the applications; KIF notation for syntactic
translation (parsing) of the applications’ syntax to the PSL syntax (KIF notation); and
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PSL as a common language for semantic translation between the applications’ and PSL
process information representation termunologies. This translation using PSL requires
syntactic and semantic translators to translate information from the applications to PSL
and back to the applications. While the syntactic translators are parsing procedures for
syntactic translation between the applications information representation syntax and PLS
syntax (KIF notation), the semantic translators are semantic translation definittons as
shown 1n section 8.5.1. These translation definitions between an application ontology
and PSL are dniven by the ontological defimtions that were wntten using the same
foundational theories. These are definitions for the terminclogy of the application
ontology, using only the termnology from the PSL Ontology, as well as defimitions for
the terminology of the PSL Ontology using only the terminology of the application

ontology.

8.5.1 Semantic Translation Definitions for the Scenario Software Applications

Tra nslation Definition for AutoCAD Application (A)

{<=> {design-cbhject@A ?r)
(product-created 2r))

{<=> {(component@A *r)
(resource-created >r)}

{<=> {(material_of_construction @A >r}
(consumable ?r))

(<=> (construction@A 7a}
{processor_activity *a))

Translation Definition for CCS Application (C)

(<=> (bill_of_quantitiy_macro_op@C ?7r)
(product-created *r)}

(<=> (macro_op€C °r}

{resource-created 7?r))

(<=> (operation@A a)
{processor_activity *a))

{<=>» (material@C ?r}
(consumable *r))

{<=> (plant@C ~r)
(possibly_reusable ?r))

{<=> (labour@C °2r)
(reusable °r})
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{<=> (Nett_amount@C °r)
(actavity _cost ?r))

{<=> (resource_amount@C ?r)
(resource_cost °r})

Translation Definition for Microsoft Project Application (S)

{resource-created °2r)}

(¢=>> (taskeS ?a)

{processor_actaivity 7a})

(<=> (resource@C °r)
{consumable ?r)}

{<=> {summary_task@C ?r}
(<=> (resource@C °r)
(possibly_reusable 2r))
{(<=> (resource@C °r)
{reusable °r})

{«¢=> (task_total_cost@C »r}
(actaivity_cest 1)}

{<=> (resource_cost/use@C 7?1}
{resource_cost °r})

MS Projct

AutoCAD apphcation CCS apphcation application

Excel file Excel fle Excel file

Parser from & to KIF C/SDF or Excel format

AutoCAD terms m CCS terms m XIF MS project terms m
KIF Syntax file Syntax file KIF Syntax file

)\

Semantc translation defimtions between

:

PSL representations of the process data shared between AutoCAD, CCS and MS project

Figure 8 16. Process information exchange between AutoCAD, CCS & Microsoft
project applications using PSL as a common/standard language

|
Import/Export file from & to applications& excel
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8.52 Architectural Design Data File in AutoCAD Application’s Representations

Architectural Design data (textual file) textual representation of AutoCAD application for a
“metal door and a metal building opening” project Wrntten i AutoCAD’s textual
atttbute representatton format and termnologies AutoCAD’s textual attrnibute

(information) representation formats are descnbed in chapter 6.

{DWG-aobject

metal bldg opening (x)}

{components wood frame; steel gurt; wall panel }

{Component 97"*102 12" wood frame  metal blde opemng (x)}

{Matenal 2*12 Douglas Fire Wood (x)}

[construction. wood-frame construction as design  (x)}

{Component 8” with 3" flange steel git  metal blde opening (x)}

[Matenal girt, chip, six #12*1 4™ Self Dnlling Screws, 0 563”steel washers (x)}
{Construction clip attached to girt wath self-dnlhing screws (x))}

{Matenal, four #12 *I ¥4"Wood Lag Screws (x)}

{Construction ¢hp attached to wooden frame with wood Lag Screws (x)}

{ Component: 26 Gage 387*108 ¥2"metal wall panel metal bldg opening (x}}

[ Material metal wall panel, twenty two #12*1 %4” Self drnlling Screws {x)}
{Construction* wall panel attached to vertical members (x)}

[ Matenal mme #12*1 14" Self dnuling Screws (x)}

[Construction wall panel attached to door frame (x)}

[DWG-object

metal door (x)}

{components doorframe, door leaf; hardware & components (x)}

{Component. doorframe  door assembly_ (x}}

{Matenal doorjamb, four ¥47*1 machine screws, four 5/67*1 5/8” wood lags (x))

{Construction Jamb mounted to girt & wood frame with machine screw and wood lag (x)}

[ Matenal shding 1 %"*8"h galvamzed steel strut, two 5/6” X %" nut and bolt (x)}

{ Construction. strut attached to honzontal girt and doorjamb (x) }

{Matenal two 5/16” x %™ hex head nut and bolt screws (x))}

{ Construction Jamb attached to frame head extension with nut and bolt screws (x)}

{Matenal three, 7 Gage, 10" x 1 %" huinge remforcement (x)}

{Construction hinge remnforcement welded to doorjamb (x)}

{Matenal 12 Gage 1 %" x2” x7 14" x 0 099"thuck, 1 34" leg, galvamzed steel angle (x)}

{ Construction steel angle welded to doorjamb (x}}

{Material: 4.86” x 1.75” x0 079" thuck steel strke plate (x)}

{Construction 4 86”7 x 1.75” x0 079" thick steel stnke plate mstalled to doonjamb (x)}

{Matenal three pomnt spot-welded 16 gage x 114 x6” strike plate reinforcement (x) }

{Construction 16 gage x 1 %4 x6” strike plate reinforcement mstalled in plate (x))

{ Component: 20 Gage galvanized steel door leaf  door assembly {x)}

{Matenal- 35 %" wide x 83 1/8” hugh x 1 3/4 * deep 20 Gage galvamzed steel door leaf
(x)}

{Construction. door leaf hanged on frame (x}}

{Matenal. 16 Gage flush top and bottom channel (x)}

{Construction top and bottem channe] Welded to both faces sheets of door leaf (x)}

{Matenal (3) 9" x 1 44" x 7 Gage lunge remnforcement (x) }

{Construction himnge reinforcement Installed at centre of the leaf (x)}

{Matenal- 16 Gage steel lock rernforcement plate (x)}

{Construction: steel lock remforcement plate Welded to door face sheet. (x)}

{ Component hardware & components door assembly (x)}

{Matenal (1) Yale 5307 Lever Lock (x)}

241

R R RS




Chapter 8 Implementation of PSL in the Construction Scenario

{Construction. lock fixed on door leaf (x}}

{Matenal 4 14" steel Hinges with non-removable pin ternplate (x)}
{ Construction hinge installed on door leaf {x)}

{Matenal* AMSCO extruded alurmnum & vinyl weatherstnp (x)}
{Construction, weatherstrip applied to door (x)})

8.5.3 Architectural Design Data File in PSL syntax (KIF Notation)

The syntactic translator takes/reads the architectural design data file in AutoCAD
application’s syntax and terminology (section 8.5.2) and produces a corresponding file
using PSL syntax (KIF notation), but stull persevening the AutoCAD application’s

termunology

{<=>{(=>{metal_bldg-opening ?2rx}
(DWG_cbject 7x))
(exists (?rl ~r2 ?r3)
{and (=> (wood_frame 7rl)
{component ?rl ?x)}
(=> {8" with 3" steel_girt °»r2) ~
(component ?xr2 ?x))
{=> (wall_panel)
{component ?r3 ?x)))))

{<=> {=>{and {(metal_bldg-opening ?x)
(97"*102 %~ wood frame ?r))
(and (DWG_object 7?x)
(component ?r ?x)))
(exists (~a)
(=> (wood-frame_constructed_as_design ?a)
(construction 7a  °r))
(exists (°rl)
(=>(2*12 Douglas Fire Wood ?rl)
(material_of_ construction *rl 2a)))})

(<=> (=>{and (metal_bldg-opening ?x)
(8" with 3 flange steel girt ?r))
(and (DWG_cbkject ?x)
(component ?r ?x}))
{exasts {(?al 7az2 )
(and (=>(clip attached to girt ?al)
{construction ?2al °r))
(=>(e¢lip attached to wooden frame ?a2)
{construction ?a2 ?r)))
(exists (?rl ?r2 )
(and {=>(girt, clip, six #12*1 %~ Self Dralling
Screws 7rl)
(material_of_construction ?rl ?al))
{=>(four #12 *1 %"Wood Lag Screws ?r2}
(material_of_construction ?r2 *a2))rh))
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(<=> (=>(and (metal_ bldg-cpening 7x)
(26 Gage 38"*108 %*metal panel ?r))
(and {DWG_object °x)
(compenent °?r ?x)))
(exists (7al 7a2 )
(=>(and (=>(wall panel attached to vertical members
?al)
(construction ”al °r))
(=>(wall panel attached to door £frame 7al2)
(construction ?7a2 ?r)))
{exists (7rl ?2r2 )
{and (=>{metal panel, (22) #12*1 %~ Self drilling
Screws ?rl)
(material_of_construction *rl 7al })
(=>(nine #12*1 %" Self drilling Screws?r2)
(material_of_constructicn ?2r2 z7a2)))}))

{(<=>(=>(metal door °x)
(DWG_object ?r}}
(exists (°rl ?r2 ?2r3)
{and (=> (door_frame ?rl)
{component ?rl °x))
(=> {(door_leaf ?r2)
(component ?r2 ?x))
{=> {hard_ware_and_compenets ?7r3)

{component ?r3 °x)})))

(<=> (=>(and {metal door %)
{doorframe ?r)}
{and (DWG_object ?2x}
{(component 2r ?x)))
(exists (?al 7a2 7a3 ?a4 7a5 a6 ?a7)
(and (=>(jamb mounted to girt & wood frame 7al)
(construction ?al ?r))
{(=>({strut attached to horizontal girt and
doorjamb *a2) |
(construction ?a2 ?r))
(=>(jamb attached to frame head ?2a3)
(construction 7a3 ?r))
(=>(hinge_reinforcement_welded_to_door_jamb
7ad)
{construction Pad ?r))
(=>(steel_angle_welded_to_docrjamb >a5)
{construction ?a5 7r))
(=>(steel_strike _plate_installed_to_doorjamb
?a6)
(construction ?ab ?r))
{=>{strike_plate_reinforcement_installed ?a7)}
(construction a7 ?r)))
{exists (?rl ?r2 ?r3 ?r4 ?r5 ?r6 ?r7)
{and (=>(doorjamb, {4) machine screws: (4) wood lags
?rl)
(material_of_construction ?rl ?al))
(=>(1 %~*8*h galvanized steel strut, {2) 5/6” X %"
rut & bolt?r2)
(material_of_construction ?2r2 ?7a2))
{(=>{two 5/16"x %" hex head nut and bolt screws
?r3)
(material of_construction ~rl 2a3l))
{(=>(three, 7 Gage, 10”* x 1 %"" hinge
reinforcement ?r4)
(material_of_construction ?r ?a4))
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(=>{12 Gage galvanized steel angle 2r5)
(material_of_construction ~?r ?ab))
{(=>(4.86" x 1.75" x0.079" thick steel strike
plate ?r6)
(material_of_construction 2?r ?a6))
(=>(16 gage x 1 %"x6" strike plate reinforcement
?r7)
(material_of_construction ?2r 2a7)))1)))

{<=> (=>(and {metal door ?x)
{door leaf ?1r))
{(and (DWG_object 7x)
(component >r ?x)))
(exists {?al ?a2 ?a3 ~a4d)
{and (=>(door leaf hanged on door frame 2al)
(construction ?al °r)}

{=>(channel Welded to both faces sheets of door
leaf ?2a2)

{construction ?a2 ?r))

(=>(hinge reinforcement Installed at centre of
the leaf?a3l)

{construction ?a3 °r))

{(=>{lock reinforcement plate Welded to door
face sheet?ad)

(construction ?a4 ?r)))
{exists (?rl ?r2 ?r3 =4}
(and {=>(35 %*%"w x 831l/8*h x 1 3/4*d 20G galvanized
steel doorleaf ?rl)
(material_of_construction 2rl »al))
{(=>(16 Gage flush top and bottom channel 7?71r2)
(material_of_construction ?2r2 *a2) M)
(=>((3) 9" x 1 %” x 7 Gage hinge
reinforcement?r3)
{material_of_construction =2r3 2a3))
(=>(16 Gage steel lock reinforcement plate
?rd)

(material_of_construction °rd ?a4)}))))

(<=> (=>(and {metal docor ?x)
{hardware & components ?r))
{and {DWG_object ?x)
{component ?r °x)))
(exists (7al ?a2 ?a3 ~ad)
{and (=>(lock fixed on door leaf ?7al}
(construction ?al ?r))
{=>{hinge installed in door leaf ?a2}
{construction ?a2 °r))
{=> (weatherstrip applied to door ©»a3)
{construction 7al3 ?r)))
(exists (?rl 7r2 ?2r3)
{and (=>((1l) Yale 5307 Lever Lock 7rl)

(mater:ial _of_construction °rl
7al))
(=>(4 %* steel Hinges 2r2)
{(material_of_construction 2r2
?a2)))

{=>(extruded aluminum & vinyl
weatherstrip ~r3)

(material_of_construction ?r3
2a3d)iiny}

244




Chapter 8 Implementanon of PSL in the Construction Scenaro

8.5.4 Architectural Design Data File in PSL Representations

The semantic translator (semantic translation defimitions) for AutoCAD application
takes/reads the architectural design data file containing AutoCAD applcation’s
termunology 1 PSL syntax ( section 8.3) and produces a corresponding file containing
only PSL terminology in PSL syntax (KIF) by substituting the definition of all the
AutoCAD application’s terminologies with defimtions 1n PSL. In this translation, using
the translation defimtions for AutoCAD the architectural design data file ;n PSL syntax
(KIF) 1s mapped to PSL defimtions that contain only PSL terminology

{<=>(=>(metal_bldg-opening 7?7x)
(product ?x) )
(exists (?rl <2r2 ?2r3)
{and (=> {(wood_frame ?rl)
(resource ?rl ?x)}
(=> (8" with 3" steel_gart ?r2)
{resource ?r2 ?x))
{(=> (wall_panel)
{resource ?r3 ?x))}})))

(<=> (=>{and (metal_bldg-opening ?x)
(97~*102 %" wood frame ?r})
(and (product »x)
{(resource *r ?x)})
{exists (?a)
(=>{and(wood-frame_constructed_as_design ?a)
(processor_activity ?a))
(creates 7a ?r))}
{exists (°rl)
{=>(2*12 Douglas Fire Wood >rl)
{consumable ?rl 2a)))))

{<=> (=>({and (metal_bldg-opening ?x)
(8" with 3" flange steel girt ?r))
{and (product ?x}
(resource *r ?x)))
{exasts (?al ~a2 )
{=>(and (<=>(=>(clip attached to girt ?al}
{processor_activity  7al))
(creates *al 7?r))
(<=>(=> (clip attached to wooden frame ®?a2)
(processor_activity -VARD
(creates 7a2 ?r)))
(exists (>rl »r2 )
(and (=>{girt, clip, six #12*1 %" Self Dralling
Screws ?rl}
{(consumable ?rl ?al))
{=>(four #12 *1 %*Wood Lag Screws 7°r2)
{(consumable ?r2 ?a2)))))))
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{<=> (=>(and (metal_bldg-opening ?x)
(26 Gage 387*108 %"metal panel ?r)})
{and (product °x}
{resource ?r °X)})
(exists (7al z7a2 )
(=>(and (<=>(=>{wall panel attached to vertical
members *al)
{processor_activity al))
{creates 7al ?r))
(<=>{=>{wall panel attached to door frame
a2}
(processor_activity ?a2))
(creates ®a2 ?r)))
(exists (°rl °r2 )
{and (=>(metal panel, (22) #12*1 %~ Self drilling
Screws 7?rl)
{consumable *rl ral })
{=>(nine #12*1 %" Self drilling Screws®r2)
{consumable °?r2 2a2))ii)})ri)}

(<=>(=>(metal_door ?x}
(product °x))
{exists (°rl ?rZ ?r3)
(and (=> (door_frame ?rl)
{resource ?rl 7x))
{(=> {(door_leaf °r2}
{resource ?r2 ?x}))
{=> (hard_ware_and_compenets ?r3)
(resource ?r3 ?xiNN))

(<=> (=>({and (metal_door 2x)
{doorframe °2r))
(and (product ?x}
{resource ?r *x)))}
{exists (?al a2 2al 2ad 2a5 *af >a7)
{=>{and (<=>(=>(jamb mounted to girt & wood frame ®al)
{processor_activity ?al))
(creates *al ?r))
{¢=>{=>(strut attached to horizontal girt and doorjamb ?a2}
{processor_activaity 7a2})
(creates ?a2 *r})
(¢=>(=> (jamb attached to frame head < a3)
{processor_activity z?al3l))
{creates ?a3 °r))
{<=>(=> (Doorjamb prepared <Zad)
{(processor_activity 7ad)}
{creates “a *r))
(<=>(=> (hinge reinforcement welded to doorjamb Zad)
(processor_activtaiy 2ad))
{creates ?ad >r}}
{<=>(=> (steel angle welded to doorjamb ?a3l)
{processor_actaivtiy ?a5))
{creates ?a5% ?r))
{<=>{=> (strike plate installed to doorjamb?a3l)
(processor_activtiy rag))
(creates ?a6 ?r))
{¢=>(=> (strike plate reinforcement 1nstalled?ad)
(processor_activtiy ?at))
{creates 7?a7 7?r}))
{exists (?rl *r2 2?rd ?r4 ?r5 *r6 *r7}
(and (=>{doorjamb, (4}machine screws; (4)wood lags ?rl)
{consumable ?rl ?al))
{=>{1%"*3"h galvanized steel strut, {2)5/6” X %" nut & bolt °r2)
{consumable ?r2 *al)}
(=>{two 5/16”" x %~ hex head nut and bolt screws ?r3)
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{consumable *r3 ?7a3))}

{=>(three, 7 Gage, 10" x 1 %"” hinge reinforcement ?r4)}
{comsumable “r4 °"ad))

{=>{12 Gage galvanized steel angle ~°r5)
(comsumable 2r5 ?7aS5)})

(==(4.86" x 1.75" x0.079* thick steel strike plate ?ré}
{comsumable?rs %af)})

(=>(16 gage x 1 %"x6" strike plate reinforcement 7r7)
{comsumable?r7? 2a7)})})1))

{<=> (=>(and (metal_door ?x)
(door leaf ?r))
{(and (product °x)
(resource ?r ?x})}
(exists (?al 7a2 ?a3 7ad)
(=>(and (<=>(=>(door leaf hanged on door frame ®al)
(processor_activiy 7al))
{creates ?a 7?x))
{<=>(=> (channel Welded to faces sheets of door leaf

2az)
{(processor_activtiy 7?7a2))
{creates ”a 7?r})
(<=>(=> (hinge reinforcement Installed at centre of
leaf?al)
(processor_activtiy "a3))
(creates »a *r))
{<=>{=> (lock reinforcement plate Welded to door
sheet 2ad4)

(processor_activtiy ?ad))}
{creates ?a 7?r)))
{exists (?rl °r2 ?r3 24)
{(and (=>(35 %"w x 831/8"h x 1 3/4~d 20G galvanized
steel doorleaf ~rl)
{comsumable ?rl zal)}
{=>{16 Gage flush top and bottom charnel ?r2)

{comsumable ?r2 *a2)})
(=>((3) 9" x 1 %" x 7 Gage hinge
reinforcement?r3)

(comsumable ?r3 "al))
{=>{16 Gage steel lock reinforcement plate
2r4)
(comsumable ?rd4d “as))))}i))

(<=> (=>{and (metal_door ?x%)
{hardware & components ?r))
{and (product ?x)
(resource ?r ?x)))
({exists (?al a2 7al3 7ad)
{(=>(and (<=>(=>(lock fixed on door leaf ®al)
{(processor_activtiy ?al 7a)}
(creates 7?a ?r))
{<=>(=> (hinge installed in door leaf 7a2)
(processor_activtiy ?az2 7a)}
(creates ~a °r))
{<=>(=> (weatherstrip applied to doocr ?a3)
{(processor_activtiy ?al ?a})
(creates 7?a ?r)})
(exists (?rl ?r2 ?r3)
{and (=>((1) Yale 5307 Lever Lock ?rl)
{comsumable ?rl ?al))
(=>(4 %~ steel Hinges ?r2)
{comsumable ?2r2 ?a2)))
(=>{extruded aluminum & wvinyl weatherstrip ?r3)
{comsumable *r3 za3}ii)))n)
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8.5.5 Architectural Design Data File in PSL syntax and CCS terminology

In this translation a reverse step 1s followed to translate the AutoCAD application’s
architectural design data file containing only PSL termiology in PSL(KIF notation)
syntax (section 9.5.4) mto CCS application’s termunology but still preserving the PSL
(KIF notation) syntax intact. Using the semantic translator (semantic translation
definitions) for CCS the AutoCAD’s archutectural design data file in PSL representations
(PSL syntax and termunology) 1s mapped to a file contammng only CCS application’s
terrminology to produce architectural design data file contaiming only CCS apphcation’s
termunology 1 PSL (KIF notation) syntax as input data for CCS cost estimating

application.

(<=>(=>(metal_bldg-cpening °»x)
(b1ll_of_quantity 1tem ?x))
(exists (?rl ?r2 ?r3}
{and (=> (97+*102 *%* wood_frame >rl)

(macro_op ’rl ?x))
{=> {8" with 3* steel_girt ?r2}
(macro_op ?r2 2x) )

{=> {(wall_panel}
{(macro_op ?r3 X))

{<=> (=»(and {(metal_bldg-opening ?x)
{(97°*102 %" wood frame ?r))
{and {bill_of_qguantity item ?x)
(macro_op ?r "x)))
{exists (?a)
(=> (wood-frame_constructed_as_design ?a)
{operation ?a ?r})
{exists (°rl}
(=>(2*12 Douglas Fire Wood ?2rl)
{(material ?rl 7a)))))

(<=> (=>{and (metal_bldg-opening ?x)
(8" with 37 flange steel girt 2r})
{and (bill_cf_cuantity item ?x)
{macro_op 2r x)))
{exists (2al 7a2 )
{(=>(and {=>{clip attached to girt 7al)
(operation ?zal ?r))
{=> (clip attached to wooden frame ®a2)
{(operation 7a2 ?r)))
(exists (°rl ?r2 )
{and (=>(girt, clap, six #12*1 %" Self Drill:ing
Screws ?rl)
{material ?rl ?al))
(=>(four #12 *1 %"Wood Lag Screws ?r2)
{material ?r2 ra2)) )
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{<=> (=»({and (metal_bldg-opening ?7x)
(26 Gage 387*108 ¥*metal panel ?r))
{and (b1ll_of_quantity item ?x)}
{macro_op r PxX)))
{exists (?al ?a2 )}
(=>(and (=>(wall panel attached to vertical members
?al)
{operation ?al 7r)}
(=>(wall panel attached to door frame °a2)
{operaticon ?a2 ?r)))
{exists (?rl ?r2 )
(and (=>{metal panel, (22) #12*1 %" Self drilling
Screws ?rl)
{material ?2rl =2al ))
{=>{nine #12*1 %" Self drilling Screws?rl)
{material ?2r2 2a2))))))})

(forall (?r)
{=>(metal_door 7x)
(b1ll_of_cuantity item %))

{exists (?rl °r2 ?r3)
{and (=> {(door__frame 7?rl)

(macro_op ?rl ?x})
(=> (deoor_leaf ?r2}
{macro_op 2r2 ?Xx)}
(=> (hard_ware_and_compenets ?r3)
{macro_op *r3 *x}))))

(<=> (=>(doorframe -~x)
{macro_op 7r))
(exists (?al ?7a2 2a3 7ad ?a5 7a6 7a7)
(=>(and (=>(jamb mounted to girt & wood frame ?al)
{operation "al *r))
(=>(stxrut attached to horizental girt and
doorjamb ?a2)
{operation ?a2 ?r))
(=> (jamb attached to frame head ®2a3)
(operation 7?a3 ?ry}))
(creates ?a3 ?r))
(=> (Doorjamb prepared <>ad)
(operation ?ad ?r))
(=>(hinge reinforcement welded to doorjamb ?ad)
{operation ?a4  ?r)}
(=> (steel angle welded to doorjamb ~as)
{operation ?a5 °r))
{=> (strike plate installed to doorjambra3l)
(operation ?a6 ?r))
{(=> (strike plate reinforcement installed?a4)
(operation 7?a7 ?r)))
(exists (?rl ?r2 ?r3 ?rd4 ?r5 ?ré6 °r7)
{and (=>{doorjamb, (4)machine screws; (4)wood lags
?rl})
(material 2rl 7al))
{=>(1%"*8"h galvanized steel strut,(2) nut & beolt
?r2)
(materizal ?r2 *a2))
(=>(two 5/16" x %" hex head nut and bolt screws
2rl}
(material ~xr3 ?a3))
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{(=>(three, 7 Gage, 10" x 1 %"" hinge reinforcement ?r4)
(material ?r4 7a4))
{=>(12 Gage galvanized steel angle ?rj5)
(material ?2r5 7a5})))
(=>(4.86" x 1.75* x0.079” thick steel strike plate
?2rh)
(material ?r6 ?a6)))
(=>{16 gage x 1 %"x6” strike plate reinforcement ?r7)
(material ?r7 za7)))))))

(<=> (=>(door leaf ?r)
{macro_op ?r})
{exists (7al 7a2 7a3 7ad)}
(=>(and (=>{door leaf hanged on door frame ?al)
{operation ?7al *ry))
{=> {channel Welded to both faces sheets of door leaf

7a2}
(operation ?az °r))
{=> (hinge reinforcement Installed at centre of the
leaf?al)
(operation ?al °r)}
{=> (lock reinforcement plate Welded to deoor face
sheet?ad)

(operation “ad ?r}))
{exists (?rl ?r2 7r3 ?24)
{and (=>(35%"wx831/8"hx13/4*d 20G galvanized steel doorleaf
?rl)
{material ?rl =al})
(=>(16 Gage flush top and bottom channel ?r2}
(material ?r2 ?a2)})
{(=>({3) 9" x 1 %" x 7 Gage hinge reinforcement?r3)
(material ?r3 "a3))
{(=>(16 Gage steel lock reinforcement plate ?r4)
(material ?rd4 ?a4)})))))

(<=> (=>{hardware & components ?r))
{macro_op ?r)}
{exists (?al z7a2 ~a3 7ad)
{=>(and (=>{(lock fixed on door leaf ?al)
(operation 7al ?r)}
{=> (hinge installed in door leaf ?a2)
{operation ?2a2 ?r))
(=> (weatherstrip applied to door ?2a3)
(operation ?a3 °r)))
(exists (?rl °r2 ~r3)
{and (=>({1l) Yale 5307 Lewver Lock 7rl)
(material ?rl ?al))
(=>(4 %" steel Hinges 2r2)
{material ?r2 7a2)))
{=>(extruded aluminum & vinyl weatherstrip
?rl)
(material ?2r3 ”al) )y
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8.5.6 Architectural Design Data File in CCS Application’s input File

In this translation the syntactic translator maps the architectural design data file
contamng only CCS application’s termunology in PSL (KIF notation) syntax. (Section
9.5.5) back into CCS application’s syntax and terminology The result is the CCS
application’s representation of the architectural design data as cost estimating input data
This contains only the architectural design data as input for cost esimating application

but this with other cost esttmating data represents the CCS application’s native ontology

{project metal door in a metal building opening)

[bill of quantities]

(ltem Number )

(Op Code )

(bill o quantity item metal bmlding-opening)
(bill 0 quantity stem metal door)

(Op Code Unit )

(Billed Quantity )

(Nett Rate )

(Nett Amount )

[macro for Metal Building Cpening]l

{Item Number )

{Cp Code )

(Macro Op Code Descraiption 97~*102 %* wood frame)
(Macro Op Code Description steel girt)

{Macro Op Code Descriptaion metal panel)

{Op Code Un:it )

{Brlled Quantity )

{Nett Rate )

{Nett Amount }

[operations foxr 977*102 %" wood frame]

(Item Number )

(Op Code )

(Op Code Description wood-frame construction as design)
(Op Code Unit
{B1lled Quantaty

(Nett Rate

(Nett Amount

[worksheet]

{resource code )

{labour H

(plant )

(material 2*12 Douglas Fire Wood)
(rates )

[operations for steel girt])

(Item Number )

(Op Code )

(Op Code Description clip attached to girt)

(Op Code Description clip attached to wooden frame)

(Op Code Unit

{(Billed Quantaity )
(Nett Rate )
(Nett Amount )
[worksheet]

(resource code )
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(labour )

(plant )

(material girt, clip, six #12*1 %~ Self Dralling Screws)
(material four #12 *1 %*Wood Lag Screws)

(rates )

[operations for 26 Gage 387*108 )%"matal panel]

(Item Number )

(Cp Code )

(Op Code Description wall panel attached to vertical members)
(Cp Code Descraiption wall panel attached to doorframe)

(Cp Cede Unat }

{B1lled Quantity }

{Nett Rate }

{(Nett Amount }

[worksheat]

(resource code )

{labour )

(plant )

{material metal panel, (22) #12*1 %* Self drilling Screws)
(material nine #12*1 %* Self drilling Screws)

{rates )

[macro for Metal Door]

{Item Number

}

(Op Code }

(Macro Op Code Description doorframe constructed as design )
{(Macro Op Code Descraption doorleaf constructed as design and
hanged)

(Macro Op Code Description hard ware and components fixed on door)

{Cp Code Unait
(Billed Quantity
{Nett Rate

{(Nett Amount

)
)
)
)

[operations for doorframe]

{Item Number

)

{Op Code )

{Op Code Descraption jamb mounted to girt & wood frame)
{Op Code Descraption strut attached to horizontal girt and
doorjamb)

{Op Code Descraiption jamb attached to frame head )

{Macro Op Code Descraiption Doorjamb prepared for connetion with
other parts)

[(Op Code Description hinge reinforcement welded to docrjamb}
{(Op Code Descraption steel angle welded to doorjamb)

(Op Code Descraiption strike plate installed to doorjamb)
{Op Code Descraiption strike plate reinforcement
installed)

(Op Code Unit
(Bi1lled Quantity
(Nett Rate
(Nett Amcunt
{worksheet]
(resource code
{labour

(plant
(material
(material
bolt}
{material
(material
{material
{material
(material
(rates

— et et

)

)

)
dooxrjamb, (4)machine screws:; (4)wood lags )
1%**8"h galvanized steel strut, (2)5/6” X %" nut &

two 53/16* x %" hex head nut and bolt screws )
three, 7 Gage, 10" x 1 %"* hinge reinforcement)
12 Gage galvanized steel angle)
4.86" x 1.75" x0.079” thick steel strike plate)
16 gage x 1 %*x6" strike plate reinforcement}

)

252




Chapter 8 Implementation of PSL in the Construction Scenano

[operations for door leaf]

{Item Number )

(Op Code )]

{Op Code Description door leaf hanged on door frame)

{Op Code Description channel Welded to both faces sheets of
door leaf}

{Op Code Description hinge reinforcement Installed at centre
of the leaf}

{Cp Cede Description lock reinforcement plate Welded to door

face sheet}

{Op Code Unit
{Billed Quantity
{Nett Rate
{(Nett Amcunt
[worksheet]
(resource code )

{labour )

{plant

{material 35 %*w x 831/8*h x 1 3/4"4 20G galvanized steel
doorleaf)

{material 16 Gage flush top and bottom channel)

(material {(3) 9 x 1 %" x 7 Gage hinge reinforcement}
(material 16 Gage steel lock reinforcement plate)

{rates }

[operations for hard ware and components]
{Item Number )

(Op Code )

{(Op Code Descraption lock fixed on door leaf )

(Op Code Description hinge installed in door leaf)
{Op Code Description weatherstrip applied to door )

{Op Code Unit )
{Billed Quantity )
{(Nett Rate )

)

(Nett Amount

[worksheet]

(resource code }

{labour }

{plant }

(material {1} Yale 5307 Lever Lock )

{material 4 %" steel Hinges )

{material extruded aluminum & vinyl weatherstrip)
(rates }

8.5.7 Cost Estimating Qutput File in CCS Application’s Representations

Thus represents the output file of CCS cost estimatung application that 1s generated based
on the mnput file (shown 1n section 9.5.6) translated from AutoCAD data representation
to CCS using PSL.

[BILLED QUNATITIES NETT AMOUNT]

{Item Number )
{Op Code )
{Cp Code Description construct wood frame)

(Cp Code Unait )
{(Bi1lled Quantaty ¥

{AMOUNT 1000) ===—=--=--
(LABOUR 500) ---&

{PLANT 250} -~--&
(MATERTIAL 250} -===--
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(TEMP .MATERIAL
(OVERHEADS
(PROV.SUMS
(SUBCONSTRACT
(MARKUP

— Nt et e

{ BILL RESOURCE ANALYSIS for all trades]

(RESOURCE CODE )
(RESOCURCE NAMES 2*12 Douglas Fire Wood)

(UNIT }
(GROUP }
{(RATE x}
(UTILIZATION ¥)

{ AMOUNT 250)
{ LABOUR )
{PLANT )
(MATERIAL 250)
{TEMP .MATERIAL )
{OVERHEADS )
{(PROV.SUMS )
{SUBCONSTRACT )

[RESOURCE by BILL ITEM]

{ITEM )
{OP CODE )
{OP CODE DESCRIPTION construct wood frame)
{ QTY }
{ UNIT )
({ RATE = )

RESCURCES INFORMATION
{RESOURCE GROUP )
{RESOURCE CCDE )
{RESOURCE NAME 2*12 Douglas Fire Wood)

(CURRANCY )
(QUANTITY }
(RATE )
{AMOUNT 250)
(PRODUCTION )

8.5.8 Cost Estimating data in PSL syntax and CCS terminology

The syntactic translator reads the cost esiimating output file (section 9.5.7) and preduces
a corresponding file using PSL syntax, but stll persevering the CCS application’s
termunology ntact. Thus file 15 the same as the file 1 section 9.5.5 but includes other and

CCS specific cost estimating data such as resource, labour, plant, cost etc

{<=>(=>({metal_bldg-opening ?x)
(bill_item ?x))
{exists (?N)
{=> (1000 =2N)
{amount N *x))))

{<=> (=>{construct wood frame °?r}
(bill_atem ?r))
(exists (°N)
(=> (1000 ~N)
(amount N ?xX))1))
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{<=> (=>(attach steel girt to wood frame ?r)

{b1ll_item ?r))
{exists (°N)
{=> (1000 ~N)

(amount N ?x))))

{<=> (=>{install metal panel ?r)
(bill_z1tem ?r))
(exists (?N)
(== {1000 ©°N)
{amount N ?x)) )

(<=> (=>(2*12 Douglas Fire Wood ?r)
(resource name ?r))
({exists (?N}

(=> (250 7N)
{amount N ?x))))

fand (=>{gart, clip, six #12*1 %" Self Drilling Screws
{resource name °r)}
{exists (?N)
(=> (250 °~N)
{amount N *x))))

{<=>({=>{metal panel, (22} #12*1 %* Self drilling Screws
(resource name ?r}))
(exists (?N)
{=> {250 *~N)
(amount PN I

(<=> {=>(construct wood frame ?a}
{b11ll item ?a))
(exists (?rl ?r2 ?r3}
(=>(and (=>{2*12 Douglas Fire Wood ?rl)

(resource name ?2rl 7a))
{=>(carpenter 7r2}

(resource name ?r2 ?a))
{=>{machine ?rl)

{resource name ?r3 ?al)))

{exists (°N1 °N2 °N3}
{and (=>({250 7?N1)
{amount 7Nl ?rl))
{=>(200 ?2r2)
{amount N2 2r2}))
{(=>(300 ?r3)
{amount N3 ?2r3)) 0 ))

{<=> (=>(attach girt to wood frame ?a)
{b1llitem ?a))
(exists (?rl ?r2 °x3 7?r4)

’Z’r)

'Dr)

(=>(and (=>(girt, clip, six #12*1 %* Self Drilling Screws

?rl)
(resource name 2rl ?a))
(=>{four #12 *1 *"Wood Lag Screws °7r2)
{resource name ?r2 ?al)
(=>{carpenter 7?7r3)
{resource name ?r3 ?a))
{=>(machine ?rd)

(resource name ?rd4  ?a)))
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{ex1sts (?N1 °N2 ?N3)
(and {(=>(250 ?N1)
{amount N1 ?rl))
(=>(200 ~r2}
{amount N2 *r2))
(=>(300 ?r3)
{amount N3 ?r3))
(=>(400 ?r4)
(amount N4 2r3)))})))

(<=> (=>(attach metal panel to vertical member & doorframe ?a)
(b1ll 1tem ?a))
(exasts (7rl ?r2 *r3 »r4)
(=>{and (=>(metal panel, (22} #12*1 %* Self drilling
Screws °2rl)
(material 7?2rl ?al ))
{=>{nine #12*1 %" Self drilling Screws®r2)
{material 7r2 ?al})
{(=>{carpenter °?r2}

(labour ?r2 ?al 7a2})
{=> (machine ?r3)
(plant ?r3 7al za2}))}

{exists (°Nl1 °N2 ?7N3)
(and (=>{250 ?N1)
{(amount 7Nl ?2rl)}
(=>(200 7?zr2)
{amount ?N2 ?r2})
{(=>(300 ?r3)
(amount N3 ?2r3))
(=>(400 ?rd}
{amount ?N4 2r3)))i )

8.5.9 CCS Cost Estimating data in PSL Representations

The semantic translator (semantic translation definitions) for CCS application reads the
cost-estimate data file wntten in the application’s terminology and PSL (KIF notation)
syntax (section 9.5.8) and produces a corresponding file contaming only PSL
termmology in PSL syntax (KIF) by substituting the defimtion of all the CCS
application’s terminologies 1n section 9.5.8 with defimtions in PSL. Using the translation
definitions for CCS the cost-estimate data file in PSL syntax (KIF) and the application’s
terminology of section 9.5.8 1s mapped to PSL defimtions that contamn only PSL
terminology.

{<=>(=>{(metal_bldg-opening ?za}

{activity 7a})
{exaists (?N)

{=> (1000 °2N)
{cost of activity °N za)}))
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(<=> (=>{construct wood frame ?a)
(activity 2a))
({exists (?N)
(=> (1000 ~N)
(cost of activity N ?a))))

(<=> (=>(attach steel girt to wood frame 7a)

{activity ?a))
{(ex1sts (°N)
{(=> (1000 °N)
{(cost of activity °N *a)}))

(<=> (=>(install metal panel =?a)
{activity ?a))
(exasts (°N)
(=> (1000 2N}
(cost of activity 2N 2a))))
(<=> (=>{2*12 Douglas Fire Wood -r}
(consumable ?r})
(ex1ists (?7N)
(=> (250 2?N)
{cost of resource °N °r))))

{and (=>(girt, clip, six #12*1 %" Self Drailling Screws °?2r)
{consumable *r))
{exists (°N)
{(=> (250 ?N)
{cost of resource 2?N ?r}}))

(<=>(=>{metal panel, (22} #12*1 %" Self drilling Screws °r)
{consumable ?r)}
{exists (?N)
{=> (250 ?N}
{cost of resource 2N 2rj))})

(<=> (=>{construct wood frame ?a)
{activity 2?a))
{exists (?rl ?r2 ?r3)
{=>{and (=>{2*12 Douglas Fire Wood °?2rl)

(consumable ?rl ?a))
(=>{carpenter ?r2)
(reusable ?r2 2a))
{=>({machine ?r3)
{reusable ?r3 ?a)})

{ex1sts {?N1 ?N2 7?N3)
{and (=>(250 ?NI1)
{cost of rescurce ?N1 ?rl))
(=>(200 2r2)
{cost of resource °N2 ?r2))
{(=>(300 ?r3)
{cost of resource °N3 °r3)))i)))
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{<=> {=>{attach girt to wood frame ?a)
{activity ?a})
(exists (?rl ?r2 ?r3 2r4)
{(=>{and (=>{girt, clip, six #12*1 %" Self Drilling Screws
?rl)
(consumable ?rl ?a))
{=>(four #12 *1 %"Wood Lag Screws °7?r2)

(consumable 2r2 °2a))
{=>(carpenter *r3)
{reusable ?r3  7a))

(=>(machine ?rd)
{reusable *r4d 7a)))
{exists (?N1 ?N2 °N3)

{and (=>(250 ?N1)

(cost of resource °N1 2rl))
(=>(200 2r2)
(cost of resource "N2 ?r2))

{=>(300 ?r3)

(cost of resource *N3 ?r3))
{=>(400 *rd}

(cost of resource N4 ?r3))) )

{<=> (=>(attach metal panel to vertical member & doorframe ?a)
{activity a))
(exaists (°rl °r2 ?r3 7r4)
{=>{and (=>{metal panel, (22) #12*1 %”* Self drilling
Screws ?rl)
{consumable ?rl =2al })
(=>(nine #12*1 %~ gSelf drilling Screws®r2)
{consumable ?r2 ?7a2))
(=>(carpenter ?r2)

{reusable ?2r2 ?al ?a2))
(=>(machine ?r3)
{reusable ?r3 2al *a2})))

(exists (?N1 ?N2 ?N3)
{and (=>{250 7?N1)}

{cost of resource ?N1 ?rl))
(=>(200 7?2x2)
{cost of resource N2 ?r2))

(=>({300 2r3}
{cost of resource N3 ?r3})}
{=>(400 ?rd)
{cost of resource ?N4 ?r3))))y )

8.5.10 Cost-Estimating data in PSL syntax and MS project terminology

In this translation a reverse step is followed to translate the CCS application’s Cost
estimate data file contaiming only PSL terminology m PSL (KIF notation) syntax (section
9.5.9) mnto a file contaiming only Microsoft project application’s terminology but sill
preserving the PSL syntax intact. Using the semantic translator (semantic transiation
definitions) for Microsoft project Scheduling apphication the CCS cost estimating data

file 1n PSL representation 1s mapped to a file contamning only Microsoft project
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Scheduling application’s termunologies to produce cost estimating data file wntten using
Microsoft project application’s terminology and PSL syntax as input data fire for the

scheduling application.

(<=>(=>(metal_bldg-opening ?a)
{summary task ?a))
(exists (°N)
{=> (1000 ?N)

(total cost 7N ?a)}))

{<=> (=>»(construct wood frame ?a}
(task 2a))
(exists (°N)
{(=> (1000 ~°N)
(total cost 2N 7a)))}

{<=> (=>({attach steel girt to wood frame 2a)
{summary task ?a))
(exists {(?N}
{=> {1000 2N}
{total task cost N 2a))))

(<=> (=>{install metal panel *a)

(summary task 2a))
{exists (°N)
(=> (1000 2N)

(total cost PN Za)})))

{<=> (=>(2*12 Douglas Fire Wood °r)
(resource name ?r))
(exists (°N)

(=> (250 7N)
(cost/use >N ?r})})

{and (=>(girt, clip, six #12*1 %" Self Drilling Screws °?r)
(resource name ?r))
{exists (?N)
(=> (250 °N)
{cost/use ?N ?r)))}

(«=>(=>(metal panel, (22) #12+*1 %~ Self drilling Screws °r)
{resource name ?r))
(exists (?N)
(=> {250 2N}
(cost/use °?N *r))))

(«=> [=>(construct wood frame *a)
(task ?a))
{exists {?rl °r2 ?r3)
{(=>{and (=>(2*12 Douglas Fire Wood ?rl})

(resource name ?rl *a})
(=> (carpenter ?r2)

(resource name ?r2 *a))
{=> (machine 2r3)

{resource name ?r3 ?a)))

(exists {?N1 ?N2 °N3)
{and (=>{250 °N1)
{cost/use °~N1 7rl))
{=>{200 7?r2)
{cost/use N2 2*r2))
(=>(300 ?r3)
(cost/use N3 2r3))))i))
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(<=> {(=>{attach girt to wood frame %a}
{summary task 2al}
{exists (?rl ?r2 2r3 ?r4)

(=>(and (=>{girt, clip, six #12*1 %" Self Drilling Screws °rl}

{rescurce name ?2rl zal)
(=>(four #12 *1 %*Wood Lag Screws ?r2)
{(resource name 2r2 ?ajl)

(=>{carpenter ?r3)

(resource name ?rl 7?a))
(=>(machine ?ri)
{resource name *r4 ?a)}))

{exists (°N1 ?N2 °N3}
(and (=>{250 ?N1}

{cost/use *N1 ?rl))
(=>{200 ~r2}

{cost/use N2 *ri))
{=>{300 ?r3)

(cost/use °N3 *r3))
{(=>(400 ?rd)
{cost/use N4 cr3)riNi)yg

(<=> (=>(attach metal panel to vertical member & doorframe ?za)
{(summary task ?a))
(exists (?rl 2r2 ?r3 ?r4)
(=>{and (=>{metal panel, (22) #12*1 %" Self drilling
Screws ?rl)
{resource name ?rl <?al )}
{=>(nine #12*1 %" Self drilling Screws?r2)
{resource name 7?r2 <?a2))
{=>(carpenter ?r2)

(resource name ?r2 7al *a2))
(=>{machine ?r3)
(resource name ?rl zal 7a2)})

(exists (?N1l ?N2 °N3)
{and (=>{250 ?N1)

{cost/use ?N1 ?rl))
{=>(200 ~r2)
(cost/use PN2 ?r2))

(=>(300 ?r3)

(cost/use N3 ?r3d)}
{(=>(400 ?rd)
(cost/use N4 ?r3) 1))} ))

8.5.11 Cost-Estimating data in MS Project Application’s Representations

In this translation the syntactic translator maps the file 1n section 9.5.10 i.e. the CCS cost-
estimate data file i1n PSL syntax (KIF notation) and Microsoft project scheduling
application’s terminology back into Microsoft project Scheduling application’s
representation (Microsoft project syntax and terminology). The result is the Microsoft
project Scheduling application’s representation of the cost-estimate data as scheduling
mput data includmg scheduling specific data related to CCS cost estmatng and
AutoCAD design apphcation.
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GANTT CHART ENTRY TASK INFORMATION

(ID )

(WBS )

(CONSTRAINTS )

(TASK NAME construct wood)

(DURATION )

(START TIME }

( FINISH TIME }

(PREDECESSORS )

(FIXED COST £00)

(TOTAL COST £100)

(RESOURCE NAMES 2*12 Douglas Fire Wood, carpenter,
carpentery equipment)

(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

(ID )

{(WBS )

{CONSTRAINTS }

(TASK NAME SUMMARY attach steel girt to wood frame}
(DURATICN }

{START TIME )

{ FINISH TIME )

{ PREDECESSORS )
(FIXED COST £00)
{TOTAL COST £100)
(RESOURCE NAMES )
(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

(TASK NAME SUMMAY attaché steel girt to wood f£rame)

(ID )

(WBS )

{ CONSTRAINTS )

{TASK NAME attach clip to girt)

{DURATION )

(START TIME )

{ FINISE TIME )

{PREDECESSORS }

{FIXED COST £00)

{TOTAL COST £100)

(RESCURCE NAMES girt, clip, six #12*1 %" Self Drilling Screws,
carpenter, carpentry equipment)

(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY attach steel girt to wood frama)
(ID )

(WBS )

(CONSTRAINTS }

(TASK NAME attach clip to wooden frame)
(DURATION )

(START TIME )

( FINISH TIME }

(PREDECESSORS )

(FIXED COST £00)

(TOTAL COST £100)

(RESOURCE NAMES four#l2*1%“Wood Lag Screws, carpenter,
carpentry equipment)
(COST/USE £00)
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GANTT CHART ENTRY TASK INFORMATION

{1ID )
{WBS )
{CONSTRAINTS )
(TASK NAME SUMMAY

{DURATION
{START TIME

( FINISH TIME
(PREDECESSORS
(FIXED COST
(TOTAL COST
(RESOURCE NAMES
(COST/USE

attach metal panel to vertical members &
doorframe)

— Yt et

)
£00)
£100)

)
£100)

GANTT CHART ENTRY TASK INFORMATION

(TASK NAME SUMMAY

(ID

(WBS
{CONSTRAINTS
(TASK NAME
(DURATION
{START TIME

( FINISH TIME
(PREDECESSORS
(FIXED COST
{TOTAL COST
{RESOURCE NAMES

(COST/USE

attach metal wall panel to vertical
members & door frame)

ttach wall panel to vertical members)

Tt M et Mt () et e

£00)

£100)

metal panel, (22) #12*1 %" Self drilling
Screws, carpenter, carpentery_equipment)
£100)

GANTT CHART ENTRY TASK INFORMATION

(TASK NAME SUMMAY

(ID

(WBS
(CONSTRAINTS
(TASX NAME
(DURATION
{START TIME

{ FINISH TIME
{PREDECESSCRS
(FIXED COST
{(TOTAL COST
{(RESOURCE NAMES

{(COST/USE

attach metal panel to vertical members &
door frame)

ttach panel to doorframe)

S S St et ) e S

£00)

£100)

nine #12+*1 4~ Self drilling Screws,
carpenter, carpentery_equipment)
£100)

GANTT CHART ENTRY TASK INFORMATION

(ID )
(WBS )
{ CONSTRAINTS )
(TASK NAME SUMMAY
{DURATION

{START TIME

{ FINISH TIME

{ PREDECESSORS
(FIXED COST
{TOTAL COST
(RESOURCE NAMES
{COST/USE

construct doorframe)
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GANTT CHART ENTRY TASK INFORMATION

(TASK NAME SUMMAY construct doorframe)

(ID )

(WBS )

(CONSTRAINTS )

(TASK NAME mount jamb to girt & wood frame)
(DURATION )

(START TIME )

(FINISH TIME )

(PREDECESSORS )

(FIXED CQST £00)

(TOTAL COST £100)

(RESQURCE NAMES doorjamb, (4)machine screws; (4)wood
lags, carpenter, carpentery equipment)

(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY construct doorframe)

{ID )

{WBS )

{CONSTRAINTS )

(TASK NAME attach strut to heorizontal girt and

doorjamb)

(DURATION )

({START TIME )

{ FINISH TIME )

{ PREDECESSORS )

{FIXED COST £00)

(TOTAL COST £100)

(RESOURCE NAMES 1%"*8"h galvanized steel strut, (2)5/6* X
%* nut & bolt, carpenter,carpentery_equlipment}
(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY construct doorframe)

(ID )

{WBS )

(CONSTRAINTS }

{TASK NAME attach jamb to frame head )

{DURATICN

{START TIME

( FINISH TIME

(PREDECESSORS )

(FIXED COST £00)

(TOTAL COST £100)

{RESCURCE NAMES two 5/16* x %* hex head nut and bolt
serews , carpenter, carpentery_equipment)

{COST/USE £100)

N e

GANTT CHART ENTRY TASK INFORMATION
{ID

{WwBS

{CONSTRAINTS

(TASK NAME SUMMARY
(DURATION

(START TIME

( FINISH TIME
(PREDECESSORS
(FLXED COST £00)
(TCTAL COST £100)
(RESOURCE NAMES )

repare Doorjamb )

et ot e e Y e e

(CCST/USE £100)
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GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY prepar Doorjamb)

(ID )

{WBS )

{CONSTRAINTS )

{TASK NAME weld hinge reinforcement to doorjamb)
{DURATICN )

{START TIME )

{ FINISH TIME )

{ PREDECESSORS )

{FIXED COST £00)

(TOTAL COST £100)

(RESOURCE NAMES three, 7 Gage, 10" x 1 %"" hinge

reinforcement, carpenter,
carpentery_equipment)

(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

(TASK NAME SUMMAY prepare Doorjamb)

(1D )

(WBS )

(CONSTRAINTS ) .

{(TASK NAME weld steel angle to doorjamb)

{DURATION )

(START TIME }

( FINISH TIME )]

{PREDECESSORS )

{(FIXED COST £00)

{TOTAL COQST £100)

(RESQURCE NAMES 12 Gage galvanized steel angle,carpenter,
carpentery_equipment)

(COST/USE £100}

GANTT CHART ENTRY TASK INFORMATION

(TASK NAME SUMMAY prepare Doorjamb)

(ID )

(WBS }

{(CONSTRAINTS )

{TASK NAME install strike plate to doorjamb)

{DURATION )

(START TIME )

{ FINISH TIME )

{PREDECESSORS )

(FIXED COST £00)

(TOTAL COST £100)

{RESQURCE NAMES 4.86" x 1.75" x0.079% thack steel strike

plate,carpenter, carpentery_edquipment)

{COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY prepare Doorjamb)

{(ID }

{(WBS )

(CONSTRAINTS )

(TASK NAME install strike plate reinforcement)
(DURATION }

(START TIME )

( FINISH TIME )

(PREDECESSORS )
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(FIXED COST £00)
(TOTAL COST £100)

(RESOURCE NAMES

(COST/USE

16 gage x 1 %'x6* strike plate
reinforcement®, carpenter,
carpentery_equipment}

£100)

GANTT CHART ENTRY TASK INFORMATION

(ID
(WBS
(CONSTRAINTS

(TASK NAME SUMMARY

(DURATION
(START TIME

{ FINISH TIME
{PREDECESSORS
(FIXED COST
(TOTAL COST
(RESOURCE NAMES
(COST/USE

|

) |

} |

! \
construct door leaf)

ot Nt Yo e

£00)
£100)
)

£100)

GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY
{ID

{(WBS
(CONSTRAINTS
(TASK NAME
(DURATION
(START TIME

( FINISH TIME
(PREDECESSORS
(FIXED COST
(TOTAL COST
(RESOURCE NAMES

(COST/USE

construct door leaf)

)

)

)

hang door leaf on door frame)

}

}

}

)]

£00)

£100)

35 %*w x 831/8"h x 1 3/4*d 20G galvanized
steel doorleaf, carpenter,
carpentery_equipment)

£100)

GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY
(ID

{WBS
{CONSTRAINTS
{TASK NAME
{DURATION
{START TIME

{ FINISH TIME

{ PREDECESSORS
{FIXED COST
{TOTAL COST
{RESOURCE NAMES

{COST/USE

GANTT CHART ENTRY
(TASK NAME SUMMAY
(ID

(WBS

{CONSTRAINTS
(TASK NAME

the leaf}

construct door leaf)
)
)

)
Weld channel to both faces sheets of door leaf)

)

)

)

)

£00)

£100)
16 Gage flush top and bottom channel,

carpenter, carpentery_equipment)
£100

TASE INFORMATION |
congtruct door leaf)
)
)
)
Install hinge reinforcement at centre of
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{(DURATION }

{START TIME )

{ FINISH TIME )

{PREDECESSORS )

(FIXED COST £00)

{(TOTAL COST £100)

{(RESOURCE NAMES (3) 97 x 1 %* x 7 Gage hinge
reinforcement, carpenter,
carpentery edquipment)

(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY construct door leaf)

(ID )

{WBS )

{CONSTRAINTS )

{TASK NAME Weld lock reinforcement plate to door face
sheet)

(DURATION )

(START TIME )

( FINISH TIME )

(PREDECESSORS )

(FIXED COST £00)

(TOTAL COST £100)

({RESOURCE NAMES 16 Gage steel lock reinforcement plate,
carpenter, carpentery_equipment)
(COST/USE £100)

GANTT CHART ENTRY TASK INFORMATION
{ID

{(WBS

{CONSTRAINTS

{TASK NAME SUMMARY
{ DURATION

{START TIME

{ FINISH TIME

{ PREDECESSORS
{FIXED COST £00)
(TOTAL COST £100)
(RESOURCE NAMES )
(COST/USE £100)

1x lock on door leaf)

B R o & Rt

GANTT CHART ENTRY TASK INFORMATION

(TASK NAME SUMMAY fix hardware & components to door)

{ID }

(WBS )

{CONSTRAINTS )

(TASK NAME fix lock on door leaf)

(DURATION )

(START TIME }

( FINISH TIME )

{ PREDECESSORS )

{FIXED COST £00)

{TOTAL COST £100)

{RESQURCE NAMES {1) Yale 5307 Lever Lock, carpenter,
carpentery equipment)

{COST/USE £100)
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GANTT CHART ENTRY TASK INFORMATION

{TASK NAME SUMMAY
(ID

(WBS
{(CONSTRAINTS
(TASK NAME
{DURATION
(START TIME

{ FINISH TIME
{PREDECESSORS
(FIXED COST
(TOTAL COST
(RESOQURCE NAMES

{COST/USE

fix hardware & components to door)
)

)

)

install hinge in door leaf)

)

)

)

)

£00)

£100})

4 %" steel Hinges, carpenter,
carpentery equipment}

£100)

GANTT CHART ENTRY TASK INFORMATION

{TASX NAME SUMMAY
(ID

{WBS
{CONSTRAINTS
{TASK NAME
{DURATION
{START TIME

{ FINISH TIME
{PREDECESSCRS
{FIXED COST
{TOTAL COST
{RESOURCE NAMES

{COST/USE
RESOURCE SHEET
{RESOURCE NAMES
{STANDARD RATE
(COST/USE
(RESOURCE NAMES

(STANDARD RATE
(COST/USE

(RESCURCE NAMES

(STANDARD RATE
(COST/USE

(RESCURCE NAMES
(STANDARD RATE
(COST/USE

(RESCURCE NAMES

(STANDARD RATE
(COST/USE

{RESOURCE NAMES

{STANDARD RATE

fix hardware & components to door)
)

)

)

apply weatherstrip to door)

)

)

)

)

£00)

£100)

aluminum & vinyl weatherstrip,
carpenter, carpentery_equipment}
£100)

2*12 Douglas Fire Wood, carpenter,
carpentery_equipment)

£23)

£100}

girt, clip, six #12*1 %" Self Drilling Screws,

carpenter, carpentry equipment)
£21)
£100)

four#l2*1%"Wood Lag Screws, carpenter,
carpentry equipment)

£21)

£00)

metal panel, (22} #12*1 %" Self drilling
Screws, carpenter, carpentery_equipment}
£21)

£100)

nine #12*1 %" Self drilling Screws,
carpenter, carpentery_equipment)

£21)

£100)

doorjamb, (4)machine screws; (4)wood

lags, carpenter, carpentery_ecuipment)
£21)
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{COST/USE £100)
(RESQURCE NAMES 1%"*8*h galvanized steel strut, (2)5/6" X
%* nut & bolt, carpenter,carpentery_equipment)
(STANDARD RATE £21)
(CQST/USE £100)
{RESQURCE NAMES two 5/16" x %” hex head nut and bolt
screws , carpenter, carpentery_equipment)
(STANDARD RATE £21)
(COST/USE £100)
{RESQURCE NAMES three, 7 Gage, 10" x 1 %" hainge
reinforcement, carpenter, carpentery_equipment)
(STANDARD RATE £21)
(COST/USE £100)
(RESCURCE NAMES 12 Gage galwvanized steel angle,carpenter,
carpentery_equipment)
{STANDARD RATE £21)
{COST/USE £100)
(RESQURCE NAMES 4.86% x 1.75" x0.079* thick steel straike
prlate, carpenter, carpentery_equipment)
{STANDARD RATE £21})
{COST/USE £100)
(RESQURCE NAMES 16 gage x 1 %7"x6" strike plate
reinforcement?, carpenter,
carpentery equipment)
(STANDARD RATE £21)
(COST/USE £100)
{RESOURCE NAMES 35 %'w x 831/8"h x 1 3/4*d 20G galvanized
steel doorleaf, carpenter,
carpentery equipment)
{STANDARD RATE £21)
(COST/USE £100)
(RESOURCE NAMES 16 Gage flush top and bottom channel,
carpenter, carpentery_equipment)
{STANDARD RATE £21)
(COST/USE £100
(RESOURCE NAMES (3) 9% »x 1 %~ x 7 Gage hinge
reinforcement, carpenter,
carpentery_equipment)
{(STANDARD RATE £21)
({COST/USE £100}
(RESOURCE NAMES 16 Gage steel lock reinforcement plate,
carpenter, carpentery_equipment)
(STANDARD RATE £21)
{(COST/USE £100)
(RESQURCE NAMES {1} Yale 5307 Lever Lock, carpenter,
carpentery_equipment)
(STANDARD RATE £21)
{COST/USE £100})
(RESQURCE NAMES 4 %" steel Hinges, carpenter,
carpentery_equipment)
{STANDARD RATE £21)
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(COST/USE
{RESQURCE NAMES

{STANDARD RATE
{COST/USE

£100)

aluminum & vinyl weatherstraip,
carpenter, carpentery_ equipment)
£21)

£100}

8.5.12 MS Project Scheduling data File in PSL Syntax & MS Project Terminology

The syntactic translator reads the Microsoft project Scheduling data file 1n Microsoft

project representation as shown i 9.5.11 and produces a comrespondmng file using PSL

syntax (KIF notation), but stll persevermg the Microsoft project Scheduling application’s

termunology. This file 1s the same as section as the file 1n section 9.5.10 but mncludes

Microsoft project specific scheduling data related to CCS cost estimating and AutoCAD

design applications.

{<=>(=>{metal_bldg-opening ?a}

{summary task
{exaists (7N)
{=> (1000

%a))

{total cost N 2al})))

(task
{exists

{exists

(and (=>(girt, c<lip,

{<=> (=>{construct wood frame ?a)
7a)}

(=> (1000 ?2N)
(total cost ?N 7a))))

{<=> (=>{attach steel girt to wood frame 2a)
(summary task

2a))

(=> (1000 °N)
(total task cost N 7al}))

{<=> (=»(install metal panel ?a}
(summary task
{exists (?N)

(=> (1000 °?N)
{total cost °N ?a))))

%a))

{<=> (=>(2*12 Douglas Fire Wood °?r)
{resource name
(exists (7N)

{=> (250 7?N)
{cost/use ?N ?r)))}
six #12*1 %" Self Drilling Screws 7?r)

?r))

(resource name ?r))
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{exists (°N)
(=> (250 ~N)
{cost/use 7N ?r})))

{<=>(=>(metal panel, (22) #12*1 %” Self drilling Screws ?r)
(resource name ?r)}
{ex1ists (?N)
(=> (250 2N}
{cost/use 2N °r})})

{<=> (=>(construct wood frame 7a)
(task ?a)}
(exists (?rl ?r2 ?r3)
{(=>{and (=>(2*12 Douglas Fire Wood °rl)

(resource name ?rl za))
(=>{carpenter ?r2)
(resource name ?r2 7a)}
{=>(machine ?r3)
(resource name ?r3 ?a)})

(exists (?N1 ?N2 ?N3)
{and (=>(250 ~N1)
{cost/use ?NL °rl))
(=>(200 ?r2)
{cost/use ?N2 ~r2))
{=>(300 ?r3)
{cost/use °?N3 ?r3})))ii}

{<=> (=>{attach girt to wood frame ra)
{summary task 7al)
(exasts (?rl ?r2 ?x3 ?r4)
(=>{and (=>(girt, <lip, six #12*1 %" Self Drilling Screws
*rl)
{resource name ?rl “a))
{=>(four #12 *1 %"Wood Lag Screws ?r2)
(resource name ?r2 "a))
(=> (carpenter °r3)
(resource name ?r3 *a))
(=> (machine ?r4)
(rescurce name ?rd *2al))}
(exists (°N1 ?N2 ?N3)
(and (=>(250 7N1}

(cost/use ?N1 ?rl))
(=>(200 ?r2)
{cost/use ?N2 ?r2))

{=>{300 ?r3)

{cost/use ?N3 ?7r3))
{(=>(400 ?rd)

{cost/use N4 ?r3}iiin))

{<=> (=>(attach metal panel tec vertical member & doorframe ?a)
(summary task *a})
{exists (°rl ?r2 ?rd ?r4)
(=>(and (=>(metal panel, (22) #12+*1 %~* Self drilling
Screws ~rl)
(resource name ?rl “al ))
{=>(nine #12*1 %" Self drailling Screws?r2)
(resource name ?r2 ?a2)) |
(=> (carpenter ?r2)
{resource name 2r2 ?al ?a2)) |
{=>(machine ?r3)
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(resource name ?2r3 ?al 7a2)))
(exasts (?N1 ?N2 ?N3)
{and {(=>(250 ?N1}

(cost/use ?N1 2rl}}
(=>(200 ?r2)
(cost/use ?N2 ?r2))

(=>(300 ?r3)
(cost/use ?N3 ?r3))
{=>(400 ?rd)
(cost/use N4 ?r3)NN i)

8.5.13 MS Project Scheduling Data File in PSL Representations

The semantic translator (semantic translation defimitions) for MS project Scheduling
application reads the MS project Scheduling data file wntten in the application’s
termunology and PSL  (KIF notation) syntax (section 9.5.12) and produces a
corresponding file contaming only PSL terminology in PSL syntax (KIF) by substituting
the defimtion of all the MS project Scheduling application’s termimologies with
defimtions in PSL. Usimng the translation defimitions for MS Project Scheduling the
scheduling data file 1n PSL syntax (KIF) and the apphcation’s terminology of section
9.5.12 1s mapped to PSL definitions that contain only PSL terminology.

{<=>{=>(metal_bldg-opening “a)
{actaivity ?a))
(exists (7?N)
{(=> (1000 72N}
(cost of actavity N *al))))

(<=> (=>({construct wood frame ?a)
{activity 7a))
{exists {~N)
{=> (1000 2N)
{cost of activaity ?N *a)})}

{<=> (=>(attach steel girt to wood frame ?a)
(activity a}}
{exists (°N)
(=> (1000 ?N)
{cost of actaivity N 2a))))

{<=> {=>{install metal panel ?a)
{activaity ?a))
{exists (°N)
(=> (1000 ~N)
(cost of activity °N ?a})})
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{<=> (=>(2*12 Douglas Fire Wood ?r)

(consumable ?r))
{exists (?N)
{=> (250 2?N)

(cost of resource 7?N ?r)))}

{and (=>(girt, clip, six #12*1 %" Self Drilling Screws

(consumable ?r))
(exists (°N)
(=> (250 ?N)
{cost of resource °N 2r}})}))

(<=>(=>(metal panel, (22} #12*1 %* Self drilling Screws

{consumable ?r))

(exists {?N)
{=> (250 *N}
(cost of resource ?N ?r)}))

{<=> {=>{construct wood frame ®a)
{activity 2a))
(exists (°rl 7r2 2»r3)

'.‘r)

')r)

{=>(and (=>(2*12 Douglas Fire Wood °rl)

{consumable ?xl 7a))
(=>({carpenter =>r2}

{reusable ?r2 2a))
{=>{machine *r3)

{reusable ?r3 "a)))

{exists {°N1 °N2 °2N3)
(and (=>(250 7?N1)

(cost of resource 2Nl ?7rl))

{=>{200 ?r2)

(cost of resource ?N2 ?r2))

(=>(300 ?r3)

{cost of resource N3 ~r3))Nh))

(¢=> (=>{attach girt to wood frame ?a)
(activity ?a))
{exists (?rl ?r2 7?rl ?r4)

(=>{and (=>({girt, clip, six #12*1 %~ Self Drilling Screws

?rl)
(consumable ?rl ?a))

(=>(four #12 *1 %¥'Wood Lag Screws <°r2)

{consumable ?r2 ?a))
{=>{carpenter ?r3)

(reusable ?r3  ?a))

(=>(machine ?rd)
(reusable rd 2a)))
{exists (?N1 ?N2 ?N3)
{and (=>(250 =N1)
(cost of resource
{=>{200 =2r2)
(cost of resource
(=>(300 ?2r3)
(cost of resource
(=>{400 ?rd)
{cost of resource

272

N1 °rl))
N2 ?r2))
?N3 ?r3))

N4 Pr3)1)1)))




Chapter 8 Implementation of PSL n the Construction Scenario

{<=> (=>(attach metal panel to vertical member & decorframe <?a)
(activity 2a))
{exasts (?rl ?r2 ?r3 ?rd)
{(=>{and (=>(metal panel, (22) #12*1 %" Self drilling
Screws ?7rl)
(consumable 2rl =?al ))
(=>(nine #12*1 %" Self drilling Screws?r2)
(consumable ®r2 7?a2))
{=>(carpenter 2xr2)

{reusable cr2 ?al 7a2}))
{=>{machine ?r3)
(reusable ?r3 7al ?a2))}

(exasts (?N1 ?N2 ?N3)
{and (=>(250 ?N1)

{cost of resource N1 2rl))
(=>{200 2r2)
{cost of resource ?N2 ?x2))

(=>{300 ?2r3)
{cost of resource 7?N3 ?r3})
{=>(400 ?rd)
(cost of resource N4 ?r3))ind))
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Chapter 9 Discussion

9.1 Introduction

This research study has investigated the applicability of PSL, a standard Process
Specification and exchange Language for manufacturing applications interoperability, in

the construction environment and implemented the language 1n a construction scenario.

This chapter presents the discussion on the investigation of the applicability of the
Process Specification Language 1n the construction environment and the implementation
of the language in a construction scenario within the pre-construction process stages and

the outcome of the research work 1s summarised.

9.2 Investigation of the Applicability of PSL in Construction

Prior to the use of the PSL language in the construction scenario, for the case study
project construction process information exchange between the scenano software
applications, the applicability of the language 1n construction was investigated In this
investigation the applications’ process information representattons’ semantic concepts
were analysed and mapped to the manufactuning process concepts defined m the PSL

ontology to determune how applicable this language is 1n the construction environment.

PSL ontology 1s a map of defimtions for the semantic concepts of manufacturing
processes developed through mapping of the process concepts related to vanous
manufacturing applications along with their semantic defimtions. The semantic concepts
of manufactunng processes are defined explicitly and clearly using Knowledge
Interchange Format (KIF) (Genesereth, M. and Fikes, R. 1992). In chapter 6, figure 6.4
shows the PSL ontology parts that are expected to contain concepts for defining the
construction process information representations (design, cost estimating and scheduling
data types) within the pre-construction process stages. The construction process
information representations within the pre-construction process stages were identified
through a technical analysis of the AutoCAD, CCS, and Microsoft project scheduling

applications. The concept maps (conceptual models) for the design, cost estimating, and
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scheduling applications shown 1 figures 6.5 to 6.7 were developed through mapping of
the AutoCAD, CCS, and Microsoft project applications’ data types. In order to conduct
multidimensional conceptual analysis between the applications’ 1nformation
representation data types and PSL ontology, and based on the result of this analysis to
map the applications’ data types of these maps, to the PSL ontology parts shown in
figure 6.4, the semantic concepts of these data types needed to be analyzed and defined.
The concept maps of figures 6.5 to 6.7 provided a framework within which theones can
be stated, that postulates relationships between concepts or data types. Based on this, the
semantic concepts of the three applications’ data types were defined using a natural
language statements and was used for conducting multidimensional conceptual analysis
of the construction process concepts in correlation with the PSL ontology concepts.
These definitions also served as a reasoning basis durning the mapping of the applications
data types to the PSL ontology to select the PSL parts that contain applicable semantic

concepts for defining the applications’ data types.

In the concept mapping of the construction process information representations within
the pre-construction process stages (that are the AutoCAD, CCS, and Microsoft project
applications’ data types) to PSL ontology, the natural language definition of the semantic
concepts of the applications’ data types developed in section 6.4.3 provided the
reasoning basis for identufying and selecting the PSL parts and concepts that are
applicable 1n the pre-construction process stages and the need for new extensions to

incorporate the concepts that are 1dentified to be new to the PSL ontology.

The concept mapping method, allowed the development of semantic theones from the
applications concept maps that are used in the identification of PSL parts applicable in
the pre-construction process stages, and the need for new extensions and provided the
capability to connect new ideas to that already known concepts of PSL parts and to

organize them in a logical structure.

In the investigation of the applicability of PSL in construction, the data types within each
of the applications maps shown in figures 6.5 to 6.7 were mapped to the PSL ontology
shown 1n figure 6.4 based on the result of multidimensional conceptual analysis between

the natural language definitions of the semantic concepts of the applications data types
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and the manufacturing process concepts’ defimtions within the PSL ontology. Based on
the result of multidimensional conceptual analysis between the natural language
defimtions of the semantic concepts of AutoCAD, CCS, and Microsoft project
applications’ data types and the manufactuning process concepts’ defimtions within the
PSL ontology, the “Processor Activities” of part 46, “Sub-Activity Theory” of part 12,
“Theory of Resource Requirements” of part 14, and “Reasoning about Resource
Divisibility” of part 44 of PSL ontology were identified to contain the applicable
definitions for the three applications data types semantic concepts. During the mapping
of the apphications data types to the PSL ontology shown i figure 6.8 to 6.10, the need
for new extensions to the PSL ontology to incorporate the semantic concept of
“construction products, or construction project design elements” for AutoCAD design
application “resources categories, billed quantities and cost™ for CCS application and
Microsoft project application were 1dentified. The concepts and defimition (theones) of

the PSL parts 12,14,44 and 46, of the PSL ontology are as follows:

Processor Activities
(http //www.mel.nist.cov/psl/psl-ontology/part46/processor html)

Extension Name: processor.def
Primitive Lexicon: None
Defined Lexicon:

(modifies 7a °r)
(processor_activity ?a)
(processor_resource ?r ?7a)
(input_material °r ~a}
{output_material ?r ?a)

Theoriesg Required by this Extension: requires.th,
act_occ.th, complex.th, atomic.th, occtree.th,
disc_state.th, subactivity.th, psl_core.th

Definitional Extensions Required by this Extension:
res_role.def

Overview

In this extension, we are not dealing with arbitrary
activities; the manufacturing activities use and consume
resources to produce or modify resources, ultimately
creating some product. This class is axiomatized using the
term " “processor activity''.
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Definitions

Pefinition 1 An activity ?a modifies an object ?r if there
is some property of the resource which is changed as the
result of the occurrence of ?a

(defrelation modifies (?a r) :=
(exists (7f)

(and (resource_fluent ?£ 7r)
{changes 7a ?f))))

Definition 2 A processor activity is an activity which uses
some set of resocurces, consumes or modifies some other set

of resources, and produces or modifies a set of objects.
(defrelation processor_activity (?a) :=
{exists {?rl ?r2 7r3)

{and (or {reusable *ril1 7a)
{(possikly_reusable ?rl %a))
(or {consumable *r2 ?a)

(possibly _consumable ?r2 ?a)
(modifies ?a ?r2))

{or {(creates *a ?r3)
(modifies Z?a ?r3}))))

Definition 3 An object ?r is a processor rescurce for an

activity ?a iff ?a is a processor activity which uses ?r.
(defrelation processor_resource (?r ?a) :=

{and (processor_activity ?a)
{reusable °rl ?a}

(possibly_reusable ?rl %a)))

Definition 4 An object ?r is an input material for an

activity ?a 1ff ?a is a processor activity which consumes
or modifies ?r.

(defrelation input_material (?r ?a) :=
{and (processor_activity 7a)
{or {consumable ?r ?a)
{(possibly_consumable ?r 7a)
(modifies ?a ?r)))}

Definition 5 An object ?r is an output material for an

activity ?Pa iff ?a is a processor activity which produces
or modifies ?r.

{(defrelation output_material (?r ?a) :=
(and (processor_activity ?a)
{or {creates %a ?r}
(modifies ?a ?r)}))

Theory of Subactivities

{(http-//www.mel mst.gov/psl/psl-ontology/part12/processor.html)

The PSL Ontology uses the subactivity relation to capture
the basic intuiticons for the composition of activities.

The core theory subactivity.th alone does not specify any
relationship between the occurrence of an activity and
occurrences of its subactivities. For example, the
specification of subactivities alone does not allow us to
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distinguish between a nondeterministic activity and a
deterministic activity.

The basic ontological commitments of the Subactivity Theory
are based on the following intuitions:

Intuition 1:
The composition relation is a discrete partial ordering, in
which primitive activities are the minimal elements.

Informal Semantics for the Subactivity Theory

(subactivity ?al z2a2) is TRUE in an interpretation of
Subactivity Theory if and only if activity zal is a
subactivity of activity 2a2.

(primitive ?a) 1s TRUE in an interpretation of Subactivity
Theory i1f and only if the activity ?a has no proper

subactivities.

Theory of Resource Requirements
(http /fwww mel mist.eov/psl/psl-ontology/partl4/processor html)

Extension Name: requires.th
Primitive Lexicon:

. (requires ?7a ?r)
Theories Required by this Extension: act_occ.th,
complex.th, atomic.th, subactivity.th, disc_state.th,

occtree.th, psl_core.th

Defined Lexicon:

. (resource °r}
¢ (interfering ”al 7a2)
e {common ?r "al ?7a2)

Pefinitional Extensions Required by this Extension: None
Axioms

Axiom 1: If two activities are interfering, there exists a
rescource that they share.

{forall »al ?a2)

(=> {interfering zal 2a2)
(exists (?r)
(and (requires ?al ?7r)

(requires ?a2 ?r})))}))
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Supporting Definitions

A resource is any object which is required by some
activity.

(defrelation resource (?r) :=
{and {object *r)
(exists (7a)
{requires ?a ?r)))}

This relation is satisfied iff ?r is the only resource
shared by activities ?al and ?a2, that is, it is the only
resource which is required by both activities.

(defrelation common (°r ?al 7a2) :=
(forall (*r2)
{(=> (and (requires 7al 712)
(requires ?a2 7r2))

(=227r)))

Reasoning about Resource Divisibility
(http-//www.mel nist gov/psl/psl-ontology/part44/processor.html})

Extension Name: res_divisible.def
Primitive Lexicon: None

Defined Lexicen:

{consumes_quantity ?a *r °q)
{produces_quantity ?a °r 7q)
{uses_quantaity 7a ?r ?79g)
{creates 7a ?r)

{destroys 7a °r)

{uses ?a 7?r)

{consumes ?a *r)

{produces ?a ?r)

(provides *a ?r}
{iprovides_quantaity ?a ?r ?q)

Thecories Required by this Extension: requires.th,
act_occ.th, complex.th, subactivity.th, atomic.th,

disc_state.th, occtree.th, psl_core.th
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Definitional Extensions required by this Extension: none
Definitions

It is important to realize that the notion of quantity
referred to in this extension is independent of the notion
of resource existence or identity, as well as the
distinction between discrete and continuous resources. We
are only concerned with the availability of the resource
for a future activity. The notion of resource point is a
constraint on such availability. The quantity specifies the
divisaibility of the resource with respect to multiple
concurrent activities. The resource point determines the
maximal set of concurrent activities which require the
resource. Thus, if the quantity is zero, then no actiwvity
that requires the resource is possible. Definition 1 An
activity consumes some quantity ?q of a resource iff the
demand for the resource is ?q and the resource point of the
resource is decremented by ?q after the occurrence of the
activity.
{defrelation consumes_guantity (”a ?r ?q) :=
(forall (?al 7occ “occl “occ2)

{=> {and (do ?a zocecl “occl)

{holds (demand ?a ?r ?q) Z?occl)

{holds (resource_point *r ?ql) “occl))
{holds (rescurce_poaint ?r (- ?2ql ?q)} ?occ2)))}))

Definition 6 An activity creates a resource 1if it produces
some quantity of the resource, and the quantity of the
resource before the occurrence of the activity was zero.

{defrelation creates (7a ?r) -=
(exists {°gl)

{and {(produces_guantity ?a ?r ?gl}
(forall (7g2 ~occ)
(=> {and {occurrence_of *occ 2a)

(prior {resource_point ?r °?qg2)
2occ)
{= 2a2 0)))}))

Definition 7 An activity destroys a resource if it consumes
some gquantity of the resource, and the quantity of the

resource after the occurrence of the activity is zero.
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(defrelation destroys {(?a ?r) :=
{exists (?gl)

{and {consumes_guantity ?a ?r ?gl)
(forall (?qg2 ?occ)
(=> (and {occurrence 2occ ?a)

(prior (resource_point 7?r ?g2)

(= >q2 0))))N

?occp)

Definition 9 An activity uses a resource i1f it uses some
quantity of the resource.
{defrelation uses {?a ?r}) :=
{exists (?q)
{uses_cuantity %a ?r 7q)))

Definition 10 An activity consumes a resource 1f it
consumes scome gquantity of the rescurce.
{defrelation consumes {(?a ?r) :=
(exists (~q)
{consumes_qguantity ?a ?r *qg)))

Pefinition 12 An activity produces a resource if it
produces some guantity of the resource.
(defrelation produces (?a ?r) :=
(exists (7q)
(produces_quantity ?a ?r ?q)))

Definition 14 An activity provides some quantity of a
resource 1f there exists a subactivity that produces some
quantity of the resource and another subactivity that
consumes some quantity of the resource.
(defrelation provides_cquantity (?a ?r ?qg) :=
(and {exists (7al)
{and (subactivity 7al ?a)
{produces_gquantity 7al ?r 2q)))
{exists {7a2)
{and {subactivity 7az ?a)
(consumes_gquantity ?a2 ?r ?q))}))} |

Definition 15 An activity provides a resource 1f it
provides some quantity of a resource.
{defrelation provides (?a ?r) :=
{exists (?q)
{provides_quantity ?a ?r ?q}))

9.3 Implementation of PSL in the Pre-Construction Process Stages

The tnial implementation of PSL in construction proceeded in the same way; the PSL
language was implemented within the manufactuning environment, but in a different
environment by explonng a construction scenario within the pre-construction process
stages. After the imtial development of PSL, from a single scenario there were multiple

pilot implementations of the language each focusing on different applications within the
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manufacturing environment, to further expand the language to incorporate the process
concepts introduced 1n various manufactuning applications when PSL was used to
exchange process information between the applications. The purpose of PSL
implementation 1n the construction scenano was not to propose changes to or extend the
PSL ontology but: (1) to evaluate the degree of applicability of the concepts and
defimitions of the language in providing common definitions to the construction process
concepts shared between the scenario applications, (2) to evaluate the use and the impact
of this standard language in construction practices within the pre-construction process
stages, (3) to asses the impact of the construction process concepts within the pre-
construction process stages 1n the use of the language 1n construction, and (4) to identify
the construction process concepts that cannot be completely defined using the current
PSL parts and concepts or those concepts which are new to the PSL ontology and
propose concepts and theory related to these concepts for new extensions development to
the PSL ontology and specify the relations that should exist between the existing PSL

process concepts and the new proposed concepts.

9.3.1 The Construction Scenario

The construction scenarto 1involves process related design, pre-tender cost estimating, and
scheduling or planmng information representation for construction of a case study project
and exchange of the process information between construction computer applications
supporting the pre-construction process stages. A case study of construction project “a
metal door in a metal opening of a bmlding” (the textual construction specificatron for
the case study project shown in tables 8.1 and 8.2 and the drawings of the project
products attached in Appendix E were obtained from Hurricane Engineering and Testing
INC.) was identified for this scenario, and AutoCAD, CCS, and Microsoft project
software were selected as candidate scenario software applications to represent the case

study project construction process information and exchange this information using PSL.

The reasons behind choosing the construction scenario within the pre-construction
stages; the AutoCAD, CCS, and Microsoft project software applications to support the
scenano and the “a metal door m a metal opening of a building project” as a case study
project for the construction scenano for the tnal implementation of PSL 1n the

construction environment are as follows:
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The construction scenario: the construction scenano within the pre-construction
process stages was chosen as a test ground for the trial implementation of PSL
construction because (1) it is 1n these stages that most of the construction processes
are descnibed, (2) these stages have exhibited complex process information
representation and exchange and, (3) most of the computer applications supporting
theses process stages use different terms and representation to specify the same
information.

AutoCAD, CCS, and Microsoft project: these packages were selected as test
applications for the construction scenario The primary areas 1n which computer tools
are widely used to support construction processes descriptions and management are
project design, cost estimating and planming and scheduling. To data, there are
various computer programs that can be used within these areas. Amongst the other
AutoCAD, Microsoft Project and CCS packages were selected as test applications for
the trial mmplementation of PSL in construction. The reasons behind the choice of
these applications are: AutoCAD and Microsoft Project application are the most
widely used applications in the UK construction organisations, and CCS 1s an
application with complex information representation structure. As shown 1n sections
6.3.1.1-6.3.1.3 different computer applications have different information
representation structures with man entities and associated attributes orgamsed
differently. = Hence how information 18 structured tn computer applications is
mmportant critena 1n determuning how complex the applications information
representations are and as well as the information represented As shown from the
CCS conceptual model in figures 6.6 (a & b) CCS has complex data structure,
additionally it uses different file formats for input and output data files. The
combination of these packages provided sound test applications for the tnal
implementation of PSL 1n construction and complex construction process information
representation structures for evaluating the impact of the language in construction
process information exchange and the impact of the construction process concepts,
defined by the organisation of the applications’ information representations
structures, on the use of PSL n construction.

The construction case study project: the implementation of PSL imn the
construction scenario required a construction case study project, and a “metal door 1n
a metal opening of a building project” was selected in order to have a real

construction process information exchange, between the scenario software
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applications, using PSL as interchange language. These types of doors are mostly
used for buwldings 1n humcane vulnerable areas and their construction detail 1s
complex. This type of project with complex construction and mformation has been
selected for the construction scenario to 1llustrate the complex process related
information 1n construction projects that need to be represented unambiguously,
shared and exchanged between applications consistently, and this kind of project
provides a strong test case and complex process information for the tral
implementation of PSL in the construction environment and evaluation of the impact
of the language in process mnformation exchange between construction applications,

and o the construction process concepts on the use of the langue 1n construction.

9.3.2 Capability of the Scenario Applications to Exchange Information

Form the techmical analysis of the scenano software applications, it was 1dentified, as
described 1n section 7.4.2, that in addition to the native file formats theses applications
read from and write to other file formats and as summarnised in table 7.8, some of these
are common to the three applications. For example CCS and Microsoft project
scheduling applications read from and wnte to Excel files, and AutoCAD allows a
designer to extract attribute information from drawings of projects in CDF (comma
delimted format); SDF (space delimited format), or DXF (data exchange format) file
formats, that can be read by many popular database management programs. The CDF,
SDF and DXF file formats can be imported mto any word processing program that
accepts ASCII files, these include, Microsoft Excel and Microsoft Access files. Hence
the three scenario software applications can exchange their respective files (1mport and
export their respective physical files) using Excel as a common exchange file format.
However, the exchange of physical files facilitated by the common file format, Excel 1s
not sufficient for interoperability of the scenario applications. This is because, as learned
from the data types and their semantic concepts 1dentified during the technical analysis of
the scenario software applications and conceptual analysis of these data types’, these
applications use different terms to represent the same information or the same terms may
not convey the same information and this can lead to incorrect information exchange
between the software applications. As a result it was identified that, for correct
information exchange between these applications require a common standard language
that can resolve the semantic differences that exist between some of the applications’

information representations (termnologtes). In this research study PSL 1s identified as a
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promising language for bndging the semantic gaps and consistent process information
exchange between construction software applications. In this way the applications can
import and export the correct and meamingful information through one of the common
exchange file formats such as the Excel file using PSL as a common language between
the applications information representations, termmunology 1n these files. Hence PSL based
syntactic and semantic translation programs need to be developed to translate
information from and to the common exchange file format (Excel) and PSL, the

applications can then 1mport and export the information 1n this common exchange file.

9.3.3 IDEF3 Modelling of the Case Study Project Construction Processes

In the description of the construction case study project “the metal door 1n a metal
opening of a building project” an IDEF3 model of the project construction processes was
developed, based on the textual construction specifications (shown in tables 8.1 & 8.2)
of the case study project. This was to represent the construction processes and process
related information in a formal way and to 1dentity data related to design, cost estimating,
and scheduling applications for each activity (activities are processes at the lowest level
of decomposition of the higher level process in the process model) of the process model
The IDEF3 construction process model (shown in section 8.3) represented the
construction processes, matenal of construction, and construction products information
of the case study project. This 1s process mformation related to design, which 1s extracted
from the case study project construction specification shown in tables 8.1 & 8.2 in
correlation with the drawings attached in appendix E. Data related to cost estimating and
scheduling could also be gathered for each activity of the process model. However to
keep the model clear the data related cost estimating and scheduling are represented
using CCS and Microsoft project applications process information representations based

on the design related process information represented in the IDEF3 model.

In the representation of the construction process information for the case study project
the IDEF3 Process Description Capture method was chosen because, among the process
modeling methodologies available to date, IDEF3 Process Capture Method best meets
most of the process characteristics representation requirements. IDEF3 provides
graphical constructs to represent processes and sub processes, relationships between
processes at the same and different level of abstraction, sequences and dependencies

between processes, splitting of processes into other sub-processes, synchromsation and
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asynchronisation of processes, resources requirements of each activity of the model, and
1t 1s even possible to attach data such as time and other constraint to each constructs of
the model. From the model 1t 1s proven that the method is a well-structured techmque for
describing processes from scheduling and planning point of view. IDEF3, like others 1s a
diagramming language but provides more graphical constructs and a set of forms
(elaboration forms) for captuning any information about the processes and participant
objects involved In this way construction process information for the case study project,

related to the three scenario candidate applications have been captured

However, IDEF3 1s one of the process representations that focus on the syntax of process
specifications rather than the meaning of terms, the semantics. These models lack an
adequate specification of the semantics of the process termunology, which leads to
inconsistent interpretations and uses of information. While such representation is
sufficient for exchanging information between applications of the same type, e.g.
scheduling applications, different types of applications associate different meanings with
simular or 1dentical terms Hence the IDEF3 representation of the construction process
information, related to design, cost esttmating and scheduling applications, for the case
study project was not sufficient to support the information exchange between AutoCAD
design, CCS cost estimating and Microsoft project scheduling scenamo software
applications. This 1s because the three apphications use different terms to mean the same
or same terms may not convey the same information. Without explicit defimtions of the
terms, it 1s difficult to see how concepts 1n each of these applications correspond to each
other Simply shanng termunology 1s insufficient to support interoperability; the
applications must share their semantics, ie., the meanings of their respective
termunology. Such representations require a formal specification of the semantics of
terminologies. One approach to generating this specification 1s through the use of
ontology. Ontology provides unambiguous defimtions for termunology that helps to
capture key distinctions among concepts 1n the different applications, which aids 1n the
translation process However the conditions that may put on acceptable models/ontology
are derived from descriptions of a domain or a system that 1s the data from which the
model 1s constructed. Hence IDEF3 descniptions are basis for modelling such as in the
ontology building process. To overcome this problem, as shown in chapter 8, PSL a

formal ontology based standard language was implemented in the construction scenario
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for the “metal door m metal opening of a buillding project construction process

information exchange between AutoCAD, CCS, and Microsoft project applications.

9.3.4 Software Applications’ Representation of the Process Information

Based on the IDEF3 process descriptions (process information related to design) of the
case study project, a complete construction process related design, cost estimating and
scheduling information were developed using AutoCAD design, CCS cost estimating,
and Microsoft project scheduling scenano software applications’ textual information
representation formats. The screen shots, of the three-scenano software applications’
representation of the case study project construction process mformation are shown in
figures 8.13, 8.14(a & b), and 8.15 (a & b). These representations provided the
complete construction process information for the case study project and basis for the
development of the native ontology (the applications process concepts defimtions) of
each of the scenario software applications. The data types of each of these applications
and the corresponding process related data of the case study project represented by these

data types determuned the native ontology of each of the scenano applications.

9.3.5 Information Exchange between the Scenario Applications using PSL

From the techmcal analysis of the data types of the software applications, AutoCAD,
CCS and Microsoft project scheduling, 1t was learned that these applications use different
terminology to represent the same mnformation or the same terms may not represent the
same mformation. Therefore exchanging information using one of the common exchange
file formats identified mn chapter 7 would lead to exchange of incorrect information. As
one of the main objectives of this research study PSL, the emerging standard language
developed for the manufacturing sector, was implemented in the construction scenaro to
allow the three candidate software applications, exchange the exact semantics of their
information representations (termunology) of the case study project construction
processes In this implementation PSL was used as a common interchange language to
resolve the semantic differences between the scenano software applications’ information

representations or terminologies.

For consistent and correct translation of information representations between scenario
software applications using PSL, information exchange required to be between the

ontologies of the applications and PSL. The data types of each of the scenano software

287




Chapter 9 Discussion

applications and the corresponding process related data of the case study project
determined the native ontology of each of the scenario applications as shown mn sections
8.5.2, 8.5.6 & 8.5.7 and 8.5.11. The native ontology of each of the applications provides
the basis from and to which information must to be translated for information exchange
between the applications using PSL. During information exchange between the
applications using PSL as an interchange language, the syntactic and semantic
translations of process information representations between the applications and PSL
were carned out from the applications ontology to the PSL ontology and back to the
applications ontology as shown 1n sections 8.5.2 to 8.5.13. The syntactic translation 1s a
parsing between the PSL syntax (KIF notation) and the native syntax of the applications,
this parsing keeps the onginal terminology of each of the applicattons and produce KIF
representations of the applications information representations (the applications native
ontologies). For the semantic translations between the scenario software applications
information representations (terminology) hand wntten translators (semantic translation
definitions) were developed between each of the scenario software applications and PSL

as shown in section 8.5.1.

The semantic translators (semantic translation definitions) shown in section 8.5.1 for
AutoCAD, CCS, and Microsoft project scheduling applications were developed based on
the apphcations and PSL termunologies to allow the translation of information between
the applications using PSL These translation definitions between each of the scenario
software apphications ontology and PSL were driven by the ontological definittons that
were wrtten using the same foundational theomes. These are definitions for the
terminology of the application ontology, using only the termunology from the PSL
Ontology, as well as definitions for the terminology of the PSL Ontology using only the

termunology of the application ontology.

In the implementatton of PSL in the construction scenario, the concepts from PSL parts
that were selected (during the investigation of the applicability of PSL 1n construction) to
be applicable to resolve the semantic differences between the scenario software
applications were used in the development of the semantic translation definitions for
process informatron translatton between the applications representations. The semantic
information translation between the scenanio applications were based on the KIF (or PSL

syntax) representations of the applications native ontology. This 15 because KIF
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representation of each of the applications native ontology provides a formal
representation of the applications process information representations that can be mapped
to the PSL process concepts representations syntax and semantics. The KIF
representations of each of the applications native ontology as shown 1n sections 8.5.3,
8.5.7 & 8.5.8 and 8.5.12, were determined by the natural language theornes developed
for the scenario applications data types’ semantic concepts in sections 6.4.3 for each of
the applications concepts maps. Tables 9.1 (a, b, & ¢) summarsed the PSL parts and

theones, and KIF representations of each of the applications’ native ontology.

PSL Parts | PSL Theories Applications ontology in KIF syntax
AutoCAD Design

(forall (7x)
{=> (dwg_object ?x)
(exasts (Px1 .)
(components 7x. ?x))))

There is no concepts defined in PSL

(defrelation input_matenial (7r 7a) = | (forall (?x1)
Processor (and (processor_activity 7a) , (=> (dwg object_component ?xl
(or (consumable ?r 7a) X}
Activity (possibly_consumable ?r 7a) (exists (72) o o
Part 46 (modifies %a 7)) (construction ?a 7x1)

{exuwsts (?r1 )
(matenal ?rl 7a)))))

Table 9.1 (a). PSL parts and theones used 1n the information translations process to capture the
AutoCAD design related process information
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PSL Parts PSL Theories Applications ontology in KIF syntax
CCS Cost Estimating
Theory Macro_ops which is equivalent to {forall (7a)
of dwg_object in AutoCAD are not _(=> (macor_op 7a)
L. . {exists (7al)
Subactivities | defined in PSL. But macor_op and (macor_op 7al 7a)
part12 simple_op as activities are defined in {exasts (7a2...)
the sub_acivity theory (sub_macor_op 7a2... 7al)
(defrelation processor_activity (7a) | (forall (7a)
= (=> (stmple_op 7a)
{exists (?rl 712 r3) (exists (Parl 7r2 13 "rd4 7r5)
Processor (and (or (reusable ?rl 7a) (=> (and (plant 7rl 7a)
Activi (possibly_reusable 7r1 7a)) (plant r1 7a)
ctivity (or (consumable 712 7a) (material 712 7a)
Part 46 (possibly_consumable 712 7a) (labour 713 7a)

(modifies ?a 7r2))
(or (creates 7a 7r3)
(moedifies 7a 7r3))))

(temp_material 7r4 7a)
(subcontract 75 ?a))
(require 7a 1 )})))

Cost rate and utilization of resources
are not defined in PSL

(forall (1)
(=> (or (plant 7r)
(material 7r)
(labour 1)
(temp_material 7r)
(subcontract 1))
(exists (7¢ 72)
(and (rate %c 7r)
(utihzation 7z M)

Nett_raes and Nett_amount of macro
and simple operations are not

defined in PSL

(forall (7a)
(=> (or (macro_op 7a)
(simple_op ?7a))
(exists (?Nr Nm)
(and (Nett_rate “Nr ?a)
(Nett_amount 7Nm)))

Table 9.1(b) PSL parts and theones used in the information translations process to
capture the CCS cost esiimating related process information
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PSL Parts PSL Theories Applications ontology in KIF syntax
Microsoft Project Scheduling

Theory (subactivity ?al ?a2) 1s TRUE 1n an | (forall (a)

of interpretation of Subactivity Theory if (=> (summary_task 7a)
(exists (7al...)
Subactivities | and only 1f activity ?al 15 a subactivity (sub_tasks 7al... 7))

part 12 of activity 7a2.

- (forall (7a)

Fixes and total cost of tasks and (=> (or (summary_task 7a)
(task "a))

summary tasks and are not defined (exists (7Ct 2Cf)

in PSL (and (total_cost 7Ct 7a)

(fixed_cost ?Cf ?2)))))

(defrelation processor_activity (?a)

——

(exists (7r] 7r2 7r3) (forall (?a)

Processor (and (or (reusable 7r1 7a) (emg::(.(,ﬁsf )‘?a)
Activity | (possibly_reusable ?rl 7a)) (=> (resources 7rl...)
Part 46 (or (consumable 7r2 7a) (require %a 7rl Y
(possibly_consumable 712 ?a)
(modifies 7a 712))
(or (creates 7a 7r3)
(modifies ?a 7r3NN)

(forall (7r)
(=> {resource 7r)
(exusts (?Cu ?Cs)
resources are not defined in PSL (and (cost/use ?Cu ?r)
(standard_rate 7Cs 7))}

Cost/use and standard rates of

(forall (7a}
(=> (task 7a)
(exists ("rl . )
Cost/use and standard rates of (=>(=> (resources 7rl )
(require ?a 71l. ))
(exists ("Cn ?7Cs)
tasks are not defined in PSL (=> (and {cost/use ?Cu ?r)
(standard_rate ?Cs 1))
(exists (?Ct 7d)
(=> (and (total_cost ?Ct 7a)
{duration 7d ?a))
(or (total_cost (sum_of 7Cu) ?a)
(total_cost (*°Cs ?d) 7NN

resources and total and fixed cost of

Table 9.1. (c) PSL parts and theories used in the information translations process to capture the
Microsoft project scheduling related process information

9.3.6 Data Translation between Scenario Applications Representations

Based on the semantic translatton definittons (hand written translators) developed
between AutoCAD, CCS, and Microsoft project scheduling applications and PSL (as
shown m section 8.5.1) and using parsing method, the result of hand written syntactic

and semantic translations that were carried out to exchange, the case study project
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construction process information, between the three scenario software applications 1s
shown in sections 8.5.2 — 8.5.13. In this translation a two-stage process, syntactic
(syntactic parsing) and semantic (semantic mapping) translations between the
applications and PSL representations were conducted. The syntactic parser reads data
from the applications exchange file (or the application’s native ontology) and generates a
corresponding file using PSL syntax, which is a Knowledge Interchange Format (KIF)
notation, but still preserving the applications terminology, and a reverse syntactic parsing
reads KIF representation of the applications data and wntes back to the applications
exchange file (or the application’s native ontology). The semantic translator reads KIF
representation of one of the applications data and translates to PSL syntax and
termimology and/or reads a file in PSL syntax and terminology and translates to KIF
representatton of one of the applications data Figure 9.1 illustrates the flow of semantic
information, from the applications representations to PSL and back to the applications,
duning the process nformation representations translations between the scenano

applications ustng PSL.

AupCAD Archrectral desin fle
{DWG_Obect Do)

section 8.5.2 process pian e Microsatproectprocess plan fie
n KIF using Microsot proect < (smgﬁgf Dozr)
\Lﬁmmcm TRANSLATOR-1 | tarminology section 8 5.11
section 8.5.12

| SEMANTIC TRANSLATOR:3

Aychriecural Design fie
n KIF using AupCAD termnglogy
section 853

A

. Archiechral dala process phn
[ semanTic TRANSLATOR-1 iy ey
section 8.5.4 section 8.5.13 costesimake fen KIF using

v
| sEMANTIC TRANSLATOR-2| section 85.10

Desygn fle

Microsctproject Brminology

n KIF using CCS terrmnology

SEMANTIC TRANSLATOR-3

sectlon 85.5

V—|ﬂm:nc TRANSLATOR-1 |

SEMANTIC TRANSLATOR-2

costesimale fle nKIF
usig CCS erminology
section 8.5.8

CCS costestmae nput fle
{macro_operaton  Door)
section 8.5.6

y

CCS costesimale ouput fie
(macro_operafon Door) [———
section 857

Figure 9.1. Flow of semantic information between scenario applications and the role of
PSL
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The section numbers of the files are shown in figure 9.1 to illustrate the flow of
information between the applications and the role of PSL when reading the translation
process 1n the following section. These sections represent the process information and
their representations as follows:

85.2 Architectural design data in AutoCAD Application’s Representations

853 Architectural design data in PSL syntax (KIF Notation)

854 Architectural design data in PSL Representations

8.5.5 Architectural design data 1n PSL syntax and CCS terminology

8 5.6 Architectural design data in CCS Application’s input File

8.5.7 Cost Estimating Qutput File in CCS Application’s Representations

8.5.8 Cost Esttmating data in PSL syntax and CCS termunology

8.5.9 CCS Cost Estimating data in PSL Representations

8510 Cost-Estimating datan PSL syntax and MS project termnology

8.5.11 Cost-Estimat:ng data in MS Project Application’s Representations

85.12 MS project Scheduling data in PSL syntax & MS project terminology

8.5.13 MS project Scheduling data in PSL 1n PSL Representations

9.3.6.1 Translation Process

The translation process begun with a file, in section 8.5.2, that is wrtten 1n the AutoCAD
Application's syntax and using the application’s terminology (AutoCAD application’s
native ontology). This native ontology is developed from the application’s data types and
the corresponding process related data for the case study project, which are the project’s
design elements {or drawing objects) and theirr components parts, that represent the
construction or manufactured products, methods and matenals of construction for the
component parts. The syntactic parser reads the file (in section 8.5.2) and produced a
corresponding file using PSL syntax (KIF notation), but still preserving the application’s
terminology as shown in section 8.5.3. Using the semantic translator (hand wntten
semantic defimtions) developed between AutoCAD and PSL the design file (of section
8.5.3) 1n KIF syntax and the application’s terminology 1s translated to a file (in section
8.5.4) containing only PSL terminology and syntax by substituting the definitions of all
AutoCAD application’s terms with their defimtions 1n PSL that are determuned by the
translation definitions developed between AutoCAD and PSL. Following a reversed step
the design data file (of section 8.5.4) in PSL representations (PSL syntax and

terminology) was translated to CCS applicatton’s representation (terminology).
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Using the semantic translator (hand wrntten semantic defimtions) developed (for CCS)
between CCS and PSL, the design data file {(of section 8.5.4) in PSL representations
were mapped to a file containing only CCS application’s termunology to produce the file
(1n section 8.5.5) contamning only CCS application’s terminology but still preserving the
PSL syntax. A reveres syntactic parser read the file (in section 8.5.5) in PSL syntax (KIF
notation) and CCS application’s termunology and produced a corresponding file (CCS
applications native ontology) i CCS application’s syntax and the application’s
terminology as shown in section 8.5.6. A cost estimator then could import this file to
CCS application’s native file and generate cost data for the case study project. Thts cost
data is formatted 1n CCS application’s report files, which have different data formats
form the input, as shown by the CCS apphcation’s native output ontology given 1n
section 8.5.7. The syntactic parser reads the file (in section 8.5.7) and produced a
corresponding file using PSL syntax (KIF notation), but stll preserving the CCS
application’s termunology as shown in section 8.5.8. Using the semantic definitions
(hand wrntten semantic translator) developed for CCS application the cost the data file (of
section 8.5.8) in KIF syntax and the applications terminology was translated to a file (in
section 8.5.9) containing only PSL terminology and syntax by substituting the definitions
of all CCS application’s terms with their definitions in PSL that are determined by the
translation defimtions developed between CCS and PSL. Using the semantic definitions
(hand wntten semantic translator) developed for Micro soft project application, the file
(of section 8.5.9) in PSL representations were mapped to a file contamning only Microsoft
project apphcation’s termunology to produce the file (in section 8.5.10) containing only
Microsoft project application’s terminology in PSL syntax (KIF notation). A reveres
syntactic parser read the file (1n section 8.5.10) in PSL syntax (KIF notation) and
Microsoft project application’s terminology and produced a corresponding file (Micro
soft project applications native ontology) using the Microsoft project application’s syntax
and the apphication’s terminology as shown in section 8.5.11. The syntactic parser reads
the file (in section 8.5.11) and produced a corresponding file using PSL syntax (KIF
notation), but st1ll preserving the Microsoft project application’s terminology as shown in
section 8.5.12. Finally using the semantic definitions (hand wrnitten semantic translator)
developed for Micro soft project application, the file (of section 8.5.12) in KIF syntax 1s
translated to a file (an section 8.5.13) containing only PSL termunology and syntax by

substituting the defimtions of all Micro soft project application’s terms with their
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defimtions 1n PSL that are determuned by the translation definttions developed between

Micro soft project application and PSL

9.3.7 Proposal for New Extensions to PSL Ontology

From analysis of results of the scenanio applications data types mapping to the PSL
ontology and information translation between the scenano software applications’
representations using PSL based translators (translation definitions) developed between
each of the applications and PSL, 1t was 1dentified that a complete representation and
exchange of constructton process imformation can not be guaranteed using the exiting
PSL concepts. If PSL is to facilitate the complete representation and exchange of process
information between the scenarnio applications, additional extensions need to be
developed to the PSL ontology to mncorporate construction process concepts related to the
pre-construction process stages that are mew to PSL ontology. These concepts do not
include every aspect of the applications but they were identified from the shared concepts
between the scenano apphcations. Therefore the semantic concepts of the applications
data types that represent shared mformation need to be defined 1n the PSL ontology new
extensions. The proposed extensions including the construction process concepts, the
relationships between them, and the theones required from other existing PSL extensions

are presented 1n the following section as follows:

(a) Construction or Project Product

Extension Name: Construction or Project_Product.def
Primitive Lexicon: None

Defined Lexicon:

* (design_elements 7x)
* (components ?xl. ?x)

Theories Required by this Extension: Processor Activity.def,
psl_core.th
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(b) Cost

Fxtension Name: Construction or cost.def
Primitive Lexicon: None

Defined Lexicon:

{resource_rate ?x)
{activity_rate ?x)
(product_rate 7x)
(activiy_total_cost °x}
(activiy fixed_cost ?x})
(product_cost 7x)
(resource_cost/use ?x ?a)
{resource_standad_rate ?x *a)
(resource_category_rate °?x)
{(resource_category_cost °x)
{overhead_cost °x)

(mark_up ?7x)

(split_rate °X)

{(plug_rate ?x)

¢ 9 & & & & & * 2 2 0 0 °

Theories Required by this Extension: Processor_Activity.def, psl_core th, requires th,

Project_Product def

(c) Activity and Product Quantity

Extension Name: Activity_&/or_Product _Quantity.def
Primitive Lexicon: None

Defined Lexicon:

e (activity billed_quantity *x)
] (product_cuantity ?x)

Theories Required by this Extension: Processor_Activity.def, sub_activiy.th,

psl_core.th, Project_Product def,

(d) Resource Category

Extension Name: Resource_Category.def
Primitive Lexicon: None

Defined Lexicon:

{plant ?x)

{labour ?x)

(material ?x)
(temporary_material ?x)
(sub_contract ?x)

Theories Required by this Extension: requires.th , psl_core.th, res_divisible def
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9.4 Web Services: As a Possible Alternative to the use of PSL

Several groups have been working on vanous aspects of standards and different
approaches have been taken to achieve integration and interoperability of heterogeneous
software applications in the construction industry. In the 1970s and early 1980s through
the standardization of the information formats, such as IGES and later DXF. Since late
1980s conceptual models are being standardized withm ISO and IAL. While these and
almost all other efforts for construction software interoperability focus on product model
data, to date, the process-centered data of construction projects have received little
attention. However at National Institute of Standards and Technology (INIST) an effort is
under way to standardize a “process description language” called Process Specification
Language (PSL) for process related manufacturing applications’ interoperability, This
research study has investigated the use and applicability of this emerging standard
process specification and exchange language in the construction environment and
evaluated its impact in construction software interoperability and the results are

discussed 1n this chapter

As an altemative to the use of PSL for process related construction software applications’
interoperabihity web services may offer the possibility of another choice. A web service
as defined by the W3C Web Services Architecture Working Group
(http /fwww. w3 orgfws/arch) 1s a software application identified by a URIL, whose
interfaces and binding are capable of being defined, described and discovered by XML
artifacts and supports direct interactions with other software apphcations using XML-

based messages via internet-based protocols.

Web services provide a standardized way of integrating web-based applications using the
XML, SOAP, WSDL and UDDI open standards over an Internet protocol backbone. The
functions of these open standards are:

XML, Extensible Markup Language: 1s used to tag the data. XML is a specification
developed by the W3C XML 1s designed especially for Web documents. It allows
designers to create their own custormzed tags, enabling the defimtion, transmission,

validation, and interpretation of data between apphications and between organizations.
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Web services use XIML-based messaging as a fundamental means of data communication
to help bndge the differences that exist between systems that use different component
models, operating systems, and programming languages Both the Web service client and
the Web service provider are freed from needing any knowledge of each other beyond
inputs, outputs and location.

SOAP, Simple Object Access Protocol: 1s used to transfer the data, SOAP is a
lightweight XML-based messaging protocol used to encode the information in Web
service request and response messages before sending them over a network. SOAP
messages are independent of any operating system or protocol and may be transported
using a variety of Internet protocols, including SMTP, MIME, and HTTP

WSDL, Web Services Description Language: 1s used for descnbing the services
available WSDL, is an XML-formatted language used to describe a Web service's
capabilities as collections of communication endpoints capable of exchanging messages.

WSDL 1s an integral part of UDDI, an XML-based worldwide business registry. WSDL 15
the language that UDD! uses
UDDI, Universal Description, Discovery and Integration: i1s used for listing what

services are available. UDDI, a Web-based distributed directory that enables businesses

to list themselves on the Internet and discover each other.

Web services allow organizations to communicate data without intimate knowledge of
each other's IT systems behind. In this way the scenario software applications of this
research study and other construction applications may be able to interact and exchange
mformation over the Internet using web services. However there is still the need for a
standard language to resolve the semantic differences between the applications’
information representations. The facility supported by web services alone 15 not enough
to support interoperability of construction software applications. For complete and
efficient software interoperability the semantics of the information exchanged using web
services need to be compromused through the use of a standard specification language.
To data, communication via e-mail and document sharing via the WWW are well-
established practices. Increasingly, the Internet technologies have provided the potential
for distributed systems and genenc data exchange. However, for these technologes, to
support complete and efficient software interoperability and collaboration 1n construction
a standard specification language 1s required to resolve the semantic differences between

the applications information representations
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The use of web services in conjunction with construction process spectfication
language standardization will lead to ncher, more industry-specific data exchange
methods. This 1s important for the construction industry where information 1s complex
with different representation structures and terminology or language and communication
1s highly important and will lead to complete AEC/FM software interoperability. Hence
web services cannot be an alternative to the use of PSL 1n construction but as a
framework that allow the construction software applications to interoperate using PSL

through web services.
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Chapter 10 Conclusions and Recommendations

10.1 Introduction

The preceding chapter discussed the investigation of the applicability of the Process
Specification Language (PSL), which was developed for manufacturing process
information specification and exchange, in the construction environments, and the
implementation of PSL language 1n a construction scenario. This section summarises the
result of the research with regard to the following questions:

How applicable is PSL in construction environment?

Provided proved applicable, what is the impact of PSL in construction data

interoperability?

What is the impact of construction process concepts on the use of PSL in

construction?

Then recommendations for further work are briefed.

10.2 Conclusions

PSL should be applicable i construction provided extensions are developed to
incorporate  process concepts for defining construction process 1nformation
representations, that the current PSL ontology lack or those are new to the current PSL
ontology. The mapping of the AutoCAD, CCS and Microsoft project scheduling
applications data types, which are process information representations with in the pre-
construction process stages, to the PSL ontology identified the PSL parts that contains
applicable concepts to define those data types and the need for new extensions to the PSL
ontology that would incorporate the semantic concepts of the construction project
products or project design elements represented by AutoCAD drawing objects; cost,
resource category, and billed quantities (quantity of CCS bull 1tems) of CCS and cost
data types of Microsoft project applications. For PSL to support the complete and correct
process information exchange between software applications that support the pre-
construction process stages, the semantic concepts of these applications process
information representations (data types) need to be clearly and completely defined within

the PSL ontology.
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PSL 1s a promising standard language for construction process information exchange
between construction software applications. The implementation of PSL in the
construction scenarto for the case study project construction process information
exchange between the scenano applications, has shown the potential of the language to
resolve the semantic differences that hampered the electronic mformation exchange
between construction applications. This research study has identified the data types of the
AutoCAD design, CCS cost estimating, and Microsoft project scheduling applications
and their semantic concepts need to be defined clearly in the PSL ontology in order to
render these applications PSL compliant. Once these applications become PSL compliant
by defining the semantic concepts of their process information representations (or data
types), they would be able exchange information with each other and with every other

application that 1s PSL complaint.

The compliance of construction software applications to PSL 1n construction practices
would reduce:

0 The efforts of obtaining the correct information

a The nsk of misinterpretation of mformation at the receiving/destination end

g The risk of losing information during exchange

a The time wasted in obtaining the correct information
Although this research study has focused on process information exchange between
construction applications and software mteroperability in the construction sector, the
benefit that can be obtained from PSL would not be restnicted within the industry. For
example PSL would also integrate construction with the manufactunng and other PSL
compliant sectors, which contribute to the success of construction practices. This would
allow the construction professionals to exchange information with manufacturers and
suppliers, for instance designers for manufactured product data and cost estimators and

schedulers for supplier’s information.

From the result of the construction process information representations within the pre-
construction process stages mapping to the PSL ontology based on multidimensional
conceptual analysis between the construction process concepts natural language
definitions and the manufacturing process concepts definitions within the PSL ontology,
it was concluded that PSL 1s applicable tn construction provided extensions are

developed to incorporate semantic definition for the construction process concepts that
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are new to the PSL ontology or for construction specific process concepts if such

concepts are identified.

10.3 Recommendations for Further Research

PSL was designed for process information however from the implementation of PSL in
the construction scenario which involved information exchange between CCS cost
estimating, and Microsoft project scheduling including AutoCAD design, has proven that
PSL should be able to be used for product data as well. PSL can be extended to
incorporate the concepts of Product. Product 1s related to process definitions through the
processes that are accomplished to develop the product. However PSL ontology to date
has not defined the concepts of product, hence a new extension is required to incorporate
the semantic concepts of product/construction product/ project product/ or project design

elements.

Cost nformation of construction processes 1S the main 1ssue in the pre-construction
process stages and cost related information 1s exchanged between cost estimating and
scheduling applications. Additionally as described in the exchange scenario example 1n
chapter 7, a designer may be required to produce design information for a project to a
specified budget hence the designer may need to exchange cost information with the
other two applications. There are no semantic concepts for cost 1n general 1n the current
PSL ontology. Hence there 1s a need for further extensions to the PSL ontology to

ncorporate the concepts of product, activity, and resources costs.

PSL is a language for specifying processes through process concepts and relationship
between them using KIF. Construction applications represent process information using
their data types and relationships between them. In order for an application to be PSL
complaint the semantic concepts of the application’s data types, which represent the data
that need to be exchanged between applications, should be defined in the PSL ontology
This has to be done in the same way that these applications define or represent the
required process information, which is normally done through the orgamization and
relattonships of the data types in the applications. However information representation
data types in different applications are orgamized differently to represent information.

During the information exchange between the scenario applications using PSL, it was
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identified that some of the information has to be mapped to concepts from two different
parts of PSL.

This obviously would create problems during information exchange between different
applications (such as CCS and Microsoft project scheduling applications) with different
orgamzation of data types. Hence there 1s a need for further investigation about the

relationships between PSL parts.

The ontology based approach to PLS compliance is different to the tradittonal approach
to standards compliance that rather than forcing the adoption of exactly the same
termunology, an application 1s PSL-compliant if there exist defimitions for 1ts terminology
(semantic defimtions for the application’s data types) in the PSL ontology using PSL
language and syntax. The questions that need further investigation are:

= If data types representing shared information between two or more applications can
have different definittions 1n the PSL ontology; how would these applications
exchange process information and be PSL compliant?. Are the translation definitions
between applications and PSL the decisive construct for the applications complhance
to PSL?

* In the mvestigation of the apphicability of PSL 1n construction 1t was 1dentified that
the semantic concepts of the applications data types can be defined using existing
PSL concepts however sometimes this has to be done by combing concepts from
different parts of PSL. What is the effect of this in the applications complance to
PSL.?. What are the relations between the parts?. How can this be resolved if 1t causes
problem to the compliance of applications or information exchange between

apphcations? Are the translations definition enough to resolve this problem?.

For correct and complete translation, translators (or translation definitions) must be based
on the formal specifications of the representation’s semantics (the data types semantic).
In the implementation of PSL 1n the construction scenanio the information translation
between the scenanio applications’ representations was carned out using hand wntten
translators 1.e. immformation was exchanged between the applications by hand using
parsing procedures for syntax translation, and mapping and pattern matching of concepts
using the PSL based hand wntten semantic translation defimtions for semantic

translation.
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The Development of electronic translation programs would provide better basis for
understanding:

= The impact of PSL as interchange language in construction practices

= The effect, of the use of concepts from different parts of PSL for defining a shared
data, on the comphance of applications to PSL and information exchange between
applications.

» The roles of translations definitions. Can the translation defimtions specify the
relationships between the PSL parts? How can the translation definitions resolve the
problem of information exchange that may arise from the use of different PSL parts
for a shared data?

= The impact of construction process concepts on the use of PSL as iterchange

language for process information exchange between construction applications.

After the imitial development of the PSL ontology from 2 single scenarto, multiple pilot
implementations of PSL in the manufactuning environment were planned to further
extend the ontology From the lterature 1t was identified that there was only one
implementation (Schlenoff, C., et. al 1999) conducted when PSL was used to integrate
two manufacturing applications; the ProCAP (KNO98) process modeling and the ILOG
scheduler (TLO98) packages. However, the PSL ontology has been extended further after
this implementation. Were these extensions developed based on PSL implementation on
scenarios or are they spectlative extensions for possible future use by applications? The
problem is that different applications have different information representations or data
types orgamzed very differently, hence data types relate dufferently to describe processes
or represent process information. Therefore, if there 1s 2 plan to further extend PSL
ontology to incorporate construction process concepts and make PSL a standard language
in the construction environment, it is recommended that the PSL ontology 1s extended
often on implementation or trials of the language in scenanos that involve information

exchange between construction applications
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