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Abstract 

Abstract 

TIllS study explores the potentIal use of PSL as a standard language for process 

mfonnatlOn exchange between software apphcatlons m constructton The apphcabllity of 

PSL m constructIOn was mvestlgated, and the Impact of the language on software 

mteroperablllty was evaluated 

To mvesligate the applicability of PSL m constructton, the constructton process 

mfonnatlon representations (data types) wlthm the pre-constructlon stages were 

identtfied through a techmcal analysIs of the supporttng software applicauons. Then the 

constructton process mfonnatton representations' (the apphcattons data types) semantic 

concepts were mapped agamst the manufactunng process concepts of the PSL ontology 

to detemune the level of apphcablhty of the PSL language m providmg neutral 

defimttons for the constructton process mfonnatton representattons and establish the 

need for new extenSIOns to PSL ontology to incorporate constructton process concepts 

To evaluate the impact of the PSL language on constructton software mteroperablllty, the 

language was Implemented m a constructIOn scenano Within the pre-constructton stages 

for process mfonnation exchange between AutoCAD, CCS, and Microsoft project 

software applicattons. 

A number of conclUSIOns were drawn from the results of the research, PSL is applicable 

m constructton prOVided that extensions are developed to the PSL ontology to 

mcorporate some of the construcuon process concepts that the current PSL language can 

not capture; PSL is a proIIllsmg standard language for process mformation exchange 

between heterogeneous constructton software applications, the use of PSL m 

construcuon as a standard language offers the potential for integrauon wltlun 

constructton and between sectors such as constructton and manufacturing. 

FmaUy recommendattons are drawn for further research to prOVide mfonnation on the 

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

Chapter 1 Introduction 

1.0 Introduction 

The rum of this chapter IS to provIde the background for the research work presented In 

thIS theSIS. The first section descnbes the general context of the research wIth a focus on 

opportunity for Improvement and advancement In construction Information Technology 

(Crr) 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 IS descnbed 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 IS entirely 

dependent on the degree of collaboration and coordinatIOn that can be achIeved among 

the several partIcipants who usually come from c:hverse organIsatIOns. However, effective 

collaboratIOn IS often hindered by the c:hversity and compleXIty of the construction 

processes and information handled dunng projects and the c:hfficultles In 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 

partIcIpants In the construction industry has become a major Issue for researchers and 

standardisatIOn boc:hes. 

The increaSing cost, duration, and quality problems m construction projects resulting 

from mefficlent collaboration and poor methods of communications have been around In 

the construction mdustry for sometimes. Efforts by mdustnal and acadeffi1c researchers 

1 



Chapter I Introduction 

and standardization bodies are stlll underway to find a mechanism 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 

Informatlon standards for defining and exchanging informatIOn. However, 

standardizatIOn has been slow in constructIOn compared to other counter parts such as the 

manufactunng mdustry, this is due to the complexity of constructlon projects and 

processes, the one off nature of constructIOn proJects, changmg environments and the 

fragmented nature of the Industry. 

Construction IS an informatIOn intensive field (Ma, Z. and Chen, J. 1999) yet It IS unique in 

that the mformatlOn IS speCific to each proJect. This mformatlon is generated and handled 

by the many participants, who usually come from several diverse organlsatlons using 

different technology apphcatlons throughout the project hfecycle. The successful 

management of the overall constructIOn processes IS entlfety dependent on this 

mformatlOn that has to be conSistent, up-to-date and standardized The bottom lme IS that 

IT apphcatlOns for constructlon processes have to support a contmuously changing 

environment With complex and extensive mformatlon needs. The computer Industry has 

prOVided the necessary basiC technologies that would faclhtate the development of new 

tools SUitable for constructlon processes. 

1.1.2 IT supports for Construction Processes 

Information m construction organisatIOns covers the different aspects of projects such as 

products, resources, and processes and IS shared by partiCipants throughout the stages of 

the constructIon process hfecycle. These include designers, project managers, 

contractors, supphers, clients etc. In this research study the focus IS on the exchange of 

(process aspects of constructlon projects' information) process informatlon handled m 

the pre-construction process stages, which mvolve deSign, cost estlmatmg and scheduhng 

or planning between the vanous participants' deSigner, cost estlmator and scheduler. The 

term "process informatlon" refers to the information descnbing a process needed to 

realise a project product including, amongst others, a high level descnption of the 

actiVities, data and resource reqUirements, ordenng relatIOns and temporal constraints, 

cost etc. This mformatIon IS generated and handled by the different partiCipants dunng 
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the pre-constructIOn stages of projects usmg dIfferent methods of information 

representatIOns and technology applIcatJ.ons. However, dunng these processes the 

completIOn of each of the partJ.clpants' task is dependent on data obtamed from other 

partJ.clpants. Dunng or after the completIOn of the pre-constructlOn processes, the 

mformatlon generated IS required for the management of the constructIOn projects. Hence 

there IS a need for communicatIOn and flow of informatlon between pre-construction and 

constructIOn process stages. The effect of all this IS, an mcreased need for mtegratJ.on of 

the processes and process mformatIOn and effectlve collaboratIOn between partJ.clpants. 

With the wide deployment of computer applicatJ.ons in Architecture, Engineenng and 

ConstructIOn (AEC) organizatlons today, the maJonty of constructIOn mformation is 

produced electromcally using IT applIcatlons such as CAD systems for drawmgs, word 

processors for textual specificatIOns and spreadsheets for tabular data and diagrams for 

graphical representation of project mformatlOn. One of the pnmary areas m winch 

computer applIcations are highly used to support constructIOn processes are the pre

constructIOn process stages of projects. For example, the design, cost estlmatlng, and 

schedulmg and planmng mformation can be generated usmg any of the software 

packages avrulable for constructlon such as AutoCAD, ConstructIOn Computer Software 

(CCS), and Microsoft proJect. However, the exchange of this mformatIOn electronically 

can be very difficult. Solutlons are needed to standardIze mformatlOn representations 

wlthm software applicatlons Currently, informatIOn is stlll exchanged via paper 

documents, mdividual computer applIcatlon files and disks (IT in Cml Engmeenng, 

2003). 

Efforts have been made to develop better tools for creating and stonng informatlon on 

one hand and standardIsmg mformatlon representatIOn structures on the other. The focus 

of these efforts has been on specific domains. For example, the standardIsatlon of CAD 

layers (ISO TC 10, 1993) through the attachment of semantic meanings, which IS rumed 

at supportmg a complete exchange of meaningful and understandable mformatlOn among 

CAD users only. The classificatIOn and categonsatJ.on of constructlon projects 

information (ISO 1994a) Without the definitIOn of semantics IS another example. 

However mformatIOn m constructlon needs to be exchanged and shared between 

dIfferent applicatIOns such as CAD, cost estJ.matmg, and scheduling etc. hence there IS a 

need for Wider standardIsation of mformation representations. 
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1.1.2.1 Current Construction Information Technology (CIT) practices 

As descnbed earher, the whole "body of construction informatIOn" encompasses 

different aspects of projects such as products, processes, resources etc., and each of these 

aspects are viewed chfferently across domru.ns throughout constructIOn projects' hfecycle. 

For example deSIgn, cost estimating, and scheduhng or planmng vIews of the processes, 

products, and resources In the archItectural and project management domains. Each of 

these aspects and vIews has umque information representation formats and structures, 

and termlnologies depenchng on the domain of ongm and use of technology apphcatlons. 

For instance, for the deSIgn, cost estimating, and construction scheduhng informatIOn 

representatIOn dIfferent sets of conventIOns are used. For the deSIgn of project products, 

the geometncaJ representatIOn is used as the baSIS. The information embedded In the 

geometncaJ representatIOn can be conveyed by means of drawmgs, structured according 

to mdustry and technology applications specIfic conventions In additIOn to thIS, textuaJ 

informatIOn can be added to the drawmgs or collected as separate speclficatlOns of 

requirements, matenal and workmanshIp. For cost estimating Information of the deSIgned 

products, a tabular representation IS used. Also for the designed products' reaJlsatlOn or 

cost estimating actiVIties scheduhng mformatlon tabular and graphical methods of 

representatIOns are employed. 

As descnbed earlier, WIth the wide use of computer apphcatlOns in construction to day, 

maJonty of mformation IS electromc. However, electronic mformatlon although well 

represented, easy to edit and structured, there are chfficultles to exchange this mformatlon 

WIthout a "neutral informatlOn representatlOn structure". The compleXIty of construction 

projects and processes and the mterdependence of the process stages resulted m a 

growmg need for information exchange. As a result, the development of mechanIsms for 

context Independent representations of information and structunng of the information 

representations and standarchsation of the structures have become the focus of a lot of 

research for acaderruc, industnaJ and standarchsation boches. 

SeveraJ groups have been working on vanous aspects of standards for context 

mdependent mformatlon representations of to faclhtate the integration of heterogeneous 

software apphcatlOns for the construction mdustry (Thomas Froese, 1994). As a solution 

to some of the Integration problems m the construction industry there have been some 
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developments These are; the mtroductIOn of standardised clasSIfication systems for 

constructIOn project mformatlOn (ISO TC59, 1993); a major Improvement m the 

structunng of CAD data has been the mtroductIon of layenng conventions, the 

International OrganIsatIons for StandardIsatIOn has defined internatIonal CAD layenng 

standards for construction (ISO 1998b), and the mtroductlOn of Electronic Data 

Interchange (ED!) that supported the exchange of data such as CAD files and Bill of 

Quantities (BoQ) usmg 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 modelhng methodologies and product data 

technologIes have exhIbIted great potentIal and promismg solutIOns for an effiCIent way 

of representatIon and exchange of mformation hence an increased software 

interoperablhty (Vernadat F.B., 1996). 

Product modellmg techniques have been IdentIfied by many researchers as well as 

standardisation organIsatIons as the key technology for solvmg software mteroperabllIty 

problems (Jagbeck A. 1998) Two mam mternatlOnal efforts, the STEP and !AI have 

been engaged in the development of standards for conceptual schemas (structure of 

product models) for product mformatlon exchange. The ISO STEP standard (Standard 

for the Exchange of Product Model Data, ISO 10303) (ISOrrC184/SC4, 1993a) and the 

InternatIOnal Alliance for InterpretabIlIty (IAI) IFCs (http://www.laI

mternatlonal.orgliaI_internatIonall) are aImed at product informatIon exchange m 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 apphcatlons. 

Internet technolOgIes are influencmg perceptIOns and attitudes m information 

commUnIcatIon technology (lCT). The expectatIon of access to shared mformation and 

commUnIcatIon IS drastically different from what It was a few years ago (Froese, T.M., 

and Yu, K.Q., 1999). Currently, commUnIcatIon vIa e-maIl and document sharmg vIa the 

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

distnbuted systems and generic data exchange. These technolOgIes, m conjunctIOn with 
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mfonnation representatIOn standardIzatIOn developments, wIll lead to ncher, more 

industry-specIfic data exchange methods. This is Important for the constructIOn industry 

where mfonnation IS complex and commumcation IS highly Important and will lead to 

infonnation mtegratlOn and AECIFM software mteroperablhty. 

Despite all these efforts and developments m infonnatlOn standardtsatlon for product 

data mtegratlon and exchange the process or activity centred infonnatlon of construction 

projects have not receIved enough attention. Therefore the rum of thIS research study is to 

Identify and develop a mechamsm for process centred mfonnatlOn mtegratlon and 

exchange across dIfferent stages of construction and between construction software 

apphcations focusing on the pre-constructlOn process stages of projects. 

1.1.2.2 Information in the Pre-Construction Process Stages 

The rum of the efforts descnbed above such as the STEP and lAI for AEC is towards 

defimng standards for the representation and exchange of product data and product data 

related mfonnation between all kInds of AECIFM apphcations. One example IS the lAI 

project management effort for production planmng (proses, 1998) WIth a focus on 

product related process infonnatlon. In these efforts product data technology IS employed 

for the representation and structunng of all the necessary mfonnatlOn that are reqUIred to 

descnbe a product from product and process pomt of vIew hence provide the basIs for the 

standardIsation process. InfonnatlOn concermng products IS gIven meamng by fonnatting 

it as a product model. The models mclude representations of product Items and relations 

between them. Addttlonally, processes and theIr relation to product data have been added 

to the models (IAI 1997), an example of thIS representation from lAI IS shown m figure 

1.1. The figure shows an example of a conceptual schema for construction, a slmphfied 

part of the IFC 1.5 schema defining the relations between products and processes. One of 

the benefits of product modellmg is m the transfer of mfonnatlon downstream, to the 

constructIOn process (Tarandi Vlimo, 1998). The semantics of the product can be 

connected to the semantic structures m other process-related procedures such as cost 

estimating, production planmng and schedulmg. ThIS mdicates that the product models of 

these efforts don't support infonnation representation related to the construction of 

project products such that the construction process mfonnation IS not included. In order 

to faclhtate the exchange of product and process mfonnation between all types of 

apphcatlons mcludtng process related software apphcations, the product models m these 
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efforts, whIch are based on product data technology may need to consIder the 

representatIOn and structunng of product as well as process Information I.e the product 

model need to Incorporate process related InfOrmatIOn In addItIon to the product data and 

product data related InfOrmatIOn. 
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Figure 1.1lFC 1 5 schema defining the relationships between products and processes (lFC 1.5, 
IAI 1997) 

In these models the integratIOn of informatIOn IS based on the connectIOn between the 

processes and product data as shown in figure 1.1 tlus IS based on data reqUirements for 

these processes, and informatIon related to the requirements of the processes In 

prodUCIng the products. Generally, the product models are nch In descnbing products but 
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lack some constructs to descnbe the processes, the IFC 1.5 schema of figure 1.1 

Illustrates 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 

scheduling 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. aI., 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 20 Beta) became ineVitable and were 

confUSing and required redundant work dunng the implementation of the PM test case. 

Therefore, It IS 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". Tills IS because the product modelhng 

methodology does not provide the faCility to represent the entire set of requirements 

necessary for specifYing construction processes hence the product related process 

informatIOn represented In the product models In these efforts IS not complete enough to 

represent the construction processes completely. For process centred project information 

representation and exchange SUItable approaches and techniques such as process 

modelhng and representation methodologies that would Include the representation of 

process specification characteristics are reqUIred. Process specification should Include the 

notion of sequence, constraints, data reqUIrement, time duration, resources and resources 

related Information etc. To date, no hterature 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 formahsed modelhng methodologies could complement product data technology 

approaches. To faclhtate a formal and structured representatIOn of process informatIOn 

and to provide a baSIS for a common definition of the informatIOn, a suitable modelhng 

methodology that can represent all the necessary reqUIrements for specifying processes IS 

reqUIred. Among the avrulable process modelling methodologtes, IDEF3 Process Flow 
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and Object State Descnptlon Capture Method (Knutllla, A., et. aJ., 1998) has been 

IdentIfied as the best modelhng methodology for process information representatIOn. 

ThIS approach provIdes the best coverage for the representation of information 

requrrements, which are necessary for specIfYing process 

1.1.2.3 The Need for an Agreed Interpretation of Process Models 

Process models are formaJ representations of collective set of Interrelated activIties, and 

particIpating objects structured uSing some formaJlsm (or language) defined by 

constructs of a modelhng methodology and by the syntax and semantics of the 

methodology. One of the objectives (Curtis, BIll, M. I. Kellner and J Over, 1992) of 

process modelhng is to faclhtate interaction among groups working In dIfferent phases of 

a process. ThIS can be achieved only if a model IS capable of provIding an understanding 

or a neutraJ representatIOn of the mformatlOn exchanged between the groups. However, 

aJmost aJl eXIsting I process modelhng methodologies focus on the syntax of process 

specIficatIOn rather than the meaning of terms, the semantics (Knutllla, A., et aJ. 1998), 

whIle this is suffiCIent for exchangmg mformation between apphcations of the same type, 

dIfferent types of apphcatlOns associate different meaning WIth snmlar or Identical terms. 

Commumcation between heterogeneous applicatIOns IS more concerned WIth the 

semantics of the mformatlon exchanged rather than the tenninology and data formats. An 

Important reqUIrement for semanticaJly integrated apphcatlons envIronments IS the 

ability to capture mformatlOn from multiple domamsJapphcatlOns and define this 

information m a form that can faclhtate a correct informatIOn shanng. There IS therefore, 

a need for an agreed mterpretatlOn of process models representatlOns/terrrnnologles I.e. a 

formaJ 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 apphcatlons. One approach to 

generating thIS speCIfication IS through the use of ontology. Semantic defimtlOns of 

models can be expressed in the form of ontology, i.e. uSing a neutraJ knowledge 

representation format (Neches et aJ , 1991). 

Ontology (Uschold M., & Grninger M., 1996) IS an exphclt speCIfication of 

conceptuaJlsatlon, where conceptuaJlsatlon IS an abstract view of the world represented 

as a set of objects. Ontology is a formaJ descnptlon of terms, entities, objects, and 

classes and their charactenstlcs, relationshIps, constraints and behaviours (Uschold, M. 
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and Gruninger M., 1996), and provides fonnal defimtlOns and axIOms that constrrun the 

interpretatIOn of tenns (Gomez-Perez 1998). It can also be seen as an explication of the 

context for which a term IS normally used Ontology provides a sharable representation 

of knowledge that IS a shared terminology that captures key distinctIOns runong concepts 

in different applications and defines the meamng of each term In a precise and 

unrunbiguous manner to facilitate translation of concepts runong these applications. The 

advantage of the use of ontology IS the ability to overcome the problem of implicit and 

hidden knowledge by making the conceptuallsatlOn of a domain explicit. This is the 

focus of tlus research study, which, studies ontology and ontology based developments 

and their applications In bndglng the semantic gap that prevrullng between vanous 

informatIOn representations and constructIOn software applications. 

1.2 Problem definitions and research goal 

The prevIOus section, highlighted the obstacles to applications software interoperabllity 

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 facilitate the exchange of product 

data and product data related information of constructIOn projects have employed thiS 

technology. Among these the mrun two efforts: the ISO STEP (ISOrrCI84/SC4, 1993a), 

and IAI (http IIwww.lai-international.orgliai_lnternatlonalJ) 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 bnng a complete solution to the 

software interoperabiIity problems of the sector for two reasons: constructIOn project 

Information includes different aspects of projects including "constructIOn process", and 

the other IS, there are numerous software applications that deal with the mampulatlon and 

management of process mformatlOn and their Interoperabllity IS 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 relations are bound to the data 

reqUirements of the processes alone, while there are large runount of process related data 

that need to be mampulated 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 interoperabllity of 
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process related constructIon software appilcatIons that deal with process centred 

mformatIon in proJects. 

To date, there are a wide range of software appilcatlOns, which deal with the 

management and representatIon of constructIOn process mformatIon. Examples mclude 

AutoCAD for design, ConstructIon Computer Software (CCS) for cost estimatIng, and 

Microsoft project for planning and scheduling, each of which IS developed and supported 

by different programming and control languages. Each of these appilcatIons focuses on 

partIcular aspects of a process and uses a umque representatIon and termmology to 

mampulate and represent process mformatlOn. For example the descnptIon of a typiCal 

process should mclude the notIon of the data reqUirement, product to be constructed and 

the materials of constructIon from design, resource reqUirements and cost from cost 

estImatIng and tIme-duratIon, dependency etc. from scheduilng and planning 

appilcatlOns. However, the meamng of the termmology representing process mformatlOn 

m any of these appilcatIons is entirely dependent on the context m which It IS viewed and 

mterpreted For thiS reason, electromc mformatlOn exchange between the appilcatIons is 

hmdered. In order to reuse mformatIon generated at one process stage usmg a speCific 

appilcatlOn as mput m other applicatIons rudimentary methods such as commumcatlOn 

via paper documents, mdivldual computer files or verbal commumcatIon are stIll used. 

ThiS IS acute m the constructIon sector because of the growmg compleXity of 

constructIOn mformatIon and the mcreasmg need to dlstnbute and share thiS informatIon 

amongst construction project stages, participants and supportmg software appilcatlOns. 

Nevertheless, an effectIve, electromc transfer of mformatIon between the applications 

could reduce the efforts of obtaimng mfonnation and the risk of losmg or distortIng it at 

the destmatlOn. One of the pnmary obstacles to such environment IS the lack of a "neutral 

language" or formal speCificatIon of the underlymg concepts of processes and a common 

representatIOn of process mformatIon in the domain A formal specificatIOn of the 

constructIOn process descnptIon 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 mformatlOn mtegratIon and process related 

software appilcatIons' mteroperablilty m the manufactunng environment. MotIvated by a 
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growmg need to share process mformatlOn m the manufactunng environment, PSL IS a 

project undertaken by the National Instltute of standards and technology (NJST), rumed 

at developmg a genenc Process Specification Language, as a language for the descnptlon 

of processes and as an mterchange language for process mformatlon exchange between 

heterogonous process related manufacturing applicatIOns, buildmg on existmg modelling 

methods. In this research study, It is envisaged that in an analogous manner to the role of 

PSL in the manufacturing environment, constructIOn organisations could benefit from a 

slIIular standard for the exchange of process informatIOn between process-related 

constructIOn software applicatIOns 

1.2.1 Aim and Objectives of the Research Study 

Based on the problems and the potentlal that some emergmg technologIes have m 

overcommg such problems as discussed above the overall aim of the research IS defined 

as follows' 

To explore the applicability of Process Speclflcatlon Language (PSL), developed by the 

Manufactunng Systems Integratlon Davison at National Instltute of Standards and 

Technology (NJST), in the constructlon industry, and to trial ItS use through the 

Implementatlon of the language in a construction case study scenano. 

The Research questions are: 

• 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? 

The rum of thiS project IS achieved through the followmg objectives; this will be further 

discussed in the followmg sectlon wlthm tlus chapter. 

The objectlves mcluded are: 

1. Study and analyse PSL and ItS process concepts 

2. Identlfy an appropnate construction scenano relevant to the PSL obJectlves, and 

gather process informatlon representatlons, that are necessary for modelling 

constructIOn processes wlthm the scenano, through techmcal analYSIS of software 
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applications supportmg the scenano and to determme If there eXIsts a common set 

of mformatIon representations between the software apphcatlOns 

3. Develop process model for construction of a case study proJect, usmg IDEF3 

modelling technique, and Identify and collect process data wIthin the scenano I.e. 

case study project constructIOn process informatIOn related to each of the 

software applications supportmg the scenano for each activIty m the process 

model 

4. Exchange the constructIOn process informatIOn of the case study project between 

the scenano software applIcatIOns usmg PSL as an mterchange language between 

the applIcatIOns mformation representations. 

1.3 The Research 

The research problem was mvestigated at technologIcal level in the followmg areas' 

process technology, mformation technology, and communIcation. The research focused 

on issues related to: constructIon mformatlOn technology (CIT), context of IT m the 

constructIon organIsations, IT tools and support for constructIon, current practice of IT m 

constructIOn, constructIOn organIsatIOns and processes, method of commUnIcatIons and 

wfficulties. 

The aim and objectIves of the research was aclueved through the followmg phases' 

Literature review' the rum of thIS phase was to provide the basIs for the research work 

through a review of the constructIon proj ects, processes, partICIpants and mformatIon 

technology (IT) In the industry; eXlstmg methods of collaboratIOn between constructIOn 

projects partIcIpants WIth a focus on software mteroperablhty; acadeIDIC and Industnal 

research and developments underway for software interoperablhty and the technologIes 

and methodologies used. PrevIOus and ongomg research and developments for software 

mteroperabllIty and mformatlOn IntegratIOn Incluwng the methodologIes and 

technologIes used, and the proposed canwdate solutIOns were reviewed. Standards and 

standardIsatIon efforts and developments for software mteroperablhty for dIfferent 

aspects of mdustrial proJects, Product and process modellmg methodologIes, and 

developments related to process and product models were also revIewed. 

Identification of Construction Scenarios: thIS phase Involved the identificatIOn and 

definItion of a constructIOn scenano relevant to PSL objectives, and the selectIOn of 

software applicatIOns for the scenano. A scenano withm the pre-constructIon process 

stages, whIch involve deSIgn, cost estImatIng, and schedulmg mformation representatIon 
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and exchange was selected as a case study scenano for the first tnal implementatIOn of 

PSL m construction. Software applicatIOns, which deal With process-related mformatIOn, 

m the pre-construcllon process stages of projects, have been Identified and a selectIOn of 

a number of these has been made to deteIIll1ne 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 Identify 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 speclfymg constructIOn processes. 

Selection of Case Study Project for the Construction Scenario: m thiS phase, part of a 

building project was selected as a case study proJect, and design, pretender cost 

estimatmg, and scheduling related process mformatlOn were Identified, based on 

mformatIOn gathered from the construCllon speclficallon 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, withm the constructIOn scenano usmg an IDEF3 Process 

modelling methodology, these are: 

(1) Architectural design, pre-tender cost estimating and scheduling information 

representatIOn processes models: The scenano software applications' users tasks or 

activities were represented/modelled for bUlldmg 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 scenano software applications were collected for each activity of the process model. 

ThiS model represents process mformatlon of the case study project related to the 

scenano software applications, structured m terms of the modelling methodology used. 

Process Information Representation using Scenario Software Applications: in this 

phase the construction process mformatlon of the case study project IS represented usmg 

the scenano software applications mformatlon 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 usmg the data 

types that were gathered during the analysIs of the software applications and the 

correspondmg process data of the case study project. 

Implementation of PSL in the Construction Scenario: in this phase, construction 

process mformatlOn of the case study project was exchanged between the scenarIO 

software applIcatIOns, sUIng PSL as mterchange language. This mvolved development of 

hand wntten translators (translation defimtions) between the scenario software 

applIcations and PSL, and a manual process mformatlon translatIOn between the scenano 

software applicatIOns using the hand wntten translators (translations defimtlOn) 

developed between the applIcatIOns and PSL. 

Evaluation of the impact of PSL in construction: the effectIve use and impact of the 

PSL language m construction IS evaluated through an analYSIS of the implementatIon 

exercIses. 

1.4 Justification for the Research study 

ThIs research is Important on several theoretIcal and practIcal grounds. 

• The qualIty, duration and cost of projects are important considerations WIthin 

construction orgamsatlOns. ConstructIOn projects encompass intenSIve and 

cumbersome processes mvolving numerous partIcipants, experts and profeSSIOnals 

throughout a project's lIfe cycle. It IS always the combmed efforts of these 

partiCIpants that achIeve the planned goal, the completed project, and theIr 

collaboration IS important in achIeving a quality product wlthm Inlmmum time 

duration and cost. Hence, there IS a need to improve collaboratIon between 

constructIon project partIcIpants and promote mnovatIve techniques. ThIs led to an 

increased need for the development of modellmg concepts and standardisation of 

mformatlOn representatIOn structures particularly m terms of how mformation 

technologIes are used and could be used to support mnovative collaboration and 

coordination. 

• Information intended for use m constructIOn projects IS mostly produced on 

computers using IT tools and computer applications, such as CAD systems for 

drawmgs, word processors for textual speCIfication, spreadsheets for tabular data and 

charts for graphical mformation. Hence It IS these applIcations and tools that prOVIde 

the baSIS for the representatIon and managements of the mformatlOn generated by 
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construction professIOnals, and their Illteroperabllity IS cornerstone to an Improved 

collaboratIOn between the partIcIpants. Though the constructJon IS a late adopter of 

advanced InformatIOn Technology (IT), the role of IT III the adoptIOn of innovative 

(computer based) collaboratIOn IS under great scrutJny. The product data technology 

has been as a potentJal and key technology m the mformatIOn standardIsation 

developments and researches for software mteroperabllity. Based on thIS technology, 

there have been several imtiatlves underway to Improve software interoperablhty and 

hence improve collaboratJon. These IllltJati ves have been working to develop 

standards for mformatlOn exchange based on product models to support the exchange 

of product data and product data related informatJon within heterogeneous software 

apphcations. However the process centred vIew of construction projects information 

has not been rece!Y1ng enough attention. The apphcablhty of the process descnption 

techmques such as the "Process SpecificatIOn Language" (PSL) of NIST for 

exchangmg project mformation in constructIOn has been studIed (Grunmger, et al. 

2003) however the use of PSL m constructJon reqUIres further IllvestJgatlOn 

partIcularly m the applications areas of constructJon process mformatJon 

management. The applicatIOn of PSL m the construction envlromnent could 

complement the product data technology approaches bemg explored and support the 

efforts made for complete mteroperablhty of apphcatJons software III constructIOn. 

• The adoption of IT by construction orgamzatJons has become commonplace m 

today's speCIalIsed mdustry. From everyday tasks such as word processmg to 

advanced tasks such as structural analYSIS, IT has supplanted other methods to 

become the standard operating procedure for the mdustry (IT m CiVIl Engmeenng 

2003). However, thIS rush for automation often occurs WIth little regard to 

measurement of success. One of these IS the abIlity of IT tools and computer 

apphcations to mteroperate and exchange meaningful mformatlOn. As descnbed 

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 semantJcs of the mformatJon exchanged 

between CAD and other applicatIOns. As a result There IS 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 mvestigation of the applicability of PSL m constructIOn and the implementation 

of the language m a selected construction scenano are conducted wlthm an acadenuc 

context. However the software applicatIOns supporting the selected construction 

scenano are used to reflect the vanous participants mvolved in construction projects 

wlthm the scenano. The information generated, handled and exchanged usmg the 

computer applicatIOns also represents a real construction project scenano. 

• The findmgs of this study will be useful for researchers and developers mterested m 

the area of process information mtegratlOn and exchange and software 

mteroperability. Commercially successful standard products of general use 

throughout the mdustry are unlikely to be produced If research projects continue to 

take mdIvldual approaches to the definition and ImplementatIOn of baSIC objects 

relating to bUlldmgs (IT m cml Engmeenng 2003). The research study fmdIngs will 

provide the baSIS for companson between the initiatives for applications software 

mteroperabllity based on "product data models" such as STEP and IFCs for product 

data exchange and "processes description languages" such as PSL for process 

mformatlOn exchange. Hence, thiS Will be useful m the deternunation of whether the 

Initiatives based on product data technology such as the STEP and IFCs can be 

manipulated to mcorporate process specific concepts to the product model and clear 

the road to smgle successful standard production for construction organisations. 

1.5 Research Issue and Context of the Project 

In the department of Cml and BuildIng Engmeenng of Loughborough University the 

potential of advanced Information Technology (IT) for construction projects mformatlOn 

management and innovative collaboratIOn between construction project profeSSIOnals 

have become one of the major areas of research. 

As constructIOn projects become mcreasmgly complex with many stages and partiCipants 

involved each With dIfferent, culture, and computer programs, collaboration between 

parties become harder to realise. One of the mam problems IS that almost all computer 

applicatIOns are used in a stand alone manner each with ItS own mternal 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 mcludmg theIr computer apphcatIons may use dIfferent terms to mean the 

same concepts or same terms wIth different meanings. ThIs has resulted m the 

mismterpretatIOn of the concepts of the message exchanged. 

This research study aimed at developmg an interchange language based on Process 

SpecificatIon Language technology for process mformatIOn specIficatIon and process 

related software interoperablhty wIthin construction proJects. Where there is no hve 

mdustnal construction case study m a research such as thIS, the computer applicatIons 

supporting various constructIon process stages are used to represent the numerous 

professional dIsciphnes mvolved m constructIon processes and use a real constructIOn 

project context. ThIS mcludes the informatIOn generated, handled and exchanged between 

the partIcIpants throughout the stages of constructIOn project hfecycle. 

Based on a comparison between the current collaboration practIces and the POSSI blhties 

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 

mteroperable computer apphcatIOns and mtegrated constructIOn IT environment. 

1.6 Structure of the Thesis 

ThIs thesis is organised into five parts. The first part introduces the research problem 

and highhghts 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 mteroperablhty, and the mformation modelling methodologIes employed. The 

third part reviews some of the aVaIlable research methodolOgIes for IT related problems 

and descnbes the overall research and methods used in this study. The fourth part 

presents analYSIS of the research problem and results of applymg 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 mformation modelling approaches (product 

and process modelling) includmg the background and obJectIves, and modellIng concepts 
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of these approaches; and a number of the aVlUlable process representations, 

methodologies, and languages. It stucbes the strengths and weaknesses of these 

methodologies for modeling process charactenstlcs that are necessary for specIfYIng 

constructIOn processes and for Integrating dIfferent applicatIOns. Chapter three revIews 

informatIOn standardizatIOn developments and efforts for ArchItecture Engineenng and 

ConstructIOn (AEC) and identifies, the product modehng has been the major approach in 

these developments and whIle most of the existing standard and ongoing developments 

and efforts focused on Information standarcbzation for product aspects of constructIOn 

projects Information exchange the process centered of constructIon projects have not 

receIved enough attention to date. The fourth Chapter revIews the ontology and process 

speCIfication techmque based InformatIOn standarcbzatlOn approach for process related 

manufactunng software apphcations Interoperablhty and studIes the pOSSIbIlity for 

adapting thIS approach to the problem area of process InformatIOn exchange between 

software apphcations In 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 baSIS for the tnallmplementation of PSL In a constructIon scenano chapter 6 

presents an Investigation of the apphcablhty of PSL In construction, and IdentIfies the 

PSL parts that contlUn applicable semantic concepts for defining construction process 

Information representatIOns withIn the pre-constructlon process stages (process related 

AutoCAD design, CCS cost estimatIng, and MIcrosoft project scheduhng 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 trrul Implementation of PSL 

In construction chapter 7 presents a detailed descnption of a construction scenano 

WIthin the pre-constructlon process stages IncludIng descnptlons of the process 

Information representatIOn processes WIthin the pre-constructlon process stages, the 

scenano software apphcatlons selected to support these processes In these stages, a bnef 

descnptlon of onslte constructIOn process and an exrunple of a sItuation WIthIn the 

scenano. 
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To lnrut the scope of the construction process mfonnatlOn exchange between the scenario 

software applications, the first part of chapter 8 Identifies a case study project (part of a 

bUlldmg constructIOn project) for the construction scenano defined m chapter 7, and 

presents a detailed descnptlOn of the case study project usmg IDEF3 Process DescriptIOn 

Capture Method and the scenano software applicatIOns' process infonnatlOn 

representatIOns. The second part of chapter 8 presents the result of the case study 

project construction process mfonnatlOn exchange between the scenario software 

applicatIOns usmg PSL as an interchange language. 

Part Five: Discussion, Conclusions and Recommendations 

Chapter nine analyses and discusses the combmed results of the research, while chapter 

ten presents conclUSIOns and recommendatIOns based on the results of the overall 

research. 

1.7 Delimitation of the Scope 

The study IS focused on the use of the PSL standard language for process mfonnatlOn 

exchange between software applicatIOns m 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 

mfonnatlOn mcludmg the construction process concepts that are necessary for speclfymg 

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 m the IdentificatIOn of the "domam of 

mformatlOn" and "subject of mformatlOn" Involved m constructIOn. For example m the 

domam of archItecture the subject of any pIece of mformatlOn IS an architectural artefact 

or some kmd of archItectural concepts. Sml1larly m the domam of project management: 

the subjects of mformatlOn are products or activIties and resources for cost estimating, 

and actlvllles and resources for schedulmg and plannmg In such construcllon domams 

the resulllng mformation IS not know m detail before the defirutlOn of informatIOn has 

been completed. AdilltlOnally, these mformatlOn defmmg the subject of mformatlOn m 

any of the constructIOn domains are often III structured, inconSIstent, mcomplete and may 

be subject to changes dunng the production of the mformatlOn or after and the exact 

meanmg of the terms may not be unambIguously defined. TradItIOnally mformallon m an 

orgarusatlOn eXIst m the form of organIsatIOnal charts established by management, 

documented operational procedure, regulatIOn texts, and to a large extent m the vast 

amount of enterpnse data (eIther m databases, knowledge bases, or sImply data files) and 

code of applicatIOn programs Moreover, a large amount of mformallon remains in the 

mmd of people and IS not formalised nor even documented at all. Although, a wIde 

range of computer applicatIOns have been mtroduced m constructIOn stages to Improve 

the tradItIOnal form of mformatlOn management, that resulted m a well-structured and 

illgltal mformatlOn representallon (physlcaJ file formats), mformatlOn exchange usmg 

these applicatIOn IS stdl mconslstent. As a result formal representatIOn of mformallon are 

needed m order to support consIstent mformation productIOn and facli1tate mformallon 

exchange usmg computer appllcallons. 

I 
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2.2 Information Categorisation and Organisation 

2.2.1 Subject of Information 

The pnmary means of mformatlOn categonsatlOn are subjects of mformatlOn The subject 

of any constructIOn mformatlOn depends on the domalll of the mformatIon and purpose 

and use of the mformation. For example In the architectural domalll the artefact and III 

the project management domam the activItIes or processes and resources are subjects of 

mformatlOn for the purpose of understating or modelling the architectural deSign data and 

project management mformatlOn respectively ConstructIOn mformatlOn IS large, and 

complex and m order to achieve some comprehenSIOn of the mformation a dlstmctlOn 

between subjects of mformatlOn m each domam of mformatlon need to be understood 

and drawn clearly Table 2.1 shows constructIOn mformatlOn at different levels of 

abstractIOn. The fol!owmg are some of the dlstmctlOns (van Leeuwen, JP and H. Wagter 

1998) that can be found m many disclplmes of applied mformatlon and commUlllcatlOn 

technology (ICT)' 

First different levels of abstraction can be distingUished for example m the architectural 

domam. InformatIOn IS related to complete bUlldmgs, constItuent parts of a bUlldmg, 

components, spaces, matenals and so on. 

Second: dlstmctlon can be made between phYSical part of building and the non-physical 

concepts that play a role m deSign. 

Third: distmctlOn IS between mformatlOn that IS related directly to the bUildings and 

mformatlOn that IS related to the contex t of the building for example, mformatlOn 

concemmg the building site or ItS environment 

Fourth: Important distmctlOn IS between project bound mformatlon and mfonnatlOn that 

IS not related to a particular deSign case or bUlldmg, but It IS common or represents 

general knowledge Examples are product mfonnatlOn, matenal properties, physical 

pnnClples, normative regulatIOns and bmldmg codes 

Information Example 
Project mformatlOn BUilding constructIOn project mfonnatlOn 
Domam mformatlOn Architectural deSIgn/cost/scheduling data 
Component mfonnatlOn Product or process data 
User mfonnatlOn Product or process attnbute 
Table 2.1 ConstsructlOn mformatIon at different levels of abstractIon 
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2.2.2 View, Aspects and Perspectives of Infonnation 

Due to the dIversIty of constructIOn mfonnatlOn 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 It IS useful for the mfonnatlOn to be 

orgamsed mto groups VIews, aspects or perspectIves (CurtIs, B., Kellner, M. and Over, 

J., 1992,) often coexIst as mechanisms for structunng mfonnatIon. 

The second common orgamsatlOn of mfonnatlOn IS by distInctIon of vIew of mfonnatIon 

that IS the vIews on the subject of mfonnatIon VIews represent the mformatlOn relevant 

to a domam. For example a subject m the archItectural domam may have many vIews 

dependmg on the domam m whIch It IS VIewed and may be gIven dIfferent charactenstIcs 

m other constructIOn domams such as productIon plannmg, cost estImatmg, structural 

stabIlIty and so on. 

The thIrd categonsatlOn of mformatlOn IS by aspects. Aspects of mfonnatIon m a domam 

are not confined to a partIcular dIsclplme but are used to select slIDllar types of 

mfonnatIon that may be relevant to several partIcipants. Often aspects are defmed as 

propertIes of the subject of mfonnatlOn or a concept m a domam for example the cost 

property of a process or product, other aspects may not be regarded as clearly as 

propertIes for example planmng aspects. 

2.3 Objectives of Modelling Construction Information 

From the applIcatIOn of infonnatlOn technology (IT) pomt of vIew many of the objectIves 

for modellmg mformatIon are common to all areas of applIcatIons Generally, the mam 

objectives are to acqUIre less ambIgUIty, m the way mfonnatIon are represented and 

stored, and to Improve the speed and qualIty of retnevmg, mampulatmg and 

commumcatmg mfonnatlOn. One of the mam objectIves m modellIng constructIOn 

mfonnatlOn IS to Improve commumcatlOn among partIcIpants m AECIFM. For Improved 

communicatIOn It IS Important to understand the domam in whIch mformatlOn IS 

communicated It IS also Important that mfonnatIon IS represented unambIguously, that IS 

the mformatlOn in the receIver domam matches the mfonnatlOn concepts m the sender 

domam and vIce versa. In order to achIeve a better understandIng of mfonnatIon between 

domams, mfonnatlOn need to be orgamsed m structured representatIon models. In 
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summansmg the problems of commumcatIon m transItIonal constructIon De Vnes (1996) 

stated that commumcatmg mfonnatlOn on paper IS a tIme consummg and error prone 

process, when parties copymg mfonnatlOn mcorrectly, mterpretmg mfonnatlOn 

differently or overloolang aV81lable mfonnatIon Although dlgttal fonns of mfonnatlOn 

documentatIOn tend to elmunate these errors the need for mterpretatlOn IS still high ThiS 

IS because mfonnatIon m computer applicatIOns IS Implicit and not explicitly defined 

2.4 Issues in Modelling Construction Info rmation 

InfonnatlOn modellmg can contnbute slgmficantly to the processes of design and 

constructIOn The IT industnes provide the adequate tools for thiS purpose However 

there are many Issues that are specific to constructIOn mdustry compared to for mstance 

other mfonnatlOn technology applicatIOns and these Issues reqUire special attentIOn 

From the constructIOn mfonnatlOn modelling pomt of view one of the main Issues that 

need speCial attentIOn IS "mtegratlOn of different Views, aspects and perspectives of 

mfonnatlOn" which IS the focus of thiS research study. 

ConstructIOn mfonnatlOn IS complex due to the many participants m the collaborative 

constructIOn process. CommumcatIon and mfonnatlOn shanng IS one of the problems m 

the sector and bnngs along the difficultIes m keeping mfonnatlOn consistent across 

dom81ns. integration of constructIOn mfonnatIon IS important m managmg these 

problems The challenge of mtegratlOn IS that views on infonnatlOn m domams to be 

mtegrated differ greatly. For example the view of an arclutect on a column on space as a 

spacmg-dlsturbmg element IS different from that of a structural engtneer m hiS domam 

vlewmg thiS column as a structural element transfemng weight of Itself and other 

structural elements above to another structural element below m a bUilding. AdditIOnally, 

different or the same tenns may be used to represent mfonnatIon, m which the semantics 

of these dlffenng or same tenns are not expliCitly defined. For example a "task" m 

planmng dom81n is "operatIon" m cost estImatmg dom81n. ObVIOusly commumcatlOn 

between these domams would be confusmg If a dom81n IS not able to understand the 

exact meamng of the mfonnatlOn from the other. Integration of mfonnatIon m 

constructIOn reqUires common and fonnal representatIon and defimtlOn of the different 

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

ConstructiOn IS mamly made up of products, process, resources and orgamsatiOn entities, 

and construction mformatlon compnses a collectIOn of the charactenstlcs of these entities 

and relationships that may eXist between them. These charactenstlcs and relatIOnships 

may represent different aspects and views for any subject of informatiOn However 

without an appropriate approach of mformatlon representatIOn these Views, aspects or 

perspectl ves may not be clear and ObViOUS. Today there are numerous modellmg 

methodologies that are deSigned and developed to represent different aspects views or 

perspectives of a subject area or mformatiOn of a subject area Hence, as stressed above 

to make these distmctiOns clear It IS Important to follow/select an approach (mformatlon 

modellmg approach) that would facilitate the representanon of the reqUired Views, 

aspects or perspecnves of the mformatiOn based on the purpose and use of the 

mformabon There may be several approaches to mformatiOn modelling, however the 

product and process modelling are Widely used approaches today and these are bnefly 

descnbed m the followmg sectiOns. 

2.5.1 Product Modelling Approach 

Product modellmg is an approach used to formally represent mformatiOn related to a 

product m a manner that IS rumed to cover the aspects of mulnple dlsclplmes mvolved 

With the product and m 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 m the mrun two mltlatlves, STEP 

(ISO/TCI84/SC4, 1993a) and !AI 's IFCs (!AI 1997 and 1998) m developing 

mformatiOn standards for product mformanon exchange between applications. 

2.5.1.1 Background and Objectives of Product Modelling 

Backgrounds 

The origm of developments III the area of product modellmg IS found III the need to 

create models that are semantically nch, and in the need to structure the mtegranon of 

computer applicatIOns used m product development (van Leeuwen & van Zutphen 1994). 

Formal defimnons of product data may be used to descnbe the semanncs of products, 

resultmg m models that relate semanncs to the graphical representation of products to 
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facIlitate commumcatlOn 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 IS one of the widely used 

methodologIes IS an object-flavoured mformatlOn modelmg 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 summansed 

as follows' 

D ProvIde a formal descnptlOn of product data covenng the mformatlOn 

reqUIrements of all partIes mvolved In the product deSIgn and prodUCtion, dunng 

all stages of the design and production process. 

D Offer the definition of formalIsed semantics for storage of mformatlOn and 

enhanced access to information by a multItude of domainS and computer 

applications. 

D Improve commurucation between deSIgn and productIOn partIcIpants by means of 

hIgher-level semantics of exchanged data and structured procedures for data 

exchange. 

D Contnbute to the development of standarchsatlOn of both data structures and 

exchange procedures 

2.5.1.2 Concepts of Product Modelling 

One of the major concepts In the development of product models IS the notIOn of vIews 

Many dIfferent partiCIpants Involve m deSIgn and productIOn of a single product and each 

of these descnbes the product from dIfferent pomt of VIew, hence has a speCIfic vIew on 

mformatlOn related to the product In ArchItectural deSIgn, where the product IS generally 

a bUIlding, thIS results In chfferent vIews from partIcIpants such as the archItect, structural 

engmeer, HV AC consultants etc. each of these partIcIpants has a particular way of 

descnbmg the mformatlOn representmg the product Moreover the set of mformatlon that 

IS relevant to the dIfferent particIpants vanes for each of them. These dIfferent vIews on 

bu!lchng mformatlOn lead to the defimtlon of chfferent mformatlOn models for the 
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partIcular reqUIrements of each participant. In the traditIonal way of commUllIcatlOn It IS 

reqUIred that the Illchvlduals Illvolved are able to read and understand the IllformatIon 

from all those that take part III the commumcatlOn. Computer-assIsted commumcatlOn 

reqUIres that the dIgItal forms of IllformatIon can be read and understood by the software 

used on both sIdes of commumcatlOn. This has been one of the problems III software 

development and standardIzatIon efforts III the area of CAD/CAM/CAB III the last two 

decades. (Jos. P. Van Leeuwen, 1999). 

Product modellIng efforts have Illcorporated the notIOn of vIews III the defimtIon of 

IllformatIon models and exchange methodology. ThIS has been a subject of research III 

the ABC by, amongst others (Eastman, 1992, Rosenman, 1993; Van Nederveen and 

Tolman, 1992, and Amor and Hosklllg, 1993) DIfferent lands of models can be 

dlstlllgUlshed III thIs field of research Models that are defined for the purpose of a certalll 

dlsclplllle, applIcatIons or vIew on a bUlldlllg are called vIew-models informatIon 

concemlllg a slllgle bUlldlllg Will be defined III chfferent ways III dIfferent vIew-models 

for dIfferent purpose of applIcatIOns. The fact that these vIew-models descnbe the same 

phYSIcal bUllchng IS not modelled as part of the view-models One way of defimng thiS 

relatIon between vIew-models IS by means of a so called core-model. A core model could 

be regarded as a specIal land of vIew-model, defining the IllformatIon that IS relevant to 

all or most of the Illvolved partIcIpants III a way that IS convement or at least agreeable to 

all of them. ThIs model should form the baSIS for the commumcatlOn between the 

partiCIpants, meamng that It needs to contain defimtIons of the IllformatIon that IS to be 

exchanged between them. FIgure 2.1 Illustrates the concepts of product modelllllg 

(Eastman, 1992). STEP (yVIX, J. 1996) models use tills concept III representIng a 

consensus vIew of IllformatIon. 
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Figure 2.1 product modelhng concepts (Eastman, 1992) view-models, aspects. a sub-model and a 
core model 

2.5.2 Process Modelling Approach 

Process modelhng IS an approach used to formally represent the informatIOn descnbmg a 

process from multiple parttclpant dIsclphnes' pomt of view across different stages of 

products' development Process models descnbe activIties to be carned out m the 

developments of products mcludmg the products to be created and the resources 

consumed and used mcludIng other mformatlOn related to the product and other 

processes. ThiS approach has not been used widely particularly m the constructIOn sector 

compared to product modellmg approach. However, there are developments m the 

manufactunng sector aimed to develop standards for process speCificatIOn and exchange 

based on process modellmg approaches These include A Language for Process 

SpeCification (ALPS) Project (Catron, B., Ray, S , 1991), the Toronto VirtUal Enterpnse 

(TOVE) Project (Fox, M , et aI, 1996), the Enterpnse Ontology Project (Uschold, M , et. 

al.,), the Core Plan RepresentatIOn (CPR) Project (Pease, A., 1998), the Shared Planmng 

and ActiVity RepresentatIOn (SPAR) Project (Tate, A.,), the WorkFIow Management 

CoahtlOn (WfMC) project (BelgIUm, 1994), and the Process Interchange Format (PIF) 

Project (Lee, J , et al,). 

2.5.2.1 Backgrounds and Objectives of Process Modelling 

Backgrounds 

Htstoncally, many of the results of process modellmg aVailable today have their ongms 

m software hfe cycle and software development process In the 1970s It was clear that 

the productIOn of computer based systems, and of software speCifically, presented 
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problems, whIch were not usually, present ID more falTIlhar "manufactured" products As 

computer systems became more complex and more pervasIve, thIS contrast became 

Increasmgly 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 smce. Vanous models of the software development process have been suggested 

and a number of modelling techmques developed, frequently assocIated WIth some form 

of computer support to prOVIde assIstance for software developers m followmg such 

development processes. 

Objectives of Process Modelling 

The process modehng may have four mam objectIves from (CIMOSA) projects pomt of 

vIew 

o AcqUIre exphclt knowledge about the processes 

o ExplOIt tlus knowledge m process reengmeenng projects to optllTIlze the 

operatIOn 

o Support the deCISIon making activIties 

o Ease mteroperablhty of the processes 

2.5.2.2 Purpose of Process Modelling 

The purpose of a process model IS to chctate the elements of the process that are mcluded 

In the model. CUrtlS (CUrtIS, B , Kellner, M.I, Over, J. 1992) IdentifIed the pOSSIble 

purposes of process modelhng. understanchng and commumcatlOn; process 

Improvement; enhanced process status vlslblhty; automated process gUIdance; process 

enactment, and the reuse of successful processes These are briefly descnbed as follows· 

Facilitate human understanding and communication: process transparency helps 

people (mcludmg the customer) to communicate on the work to be done and to 

understand what part they play m the game. Process models may serve as a prerequISIte 

for aud.!ts and as an excellent learmng 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 It m terms of formal reasorung (e g. static or dynarmc analyses) or VISUal 

assessment reqUIres a baSIS for defimng and analyzmg processes 
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Support process management: a process model provides a sound basIs for detaIled 

plannmg and easier momtonng, measurement and co-ordmabon of an actual 

development proJect. ReqUIres a defined process agaInst which actual project behaviours 

can be compared 

Automate process guidance: The documentatIOn of process structures enables the 

captunng and later reuse of process know-how The objecbve IS to provide "gUidance, 

suggeslions, and reference matenal to faCilitate human perfonnance of the mtended 

process". ReqUIres automated tools for mampulatmg process descnplions 

Automate process execution support: This aIms at the denvatlOn of data structures for 

the development or adaptatIOn of mfonnalion systems supportmg the enactment of 

processes Parts of the process can be automated, e g by distnbutmg and supplymg 

mfonnatlOn and documents electromcally with the help of a workflow management 

system. ReqUIres a computatIOnal baSIS for controlling behavlOr wlthm an automated 

environment. 

2.5.2.3 Concepts of Process Modelling 

There are many aspects that may fonn part of a process model. The particular aspects of 

a process that are modelled depend on the detail of how It Will be used. Processes can be 

modeled at different levels of abstraclion (for example, genenc models versus taIlored 

models) and they can also be modeled with different goals (descnptIve models versus 

prescnptlve models). Process models can be developed from different perspeclives 

dependmg on the kmd of mfonnatlOn reqUired Usually thiS of the type, what work IS 

gomg to be done, who and how IS It gomg to be done, when will It be done, who Will take 

the deCISIOn. Hence, a process has functIOnal, behaVIOural, orgamzalional, mfonnalional, 

and declslOnal and resource based content. Based on the aspects to be modelled m their 

survey (CurtlS et. al 1992) Idenlified four most common perspectIves to processes these 

are funclional, behaVIOural, organizatIOnal and mfonnalional' 

• Functional: represents what process elements (activIties) are bemg performed In 

the functIonal View, processes consist of activItIes that together achieve the purported 

goal In addllion aUXiliary concepts such as artefacts (products of actiVIties) can be 

sued for process representabon 

• Behavioural: representmg when process elements are perfonned, and how they are 

perfonned through feedback loops, IteratIon, deCISIOn makIng conditions, etc. process 
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may consIst of precedence relatIOns or mformatlOn and matenal/mformatlOn flow, 

wIth the time exphcltly represented. Flow process concept focus on what happens to 

matenal and mformatlon m tlmelme. 

• Organizational: where and by whom process elements are performed Process may 

consIst of agents (performmg actiVIties) and roles (set of actiVIties assIgned to an 

agent). Also, process may be vIewed as composed of a suppher customer partnershIp 

• Informational: a perspective of the informatIOnal entities produced or mampulated 

by the process. In an mformatlOnal perspective, processes consIst of data, object, 

document etc. 

2.6 Modelling Methodologies and Techniques 

A model (Vernadat F B, 1996) IS a representatIOn of a set of components of a system or 

subject area that allows the system or area of concern to be understood. A system refers 

to a compOSItion of mterfacmg or mterdependent parts that work together to perform a 

useful functIOn. System parts can be any combmatlOn of entities, mcludmg people, 

mformatlon, software, processes, eqUIpment, products, or raw rnatenals. A model IS 

therefore an abstraction of a reahty (or umverse of dIscourse) expressed in terms of some 

formalIsm (or language) defined by modellmg constructs for the purpose of the user 

Constructs of a modellIng language can be defined In terms of graphIcal symbols, textual 

statements, or lOgIC and mathematical expressIOns dependmg on the degree of formahsm 

reqUIred Any model must c1anfy the system or some aspect, vIew or perspeCtives of It m 

order to be useful and It IS Important to be clear what aspect a model is supposed to 

express, for example a static model WIll dJsplay the structure of the system, whereas a 

dynannc model WIll show the activity and flow of events In the system. 

The purpose of modellIng IS for better representatIOn and understandmg of systems. 

Models prOVIde a shared vIsIon and can be used as a common language, facIhtates 

capItahsatlOn of system knowledge for later reuse and proVIdes basis for deCISIon makmg 

concernmg 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 mformatlOn/operatlon and decompOSItiOn can be 

used whenever necessary. 
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Some modelling objectives are to facIlitate a better human understandmg and 

commUnICatIOn, and to support process Improvement, process management, automated 

gUIdance m performmg the process, and automated process executIOn (CUrtls, BIll, M. I. 

Kellner and J. Over, 1992) In addttlon, they demonstrated how process modelling 

expenmentation could be used to mvestIgate alternatives for organIzational policy 

formulatIOn. 

Modelling can vary wIdely dependmg on the use of the model. Some of the typICal uses 

(Nathan and Wood 1991; Snodgrass 1993, Relmann and Sarkts1996) of modelmg are 

summanzed as 

o To analyze and deSIgn the enterpnse and ItS processes pnor to ImplementatIOn 

o To help reduce complexIty 

o To commUnIcate a common understandmg of the system 

o To gam stakeholder buy-m 

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

other efforts. 

Process models are those models, WhICh in some way descnbe organIsations m terms of 

processes. Such models may be formed m a vanety of ways, usmg a plethora of dtfferent 

techmques Generally, such techmques can be supported by software tools, whIch enable 

the modeller to create the models A number of speCIfic techmques (and tools) have been 

developed to support the productIOn of models. Those, whIch are partIcularly concerned 

WIth provldmg a representatIOn of processes, are usually called 'process representation or 

process modelhng techmques or methodologIes An example IS the IDEF farrnly of 

methodologIes. 

A WIde range of modelling techmques. are avaIlable today to facIlitate a formal 

representatIOn of the vanous aspects and perspectives of systems and subject areas. There 

are many modelling techmques developed and used, accordmg to the modellmg goal and 

perspectives The type of modelling techmques employed vanes greatly and can range 

from Enterpnse Modellmg (Vernadat, 1992), through bespoke methodologIes (PIM, 

1993), to well-established data (Chen, 1979), process (Bravoco & Yadav, 1985) and 

behaVIOur (Murata, 1989) modelhng techmques A survey conducted by Defence 

InformatIOn Systems Agency (SIDA) (DlSA, 1995), shown that the usual tools for 
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Business Process Reenglneenng (BPR) are, functIOnal modelling, data modellIng 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 lIsted those techmques which may be 

used most frequently In the future, these Include, activity modelling, informatIOn 

modellIng, activity based costing, Interviews and surveys, and functIOn econormc 

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 In a structured way and SimplIfies the compleXity of commumcatlon One 

approach for achieVing this IS the rCAM DEFlntlOn methods In the follOWing sections a 

review of the IDEF farmly of methods IS presented followed by descnptlons of the 

aVailable and Widely used methods including the members of the IDEF farmly of 

methods and other modelling methodologies and techmques for process information 

representations and process descnptlons. These Include the purposes; method of 

representatIOns' the concepts and syntax; and advantages and disadvantages of the 

techmques 

2.7 IDEF Family of Modelling Methodologies Overview 

IDEF (IntegratIOn DEFImtlOn) was developed by the US. Air Force's Integrated 

Computer Aided Manufactunng (rCAM) project In the late 1980's. The IDEF (rCAM 

DefimtlOn) method (Bravoco and Yadav, 1985a and 1985b) IS a standard for 

reqUirements defimtlon In manufactunng and other orgamzatlons. The acronym "IDEF' 

ongInally denoted "rCAM DEFImtlOn" (Robert. P Hanrahan) now stands for 

"IntegratIOn DEFlmtlOn", reflecting ItS pOSSible use for exchanging Information between 

different modehng languages. A major development from (Wlsnosky, Denms E, Alien 

W. Batteau 1990) the rCAM progr= was the Integrated DEFImtlon methodology or 

IDEF as It IS now called. IDEF's roots began to form when the US Air Force, In response 

to the IdentIficatIOn of the need to Improve manufactunng operations, establIshed the 

Integrated Computer-Aided Manufactunng (rCAM) program In the mid-1970s (Mayer, 

Richard J., et ai, 1992) As an attempt to extend the SADT method to model (CIM) 

enterpnses IDEF was developed as part of the US Air force rCAM progr= In the early 

1980s (rCAM, 1981). Since then, It has become the most well-known and Widely used 

method worldWide The rCAM progr= Identified the need for better analYSIS and 

commumcatlon techmques for people Involved In Improving manufactunng productIvity 
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As a result, the ICAM program developed a senes of technxques known as the IDEF 

(ICAM Definxtlon) techmques, which mcIuded the followmg 

1. IDEFO, used to produce a "functIOn model". A functIOn model IS a structured 

representatlon of the functlons, actlvltles or processes wlthm the modelled system 

or subject area. 

2 IDEF1, used to produce an "mformatlOn model" An mformatlOn model 

represents the structure and semantics of mformatlon wlthm the modelled system 

or subject area. 

3 IDEF2, used to produce a "dynanucs model" A dynarmcs model represents the 

tlme-varymg behavIOural charactenstlcs of the modelled system or subject area 

In 1983, the US Air Force Integrated InformatIOn Support System program enhanced 

the IDEFl mformatlOn modelmg techmque to form IDEFIX (IDEFl Extended), a 

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

enterpnse behaVIOur modelmg and IDEF5 for ontology descnptlOn (Mayer et al , 1992). 

IDEF6 through IDEF14 have not been pursed m depth at thiS time These methods eXist 

today m vanous stages and are mtended to prOVide the capability to descnbe additional 

views as shown as hsted m Table 2 2 

!Methodologies ~Iews 

IIDEFO lFunctlOn Modelhng 

IIDEFl IInfonnatlOn Modelhng 

IIDEFIX pata Modellmg 

IIDEF2 ~imulatlOn Model DeSign 

IIDEF3 
!Process DescnptlOn Capture Method (Process Flow and Object State 
1M0dellmg) 

IIDEF4 pbJect-Oriented Design 

~EF5 pntology Descnphon Capture 
lDEF6 !Design Rationale Capture 

IIDEF8 [User Interface Modellmg 

~EF9 fScenano-Dnven IS DeSign 

iIDEF10 I!mplementatlOn Architecture Modelling 
IIDEFlI IInfonnatlOn Artefact Modellmg 
~EF12 OrganizatIOn Modelhng 

IIDEF13 Irhree Schema Mappmg DeSign 
~EFI4 lNetwork DeSign 

Table 2 2 SUites ofIDEF Methods (Current and m Development) (Mayer.Richard J. et at 1992). 
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As shown m table 21, IDEF compnses a number of modehng methodologIes. Each 

method IS useful for descnbmg a partIcular perspectIve of a subject area or systems. The 

major IDEF methods (Mayer, Pamter, deWItte 1992) m use are functIOnal or actIVIty 

modehng (IDEFO), mformatlOn modehng (IDEFl), data modelmg (IDEFlx), process 

descnptlOn capture (IDEF3), obJect-onented deSIgn (IDEF4), and ontology capture 

(IDEF5) Although the mtentlOn for IDEF2 was to be used as a dynarruc modehng 

method for sImulatIOn, the numerous sImulatIon tools commercIally avrulable have 

supplanted thIs method. Both IDEFO and IDEF3 methodologIes utIhze a subordmate 

pnnclple of abstractIOn called decOmpOSITIOn (Rumbaugh et al 1991), whIch IS the 

breakmg down of each box (actIVIty) mto more detaIl m a contmuous manner untIl the 

greatest level of detrulls achIeved. (Marca and McGowan 1988) 

IDEF IS a ngorous methodology The reason for the ngor IS to ensure a robust and 

complete representatIOn. As part of tlus ngor, a thorough revIew process IS used. The 

revIew cycle IS enhanced by the ngld IDEF syntax. The syntax for IDEF IS very exphclt. 

However, (Larry Whltman Bnan Huff, Adnen Presley, 1997) It should also be noted that 

there are certrun charactenstIcs of IDEF modelmg that have become conSIdered standard 

practIce, yet they are not a stnct IDEF syntactIc rule The Integrated DEFmltIon (IDEF) 

methodology (Flelscher and Llker, 1997) IS a sUIte or falDlly of methods that supports a 

paradIgm capable of addressmg the modelhng needs of an enterpnse and ItS busmess 

areas The Integrated DefimtlOn (IDEF) IS a structured analYSIS and deSIgn method for 

graphIcal and textual descriptIOn of aCTIVItIes, actIvIty relatIOnship, mformatlOn, and 

mformatIon relatIOnshIps used to develop enterpnse and system level archItecture 

2.8 Classification of Process Modelling Methodologies 

FIgure 2 2 lllustrates some of the process modelhng methodologIes and techmques 

categonsed mto the dIfferent perspectIves of processes that they represent. The modelhng 

methodologIes, and knowledge representatIon languages general systems, vanous 

process perspectIves: functIOnal and behaVIOural, and knowledge representatIons were 

revIewed, studied and presented m the followmg sectIOns The modellmg techmques and 

knowledge representatIOn languages are not mtended to be an exhaustIve hst of every 

process representatIOn methodologIes currently avaIlable. However, they represent a 
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sample of representatIOns that provide some mSlght mto different ways of representmg 

processes and process mformatlon. 

Process Modelling Methodologies and T echmques I 
I 

Igeneral S)otems modelling I I Funcbonal modelling I I behaVloral modelling I I knowledge representabon I 

11 SPDr 
llDEFO l1DEF5 
21DEF3 1 Peln·Nels 2 KIF 

Figure 2 2 ClassificatIOns of Process MOdellmg Methodologies and Techmques 

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 ongmally 

developed at SofTech Inc by SoITech's Doug Ross m the early 1970s as a "system 

bluepnntmg" method for software engmeenng, I.e. a method for detruled reqUirement 

defimtlon. Later on (Ross, 1997) SADT has become a full-scale methodology for 

problem analysIs, reqUirement defimtlOn and functional speCificatIOn appbcable to many 

appitcatlOn domains As reViewed by Marca and McGowan (1988), SADT uses an 

unambiguous graphical notatIOn m which a natural language IS embedded. The 

methodology was deVised to produce a specificatIOn that can be fed mto other standard 

methodologies. A subset of SADT was the baSIS for the Air Force's IeAM language 

notation. 

SADT IS a graphical language With lllruted set of pmrutlve constructs from which 

analysIs and deSigners can compose orderly structures of any reqUired size (Ross and 

Schoman, 1977). The SADT model IS a set of diagrams arranged m a hierarchy. The 

diagram consists of a set of boxes and arrows, which represent transformatIOn functIOn 

and mterfaces, respectively. The model captures multiple levels of detrul m a hierarchical 

manner, with the higher level bemg a general representatIOn of the system (Marca & 

McGowan, 1986). ThiS method IS snrular to Data Flow Diagram (DFD) techmque m that 
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It IS modular and hierarchical The flow of data IS represented m both modelmg 

techmques, but the SADT method further differentiates among mput, control, and 

mechanIsm entities SADT consists (D Marca, 1998) of box and arrow dlagramrmng 

language and analysIs and DeSign technIque The diagramrrung language IS based on a 

Simple graphical notatIOn called the structured analysIs box This construct has dual 

nature; the Actlgram, which IS used to represent activIties m the case of transformatIOn, 

and the datagram, which IS used m representmg data m the case of informatIOn or 

document analysIs The datagrams and actlgrams In SADT defme a multiple views 

deSign. The analysIs and deSign technIque phasees mvolve the elaboratIOn of actlgrams 

and datagrams of the system analysed, the definItIOn of the relatIOnships for each type of 

diagram, the modificatIOn of the diagrams accordmg to remarks and suggestions made by 

users and the analYSIS of the sequencmg of activIties; and detectmg mconSlstency m the 

system modeled and proposmg 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 IS that It IS based on pnnclple of decompositIOn I e. developmg 

complex systems m to functIOns and sub-functIOns and can be apphed to any kmd of 

system However, SADT (D A. Marca and C 1. McGowan, 1988) IS one of the 

techruques that fall short on the field of customer mteractlOn effectively encoding too 

early the reqUIrements 

2.8.2 IDEFO Functional Modelling Methodology 

2.8.2.1 Functional Modelling Overview 

FunctIOnal aspects concern the things to be done and the way thmgs are done m a system. 

Most functIOnal modehng methods are based on functIOnal decomposItion pnnclples. 

The purpose of a functIOnal modehng approach IS to descnbe the functlOnahty and 

behavlOr of a system to the reqUIred level of detrul for the users (Vemadat, F. B , 1996) 

Functionality represents actIOns performed In the form of functIOns transfomnng mputs 

mto outputs over penod of time. BehavlOr; concerns the flow of control, I e. the sequence 

m which thmgs are done. BehavlOr governs the way functlonahty IS performed accordmg 

to occurrence of system states and real-world events. 
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FunctIOnalIty IS often assocIated with activItIes whIle enterpnse behavlOr IS defined by 

means of processes. However, few 

modellmg approaches make a clear dlstmctlOn between actIVIties and processes and most 

methods use only one recurSIve, construct called functIOn or activIty. The scope of 

functIOnal modehng m terms of systems concerns the descnptlOn of actIVIties, eIther 

performed by human or by machmes. 

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 IS a flow of activItIes processmg objects and tnggered by some real

world happenmg or events. The actiVIties, processes, events, and the chrematlstlcs time 

and cost of activIties and processes are bnefly descnbed m the follOWing sectIOns as 

follows. 

(a) Activities 

In essence, an activIty performs something, usually by transforming Its mputs mto 

outputs It IS eqUIvalent to mathematical functIOn. In the general case this transformatIOn 

may happen only If some condItIOn IS venfied. ThIs conrutlOn can be expressed m the 

form of prerucate (for mstance expressed m first-order predIcate logIC) called a guard. In 

other words an actiVIty transforms an mput state mto an output state under some 

conrutlon. 

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 m order to enable the activity 

executIOn. Function IS a transformatIOn, a mathematical functIOn, a complex a1gonthm, a 

scenano to be followed by human operator, or a cogmtlve process such as deCISIon 

miling or reasonmg (executed by human operator or an expert system). 

Two specIal cases of a function can be conSIdered as: 

1. If a functIOn IS an Identity functIOn then the output state equals the Input state In 

thIS case, the activIty behaves like a delay (I.e. Just consumes time) 

2. If a function IS a null functIOn, the activIty IS denoted NIL and represents the 

activIty whIch does nothmg ThIS IS the neuter element or the set of all activIties. 
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An actiVity realises a task (l.e a goal) as a partially ordered set of basIc operatIOns or 

actIOn executed to perform the thmgs to be done. ActivIties are performed by the 

functIOnal entities and transform a mput state m to an output state ActivIties can be 

classified structured or non-structured as follows, 

1. Structured actlVlty; an actiVity IS structured If Its Inputs, outputs and transfer 

functIOn are completely defined and If the actlVlty behavior can be completely 

defined and If the activity behavlOr can be emulated In by a computer program A 

model of activIties and a process plan are typical examples of structured 

activIties 

2. Non-structured; activIties It IS an actlVlty for which the functIOn IS partially or not 

at all known, or for which even If the mput vectors are known, the output IS not 

predicable. Typical examples are human based activIties such as deSign for which 

no model or formal representation eXists 

(b) Processes 

Process IS defined as a logical sequence of activIties, startmg With an mltlal set of objects 

and ending With a final set of objects By defimtlon any activity IS a process (I.e an 

elementary process made of thiS actiVity only) these NU. IS a process I e that which does 

nothmg (or neuter element of Process). More formally a process can be defined as an 

IDEFO model compnsmg set of activIties, set of objects, flow of mformatlOn and 

matenal objects, set of tnggenng conditIOns or controls that need to be fulfilled before 

the process can start, a function such as an mput and output that define the mput and 

output objects, and flow of control between activIties of the process that defines the 

behavlOr of processes. The behavlOr of processes can be defined for example as, 

sequencmg, 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 IS tnggered 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 IS known and the sequence of activIties IS 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 IS the role of events, 

whIch bnngs temporal dImensIOn to the model. The start and end of each actiVIty can be 

defmed as events dellIIutmg the duratIOn of the actiVIty. Events can be formally 

expressed as predIcates or logIcal proposItions 

(d) Time and Cost 

ActivIties and processes can be charactenzed by two Important parameters m terms of 

modellIng: time and cost TIme IS used to represent the duratIOn of an actiVIty or a 

process SUnIlarly, a cost can be assIgned to each actiVIty for econOlnIC analysIs of 

processes 

2.8.2.2 IDEFO Modelling Approach 

IDEFO (IntegratIOn DefinitIOn for Function Modelmg) (Wlsnosky & Batteau 90) was 

denved form a well-establIshed graphIcal language, the Structured AnalysIs and DeSIgn 

Techmque (SADT) and later publIshed as IDEFO under the ICAM (Integrated Computer 

AIded Manufactunng). In December 1993, the computer laboratones of the NatIOnal 

Institute of Standards Technology (NIST) released IDEFO as a standard for functional 

modellmg (Federal informatIOn Processmg Standard 183). IDEFO was the first modellmg 

techmque defined m the IDEF sUIte of modellmg methods. It has roots m the Structured 

AnalYSIS DeSIgn Technique (SADT) (Marca and McGowan 1988) (Ross 1985) 

developed by Ross and Softech. IDEFO emerged from SADT and IS wIdely used today. 

IDEFO IS one of the earliest and most widely known methods for functional modellIng. 

IDEFO IS used to model the functIOns of the busmess 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 IS consumed and produced by the 

functIOn. RelatIOnshIps can be shown between business functIOns, such as shared 

resources and dependencies. Later, ActiVIty Based Costmg may be used to detenrune the 

cost of activIties based on the resources used. IDEFO has been used extenSIvely and 

therefore there are many examples of uses of thIS methodology m the lIterature. 

Additionally wIde ranges of rnscusslOns by several authors are aVaIlable m lIterature. For 

example, (Ang, et al 1999, and VanRensburg, A. & Zwemstra, N., 1995) dIscusses and 

explams how IDEFO modelIng can be used for modelIng manufactunng systems. Islam 
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(1997) dJscusses the use of IDEFO to define a genenc computer mtegrated manufactunng 

system (CIM). 

IDEFO IS a modelmg tool used to produce a model or structured representatIOn of the 

functions of a system and of the mformatlOn and objects, whIch tie those functions 

together An IDEFO model consIsts of dJagrams and text pages descnbmg the dIagrams. 

DIagrams are the major components of IDEFO model. IDEFO methodology recognIzes 

that successful systems development reqUIres mput and valIdatIOn from the people who 

wIll ultimately use the system. The AuthorlReader Cycle serves as the mechamsm to 

faCIlItate commumcatlOn between systems analysts and users Dlstnbutmg KIts 

contammg IDEFO models and supportmg documentatIOn to the Reader commumty for 

comment accomplIsh thIs 

IDEFO IS used to model the activIties and actIOns of an orgamsatlOn 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 

functIOns For existing systems, IDEFO can be used to analyse the functions the systems 

perform and to record the mechamsms (means) by whIch these are done The result of 

applymg IDEFO to a system IS a model of the system that consIsts of a hIerarchIcal senes 

of dIagrams, text, and glossary cross-referenced to each other IDEFO uses mput, output, 

control, and mechamsm (ICOM) codes for graphIcal representation. The two pnmary 

modellmg components are functIOns (represented on a dIagram by boxes) and the data 

and objects that mterrelate those functIons (represented by arrows). The boxes represent 

the activIties graphIcally and the arrows represent the mformatIon or object related to 

actIvIties. The arrows generally called ICOMs, are input, output, control and mechamsm 

dependmg on whIch SIde of the box the arrow IS connected to. In an activIty, mput IS 

transformed to output by a mechamsm under a constramt or control. 

2.8.2.3 Basic Concepts and Syntax of IDEFO 

There are five elements m the IDEFO functional model (Marc a, D. A. and C. L 

McGowan 1988) as shown m Figure 2.3. The boxes represent functIons such as 

activIties; actIOns; processes or operatIOns, and arrows represent mterfaces. Boxes are 

denoted by an active verb phrase mSlde the box, such as "Perform ActiVIty" box m 

Figure 2.3 (Colquhoun, Gl, Bames, RW, Crossley, 1993,) Arrows mdlcate data 
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In IDEFO, data can be mfonnatlOn (hke "current status") or physical objects (hke "raw 

matenals"). They are named by noun phrases such as "Raw Matenals" or "Tools" The 

positIOn of the arrow mdicates the type of mfonnatlOn being conveyed. To descnbe 

interactIOns between actlVllies, (Bravoco, R R, and Yadav S B, 1985) an ICOM (mput, 

control, output and mechamsm) presentatIOn IS used to cIanfy constraints and resources 

pertamIng to an aclivlty The arrows entenng and leavmg the boxes on the left and nght 

represent "Inputs" and "Outputs", respeclively. Inputs represent data needed to perfonn 

the functIOn. Outputs show the data that IS produced as a result of the functIOn. The 

functIOn transfonns the Inputs mto the outputs. Arrows that enter from the top mdlcate 

"Controls", or things, which constrain or govern the functIOn Arrows entenng the 

bottom of the boxes are "Mechanisms" Mechamsms can be thought of as the person or 

deVice, which perfonns the functIOn (Marca and McGowan 1988, Mayer 1992). 

Input 

Constraint 

Perform 
Actlvlly 

Mechamsm 
(Resource) 

Output 

Figure 2 3 IDEFO actIVIty model WIth IeOM notation 

Most of the IDEF methods utIhze a subordinate pnnclple of abstractIOn called 

decompositIOn (Rumbaugh, Blaha et al. 1991), which IS the breakIng down of each box 

(activity) mto more detaIl m a continuous manner unlil the greatest level of detail IS 

achieved. The IDEFO method ulihzes this pnnclple (Marc a and McGowan 1988) The 

method provides a diagrammatic representation of the decompOSItion undertaken. An 

example of this IS shown m figure 2 4 
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I 
ThIS dl3;jmm 13 the 
'}mrmr cl 

--- INs dbgram 

A2J 

More General 

More Detailed 

FIgure 2 4 DecomposItIOn OvervIew (source: Rogers, Whltman, Underdown 1998) 

2.8.2.4 The IDEFO Functional Model Objective 

A functIOnal model provIdes a descnptlOn of the activItIes performed dunng the 

executIOn of a process (e g. deSIgn, manufactunng, constructIOn, operatIOn, etc) The 

objective of the IDEFO methodology IS to decompose the process bemg analysed mto 

activIties and sub-activItIes m a logIcal and progressIve manner. The decomposItion of 

actIvItIes IS Iuerarchlcal where the top of the model IS less detaIled than those at the 

bottom. As a functIOn modellmg language, IDEFO has the followmg charactenstics: 

o It IS comprehensIve and expreSSIve, capable of graphIcally representing a 

WIde vanety of busmess, manufactunng and other types of enterpnse 

operatIOns to any level of detaIl. 

o It IS a coherent and sImple language, provHimg for ngorous and precIse 

expressIOn, and promoting consIstency of usage and mterpretatlOn. 

o It enhances commUlllcatlOn between systems analysts, developers and 

users through ease of learnmg and ItS emphasIs on hIerarchIcal exposItIon 

of detaIl. 

o It IS well tested and proven, through many years of use in AIr Force and 

other government development proJects, and by pnvate mdustry. 
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o It can be generated by a vanety of computer graphics tools; numerous 

commercial products specifically support development and analysIs of 

IDEFO diagrams and models 

2.8.2.5 Strengths and Weaknesses of IDEFO 

As descnbed In an analysIs of the strengths and weaknesses of IDEFO by Know ledge 

Based Systems, Incorporated. "The pnmary strength of IDEFO IS that the method has 

proven effectIve In detailing the system actIvItIes for functIOn modeling, the onglnal 

structured analYSIS communicatIOn goal for IDEFO AdditIOnally, the descnptlOn of the 

actIvItIes of a system can be easily refined Into greater and greater detail untIl the model 

IS as descnptIve as necessary for the deCISIOn-making task at hand. In fact, one of the 

observed problems with IDEFO models IS that they often are so concise that they are 

understandable only If the reader IS 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 DescnptlOn Capture Method IS another member of 

the IDEF farmly of methods, which were developed under the InformatIOn IntegratIon for 

Concurrent Englneenng (liCE) project funded by the U.S. Air Force (Mayer et al. 1992) 

Knowledge base systems, Inc., which IS the prime contractor for liCE and developer of 

IDEF3. IDEF3 IS structured method deSigned to capture the behavlOral aspects of an 

eXisting or proposed system. It IS 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 In the envlfonment. The resulting 

descnptlOns that are captured by the IDEF3 can then be used to faCilitate the constructIon 

of analytical and deSign models. 

44 



Chapter 2 ConstructIOn InfonnatlOn Modelling and IntegratIOn 

2.8.3.2 Process Descriptions and Models 

IDEF3 IS a process descnpl10n method not a modelling language Mayer argued that It IS 

Important to dlstmgUlsh between models and descnptlOns (Mayer et al. 1988) It was 

emphasIsed that although models may well be constructed from descnptlOns, IDEF3 IS 

not for a method constructIOn of models but the fonnal representatIOn of descnptIons and 

the mfonnatlOn they convey. The dlstmctlOn between models and descnptlOn IS that a 

"model" can be charactenzed as an Idealized system of objects, properties and 

relatIOnships that IS designed to llIutate m certam relevant respects the character of a 

given real world systems The power of a model comes from ItS ability to Simplify the 

real world system It represents, and to predict certam facts about that system m virtue of 

correspondmg facts wlthm the model (Corynen, 1975). A model IS thus Itself, m a certam 

sense, a complete system In order to be an acceptable model of a gIven or Imagmed real 

world SituatIon, It must satIsfy certam "axIOms" or condttIons denved from the real world 

system On the other hand, a "descnptlOn" IS a recordmg of facts or beliefs about the 

world around us Such descnptlOn are generally partial, some facts or beliefs can be 

oTI11tted from a descnptlOn that do not seem to be relevant or forgotten m the courses of 

descnbmg a system or a reaJ world SituatIOn. There are no preconditIons on an acceptable 

descnptlOn, no aXIOms to be satIsfied, short of Simple accuracy as far as It goes; 

descnptlOns, It might be satd, that are assumed to be true, but mcomplete One very 

powerful use of models IS to fill m the gaps m descnptlOns (Menzel, et al 1990). The 

accumulatIOn of descnptlOns IS thus pnor to and dtstmct from the constructIon of models. 

The condttIons that one may put on acceptable models are denved from descnptIons 

(although not necessanly IDEF3 descnptIons) of a domatn or a system that IS the data 

from whIch the model IS constructed Hence descnptlOns are baSIS to model bUlldmg 

process An accurate treatment of such descnptIons reqUires two components the 

syntactIc and the semantIcs. That IS, It IS Important that there IS an effectIve means of 

representing the descnptIons, a means of captunng theIr 10glcaJ fonn IDEF3 makes use 

of the standard language of first-order logiC as ItS fonnaJ base that penruts a nch and 

flexible means of expressmg the logIcal fonns of any descnptIve statement. On the other 

hand, there must aJso be a ngorous account of their infonnatlOn content. A vanant of 

first-order semantIcs can be used to represent mfonnatlOn cruclallmtnnslC to process 

descnptlOn. ThiS approach enables mterpretatIon of the mtended meamng of a given 
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descnptIOn m terms of a semantic structure that corresponds m a natural way to the real 

world situation bemg descnbed 

2.8.3.3 Basic Concepts of IDEF3 Technique 

IDEF3 (Mayer, et al 1995) IS essentially a dJagrammmg! graphical language, supported 

by a set of forms to collect reqUIrements for captunng mformatIOn about the processes 

and participant objects mvolved m a system. The IDEF3 methodology (Mayer, Culhnane 

et al 1992) IS capable of provldmg different users views of temporal precedence and 

causality relatIOnships via two mam knowledge acqUISItion or descnptIOn modes. One, 

the Process Flow Descnptlon (PFD), provides a process-centered view of a system, wh!le 

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, featunng senes of boxes (either square or oblong), circles, and 

mterconnectmg arcs Textual elaboration forms can also be attached to each of the 

graphical Icons, to prOVide addJtIOnal mformatlOn The meanmgs and usage (I e , 

semantics and syntax) of these graphical entities IS dependent upon which of the two 

descnptIOn modes IS being Viewed. The mformatIOn IS presented m process flow 

diagrams, object state tranSitIOn networks and elaboration dJagrams. The resulting 

diagrams and text compnse what IS termed a " Process DescnptIOns" as opposed to the 

focus of what IS produced by other IDEF methods whose product IS a " Process Model". 

2.8.3.4 IDEF3 Representation of Process Descriptions 

The process flow descnptlon (PFD) provides a process-centred view of a process by 

captunng descnptlon of processes and the network of relatIOns that eXists between 

processes wlthm the context of the overall scenano m which they occur. Process IS a set 

of aCtivities, deCISIon, action, function or any types of happenings that stand m a certam 

relatIOnship to one another and to objects over a time pomt (Lee et al.96). The Object 

state tranSitIOn network (OSTN); provides a object-centred view of a process, by 

captunng mformatIOn about how objects of vanous lands are transformed mto other 

lands and given lands change m states through a process and context settmg mformatIOn 

about Important relatIOns between objects m a process. Objects are the entities 

manipulated by the processes Objects are any phYSical or conceptual thmgs that IS 

recognized and referred to, by participants m the domam, as part of their descnptIOns of 
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what happens m theIr domam. IDEF3 defmes an object as an abstractIOn of a real-world 

entlty, whIch mtervenes m a process descnptlOn. 

The Process Flow descriptIOn (PFD) and the Object State TransItIOn Network eOSTN) 

use the basic elements of the IDEF3 language to capture and express the assertIOns that 

form the descnptlOn. GraphIcal proJectlons of the mformatlOn contamed m process 

descnptIons are created using IDEF3's graphIcal language. These graphIcal projectIOns 

used to both record process mformatlOn dIrectly and as a mechanIsm to dIsplay process 

mformatlOn are called schematIcs. Two types of IDEF3 schematIcs are parallel to the two 

process knowledge acqulSltlOn strategIes The IDEF3 Process SchematIc dIsplays a 

process-centred vIew of a scenano. Object SchematIcs support the graphIcal dIsplay of 

object-centred mformatlOn Object SchematIcs that rusplay an object-centred vIew of a 

smgle scenano are called TranSItIon SchematIcs. TranSItIon SchematICs that dIsplay 

addlhonal objects and object relatIOns to provIde context-setting mformatIon are called 

Enhanced TranSItIon SchematIcs. Object SchematIcs that rusplay object-centred 

informatIon spannIng multIple scenanos are SImply called Object SchematIcs. The 

scenano concept IS used to organIze both the process-centred and object-centred vIews. 

The collectIOn of scenanos and the mfonnatlOn they serve to organIze IS the IDEF3 

Process DescnptIon. 

2.8.3.5 Scenarios: The Organizing Structure for IDEF3 Process Descriptions 

The notIon of a scenano (Mayer, et al 1995) IS used as the baSIC organIzmg structure for 

IDEF3 Process DescnptlOns. A scenano can be thought of as a recumng sltuatlon, a set 

of sItuatIOns that descnbe a typIcal class of problems addressed by an orgamzatIon or 

system, or the settmg withm whIch a process occurs Scenanos establIsh the focus and 

boundary condItIOns of a descnptlOn. Usmg scenanos m thIS way explOIts the tendency 

of humans to descnbe what they know m terms of an ordered sequence of actIvlhes 

wlthm the context of a gIven scenano or sItuatIOn Scenanos also proVIde a convement 

vehIcle to orgamze collectIons of process-centered knowledge. 

2.8.3.6 Description Representation Concepts and Syntax of IDEF3 Schematics 

IDEF3 uses a ngld syntax that elumnates model ambIgUIty. The baSIC elemental 

notatIOns of IDEF3 Process Descnptlons Capture Method consIsts of a senes of square 
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and oblong boxes, cIrcles and arcs, WhICh lmk them, attached to each Icon IS an 

elaboratIOn form, whIch contams a descnptlOn of that Icon, reference label etc, and 

detaIls of related objects, facts and constramts, actmg upon It. In the followmg sectIOns 

the process descnptIon representation concepts and syntax aVaIlable m the two types of 

IDEF3 schematIcs IS descnbed bnefly. 

The Process Schematics: Process Centred Views (PFD) 

A process flow descnptlOn (PFD). captures knowledge of "how thmgs work" In an 

orgamzatlOn, e g, the descnptlOn of what happens to a part as It flows through a 

sequence of manufactunng processes and proVIdes a process centred vIew IDEF3 

Process SchematIcs are the pnmary means for captunng, managmg, and dIsplaYIng 

process-centered knowledge These schematIcs provIde a graphIcal medIum for 

commumcatmg knowledge about processes ThIs mcludes knowledge about events and 

actIVItIes, the objects that partIcIpate m those occurrences, and the constraInmg relatIOns 

that govern the behavlOr of occurrences. 

A process-centered descnptlOn can be constructed systematIcally, usmg the basIc 

bUIldIng blocks of the IDEF3 schematIc language, lInked together In dIfferent ways. 

These bUIldIng blocks have speCIfic semantIcs assocIated WIth them. That IS, they are 

used to represent certaIn kInds of actIvItIes or relatIonshIps m a real world The IDEF3 

dIagrams shown m appendix B depIcts Process SchematICs of an archItectural deSIgn, 

pre-tender cost estImatmg and scheduling processes developed m this project. Textual 

elaboratIOn forms are also attached to each of the graphIcal Icons, prOVIding addItIonal 

mformatIon as shown m Appendix C. In IDEF3, scenanos bound the context of 

descnptlOns and are convement artIfacts for descnbmg slImlar sItuations from dIfferent 

perspectI ves. 

The development of an IDEF3 process flow descnptlOn (Process SchematIcs) consists of 

expressmg facts m terms of the IDEF3 basIC descnption bUIldIng blocks or syntax 

Process schematIcs tend to be the most famIliar and broadly used component of 

theIDEF3 method These schematIcs prOVIde a vIsualIsatIOn mechanIsm for process

centred descnptlOns of a scenano m terms of the baSIC graphIcal bUIldIng blocks. The 

graphIcal elements that compnse process schematIcs mclude Umt of BehaVIOur (UOB) 
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boxes, Imks, JunctIOns, referents, and notes. Referents and notes are constructs that are 

common across process and object schematics. The IDEF3 method allows users to 

capture descnptlOns at varymg levels of abstractIOns by provHimg a mechamsm called 

decomposItIOn DecomposItIOn prOVIdes a means of orgamzmg a more detruled 

descnptlOn of UOB representing an actIvIty. The decomposItIOn schematic follows the 

srune syntactIc rules as those for a scenano and IS created usmg the srune IDEF3 

elements. The decomposItion of the srune UOB more than one can be employed for 

representmg dIfferent pomts of view or provldmg greater detruls of the processmg 

relatmg to the actiVIty or UoB 

A PFD dIsplays a sequence of Umts of BehaVIOur (UoB), whIch represent actlVltles, 

actIOns, processes or operatIOns. These are lInked together by precedence arcs or Lmks 

that connect the boxes and descnbe the relatlonslup between the vanous UOBs. 

JunctIOns explICItly descnbe the logIC of multiple Imks eIther cormng together or 

spreadmg apart or the branchmg of processes. In addItIOn the JunctIOns can show If the 

processes are bemg carned out m synchromzatlOn or asynchromsatlOn ThIS notatlon may 

Impose tlmmg constrrunts on the process flow. 

The Object Schematics: Object-Centered Views (OSTN) 

Object state tranSItIOn network (OSTN). The object state tranSItIOn network descnptlon 

summanzes the allowable transItions an object may undergo throughout a partIcular 

process. 

IDEF3 Object SchematICs capture, manage, and dIsplay obJect-centered descnptlOns of a 

process that IS, mformation about how objects of vanous lands are transformed into other 

kinds of thmgs through a process, how objects of a gIven land change states through a 

process, or context-settmg mformatlon about Important relations runong objects m a 

process Object Schematics may be developed m the context of a smgle scenano, thus 

charactenzmg the state transItions traversed by partlclpatmg objects m an occurrence of 

the scenano These TranSItIOn Schematics allow users to speCIfy the rules that govern the 

transItIOns between object states m a scenano occurrence. Alternatively, Object 

Schematics may evolve m a more opportumstlc fashIOn, captunng descnptlons of 

objects, object states, and theIr transItIOns across multiple scenanos. Object Schematics 

developed m thIS fasluon make no attempt to define the structure for object state change 
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behavlOr in a scenano occurrence This cross-scenano Object Schematic development 

approach IS often useful when explonng what obJect-centered process mformatlOn ments 

a more detailed focus or when attemptmg to discover context settmg mformatlOn about 

the objects encountered m a descnption. IDEF3 Object Schematics are developed to 

proVide an object-centered descnptlOn of a particular process or scenano. The IDEF3 

Object Schematics dJ.agrams shown m appendix B depicts an obJect-centered view of the 

process schematics developed for the architectural design, pre-tender cost estlmatmg and 

scheduling processes developed m thiS project. Textual elaboratIOn forms are also 

attached to each of the graphical Icons, provldmg additIOnal mformatlOn as shown m 

Appendix C. TransItion Schematics therefore tend to dommate the attentIOn of those 

developmg IDEF3 Object Schematics. 

Object state transItion 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 m the 

diagram mdlcate 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 detruled specificatIOn of the IDEF3 constructs can be fond m IDEF3 Process 

Descnptlon Capture Method Report (Mayer, et al1995) 

2.8.3.7 Strengths and Weaknesses of IDEF3 

Among the eXlstmg process representation methodologies, the IDEF3 process descnptlon 

method best meets the reqUIrement for representmg process charactenstlcs m a domrun 

(Knutllla, A., et. ai, 1998). It prOVides the best coverage of all reqUIrements necessary 

for descnbmg processes from process and partlclpatmg objects pomt of view The 

methodology stops short of provHilng the ability to construct predictive Simulation-based 

models; rather, It IS a method to obtrun structured descnptlOns of what a system actually 

can or will do III practice. 

2.8.4 Knowledge Representations 

What is Knowledge Representation? 

A knowledge representation (KR) IS best understood m terms of the five fundamental 

roles that It plays as descnbed (R. Davls, H Shrobe, and P. SZOIOVltS, 1993): 
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1. KR IS a Surrogate: Any mtellIgent entIty that wishes to reason about ItS world 

encounters an Important, m-escapable fact: reaSOnIng IS a process that goes on 

mternally, while most thmgs It wishes to reason about eXist only externally 

2. KR IS a Set of Ontological COmmItments' If, as we have argued, all 

representations are Imperfect approXimatIOns to realIty, each approXimatIOn 

attendmg to some thmgs and Ignonng others, then m selectmg any representatIOn 

we are m the very same act unavOIdably makmg a set of deCISions about how and 

what to see m the world. That IS, selectmg a representatIOn means makIng a set of 

ontological COmmItments. 

3 KR IS a Fragmentary Theory of Intelligent ReaSOnIng: The third role for a 

representatIOn IS as a fragmentary theory of mtellIgent reasonIng This role comes 

about because the InItial conceptIOn of a representatIOn IS typically motIvated by 

some mSlght mdlcatmg how people reason mtellIgently, or by some belIef about 

what It means to reason mtellIgently at all. 

4. KR IS a MedIUm for EffiCient ComputatIOn: From a purely mechanIstic View, 

reaSOnIng m machmes (and somewhat more debatably, m people) IS a 

computational process. Simply put, to use a representatIOn we must compute With 

It. As a result, questions about computatIOnal effiCiency are mevltably central to 

the notIon of representatIOn 

5 KR IS a MedIUm of Human ExpreSSIOn: Fmally, knowledge representatIOns are 

also the means by which we express thmgs about the world, the medIUm of 

expression and commUnIcatIOn m which we tell the machme (and perhaps one 

another) about the world. ThiS role for representatIons IS mevltable so long as we 

need to tell the machme (or other people) about the world, and so long as we do 

so by creatmg and communIcatmg representatIOns. 

2.8.4.1 IDEF5 Ontology Description Capture Method 

Overview 

Historically, ontologles arose from the branch of philosophy known as metaphysics, 

which deals With the nature of realIty of what eXists. The traditIonal goal of ontological 

mqUlry, m particular, IS to diVide the world "at ItS Jomts": to ruscover those fundamental 

categones or kInds that define the objects of the world. Accorrung to BenJanun, et al 
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(1995), "an ontology IS a descnptlOn of the kInds of thmgs, both physical and conceptual, 

that make up a gtven domam, their associated properties, and the relatIOnshIps that hold 

among them as represented by the terrrunology m that domam." Wlthm the IDEF sUIte, 

the IDEF5 ontology capture method (BenJamm et aI., 1995) was developed for this 

purpose. IDEF5 StandardIzed procedures enable the abIlity to represent ontology 

mformatlOn m an mtUltlve and natural form 

IDEF5 (Mayer et al. 1992) IS one of the IDEF (ICAM DEFmltlOn,) methods developed 

under the InformatIOn IntegratIOn for Concurrent Engmeenng (lICE) project funded by 

the U.S. Air Force Knowledge base systems, Inc, for enterprise knowledge 

representatIOn The IDEF5 ontology descnption capture method (KBSI 1994c) prOVIdes 

a theoretically and empmcally well-grounded method speCIfically desIgned to assIst m 

creatmg, modIfymg, and mamtaming ontologles IDEF5 proposes a methodology to 

create domam ontology and prOVIdes a language to represent concepts (meta-ontology). 

IDEF5 meta-ontology contams the meta-concepts process and state ThIs is the only 

dIfference that charactenses IDEF among other languages lIke KIF and Ontolmgua, used 

to represent domam ontologles These dynanuc concepts make IDEF5 an example of 

meta-ontology for representmg enterpnse ontologtes 

Basic Concepts of IDEFS 

Knowledge acqUIsItIOn with IDEF5 IS enabled by the dIrect capture of assertIOns about 

real-world objects and theIr mterrelatlOnshlps in an intUItive and natural form. IDEF5 

proposes a set of meta-concepts for ontology. They are: kInds, charactenzed by certam 

propertIes and attnbutes, and process; state of an mdIvldual of a certam kmd that can be 

modIfied by a process; relations among kInds; the decompOSItion relatIOn; the sub-kind 

relatIOn (a sort of refinement) Hence, there IS the pOSSIbIlIty of bUIldIng second order 

propertIes and relatIOns ThIS first set of concept is the base for the schematic languages 

of the IDEF farruly, 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 charactenzatlon is present. 

IDEFS Ontology Languages 

To support the ontology development process IDEF5 proposes two languages: the 

schematic language and the elaboratIOn language (Know ledge Based Systems, Inc. 
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(KBSI, 2000). The schematic language IS a graphical language, speCifically tailored to 

enable domain experts to express the most common forms of ontological mformatlOn. 

ThiS enables average users both to mput the basIc mformatlon needed for a first-cut 

ontology and to augment or revise eXlstmg ontologles With new mformatlOn. The 

elaboratIOn language IS a structured textual language that allows detailed charactenzatlOn 

of the elements m the ontology. Employmg these two developments supports, three kinds 

of expressIOns can be formulated: defimtlOn, term and sentence The elaboration 

language uses KIF (Knowledge Interchange Format) http !!logtc stanford.edulktflktf.html 

as Its foundatIOn. 

The purpose of these schematics, hke that of any representatIOn, IS to represent 

mformatlOn Visually. Thus, semantic rules must be provided for mterpretlng every 

pOSSible schematic. These rules are prOVided by outhnmg the rules for mterpretlng the 

most baSIC constructs of the language, then applymg them recurslvely to more complex 

constructs. ThiS task falls to the ElaboratIOn Language The Schematic Language IS, 

however, useful for constructmg first-cut ontologies m which the central concern IS to 

record, m a bnefly, the baSIC elements that eXist m a domain, their charactenstlc 

properties, and the salient relatIOnships that can be obtamed among objects of those kinds 

and among the kinds themselves There are four pnmary schematic types denved from 

the baSIC IDEF5 Schematic language, which can be used to capture ontology information 

directly m a form that is mtUltlve to the domam experts. These are: Classification 

Schematics, CompOSitIOn Schemattcs, Relatton Schemattcs, and Object State Schemattcs. 

A detailed explanatton of the IDEF5 method can be found m KBSI (1994c). 

IDEFS Primary Schematic Types 

Classification schematics: proVide mechanisms for the orgamzatlOn of knowledge mto 

logtcal taxonormes The descnptton subsumptton and natural kind claSSificatIOn are the 

two types of claSSificatIOn schemattcs. 

Composition schematic: serves as mechamsms to represent graphically the "part-of' 

relation that IS so common among components of ontology. In particular, thiS capablltty 

enables users to express facts about the compOSitIOn of a gtven kind of object 

Relation schematics· allow ontology developers to vlsuahze and understand relattons 

among kinds m a domain, and can also be used to capture and display relattons between 
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first-order relatIOns In other process modelling/representatIOns methodologies there IS no 

clean dIVISIOn between mformatIOn about kInds, states and processes. 

Object State Schematics: The IDEF5 schematIc language enables modellers to express 

faIrly detaIled object-centred process mformatIon (i e., mformatlOn about kInds of objects 

and the vanous states they can be m relatIve to certam processes). 

Strengths and Weakness of IDEF5 Method 

IDEF5 IS also mtended to proVIde a mechanIsm for reference models to facIlitate 

reorganIzatIOn of slInIlantIes between components of a system as well as wIth external 

systems. The weakness of the method IS that the defmItIOns of kInds In IDEF5 are not 

ngorous. IDEF5 does not Impose formal constraInts to Instances that are reqUIred to 

share all the propertIes, I.e. propertIes that are mdIvIdually necessary and JOIntly 

suffiCIent for an mdIvIdual bemg In a kind. Consequently also the sub-kInd relatIon 

cannot be defined m rigorous manner. 

2.8.4.2 Knowledge Interchange Format (KIF) 

Overview 

KIF (Genesereth & FIkes et ai, 1992) IS a computer-onented language aImed 

atknowledge shanng runong dIsparate progrruns developed by the Interlmgua workIng 

group of the DARPA Knowledge Shanng Effort. At the InItIal 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 correspondmg linear, ASCII, list-based 

syntax. IntUItIvely, KIF terms denote objects In the UnIverse of discourse, and every 

sentence IS eIther true or false. KIF proVIdes the user wIth a set of baSIC objects, WhICh 

are descnbed by Its standard vocabulary on numbers, lists, sets, functIons, and relatIons 

BeSIdes the baSIC objects, KIF also allows expreSSIOns of meta-IIngUIstIc knowledge as 

well as proVIdes supports for representatIOns necessary for non-monotOnIC reaSOnIng 

KIF IS also not Intended as an mternal representatIOn for knowledge WIthIn computer 

systems or WIthIn closely related sets of computer systems (though the language can be 

used for thIS purpose as well). 
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TYPically, when a computer system reads a knowledge base m KIF, It converts the data 

mto Its own mternal form (specialIzed pointer structures, arrays, etc.). All computatIOn IS 

done usmg these mternal forms. When the computer system needs to commumcate with 

another computer system, It maps ItS mternal data structures mto KIF. 

The purpose of KIF IS roughly analogous to that of Postscnpt. Postscnpt IS commonly 

used by text and graphics formattmg systems m communicating mformatlOn about 

documents to pnnters While KIF IS not as effiCient as a specialIzed representatIOn for 

knowledge or as perspicuous as a speCialIzed rusplay (when pnnted m ItS lIst form), It IS 

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

knowledge-mampulatlOn programs. 

The followmg categoncal features are essential to the deSign of KIF 

• The language has declarative semantics. It IS pOSSible to understand the meanmg of 

expressIOns m the language WithOUt appeal to an mterpreter for mampulatmg those 

expressIOns In thiS way, KIF differs from other languages that are based on speCific 

mterpreters, such as Prolog. 

• The language IS logically comprehensive -- It proVides for the expressIOn of arbitrary 

sentences m predicate calculus. In trus way, It differs from relatIOnal database 

languages (many of which are confined to ground atOlTI1C 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 declSlons explIcit 

and pe=ts us to mtroduce new knowledge representation constructs without 

changing the language 

In addltlon to these essential features, KIF IS deSigned to maxllTI1Ze the followmg 

additIOnal features (to the extent pOSSible while preservmg the precedmg features)' 

• TranslatabilIty' A central operatIOnal reqUirement for KIF IS that It enable practical 

means of translatmg declarative knowledge bases to and from typical knowledge 

representatIOn languages. 

• Readability: Although KIF IS not mtended pnmanly as a language for mteractlon 

With humans, human readabilIty faCIlItates ItS use m descnbmg representation 
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language semantics. Its use as a pubhcation language for example knowledge bases. 

Its use m asslstmg humans wIth knowledge base translatIOn problems. etc 

• Irnplementablhty Although KIF IS not mtended for use wlthm programs as a 

representatIOn or communicatIOn language. It can be used for that purpose If so 

deSIred. 

KIF Syntax 

The syntax of KIF IS most easIly descnbed m three layers. FIrst. there are the basIc 

characters of the language. These characters can be combmed to form lexemes Finally. 

the lexemes of the language can be combmed to form grarmnatlcally legal expressIOns. 

Although thIs layenng IS not stnctly essential to the specIficatIOn of KIF. It slmphfies the 

descnptlOn of the syntax by dealmg wIth whIte space at the lexeme level and ehII11natlng 

that detrul from the expressIOn level. The syntax of KIF IS presented usmg a modIfied 

BNF notation. All nonterII11nals and BNF punctuatIOn are wntten m boldface. whIle 

characters m KIF are expressed in plam font. 

The notatIOn {xl •.• xn} means the set of terII11nals xl ..... xn. The notatIOn [nonterminal] 

means zero or one mstances of nonterminal; nonterminal* means zero or more -

occurrences; nonterminal+ means one or more occurrences; nonterminal"n means n 

occurrences. The notation nonterminaIl - nonterminal2 refers to all of the members of 

nonterminall except for those m nonterminal2. The notation int(n) denotes the decImal 

representation of mteger n. The nonterII11nals space. tab. return. linefeed. and page 

refer to the characters correspondmg to aSCl1 codes 32. 9. 13. 10. and 12. respectively. 

The nonterII11nal character denotes the set of all 128 aSCl1 characters The nonterII11nal 

empty denotes the empty stnng 

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 encodmg as characters (as gIven In ISO 646'1983). 

KIF characters are classIfied as upper case letters. lower case letters. illglts. alpha 

characters (non-alphabetic characters that are used In the same way that letters are used). 

special characters. whIte space. and other characters (every aSCl1 character that IS not m 

one of the other categones) 
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upper ::=AIB le ID IEIF I GIHI I IJ I K ILIM I NI 0 IP I QIR IS ITIUIVIW I XIY IZ 
lower ::= a I b I cid I e I fl g I h Illl I kill m I n I 0 I p I q I r I sit I u I v I w I x I y I z 

dIgIt ::= 0 111213141516171819 
alpha ::= , I $1 % I & I * I + 1- I I iI < I = I > I ? I @ U -I 
specml ::=" 1# 1'1 ( I ) 1,1 \ I A I' 
white ::= space I tab I return I linefeed I page 

A normal character IS either an upper case character; a lower case character; a dtglt; or an 
alpha character 

normal ::= upper I lower I digit I alpha 

Lexemes 

The process of convertmg characters mto lexemes m called lexical analysis The mput to 

thIS process is a stream of characters, and the output IS a stream of lexemes. The function 

of a lexical analyzer IS cycltc. It reads characters from the mput stnng until It encounters 

a character that cannot be combmed with prevIOus characters to form a legal lexeme. 

When thiS happens, It outputs the lexeme correspondmg to the prevIOusly read 

characters. It then starts the process over again with the new character. White space 

causes a break m the lexical analysIs process but otherwise IS discarded. 

There are five types of lexemes m KIF, special lexemes, words, character references, 

character stnngs, and character blocks. Each specIal character forms ItS own lexeme It 

cannot be combmed with other characters to form more complex lexemes, except through 

the "escape" syntax descnbed below. A word IS a contiguous sequence of (1) normal 

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

word ::= normal I word normal I 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 stnng IS a senes of characters enclosed m quotatIOn marks. The escape 

character \ IS used to penrut the mcluslOn of quotation marks and the \ character Itself 

wlthm such stnngs 
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string ::= "quotable" 

quotable ::= empty I quotable strchar I quotable\character 

strchar :: = character - {", \} 

Sometimes It IS desirable to Character blocks pemut the group together a sequence of 

arbitrary bits or characters Without Imposing escape characters, e g to encode Images, 

audio, or Video In 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 q 

or Q, and then n arbitrary characters 

block ::= # int(n) q characterAn I # int(n) Q characterAn 

For the purpose of grammatical analYSIS the class of words IS subdiVide further, VIZ. as 

vanables, operators, and constants. 

A vanable IS a word In which the first character IS ? or @ A vanable that begms with? IS 

called an indiVidual vanable. A vanable that begms with an @ IS called a sequence 

vanable 

variable ::= indvar I seqvar 

indvar ::= ?word 

seqvar ::= @word 

Operators are used In fomung complex expressIOns of vanous sorts There are three 

types of operators In KIF term operators, sentence operators, and defimtlon operators. 

Term operators are used In fomung complex terms. Sentence operators and user 

operators are used In fomung complex sentences. DefimtlOn operators are used m 

forming defimtlOns 

operator ::= termop I sentop I defop 

termop ::= value I hstof I quote Ilf 

sentop ::= holds I = I /= I not I and I or I => I <= I <=> I forall I exiSts 

defop ::= defobject I defunctlOn I defrelatlon I defioglcal I := I :-> I :<= I :=> 

All other words are called constants. 

constant ::= word - variable - operator 

Semantically, there are four categones of constants In KIF: object constants, functIOn 

constants, relatIOn constants, and logical constants. Object constants are used to denote 

mdlvldual 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 IS unusual among logIcal languages m that there IS no syntactIc 

illstmctIon 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 accorillng to the rules presented 

m thIS sectIOn There are three dlsJomt types of expressIOns m the language' terms, 

sentences, and defimtlOns. Terms are used to denote objects m the world bemg descnbed, 

sentences are used to express facts about the world, and defimtIons are used to define 

constants. DefimtlOns and sentences are called forms A knowledge base IS a fimte set of 

forms. 

There are mne types of terms m KIF -- mill VIdual vanables, constants, character 

references, character stnngs, character blocks, functIOnal terms, list terms, quotatIOns, 

and logIcal terms. IndIVIdual vanables, constants, character references, stnngs, and 

blocks were illscussed earlIer. 

term ::= indvar I constant I charref I string I block Ifunterm I listterm I quoterm I 
logterm 

An ImplICIt functIOnal term consIsts of a constant and an arbItrary number of argument 

terms, termmated by an optIOnal sequence vanable and surrounded by matchmg 

parentheses. Note that there IS no syntactIc restnctlOn on the number of argument terms; 

anty restnctlOns m KIF are treated semantIcally 

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

A explIcIt functIOnal term consIsts of the operator value and one or more argument terms, 

tenrunated by an optional sequence vanable and surrounded by matchmg parentheses. 

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

A lIst term consIsts of the IIstof operator and a fimte lIst of terms, tenrunated by an 

optIOnal sequence vanable and enclosed m matching parentheses. 

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

Quotations mvolve the quote operator and an arbItrary lIst expressIOn. A lIst expressIOn IS 

eIther an atom or a sequence of lIst expressIons surrounded by parentheses. An atom IS 
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either a word or a character reference or a character stnng or a character block Note that 

the list expressIOn embedded wlthm a quotation need not be a legal expressIOn m KIF 

quoterm ::= (quote listexpr) I 'listexpr 

listexpr ::= atom I (Iistexpr*) 

atom ::= word I charref I string I block 

Logical terms mvolve the If and cond operators. The If form allows for the testmg of a 

smgle 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 IS 

slIrular but groups the prurs of sentences and terms wlthm parentheses and has no 

optIOnal term at the end. 

logterm ::= (If logpair+ [term]) 

log pair ::= sentence term 

logterm ::= (cond logitem*) 

logitem ::= (sentence term) 

The followmg BNF defines the set of legal sentences in KIF There are SIX types of 

sentences We have already mentIOned logical constants. 

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

An equation consists of the = operator and two terms. An mequallty consist of the 1= 

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, tenrunated by an optional sequence van able. As with functIOnal terms, 

there is no syntactic restnctlOn on the number of argument terms m 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, tefffilnated by an optIonal sequence varIable and surrounded by matchIng 

parentheses 

rei sent :: = (holds term term* [seqvar]) 

It IS noteworthy that the syntax of ImplIcIt relatIOnal sentences IS the same as that of 

ImplIcIt functIOnal terms On the other hand, theIr meamngs are dIfferent. Fortunately, 

the context of each such expressIon detefffilnes ItS type (as an embedded term In one case 

or as a top-level sentence or argument to some sentential operator In the other case); and 

so thIS slIght ambIgUIty causes no problems. 

The syntax of logIcal sentences depends on the logIcal operator Involved. A sentence 

involvIng the not operator IS called a negatIOn. A sentence InvolVIng the and operator IS 

called a conjunctIon, and the arguments are called conjuncts A sentence InvolVIng the or 

operator IS called a illsjunctlOn, and the arguments are called disjuncts A sentence 

Involving the => operator IS called an ImplIcatIOn, all of ItS arguments but the last are 

called antecedents; and the last argument IS called the consequent. A sentence InvolVIng 

the <= operator IS called a reverse ImplIcatIon, ItS first argument IS called the consequent; 

and the remaming arguments are called the antecedents. A sentence InvolVIng the <=> 

operator IS called an eqUIvalence. 

logsent ::= (not sentence) I 
(a nd sentence*) I 
(or sentence*) I 
(=> sentence* sentence) I 
( < = sentence sentence*) I 
( < = > sentence sentence) 

There are two types of quantIfied sentences: a universally quantIfied sentence IS SIgnalled 

by the use of the "forall" operator, and an eXIstentIally quantIfied sentence IS SIgnalled by 

the use of the "exIsts" operator. The first argument In each case IS a lIst of VarIable 

speCIficatIons. A VarIable speCIficatIon IS eIther a VarIable or a lIst conSIStIng of a 

VarIable and a term denotIng a relation that restncts the domaIn of the speCIfied VarIable 

quantsent ::= (forall (varspec+) sentence) I 
(exIsts (varspec+) sentence) 

varspec ::= variable I (variable constant) 
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Note that, according to these rules, It IS pefIIllsslble to wnte sentences with free vanables, 

I e. van abIes that do not occur wIthin the scope of any enclosing quantifiers The 

slgmficance of the free van abIes In a sentence depends on the use of the sentence When 

we assert the truth of a sentence wIth free van abIes, we are, m effect, saymg that the 

sentence IS true for all values of the free vanables, I e. the vanables are Ull! versally 

quantifIed. When we ask whether a sentence wIth free van abIes IS true, we are, m effect, 

aslang whether there are any values for the free vanables for whIch the sentence IS true, 

i e. the vanables are eXIstentially quanl!fied. 

The following BNF defines the set of legal KIF defimtlOns There are three types of 

defimtlons: unrestncted, complete, and partIal. WIthin each type, there are four cases, 

one for each category of constant. Object constants are defmed uSing the "defobJect" 

operator FunctIOn constants are defined uSing the "deffunctlOn" operator. RelatIOn 

constants are defined uSing the "defrelal!on" operator LogIcal constants are defined 

uSing the "deflogIcal" operator 

definition ::= unrestricted I complete I partial 

unrestricted ::= 

(defob]ect constant [string] sentence*) I 
(deffunctlon constant [string] sentence*) I 
(defrelation constant [string] sentence*) I 
(defloglcal constant [string] sentence*) 

complete ::= 

(defob]ect constant [string] := term) I 
(deffunctlon constant (indvar* [seqvar)) [string] := term) I 
(defrelatlon constant (indvar* [seqvar)) [string] := sentence) I 
(defloglcal constant [string] := sentence) 

partial ::= 

(defob]ect constant [string] :-> indvar :<= sentence) I 
(defob]ect constant [string] :-> indvar :=> sentence) I 
(deffunction constant (indvar* [seqvar)) [string] :-> indvar :<= sentence) I 
(deffunctlon constant (indvar* [seqvar)) [string]:-> indvar :=> sentence) I 
(defrelatlon constant (indvar* [seqvar)) [string] :<= sentence) I 
(defrelatlon constant (indvar* [seqvar)) [string]:=> sentence) I 
(defloglcal constant [string] :<= sentence) 

(defloglcal constant [string] :=> sentence) 
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A form m KIF is either a sentence or a defimtlOn. 

form:: = sentence I definition 

It IS Important to note that defimtlOns are top-level constructs While defimtlOns contam 

sentences, they are not themselves sentences and, therefore, cannot be wntten as 

constituent parts of sentences or other defmltlOns (unless they occur mSlde of a quotatIOn. 

A know ledge base IS a fimte set of forms. It IS Important to keep m rmnd that a 

knowledge base IS a set of sentences, not a sequence; and, therefore, the order of forms 

wlthm a knowledge base IS ummportant. Order may have heunslic value to deductive 

programs by suggestmg an order m which to use those sentences; however, thiS Implicit 

approach to knowledge exchange lies outSide of the defimtlOn of KIF. 

2.8.5 Behavioural Modelling 

2.8.5.1 Petri Nets 

A Petri Net (Relslg 1992, Peterson 1981) IS a graphical language that IS appropnate for 

modeling systems with concurrency. Peln Nets has been under development smce the 

begmmng of the 60's, when Carl Adam Peln defined the language m his PhD theSIS 

(Kommunikalion rmt Automaten). The language was created to represent a net-like, 

mathemalical tool for the study of commumcatlOn wIth automata such that the concept of 

concurrently occurring events could be expressed. Petn Nets IS a well-SUited techmque 

for modeling and analysIs of concurrency, synchromzatlOn and conflIct, commumcatlOn 

protocols, performance evaluatIOn, fault tolerant systems, and manufactunng control 

systems and hence are a natural chOice for modelmg complex systems (Vlswanadham 

and Narahan, 1992). Peln Nets support advanced and formal analyses such as the 

reachabllity of vanous process states, detectIOn of deadlocks, and behaVIOural 

amblgUllies. Accordmg to CUrtlS et al. (1992) such analyses are cntlcal to perrmt 

evalualion of a proposed process for syntactic correctness, completeness, consistency, 

nsks, and opportumlies for Improvements 

Smce It was first mtroduced, Peln Nets have been modified and extended by vanous 

researchers to allow for more powerful modehng capabllilies: (Davld and Alia, 1991; 

Desrochers and AI-Jaar, 1994, Kamath and Vlswanadham, 1986; Zurawski and Zhou, 

1994). Some of the Important extensions include (I) Stochaslic Petn nets, which capture 

Iimed aclivllies/events by usmg (probabllistlc) Iimed transItions these Peln net models 
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can then be translated mto a Markov cham for further analysIs, and (n) Colored Petn 

nets, where the tokens can be colored (or carry attnbute mformatlOn) to differentiate the 

entities that flow through the system The other vanatlOns mclude Timed Petn Nets, 

PrechcatefTransltlon Nets, Object Petn Nets, Compact Petn Nets, Role-based Extended 

Petn Net Models, Hierarchical Petri Nets, and Queuemg Petn Nets 

Strength and Weaknesses of Petri Nets 

Some of the arguments m favor of usmg Petri nets as formal representatIOns of busmess 

processes are. 

• They represent a hierarchical modelmg tool with a well-developed mathematical 

foundatIOn (Murata, 1989) 

• Petn nets support both qualitative and quantitative analyses and many 

computenzed tools are avrulable for the same (Desrochers and AI-Jaar 1994). 

• They lend themselves very well to simulatIOn/execution on chstnbutedJparallel 

archltectures wluch IS essential for representatIOns of realistically-sized enterpnse 

systems (Ferscha, 1998) 

• They have been used by themselves, or m conjunctIOn With other techniques to 

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

2.8.6 Data Flow Diagrams (DFD) 

Data flow Dlagrruns (DFDs) (Grady 1993, ScOttl 1994) IS another staple of the system 

engmeer's toolbox, and have also found extensive usage m many other fields mcludmg 

software and mformatlon design. It IS pnmanly used as a tool for performmg 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, deplctmg 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 IS needed by whom and why, to do what). 

DFDs IS a graphical/chagrammatlc representatIOn that hierarchically decomposable, each 

DFD at a given level can be seen to "explodes" a process from a preceding level. DFDs 

mclude 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 their 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 modellmg methodology IS capable of representmg process 

charactenstlcs IS Important smce the rum of this study IS to Identify and represent 

constructIOn process mfonnatlOn usmg a fonnalised modelling methodology, for the 

purpose of process infonnatlOn exchange between software applications which deal With 

the mampulatlon of constructIOn process mfonnatlOn. The purpose IS to identify a 

modellmg methodology that can represent the complete set of construction process 

charactenstlcs and hence support m the IdentificatIOn of the constructIOn process 

specification reqUirements that need to be mapped to the PSL ontology m the 

mvestlgatlOn of the applicability of PSL in constructIOn, and Implementation of the 

language m a construction scenano 

Formal expressIOns of an actlVlty have proven to be good baSIS for developmg systems 

(Benvemste and Berry 1991). A theory based on process algebra can even be developed 

for concurrent and commumcating process specifications and provmg some of their 

properties (Hoare, 1985; Milner, 1980) In pnnclple, all lands of constrrunts on activIties 

(e g. tnggenng conditIOns or resources reqUirements) can be expressed as predicates 

However they remain so abstract and theoretical and cannot be used as commumcatlOn 

languages among users For mstance they do not differentiate between the control, 

mfonnation, and material flows as reqUired by modelling. Furthennore they do not 

expliCitly say anythmg about the terrrunatlon or endmg status of the activity (It would be 

necessary to analyze the output vector to deterrrune It) Dlagrammmg languages are 

better representations for functional aspects of processes. 

Several graphical representations have been proposed to represent actlVltJes and 

processes (Vemada F B., 1996). For example the conventIOnal box representatIOn of 

SADT or EDEFO ICOM box are among the many others. The graphical representatIOn IS 

preferred and has become the most Wildly used method because It represents a good 

compronuse between all other representatIOns descnbed above. 
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Fonn this study It IS revealed that different techmques represent different views and 

aspects of process mfonnatlOn and some representatIOns are general approaches for the 

representatIOn of a general process infonnatlOn while others are more specialized with 

more deta.Jled process charactenslics representatIOn capabilllies. The ability of modeling 

methodologies to capture process reqUirements IS limited by the way the process and 

mfonnalion IS represented. 

All the general systems, functIOnal, and behavioral modelmg methodologies reviewed m 

this chapter focus on the syntax of process specificatIOn rather than the semanlics, or 

meamngs, of tenns. This may be sufficient when process mfonnatlOn exchange IS 

occumng wlthm a smgle doma.Jn. However, exchange of process models data among 

different doma.Jns creates situatIOns where the same tenns can have different meanmgs. A 

process representatIOn for mfonnalion exchange between different apphcatlOns or 

domams must have an unambiguous and a fonnal specificatIOn of the semanlics of ItS 

terrmnologies. This capability can be achieved through the knowledge representatIOn 

techmques or ontology modelmg methodologies such as the IDEF5 and KIF techmques. 

Ontology provides a common terminology that helps to capture key dlstmclions among 

concepts m different doma.Jns/apphcatlOns, which aids m the translalion process 

The Overall results of the hterature review has shown that among the process modehng 

methodologies, which focus on the syntax of processes, the IDEF3 Process Capture 

Method best meets most of the process charactenslics representatIOn requirements. 

IDEF3, like others IS essenlially a dlagrammmgl graphical language, but prOVides more 

graphical constructs and a set of fonns (elaboration fonns) for captunng any kmd 

mfonnatlon about the processes and participant objects mvolved. These constructs 

mcreased the capability of the methodology m captunng the reqUired charactenstics of a 

process. 

In thiS research study few of the aVa.Jlable process modeling methodologies were revived 

and a bnef diSCUSSIOn IS presented However, a deta.Jled diSCUSSIOn of results from the 

analysIs of twenty-sIx process representatIOns studied m the second phase of PSL project 

IS aVa.Jlable m literature (Knutllla, A., et. al , 1998). There IS also a summary of a subset 

of thiS analyses that mcluded the DARPAlRome Laboratory Planmng Inilialive work 

(Polyak et al 1997) 
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Methodologies and Information representation Represent completely the following Process Data 
Techniques Views 
DADT General Systems Modelhng Data flow between processes, mput/output/control & mechamsms, activities m the cases of 

(GSM) transformatlon, data In the case of mformatlOn, 

IDEFO FunctIonal Modelhng Cost Data, Resource, Product CharactenstIcs, Resource, Resource ReqUIrements for a Task, Simple 
Task RepresentatIOn and Charactenstlcs, Task Executor, Alternative Task, Complex Task, 
RepresentatIOn and Parameters, Conditional Tasks, Pre- and Post processmg Constramts, State 
EXistence Constramts, Convey the Ancestry or Class of a Task, Information Exchange Between Tasks, 
Support for Simultaneously Mamtamed AsSOCiatIons of Multiple Levels of AbstractIOn, 

IDEF3 Process DescnptlOn Capture Resource ReqUIrements for a Task, Simple Sequences, Simple Task RepresentatIon and Charactenstlcs, 
Method Task Executor, Simple Precedence, Composition I DecompOSItIOn, Incompleteness Nagueness. 

AssoCIated IllustratIOns and Drawmgs, Complex Groups of Tasks, Complex Sequences; Complex Task 
RepresentatIOn and Parameters, Concurrent Tasks, ConditIonal Tasks, Constramts, ImphcltJExphclt 
Resource AssociatIOn, IteratIve Loops, Parallel Tasks, Pre- and Post processmg Constramts, Senal 
Tasks, State EXistence Constramts, State RepresentatIons, Temporal Constramts, Complex Precedence, 
Ehglble Resources, mformatlOn Exchange Between Tasks, Support for TaskIProcess Templates, 
Support for Simultaneously Mamtamed AssociatIons of Multiple Levels of Abstraction 

PETI-NETS BehaVIOural modellmg Simple Groupmgs, Simple Sequences, Simple Task RepresentatIOn and CharactenstIcs, Task Duration, 
ExtensibilIty, Composition I DecompoSItIon, Alternative Task, Complex Sequences; IteratIve Loops, 
Parallel Tasks, Parameters and Vanables, Pre- and Post-processmg Constramts; Senal Tasks, State 
EXistence Constramts, State RepresentatIOns, MathematIcal and Logical Operations, SynchroruzatlOn of 
MultIple, Parallel Task Sequences, 

IDEF5 Ontology DescnptlOn Capture AssertlOns, ClassificatIOn, COmpOSItiOn, relatIOn, state, mtUltIve and natural form, meta concepts, kmd 
Method characters & attributes, decomposItIon, processes, state, sub kmd, 

KIF Knowledge representatIOn Extenslblhty, ConditIOnal Tasks, Parameters and Vanables, Mathematical and Logical OperatIOns, 

DFD Data flow modelhng 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 m the AECIFM environment, 

mformatlon have become mcreasingly aVaIlable in electronic format of representatIOn for 

use in construction processes As a result there has been an mcreasmg need for an 

electronIc 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 

exchangmg information. These include transfemng physical data files, accessing a 

central database through standard access methods, and procedural calls through an 

application-programming mterface. Ideally, all the three mechanIsms can be used 

together (LUlten 94) These alternatives hold great prolTIlse for Improved 

communicatIOns, informatIOn exchange and mtegratlon between computer applications. 

However they may not support the exchange of the exact concepts of informatIOn due to 

the differences m the meaning of informatIOn representatIOns between the applications 

I.e. the mformatlon at source may ruffer m meaning at destination. It can be said that 

information exchange IS consistent If 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 IS an Important capability for cornputer

based collaboration m construction. A pnmary requirement for such collaboration is the 

development of Information representation standards that are needed to provide a 

UnIfYing neutral language for representing the exchanged mformatlon. Standards allow 

the mterpretatlOn of informatIOn that can be shared through one or all of the three 

alternative mechanisms. Hence there IS a need for standarruzatlon of informatIOn 

representation structures for the construction industry to support the exchange of 

meaningful construction Information between diverse software applications. That is there 

IS a need for a mechamsm that can mterpret the meaning of set of messages exchanged. 
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InformatIOn Standardization for ConstructIOn 

Figure 3 1 Alternative mechanisms for direct electromc mformation exchange (LUlten 94) 

There have been several efforts m mformation standanilsatlon m the field of industnal 

automatlon and integration in general. Most of the standardisation efforts in the AECIFM 

sector have focused on facllitatmg product data and product related mformatlon exchange 

between software applicatIOns based on product data technology. In this chapter 

followmg a brief descnptlon of the concepts and obJectlves of informatlon 

standardisatlon, literature from some of the major standardlsatlon efforts for AECIFM 

organisatIOns and some of the avrulable standards for construction industry are reviewed 

followed by conclUSIOns. 

3.2 Information Standardisation Definitions and Objectives 

The problem of information shanng 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-tlme interactlons. This approach IS based on a 

"commumty of experts" metaphor, in which case one system will caU on another to 

solve a problem, rather than request the knowledge to solve It Itself. 
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• Neutral interchange formats: In which knowledge, and more generally, 

mformatlOn, is exchanged between systems via an mtermedlate, "neutral" format. 

The exchanged mformation may be both Items of static data, or "rules" of some kmd 

whose pnmary interpretatIon has dynamic or behavloral properties. 

• Neutral authoring: In which a neutral mtermediate language IS used for authonng, 

rather than exchanging, knowledge. 

In all of these approaches, the issue of translatIon between the vanous underlymg 

ontologies and representatIons plays a major role. These three approaches dIffer 

slgmficantly m their cost (both Immedzate and long-term), scale, usabilIty, and 

mamtamabllity. At present, the most common approach to mformation shanng is through 

the use of pomt-to-point translators, convertmg 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 mcreasmgly common, IS translatIOn from source to 

target through a neutral mterchange format. ThiS IS 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 mformation 

and knowledge shanng are Illustrated m 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 mformatIon shanng aims to allow all applIcatIons to use information from 

all other applicatIons, With several potentIal benefits. First, there is no need for an 

applicatIOn developer to learn a new language for authoring, smce the authonng takes 

place m the ongmal application formats. Second, the dIfferent systems can be mamtamed 

independently: at least in theory, the only thing reqUlnng changmg should the applIcatIon 

language be modified would be the translators to/from one's own format to the neutral 

format. Fmally, there are potential savmgs to be gained by bUIldIng fewer translators. 
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One needs to bUIld O(n) translators mstead of 0(n2) which would be reqUIred If pomt-to

pomt translators were bUIlt for every prur of applIcatIOns. The potential benefit of 

requinng fewer translators may be more than offset by the expense of bUlldmg the 

neutral format, especially where N, number of applIcations is not very large. Expenence 

shows that this IS very time-consuming, and therefore costly. If this cost IS born by publIc 

fundmg, or IS shared among major mdustnal or acadeffi1c consortia, then there is more 

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

I ApphcatJOJLl I E o ) I AppbcatlOn..21 
1. Shared aervlces via Polnt-to--polnt translation 

2 Use 01 a neutral Interchange fOnT'l<lt # 
I ApphcatK>"-' I 

3. Neutral author'lng 

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 

pnnclple, one need only be concerned with translators to and from the mterchange format 

and one's own application. If a new application comes on line, then once the translators 

are m place for the new application, then, ideally, no more work needs to be done by any 

of the other applIcatIOn developers/maintruners. This may be true as long as the 

interchange format remams stable, but substantial changes m target formats, may reqUIre 

the interchange fonnat Itself to be updated, which undernunes this benefit 
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The Increased nsk of Information lost in two translations compared with a sIngle 

translatIOn performed by a purpose-bUilt point-to-point translator. ThiS approach IS used 

by several standards In the domaIn of Information and CommunIcation Technologies, 

among which the STEP-fanuly of standards (ISO 10303, 1994), presented In thiS chapter. 

3.3 Information Representation Standardisation for AECIFM: State-of-the-Art 

There are numerous standardisation Initiatives on vanous aspects of 

standards/InformatlOn, and research projects aligned With some of the maIn efforts such 

as the STEP and IFCs, for informatIon exchange inffor the construction Industry. In the 

follOWIng section, a detailed literature of the some of the maIn internatIOnal efforts (the 

STEP and IFCs) IS 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 IS one of the one hundred and eighty eight cOlmmttees of the ISO 

(InternatIonal StandardIzatIOn OrganIzations, Geneva, CH). Its scope is: "StandardizatIon 

In the field of Industrial automatIon and IntegratIon concernIng discrete part 

manufactunng and encompassIng the applications of multIple technolOgies, i.e. 

InformatIOn systems, machInes and equipments and telecommUnIcatIOns" 

(http·//www.lso.ch). The standards developed withIn this scope are applicable to 

manufactunng and process industnes, to all sizes of business, for extendIng exchanges 

across the globe through e-busIness. The standards developed WithIn the ISO TC184 

cover various domains related to Industnal automation and IntegratIOn, amongst which: 

enterprise modelIng, enterpnse architecture, communicatIons and processes, IntegratIOn 

of Industnal data for exchange, access and shanng, life cycle data for process plants, 

manufacturing management, mechanIcal interfaces and programnnng methods, part 

IIbranes, physical deVice control, process specificatIon language, product data, and 

robots for manufacturing environment. The ISO 10303 STEP standard was developed by 

the ISO Technical Commtttee on Industrial Data and Processes (TCI84) 

(http //www.lsochlmemeITCI84.html). Subcommtttee on Industrial Data (SC4) 

(http //ehb cme nIst gov/sc4/secretry htm). In addition to STEP, SC4 IS responSible for 

two other related standards: ISO 13584, Standard for Part Libraries 

(http://elIb.cme nist gov/pub/sc4/www/phb htm) and MANDATE, a standard for 
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manufacturing management data (http·//ehb.cme.mst.gov/pub/sc4/www/mandate htm). 

Work withIn SC4 on STEP IS carned out by a number of working groups. Among these 

IS Working Group 3 (WG3), which IS responsible for the development of the actual 

product models, and withIn WG3 IS Team 12, which IS responsible for Architecture, 

Engmeering, and Construction (AEC) activities. This encompasses the areas of Offshore 

(Group 1), ShlpbUlldmg (Group 2), Process Plant (Group 3), and Budding Construction 

(Group 4). Figure 3.3 shows the organisation of STEP. Work on STEP also overlaps 

with many other orgamzatlons for example the US National Instztute of Standards & 

Technology (NIST) (http·//ehb.cme nist.govl) 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 carned out 

through the IGESIPDES OrgamzatlOn (IPO) 

http'//ehb cme.ntst gov/pub/nipde/orgsftpo.htrnl under the parent orgamzatlon of the US 

Product Data ASSOCiatIOn (US PRO) http://ehb.cme mst.gov/pub/mpdel 

1150 • I rternatlona I Stardarm Organlzat!:>nl 

I TCl84· Technical Commtte on InduslTlalJ 
Data and Processes 

I 
I SC4· Sulxommlttee on InduslTlal cata I 

I Parts L il::fary ]1 STEP (ISO 10303) I MANDATE· Mamtactunngl 
(PUB· ISO 13584) Management Data 

-- ---
I WO 2 • Part Lll::tary I WO 3 • Product cata I W04· Quahflca~on and I 

Specifications Representation Integrat!:>n 
I --- ---

Team 12· Archtecttre, 
Engineering, and 

Conslructlon (AEC) 

I 
I I 

1 Group 1 ·Oft·shore 1 1 Group 3· Process Pant 1 

I Group 2· Shpbuldlng I I Group 4· BUilding I corstruct!:>n 

Figure 3.3 the organisanon 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 wlthm specific areas of application, called Application Protocols (AP's), 

and coordmatlOn of these models across applicatIOn areas 

The AP's grow out of specific mdustry needs, and the role of the AP IS documented m an 

ApplicatIOn ActIVIty Model (AAM). The AAM Identifies the processes m which the AP IS 

used, and shows the mformatIon flows among the processes usmg IDEFO notatIOn, which 

lists activities and the informatIon flows between them as shown m Figure 3.4. 

Customer + a 
expenerx:e and codes 

requlre- BU1ldmg 

BUlldl~ design p-actlce BU1ldmg standards 

ments Establish requ1rements 
bUilding 

reqUlremenis 

Approved 

Create and prel1m1nary 
afllrove t---, bulldmg Approved 

prellITlInary des1gn detailed 
bUilding design bU1ldlng 

des1gn 

"-+ Create detaned 

" deslgn'award 
cortract Contract 

documents As-built 
BuIld1ng 1'1 document 

matenals Conslruct, at10n 
manage, an::! 

maintain 
bUilding Bulldmg 

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 m the modelling process and 

IS the primary tool for detemunmg the use of the model. An Application Reference 

Model (ARM) is developed that depicts the information that needs to be mcluded m the 

AP using the terminology and concepts of the applicatIon domain. Fmally m the 

mtegratlOn process a model is developed that fully defines all the necessary data 

representatIon structures m a way that is compatIble with other parts of the STEP 

standard. This is the interpretation process and It results m an Application Interpreted 
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Model (AlM) 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 defmed and sUites of test data are developed 

through which ImplementatIOns can be tested. Finally, where the mterpretatlOn process 

leads to the same baSIC concepts bemg represented m two or more AIM's, these model 

segments are defined m an Application Interpreted Construct (AlC) for use in future 

AIM's. A fully developed AP specifically the AIM model presented m EXPRESS 

language IS 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 descnbmg product data throughout the lifecycle 

of a product, mdependent from any particular system. The nature of this descnptlOn 

makes STEP SUitable not only for neutral file exchange, but also as a baSIS for 

Implementmg, shanng product databases, and arcluvmg (ISO IS 10303-1). The ISO 

Imtial Graphics Exchange Specification 

(IGES)(http·/Ielib.cme.nist gov/pub/mpde/stds/wh-Iges.html), a neutral data format for 

exchanging mformation 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 mtended to support data 

shanng and data archiving which IS more than supportmg 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 ItS own record of the product data m ItS own preferred format. The data conforrmng 

to STEP IS 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 simultaneously. STEP IS deSigned 

to support the interfaces between the smgle 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 itself. The product data of prime mterest in thIS case IS the mtegrated 

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 mterface to the archIve. As m product data shanng, the archItectural 

elements of STEP may be used to support the development of the archIved product data 

Itself. ArchIving reqUIres that the data confonmng to STEP for exchange purposes IS kept 

for use at some other tIme. This subsequent use may be through eIther 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 III a couple of fundamental assumptIons that 

shaped the architecture of STEP. SC4 assumed It IS unhkely that any organizatIOn would 

implement the entIre ISO 10303, due to its WIde scope. Therefore, the standard was 

diVIded mto parts, m order for organizations to Implement only the parts need to meet 

theIr requIrements. Another pnmary concept contnbutmg to the architecture IS that the 

content of the standard IS completely driven by mdustrial 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, 

apphcation-context-dependent speCIficatIOns (apphcatlOn protocols) are developed to 

satIsfy clearly defined industnal mfonnation requirements. The combmation of these two 

specificatIons enables aVOIding unnecessary duphcatlOn of data speCIficatIons between 

apphcation 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 shanng. The industnal requirements and concepts of 

reuse have contnbuted to the evolutIon of the archItecture over the past decade. The 

architectural components of STEP are reflected in the decompositIOn of the standard mto 

several senes of parts. The STEP document compOSItion was developed at the June 1989 

meeting of ISO TC 184/SC41WG 1 as a senes 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 descnbed as follows: 

STEP Document Architecture 
,-

Data Specifications 

Appllcallon Protocols 
. 

Parts 200-+ 

De'scrtptlon 
( ) Confonnance 

~ Application Interp reted Constructs ( ,Testlng 
, , 

. Methods 1 PlIrts 5001' , 
, ,. 

Part 11 , Integrated ResOurces : P.t31 
'< ':' General EXPRESS' . , 

"- ;' "'~ ~ " < . -, 
'_ 'Concepts' .' J !." 

Language , 
Reference 

. Appllcallon Resources 

Manual ~ Parts lOOt ' " Parts 32035 

. , Reqs for Test 

Generic Resources " 
Labs & Clients 

} Test Methods 
" Parts 41·99 for File & Data , , 

, . .. . access method , . 

. Parts~ 

Implementation Methods 
Abstract Test 

Port 21 Physical File, 
Suites 

Parts 22·29 Data access method , 

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

Description Methods: The first major component IS the descnptIon method series of 

STEP parts. DescnptlOn methods are common mechamsms for specifying the data 

constructs of STEP. DescnptIon 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 descnptIon 

methods mclude a graphical form of EXPRESS, a form for mstantiating EXPRESS 

models, and a mappmg 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 

techmques for the information structures specified by STEP data specifications intended 

for Implementation, application protocols CAP) Each STEP ImplementatIOn method 

defines the way m which the data constructs specified usmg STEP descnptIon methods 
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are mapped to that ImplementatIOn method. ThIs senes mcludes the physIcal file 

exchange structure (ISO 10303-21:1994), the Standard Data Access Interface (SDAI) 

(ISO 10303-22:1998), and Its language bmdmgs (ISO 10303-23(DIS); IS010303-24 

(CD); ISOI0303-26 (CD)) Implementation methods are standardized in the ISO 10303-

20 senes of parts. 

Conformance Testing: The thIrd major architectural component of STEP IS m support 

of confonnance testIng. Confonnance testing IS covered by two senes of the 10303 parts: 

confonnance testIng methodology and framework, and abstract test sUItes. The 

confonnance testIng methodology and framework senes of the 10303 parts provIde an 

explicIt framework for confonnance and other types of testIng as an Integral part of the 

standard. This methodology descnbes how testIng of ImplementatIOns of various STEP 

parts are accomplished. 

Data Specifications: The final major component of the STEP archItecture IS the data 

specIfications shown m Figure 3.6. There are four part senes of data specIfIcatIOns m the 

STEP documentatIOn structure, though conceptually there are three pnmary types of data 

specIfications: mtegrated resources, applicatIOn protocols, and application interpreted 

constructs All of the data specIfications are documented USIng the descnptlon methods. 
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Figure 3 6 STEP data speCification (Kernrnerer 1999) 

Integrated Resources' The integrated resources constitute a single, conceptual model 

for product data. The constructs wlthm the integrated resources are the basic semantic 

elements used for the descnptlon of any product at any stage of the product lifecycle. 

Although the mtegrated resources are used as the baSIS for developing applicatIOn 

protocols, they are not mtended for direct Implementation. They define reusable 

components mtended to be combmed and refined to meet a specific need. The integrated 

resources compnse two senes of parts, the mtegrated generic resources and the integrated 

application resources. The two senes have smular functIOn and fonn: they are the 

application, context-mdependent 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 mfonnation 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 arclutecture, and the STEP archItecture IS desIgned pnmanly to support and 

facIlItate developmg APs. Many of the components of an applIcatIOn protocol are 

mtended to document the application domain m applIcation specIfic terminology. 

ApplIcation protocols are standardized in the ISO 10303-200 senes of parts. 

Application Interpreted Constructs: ApplicatIOn mterpreted constructs (AICs) are data 

specIficatIOns that satIsfy a speCIfic product data need that arises m more than one 

applIcatIOn context. An applicatIOn mterpreted 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 infonnatlOn reqUIrements are compared 

semantically to detenrune functional equivalence that, If present, leads to specifying that 

functIOnal eqUIvalence wlthm a standardIzed AlC. This AlC would then be used by both 

applIcation protocols and avaIlable for future APs to use as well. STEP has a requirement 

for interoperabllIty between processors that share common infonnatlOn reqUIrements. A 

necessary condItIon for satlsfymg this reqUIrement IS a common data specificatIOn. 

ApplIcatIOn mterpreted constructs prOVIde thIS capabIlIty ApplicatIOn interpreted 

constructs are standardIzed m the ISO 10303-500 senes of parts. 

A new concept, "common resources" has appeared withm the STEP commumty, whIch IS 

aImed at maxiImzmg the re-use of eXIsting elements, eIther dIrectly within the data 

specIficatIOns, or by means of the development of "applIcation modules". Further 

mfonnatlon about the components of the standard; detatls of the components of the standard, 

and application modules (schema) of the ISO 10303 STEP standard on a page are available in 

(http I/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 lAPs IFC de facto Standard: Product Data Oriented Representation 

The InternatIOnal AllIance for InteroperabllIty (IAI) IS an mternatlonal consortIUm of 

regIOnal chapters regIstered and listed as non-for-profit orgamzatlOns In North Amenca, 

Umted KIngdom, Gennany, France, ScandinaVIa, Japan, SIngapore, Korea and AustralIa. 

Currently the !AI has about 650 membershIp orgamzatIons world-WIde, bemg 

constructIOn compames, engineering finns, bUIldIng owners and operators, software 

companIes, and academic mstltutlOns. The VISIOn of the !AI IS to prOVIde a universal 

80 



Chapter 3 Information Standardization for ConstructIOn 

basIs for process improvement and mfonnatlOn shanng m the constructton and faclhtles 

management mdustnes (IAI transp, 2001). The vIsIon is supported by the IAI's IlliSSlon 

statement that IS to define, promote and pubhsh the Industry FoundatIOn Classes (lFC), 

which IS a specIfication for shanng data throughout the project hfe cycle, globally, across 

dtsciphnes and across techmcal applicatIOns. More infonnatlOn about the IAI is avrulable 

at http IIwww.lai-internatlOnal.org. 

The lFCs are data sharing specIficatIOn, wntten m EXPRESS (ISO 10303-11:1994), a 

dedtcated fonnallanguage developed by ISO TC184/SC4 Contents accordmg to lFC are 

currently exchanged between lFC comphant software apphcatlOns usmg the Clear text 

encodtng of the exchange structure, the STEP phYSIcal file (ISO 10303-21:1994). The 

scope of the lFC speclficatton IS the project ltfe-cycle of constructIOn faclhttes, mcludmg 

all phases as Identtfied by genenc process protocols for the construction and faclhttes 

management mdustnes, such as demonstratmg the need, conceptIOn of need, outhne 

feaslblhty, substanttve feaslblhty study and outhne finanCIal authonty, outhne conceptual 

deSIgn, full conceptual deSIgn, co-ordmated design, procurement and full financIal 

authonty, production mfonnatlOn, construction, operation and maintenance. 

Development of lFC IS guided by versions and releases, whIch extend the scope 

successIvely. The processes supported by the current lFC2x speclficattons are outhne 

conceptual design, full conceptual design, co-ordmated design, procurement and full 

financial authonty, productIOn infonnatlOn, constructIOn, operation and maintenance. 

The target applicatIOns to exchange and share mfonnatton accordmg to lFC2x are' CAD 

Systems, RV AC design systems, Electncal deSIgn systems, Framework deSIgn and 

schedulmg systems, Structural analysis systems, Energy simulatton systems, Quanttty 

take-off systems, Cost esttmatlOn systems, ProductIOn scheduling systems, Clash

detectIOn systems, Product mfonnatton provIders, Steel and TImber frame construction 

systems, Prefabricatton systems, stand-alone vIsualisatIOn tools and others. Industry 

Foundattons Classes lFC2x have been endorsed by the ISO organisatton as the ISOIP AS 

16793 in November 2002. 

3.3.2.1 The IFC Model Architecture 

The lFC Model Architecture consIsts of the followmg layers and the organisation and 

relationshIps between the layers IS shown in figure 3.10: 
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• Resource Layer 

• Core Layer 

o Kernel 

o ExtensIOns 

• Interoperablhty Layer 

• Domam Layer 

Resource Layer: Resources can be charactenzed as general purpose or low level 

concepts or objects that are mdependent of applicatIOn or domain need but which rely on 

other classes m the model for their existence. For mstance, geometry is a widely used 

resource whose specificatIOn IS mdependent of the domam However, an object wlthm a 

domam must be defined before ItS geometry can eXist. Exceptions to tlus charactenzatJon 

mclude classes from the Utility and Measurement Resources that are used by other, 

higher-level resource classes. 

---------------------- ...... I 
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Figure 3.7 layering concepts of!FC architecture (!FC TG, 2000) 

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

provides the baSIC structure of the !FC 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 m Figure 3.11. 

The Core mcludes two levels of generalizallon: 

The Kernel: provides all the baSIC concepts reqUired for IFC models wlthm the scope of 

the current IFC Release. It also determmes the model structure and decompositIOn. 

Concepts defined wlthm the kernel are, necessanly, generalized to a high level. It also 

meludes 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 m which all other schema wlthm the model are developed (includmg 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 Kernel constructs are a mandatory part of all IFC ImplementatIOns. The 

Kernel IS the foundatIOn of the Core Model. Kernel classes may reference elasses m the 

Resource layer but may not reference those m the other parts of the Core or in higher

level model layers. 

Core Extensions' prOVide extension or speclahzallon of concepts defined m the Kernel. 

They are the first refinement layer for abstract Kernel constructs. More speCifically, they 

extend those constructs for use wlthm the AEC/FM mdustry. Each Core ExtenSIOn IS a 

specializatIOn of classes defined in the Kernel and develops further specialization of 

classes rooted m the IfcKernel. AdditIOnally, primary relatIOnships and roles are also 

defined withm the Core ExtenSIOns. A class defined wlthm a Core ExtenSIOn may be 

used or referenced by classes defined in the Interoperability or Domain layers, but not by 

a class wlthm the Kernel or m the Resource layer. References between Core Extensions 

have to be defined very carefully m a way that allows the selection of a singular Core 

ExtenSIOn without destroymg data integnty by mvalid external references. The goals for 

Core layer design are, defimtion of those concepts that are common to all parts of the 

model and that later can be refined and used by various mteroperabllity and domain 

models; pre-harmonizatlOn of domain models by providing the set of common concepts; 

and stable defimtlon of the object model foundatIOn to support upgrade companble IFC 

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

Interoperability Layer: The mam goal in the design of Interoperabihty Layer IS the 

provisIOn of schemata that define concepts (or classes) common to two or more domam 

models. These schemata enable interoperablhty between different domain models It IS at 

this layer that the Idea of a 'plug-m' model approach emerges. It is through the schemata 

defined at the Interoperabllity Layer that multtple domain models can be plugged into' 

the common IFC Core. The 'plug-In' approach also supports outsourcmg of the 

development of domam models. 

Domain Layer: Domam Models provide further model detail wlthm the scope 

reqUIrements for an AECIFM domain process or a type of application. Each IS a separate 

model that may use or reference any class defined m the Core and Independent Resource 

layers. Examples of Domain Models are Architecture, RV AC, 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 usmg a set of pnnclples goverrung Its 

orgamzatlOn and structure. These pnnclples focus on baSIC requirements and can be 

summanzed as (IFC TO, 2000): 

• Provide a modular structure to the model. 

• Provide a framework for sharing mformation between different dlsciphnes wlthm 

the AECIFM mdustry 

• Ease the continued maintenance and development of the model. 
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• 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 use a stnct referenCIng pnnciple. 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 contams the 

Kernel and several Core ExtensIOns. 

3. The third conceptual layer provides a set of modules defimng concepts or objects 

common across multiple application types or AEC Industry domaInS. This IS the 

Interoperabllity layer. 

4. FInally, the fourth and highest layer in the IFC Model IS the Domam layer It 

provides a set of modules tatlored for specific AEC industry domaIn or application 

type 

The architecture operates on a 'gravity pnnclple'. 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 

modulanty 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 In 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 harmomzed IFC DomaIn Models are directly connected to the Core defimtions. 

DomaIn Models that are not fully harmomzed have to prOVide appropnate connection to 

relevant IFC class definitions III order to use the IFC model framework. Such models 
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may be developed accordIng to dIfferent techmcal archltectures and methodologIes but 

Illlght need to be used In conjunction wIth the IFC model at some POInt. ThIs can be 

achIeved through the use of a connectIOn mechanism The maIn reqUIrements for 

connectIon are the faclhtatIon of: 

• Connection of externally developed, non-harmonized, Domain Models VIa a 

connectIon that provIdes a mappIng mechanism down to Core and Interoperabllity 

definItIOns. The defimtlOn of the connectIOn IS In the responslblhty of the DomaIn 

Model developer and is part of the Domain Model Layer. 

• Estabhshment of an inter-domam exchange mechanIsm above the Core to enable 

Interoperabllity across domaInS. This Includes a contaIner mechanIsm to package 

Information. Therefore a connectIOn is used where the definItIon of the connectIOn IS 

the responsIbIlity of all DomaIn Models that share ItS use. 

Connections are based on Core ExtenSIOn defimtlOns and enhance those Core ExtenSIOn 

defimtlOns. Those enhancements prOVIde common concepts for all DomaIn Models that 

Illlght further refine these concepts. As an example, the BUIlding Element prOVIdes the 

definItIon of a common wall, whereas the ArchItectural Domain Model will enhance thIS 

common wall WIth ItS pn vate sUbtypes and type defimtions. A connectIon that is used by 

several DomaIn Models therefore proVIdes a level of interoperablhty 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 capabIlity. 

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

ClassIfication IS a mechanism for categonsatlOn of mformatIon 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 Integrated constructIOn process based on computer aided product data 

modelhng (Ekholm, A. 1996). These processes requIre standardIsed ways of descnbing 

constructIon artefacts, and claSSIficatIOn IS a means to achIeve tlus. ClaSSIficatIon WIthIn 

the construction sector is based on pragmatic tradItion and national needs, but 

mternatlOnally applIcable claSSIfication tables must be founded on a neutral conceptual 
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framework (Ekholm, 1996). The ISO Technical Report 14177 "ClassIficatIOn of 

mformatlOn m the construction mdustry" lUms at provHlmg such a framework. The ISO 

Techmcal Report 14177 "ClaSSIficatIOn of information m the constructIOn mdustry" (ISO 

1994 a) IS results of work Wlthm ISOrrC59/SC13, a working committee of the 

internatIOnal Standardisation OrgamsatlOn, wIth the objective to develop pnnclples for 

the budding sector's classIfication system. The baSIC concepts m construction works 

classificatIOn wlthm the ISO Techmcal Report that are of mterest in the design, 

construction and management processes are as follows: 

Facility or construction works: A bUlldmg is defined as: "a type of faCIlity compnsing 

partially or totally enclosed spaces and provldmg 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 

mstallatlon, and c) function with an envIronmental agent, and the fourth, d), is based on 

mtnnslc properties Intnnsic properties of the last category are load-beanng, enclosmg, 

servlcmg, and spatial properties of the faCIlity. These propertIes are used to support 

different kinds of functIOns. 

A construction work: It is an artIfiCIal system, budt for a purpose, It has a static ground 

constructIOn, and relations to the environment like the surroundmg nature and users. A 

construction work, as a whole, IS a system of mteractmg parts, whIch may be divided mto 

three mlUn functional groups, load-beanng, enclosure (agamst for example climate and 

mtruders), and servicing. Construction work parts mteract and constitute systems of 

dIfferent kinds wIth new functions. 

Space: a space IS an object with certlUn geometncal enclosing propertIes and that It can 

have a function Spaces are defined as "Three dimensional spaces wlthm and around 

bUlldmgs and other facilities, bounded actually or theoretically". The attnbutes m 

claSSIficatIOn tables for spaces, represent functIOns in relation eIther to the users e g. 

"lavatory" and "dlmng-room", or a kind of mstallatlon e g. "boder-room", or an external 

agent actmg on the faCIlity e.g. "ram" -shed. A spatial relatIOn IS a non-bonding 

separation relation among objects, and space IS a set of spatially related objects. Spaces 

m a building are made up of budding parts. These parts have spatial relations that 

constitute a SUItable envIronment for user activIties and objects Characteristic for spaces 

m bUlldmgs are their enclosing properties. 
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Element: It IS "A physical part or system of a facility with a characteristic functIOn (e g. 

enclosmg, fumlshmg or servlcmg bUlldmg spaces), defined without regard to the type of 

technical solutlon or the method or form of constructIOn". The elements of a system are 

identified through a "top-down", functlonal, view. Three major kInds of elements 

accordmg to the report are structure/enclosure elements; services engmeenng elements; 

and fixtures/eqUipment elements. 

Designed element: IS an element for which a "technical solution and form of 

construction" have been defined. For example, an "enclosure" element may be designed 

as a constructIOn of gypsum board and studs, and then It IS defined as a designed element. 

The concept of designed element IS of Importance for cost mformatlOn and product 

modelling since It mcludes both functIOnal and matenal properties. 

Work section: It 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 dunng the production phase". Accordmg to the defimtion, the concept 

work section has reference to the constructIOn work part and ItS assembly. A work 

sectIOn IS a construction result charactensed by the used construction products, and their 

matenal substance, and the production activity. a work sectIOn IS a "bottom-up" or 

composltlonal view of a phYSical part of a construction work. 

Production activity: uses resources and produces results. The resources are construction 

products, construction ruds and human effort (labour and thought), the results are both 

phYSical parts of constructIOn works and other thmgs or processes necessary dunng 

productIOn Production actiVIties are particular skIlls and methods m work, which 

transforms and assembles particular constructIOn products mto so called "work sections", 

results. The rum of the production activity IS to achieve work sections with "element" 

properties. 

Construction product: they are defined as: "Products, components and 'kIts of parts' 

mcorporated or intended for mcorporatlOn into facilities, includmg furniture and 

equipment". Construction products are thmgs 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 mternal structure, the rnrun difference IS 

that the former IS produced on site while the latter IS produced "off site" with the 

mtention to be assembled on the site. 
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Construction aids: are defined as "Scaffolding, formwork, machines and tools 

(including requlfed 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 attnbutes can be of use for "internal arrangement of 

techmcal documents, structunng of product data bases, structunng of other classification 

tables accordmg to pnmary attnbutes, and defimtion of reqUirements for projects and 

resources generally". The attnbutes represent factual or phenomenal and Intnnsic or 

mutual properties that the constructIOn work has either by Itself or m relation to some 

other thmg, for example a user or a reference frame. The types of attnbutes that are of 

Interest to the constructIOn Industry are: performance, functIOn, shape, locatIOn, matenal, 

pnce, and productIOn nme. 

3.3.3.1 Conceptual Schema of Construction Works 

Figure 3.12 shows a schema presented m the ISO Technical Report that relates basIc 

concepts for descnbmg constructIOn works. The schema shows a level order with 

bUildings In the highest level followed by the levels of elements, work secnons and 

constructIOn products m successively lower levels. These are all seen as produced 

phYSical objects with examples of different attnbutes lIsted. The schema IS developed 

according to the NIAM informanon modellIng techmque (Nljssen GM. and Halpln T.A, 

1989) 
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Figure 3 9 Schema in the ISO Technical Report relatmg basic constructIOn informatIOn concepts (ISO Technical Report 14177) 
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Figure 3.13 shows a conceptual schema for constructIOn works that relates some of the 

basIc concepts discussed In the ISO Technical Report 14177. This schema is presented In 

EXPRESS-G, a graphical notation techmque of the EXPRESS InformatIOn modellIng 

language. The construction artefacts are produced In 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 Its environment, for example the site and the users The Classification of construction 

works Technical Report has been endorsed by the ISO organisatIOn as the ISOIP AS 

12006 In 2000. 
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Figure 3 10 Level order and main properties of constructIOn works (source:Ekholm, A. 1996). 
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3.3.4 Other Standardization Developments 

Adrutlonally, many other standarruzatlon efforts and developments have been underway 

(Froese. T , 1994): 

• Several large pan-European research projects such as ATI..AS, COMBINE, 

CIMSTEEL, COMBI, PISA, etc., are involved In developing integrated systems 

for the AEC industry, which may contnbute to information standards. 

• Several of the standarruzation efforts address informatIOn about the construction 

process In 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 IS 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 descnbe project 

information and the relations among them. 

• Work IS also being carried out In the standardizatIOn of informatIOn relating to 

document management for construction. The rum is to allow consistent access to 

and information about various construction documents, which mayor may not be 

stored electronically. 

• An ISO committee (TCIO/SC8IWG 13) is developmg an internatIOnal standard for 

the use of layers in computer-aided draftmg (CAD) for constructIOn. Their current 

proposal is that Inruvlduallayers should be identified in terms of three mandatory 

information categones agent (the party responSible), construction element (type 

of component), and graphical element (colours, hatching, etc.) as well as four 

optIOnal categones status (e g., existing structure to be demolished, new structure, 

etc.), time segment, space segment (locatIOn), and a user-defined category. 

• Froese (1994) also has summarJsed VarJous aspects of standards for informatIOn 

exchange in the construction Industry that was the focus of ruscusslOn in "the 

standarruzatlon of information structures In the constructIOn Industry" workshop 

held at the Royal Institute of Technology, Stockholm, on April 6-7, 1994. 
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Figure 3 11 PortIOns of an mformation model for AEC projects (adapted from Froese 1994). 

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 m many different types of standards. In thiS section some 

of the avrulable types of standards for construction 10dustry that can be found m the 

Internet are presented including bnef descnptlons of their nature, use and ongin. 

AdilltlOnally, A very comprehensive list of current and recent projects on standardization 

and 1OformatlOn standards Initiatives is available at: 

http IIwww.clcaorg.uklconstructlon_IT_standards_links html. 

CITE, Construction Industry Trading Electronically: CITE has developed a range of 

data exchange standards. These include enqumes, orders, invoices, and bills of 

quantities, valuatlOns, and project information. CITE has also developed XML standards 

based upon eXlst10g 1Otemational data standards, to allow companies across the 

construction 10dustry to access the XML benefits. (http://www.cite.org.ukl 

Industry Foundation Classes (IFC's): are classes of objects m an agreed manner that 

enables the development of a common language for construction for Interoperabllity 

runong AECIFM software applications across the doma1Os. These classes provide a 
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universal basis for process Improvement and "product related mformatlOn" shanng m the 

construction and facIlItIes management industnes The first Chapter of the International 

AllIance for InteroperabllIty was set up in North Amenca m June 1995, the UK Chapter 

m January 1996. http://www.lru-mtematlOnal 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 IS 

synonymous WIth the DWG format. 

Coordinated Project Information (CPI): thIS IS for coordmatJon of contract 

documents. Standards (BPIC, 19987) UK approach for cross-referencmg between the 

documents for mtegratlOn of the sUIte: 

• Drawings to SpeCIficatIons 

• BIlls to SpeCIfications 

• Not spec to drawmgs 

• 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 IS focused on construction products, resources, work 

methods and regulatIOns. ThIS new commUnIcation technology rums to proVIde the 

industry wIth a powerful but low cost communicatIon mfrastructure that support e

bUlsness between clIents, archItects and engmeers, supplIers (of components, systems 

and services), contractors and sub contractors. It WIll integrate WIth e-commerce and 

design I engIneering applicatIOns and support VIrtual constructIon enterpnses over the 

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

aecXML: thIS IS XML based language for representIng mformation m the AEC industry 

and facilItate mformation exchange on the Internet. The mformatlOn may be resources 

such as projects, documents, matenals, parts, organizations, profeSSIOnals or activities 

such as proposals, deSIgn, estImatIng, schedulIng and constructIon. ThIS InItIatIve IS 

allIed to the IAI and the aim is to bring IT to bUIlding design, constructIOn and operation 

and, to develop an envlromnent m 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 resldmg. 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 I 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 initIative was established to 

develop a technical framework that wIll enable XML to be utilIsed In a consistent manner 

for the exchange of all electronIc 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 accredItatlOns for handling business-to-business and bUSiness to 

Government e-Commerce, euro complIance and VAT handlIng. (Http://194.164.46.551). 

CIMsteel Integration Standards (CIS): Standard object definItIOns for structural 

steelwork. These define how data IS represented, shared, and managed between the 

myriad of software applIcatIOns used In the structural steelwork Industry. CIS/2 IS an 

extended and enhanced second-generatIon release of the CIMsteel Integration Standards 

(CIS), CIS/2 has been developed to faCIlItate a more Integrated method of workIng 

through the shanng and management of informatIon WIthin and between companIes 

Involved in the plannIng, design, analysIs and construction of steel framed bUIldIngs and 

snnIlar structures. As thIS new method of workIng IS lIkely to evolve gradually, the 

standards may be implemented In vanous degrees of compleXIty, from basic file 

exchange through to advanced implementatIon In a Database Management System 

(DBMS). For detaIled InformatIon on CIS Refer to CIS/2 by STEP (ISO 10303) and 

http://www.cls2.org 

AP225 (STEP): Standard object definItIOns for the exchange of bUIldIng component 

geometry (ISO 1995). AP225 IS aImed at representing bUIldIngs as assemblies of 

elements e.g., beams, columns, Windows, etc. along with the explIcit (I.e., non

parametnc) 3D geometry of each element and some addItIonal information such as 

matenal properties, bUIldIng 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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COlrumttee Draft stage in January 1996. Expenmental ImplementatIOns have been 

completed that exchange complex bUlldmg CAD models between heterogeneous CAD 

systems 

STEP CDS 2D (STEP): 2D drawmg exchange for constructIOn object based exchange to 
manage mformatlOn 

IFCXML: IFC m XML format. The goal of thIS project (the ifcXML extraction and 

evaluation proJect) IS the provision of the mternatlOnally agreed content and structure of 

the IFC2x specIfication (and any valtd 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 wlthm XML based InIUaUves for data 

exchange and shanng m the construction and FM mdustnes (Http://www.iai.org.uk) 

EDIFACT: ebXML IS developed from EDIFACT. Electronic data mterchange (EDI) is 

the electronic transfer of busmess data from one mdependent computer system to another 

using agreed upon standards of data format. In order to implement BDI within an 

mdustry, there must be well-defined standards and protocols for each type of message 

that can be exchanged. Orgamzatlons have been establtshed to create these standards, 

mcludmg the followmg: 

• UNIEDIFACT: overall orgamzation for establtshIng EDI, aJomt sub-group of the 

UNIECEIWP.4/GE.1 and ISOITC154. EDIFACT boards eXIst for Western 

Europe, Eastern Europe, North Amenca, AustralialNew Zealand, 

J apanlSingapore, and Afnca. 

• JM7: world-wIde construction group withIn UNIEDIFACT. 

• EDmUll.D: a Pan-European EDI user's group for the construcUon mdustry that 

looks at usage Issues such as busmess requirements, Implementation Issues, 

ltaison with other sectors, and trial use 

• MD5: the technical body wIthin the Western European BDIFACT Board 

responsIble for message development and mamtenance for the construcUon 

mdustry. 

• CIAG, Construction Industry Action Group, a users group for EDI wIthIn the 

construction mdustry in North Amenca. 

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

ThIs chapter presented a hterature revIew on Industrial informatIOn standardIsatIOn, 

including the efforts, developments and outcomes and information representatIOn and 

modelling methodologies used In the process of standardisatIOn AdditIOnally some of the 

avaIlable types of standards In the construction envIronment are bnefly revIewed and 

summansed In table 1.3. 

hlformatlon standards provIde a neutral representatIOn or language through which 

accurate meaningful informatIOn can be exchanged between users of Integrated computer 

apphcatlons. 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 In 

these developments and efforts. However the process aspects of projects informatIOn has 

not received enough attention to date. hi some of these efforts such as the IAI's IFCs' 

target applicatIOns Include software packages, which deal WIth management of process 

Information such as cost estimating and scheduhng and planning. hi the IFC models the 

integratIOn of information related to process IS based on the connectIOn between the 

processes and product data that is from viewpOint 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. 

hi adchtlOn to phYSIcal informatIOn about bUllchngs, the hldustry FoundatIOn Classes 

(IFCs) tend to represent project management informatIOn such as estimating and 

scheduhng data. The IFCs have Included some project management-related objects since 

theIr Initial Release, In adchtlon to the core concepts relating to the project management 

portIOns of the IFC, a signIficant 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) Domam Group of the IAI North Amencan Chapter (IAI NA PM) 

held a workshop to conducted trials of the project management portions of the IFCs In 

February 1999 (T. Froese, et al., 1999.) to test how well the IFCs represent the cost 
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esnmatmg and schedulmg mfonnation and evaluate the current IFC models as they relate 

to the project management tasks of estImating and scheduhng (Clayton et al 1998). Fonn 

thIS exercIse It was Identified that changes of class names between versIOns (from IFC 

Release 1.5.1 to IFC Release 2.0 Beta) were mevltable resultIng confusIOn and reqUIred 

redundant work during the ImplementatIon of the PM test case. 

The infonnatlOn modelling methodologIes prOVIde the baSIS for the mfonnatIon 

standanhsatlOn process by documentmg the aspects of infonnation that are the target m 

the standards development. Hence standards based on product models may not facihtate 

the complete exchange of constructIon projects infonnatIon and no hterature to date has 

stated that these standards can support the exchange of the entIre aspects of projects 

mfonnation As a result the need for process mfonnatlOn standards that would 

complement the product model based InItiatives for interoperablhty of software 

applicatIOns in the construction industry become important. Hence a need for appropriate 

process mfonnatlOn modelhng methodology that IS capable of documentmg all the 

necessary process aspects of projects that are necessary for specifymg constructIon 

processes proVIde the baSIS m the process of standarchsmg process mfonnatlOn 

representatIons. 

EXIstIng modelling methodologIes support the representatIon of chfferent aspects of 

projects. ThIs Imphes that there wIll be a need for the use of combinatIon of the eXlstmg 

modelhng methodologies to support a completed representation of the projects 

infonnatIon otherwise the development of chfferent standards for chfferent aspects of 

projects mfonnatlOn WIll contmue. ThIS is because the use of chfferent standards for 

example product data and process infonnation standards by organIsatIOns could be 

expensIve compared to the tradItIonal method of work. Therefore, there is a need for 

these standards to merge or find a way for one standard to incorporate all the mfonnatIon 

need to be exchanged between software applicatIOns of organisatIOns of an industry. 

The aim of thIS research study IS to IdentIfy and study the process aspects of constructIon 

projects infonnatIon, as a first step by targetIng infonnation withm the pre-constructIon 

process stages, and based on eXlstmg standards and standardisation efforts to develop a 

mechanIsm that would comphment the product model data exchange approaches for 

construction software mteroperablhty. 
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Name of standard Scope Target Applications DomaIns ApplicalIons Description Standardisation 
Methods 

ISO 10303 STEP lndustnal automation Informallon systems, machmes Enterpnse modelhng. enterpnse Manufacturmg and EXPRESS (ISO Conceptual model 
and mtegratlon and equlpments and archItecture, commURlcatlOns and process mdustnes 10303-11 1994) 

telecommuDtcanons processes, integration of tndustnal data IDEFO 
for exchange, access and shanng. hfe 
cycle data for process plants, 
manufacturing management, mechamcal 
mterfaces and programmmg methods, part 
hbranes, phYSical device control, process 
specificatIon language, product data. and 
robots for manufactunngenvlronment 

Industry foundation AECiI'M CAD Systems, HV AC design Project hfe cycle, globally, across ConstructIOn and EXPRESS (ISO Conceptual model 
Classes (IFC) systems, Electncal design disciplines and aCross techmcal faclittles 10303-11 1994) 

systems, Framework deSign and apphcanons management IDEFO 
scbedulmg systems, Structural Industnes 
analysIs systems. Energy 
slmulanon systems, Quanttty 
take-off systems. Cost 
esbmanon systems, Producbon 
scheduhng systems, Clash-
detectton systems, Product 
mformatton providers. Steel and 
TImber frame constructton 
systems, Prefabncatton systems. 
stand-alone vlsuahsatton 

ISO TC59, 1993 ConstructIOn projects Construcnon NIAM mfonnatton Categonsauon and 
Classification of mformatton Industry modelhng techmque c1asslficatton 
Infonnatton ID the 
Construchon Jndustrv 
Data Interchange Format Cad applications Data fonnat 
(DXP) 
Butldmg Construction DesIgn I engmeenng e-bUlsness between clients. Construction Construction products, 
eXtensible Mark-up apphcatlons and virtual arclutects and engineers, Industry resources. work 
Language (BcXML) construction enterpnses suppliers (of components. methods and 

systems and services). regulauons 
contractors and sub contractors 

aecXML Butldmg deSign. proposals, deSIgn. estnnatlOg. AEC mdustry 
ConstructIOn and scheduhng and construction 
operation 

CIMsteellntegratlon Planmng, deSign, Software appbcatlons ID the Standard object 
Standards (CIS) analysIs and constructton structural steelwork tndustry defimtlons for structural 

of steel framed butldtngs steelwork 
and slO11lar structures 

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 m the manufactunng operations matured (Schlenoff, 

et al. 1999), and the capabIlity of software applIcations to mteroperate became 

mcreasmgly Important, motIvated by the growmg need to interoperate process related 

manufactunng applIcatIOns, a Process SpeCIfication Language (PSL) was developed, at 

National InstItute of Standards and Technology (NIST), for process mformatIon 

exchange between multiple manufactunng process related applications such as process 

modellIng, process plannIng, schedulIng, simulatIOn, workflow, project management, and 

busmess process re-engmeenng tools by translatmg between theIr natIve format and PSL. 

The Process SpecIficatIOn Language (PSL) Project at NIST IS organIzed under the 

Manufactunng Systems Integration DiVISIon (MSID). For many years MSID has been 

involved in the definItIOn of a neutral representatIOn of product data that was realIzed 

recently through the STEP standard (http://www.mel.nIst.gov/psll). WIth that effort well 

underway, the representation of manufactunng process became another candIdate area of 

focus LIke product data, process data is also used throughout the lIfe cycle of a product, 

from early mdlcatIons of manufactunng process flagged dunng design, through process 

plannIng, valIdation, productIOn schedulmg and control. In adilltIon, the notion of 

process also underlies the entire manufacturing cycle, coordmatIng the workflow withm 

engIneering and shop floor manufacturing. 

The PSL project at the National Institute of Standards and Technology (NIST) has been 

addressing the Issue of software interoperabllIty difficulties by creating a neutral, 

standard language for process specificatIon to serve as an mterlIngua to mtegrate multIple 

process-related applIcatIOns throughout the manufacturing hfe cycle. This interchange 

language is unIque due to the formal semantic definItions (the ontology) that underlie the 

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

Format (KIF) (Genesereth, M., Fikes, R, 1992), to elIrmnate the ambIgUIty usually 

encountered when exchanging information among dIsparate applications. Because of 
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these explIcIt and unambIguous defimtlOns, infonnatJon exchange can be achIeved 

wIthout relymg on hidden assumptIOns or subjectJve mappmgs. Following a brief look at 

the scope and goals of the language a lIterature review of the development and 

components of PSL IS presented m the followmg 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, mcludmg all processes m the desIgn 

and manufactunng lIfe cycle. Business processes and manufactunng engmeenng 

processes are mcluded m thIs work both to ascertam common aspects for process 

specIficatIOn and to acknowledge the current and future mtegration of business and 

engmeenng functIons. 

4.3 Goal of PSL 

The goal of PSL IS to create a process interchange language that IS 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 infonnation for any gIven 

appiIcatlOn. ThIs representation would faCIlItate commumcatlon among the vanous 

appiIcatlOns because they would all have a common understanding of concepts to be 

shared. A good analogy is that PSL IS for discrete process data as STEP (ISO 10303, the 

Standard for the Exchange of Product Model Data) IS for product data exchange between 

multiple applIcatIOns. 

Although the ultImate goal of PSL IS for infonnatlOn exchange there are a number of 

chfferent opinions regardmg other ways in which It could be used (Schlenoff. C., 1999). 

these mclude: The high level concepts of PSL could be used to model process m multIple 

domams and mtegrate multIple domams at hIghest level of process. In adchtlon, the goal 

of this project IS to create a "process specification language", not a "process 

charactenzation language". The definition of a process specIfication language is a 

language WIth which to specIfy a process or a flow of processes, mcluchng supportmg 

parameters and settmgs. This may be done for prescnptIve or descnptIve purposes and IS 

composed of ontology and one or more presentatIOns. ThIS is dIfferent from a" process 

charactenzation language". which referred to as a language descnbmg the behavIOUrs 
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and capabilIties of a process independent of any specific application. For example, the 

dynarmc or kinematics properties of a process mdependent of a speCific process can be 

included m this charactenzatlOn language. 

4.4 PSL Related Works 

PSL IS a neutral language for process specificatIOn 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 IS related to, 

and m many cases has been working closely with, many other efforts. These mclude 

individual efforts (those mvolvmg only a single company or acadelTIlc 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 Enterpnse 

Ontology Project (Uschold, M., et. aI., 1996), and the Core Plan RepresentatIOn (CPR) 

Project (Pease, A., 1998) In addition, the PSL project IS m close collaboration with 

vanous projects (those that involve numerous companies or academic mstltutlons) such 

as Shared Plannmg and Activity RepresentatIOn (SPAR) Project (Tate, A ,), the 

WorkFIow Management Coalition (WfMC) (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 mformatlon models to 

facilitate process specificatIOn and to transfer thiS mformation to process control. PSL 

project, which could be Viewed as a spm-off of the ALPS, IS a project With a goal to take 

a much deeper look mto the issues of process speCification and explore these issues in a 

much broader set of manufactunng domains. 

The TOVE project provides a genenc, reusable data model that prOVides a shared 

terminology for the enterprise that each agent can jomtly understand and use. The goal of 

Enterpnse Ontology project is to provide "a collection of terms and defimtlons relevant 

to business enterpnses to enable coping With a fast changmg environment through 

Improved business planning, greater fleXibilIty, more effective communicatIOn and 

mtegratlon". While both TOVE and the Enterpnse Ontology focus on busmess processes, 

there are common semantic concepts in both these projects and the manufactunng 

process focused PSL. 
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The aim of CPR project IS to develop a model that supports the representation needs of 

many dJfferent military plannmg systems The SPAR project is an ARPI (ARPA 

(Advanced Research Projects Agency)lRome Laboratory Planmng Imtlatlve) funded 

project whose goal IS snmlar to CPR. Both of these projects are slfmlar 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 

rrulItary plans and processes 

While, PSL solely focused on developmg a neutral representatIOn for exchangmg 

manufactunng process mfonnatlOn, PIP (Lee, J., et al, 1996) IS an mterchange fonnat 

based upon fonnally defined semantic concepts, like PSL. However, unlike PSL, PIP IS 

focused on modehng busmess processes and offers a single, syntactical presentation, the 

BNF (Backus-Naur Fonnat) specification of the Ontolmgua Fra!fle syntax. It was found 

that many of the concepts need to be represented were exactly the Sa!fle and that the lines 

between business and manufactunng were very hazy. As a result, PIP 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 IS to Identify the charactenstlcs, tenmnology, and components to enable 

the development and mteroperabilIty of workflow specifications. Although the area of 

workflow is wlthm 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 descnbed above, there have been other, prevIOus efforts aimed 

at creating process representations focusing specifically on various representational areas 

or on different functIOnality. For eXa!flple, representatIOnal areas such as workflow, 

process planmng, artifiCial mtellIgence planning, and busmess process re-engmeenng 

have had representatIOns developed focusmg solely on their respective areas. Equally 

important to the representational area in wluch the representations are being developed IS 

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 mternal representations for software packages, to 

those which are used as a neutral representation to enable mtegratlon. The process 
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representatIOns that resulted from many of these efforts were analysed m the second 

phase of the PSL proJect. A samplIng of some of these eXlstmg process representatIOns IS 

shown m Figure 4.1 and detlllled informatIOn about the representations can be found in 

lIterature (KnutIlla, A , et al , 1998) 

4.5 Development of PSL 

The PSL development approach mvolved five phases: reqUIrements gathenng, existmg 

process representatIOn analYSIS, language creation, pIlot ImplementatIOn and valIdatIOn, 

and sublIDsslOn as a candidate standard. 

The completIOn of the first phase resulted m a comprehensive set of reqUIrements for 

speclfymg manufacturing processes (Schlenoff et al. 96) that were grouped mto four 

major groups: the core, outer core, extensIOns and applIcations speCIfic as descnbed 

bnefly below: 

Core The most basic, essentJal reqUIrements mherent to all processes. To represent 

process, It is either cntical that these requirements be mcluded, or these requirements are 

so common that every applIcation eIther explICItly or ImplICItly uses them. WhIle all 

processes contain core reqUIrements, the core requIrements prOVIde the basis for 

representmg only the sImplest of processes, e g , resource, and task. 

Outer Core: The pervasive, but not essentJal, reqUIrements for describmg processes 

common to most applications, e.g , temporal constrlllnts, resource groupmg, altematJve 

tasks. 

Extensions: The groupings of related requirements, common to some, but not all, 

applIcatJons that together provIde an added functIOnality. Although the reqUIrements 

listed wIthin the extensIOns are not mherently necessary for representJng processes, they 

are useful dunng Implementation to prOVIde theIr respective functionalIty. They are 

mcluded here because the PSL must be able to represent mformatJon that WIll ultJmately 

allow thIS functionality. The six extensions are AdlIDmstratJvelBusmess, 

PlanmngfSchedulIngfQuallty/AnalySlS, Real-TlmelDynamic, Process Intent, Aggregate 

ResourceslProcesses, and StochastJcs/Statistics. 

Application Specific: These are requirements only relevant wlthm speCIfic applicatJons, 

e g., dynanuc rescheduling for the productIOn-scheduling envIronment. 
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These process specification reqUirements provided the context for analysing eXlstmg 

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 appltcabiltty for representing the set of manufacturing process 

specification requirements Identified and gathered m the first phase of the project 

(Knutllla, A., et al , 1998). 

The objectives for analysmg eXisting approaches for representmg process mcluded: 

• Gam an Improved understandmg of eXisting approaches for representing process 

• Identify how process specification requirements are represented wlthm eXisting 

approaches 

• Determine the strengths and lnnitations of existmg approaches 

• Identify the existing 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-onented) provide 

the best coverage of all requirements 

• Determine the completeness of process specificatIOn reqUirements Identified m the 

first phase 

• Refine the techmcal approach for developmg a process specification language 

• Identify the need as well as the candidates for PSL semantic concepts and their 
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Figure 4.1 A Sampling of EXIstmg Process Representations (source: Knutllla, A, et aI, 1998) 

4.5.1 PSL Implementations in Manufacturing Scenarios 

Form the analysis of process representations It was concluded that nearly all of the 

representatIOns studied focused on the syntax of process speCification rather than the 

meamng of terms, the semantics. Whtle thiS is suffiCient for exchangmg mformation 

between applications of the same type, such as process planning, different types of 

apphcations associate different meanings With slO11lar 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 Ftkes, 1992) became the thIrd 

important phase in the project. Based on the ontology developed to define exphclt1y and 

clearly the concepts mtnnslc to manufacturing process information, PSL was used to 

mtegrate two manufacturing process apphcatlons: the ProCAP (KN098) IDEF3 

(MA Y95) based process modellmg and ILOG Scheduler 4 3 (lL098) m the first pilot 

Implementation of PSL (Schlenoff, et al. 1999) ofthe 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 InItial PSL ontology 

was developed usmg a single scenano, the EDAPS (ElectromechanIcal DesIgn and 

Plannmg System) scenario developed by Steve Sffilth at the UniversIty of Maryland 

(Sffilth at aI., 1996). The concepts mtroduced m that scenario were defined and modeled 

wlthm PSL and later extended as other scenanos were explored. The PSL ontology was 

then further expanded to incorporate the concepts introduced in vanous 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 wlthm the language. 

4.6 Semantics of Process Representations 

In the second phase of PSL project (Knutilla, A., et ai, 1998) from the analysis of twenty 

SIX process representatIOns it was concluded that almost all eXIsting approaches to 

process modellIng lack an adequate specIficatIOn of the semantIcs of the process 

termmology, whIch leads to mconslstent mterpretatlOns and uses of informatIOn. Hence, 

models tend to be unIque 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 

tenrunology of theIr process models. For example, Figure 4.2 depIcts (Schlenoff, et al. 

2000) a sItuation m which two existing process-plannIng applIcatIOns are attempting to 

exchange data. IntUItIvely the applications can share concepts; for example, both 

material m ApplicatIon A and work-pIece m ApplIcatIOn B correspond to a common 

concept of work-in-progress. However, without explIcit definItIons for the terms, It IS 

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 tlus term has a 

different meanmg. SImply sharing tenrunology is msufficlent to support interoperabllIty; 

the applIcatIons must share their semantICS, i.e., the meaning of their respective 

terminologIes. 
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Process-Related 
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MATERIAL -- - - Work In Progress - -- WORKPIECE 
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Material RESOURCE 

Machme ---- - MACHINE TOOL 

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

A ngorous foundatIOn to the solution of such problem IS the development of a fonnal 

specIficatIOn of the semantics of process models. One approach to generatmg thIS 

speCIfication IS through the use of ontology. An ontology IS a fonnal descnptlon of the 

entities withm a gIven domam: the properties they possess, the relationships they stand 

m, the constramts 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 rustmctlons among concepts m different domams, which aids m the 

translatIOn process. PSL was developed to address thIS issue by creating neutral standard 

language for speclfymg processes to mtegrate multIple process related apphcations. 

4.7 The State ofPSL: PSL Ontology 

PSL IS mtended to mclude a default interchange language that manufactunng can use to 

exchange process infonnation between process related applications. Currently, 

(http'lIwww mel.nist.gov/psll) efforts have focused on developing the PSL data model 

that referred to as an ontology, which defines the meamng of the process-related tenns m 

the language Therefore, as PSL stands now, It IS more appropnate to refer to It as an 

ontology or a data model, which incorporates a syntax and grammar speCIfication to 

make It a language. 

An ontology IS a leXicon of specialIzed tenrunology along WIth some speCIfication of the 

meamng of tenns m the leXIcon. The pnmary component of PSL is ontology designed to 

represent the pnrmtlve concepts that, accordmg to PSL, are adequate for descnbing basic 
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manufactunng, engIneenng, and busIness processes and It IS another aspect that makes 

PSL unIque. 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 IS an 

agreement on the meaning of the termInology. It IS the Intended semantics of the terms 

that IS beIng shared, not sImply the terms. 

The challenge IS that a framework IS needed for makIng the meanIng of the termmologIes 

for ontologIes explIcIt. Any IntUItIOns that are implicIt are a possIble source of ambIguIty 

and confUSIOn. For the PSL ontology, It IS necessary to provide a rigorous mathematIcal 

charactenzation 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 

• Proof theory 

4.7.1 The Language 

A language IS a leXIcon (a set of symbols) and a grammar that IS 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 quantIfiers) 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 I-place predtcates 'activIty', 'actIvity

occurrence', 'obJect', and 'tImep0Int' for the four primary lands of entIty In the baSIC 

PSL ontology, the functIOn symbols begmof and endof that return the tImepoInts at 

which an actiVIty begins and ends, respectlYely, and the 2-place predicates Is-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 IS that of KIF (Knowledge Interchange Format). 

BnefJy stated, KIF (Genesereth, M , FIkes. R, 1992) is a formal language based on first

order lOgIC developed for the exchange of knowledge among dtfferent computer 
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programs wllh ciJsparate representatIons. KIF provIdes the level of ngor necessary to 

define concepts in the ontology unambiguously, a necessary charactenstlc to exchange 

manufactunng process mfonnatlOn usmg the PSL Ontology. 

4.7.2 Model Theory 

The model theory of PSL provides a ngorous, abstract mathematIcal characterizatIon of 

the semantIcs, or meamng, of the language of PSL an abstract representatIon of the 

primitIve concepts of PSL. ThIS representation IS typIcally a set WIth some additIonal 

structure (e.g., a partial ordering, lattIce, or vector space). The model theory then defines 

meanings for the tenrunology and a notIOn of truth for sentences of the language m tenns 

of thIS model. Given a model theory, the underlymg theory of the mathematIcal 

structures used m the theory then becomes aVaIlable as a basIS for reasomng about the 

concepts intended by the tenns of the PSL language and theIr logIcal relatIonships, so 

that the set of models constItutes the fonnal semantIcs of the ontology. 

4.7.3 Proof Theory 

The proof theory of PSL IS 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 IS a set of axIOms wntten in the basic language of PSL. The 

PSL core axIOms prOVIde a syntactIc representatIon of the PSL model theory, m that they 

are sound and complete WIth regard to the model theory That IS to say, every axIOm IS 

true m 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 den ved 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 tenns in the PSL language. 

F oundational Theories· the purpose of PSL Core IS to axlOmatIze a set of intuitive 

semantic prirrutIves that IS adequate for descnbmg baSIC processes. Consequently, Its 

characterizatIon of them does not make many assumptIOns about theIr nature beyond 

what IS needed for descnbmg those processes. The advantage of thIS is that the account 

of processes ImpliCIt in PSL core is relatively straightforward and uncontroversIal. 

However, a corresponciJng lIabIlIty IS that the Core IS rather weak in tenns 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 descnbe an mcreasingly broader range of 

processes m mcreasmgly finer detail. (AuxIliary notIOns are axlOmatIzed m PSL 

extensions) For this reason, PSL mcludes one or more foundational theones. A 

foundatlOnal theory is a theory whose expressive power is sufficient for gIving precIse 

defimtions of, or axiomatizatIons for, the priffiltIve concepts of PSL, thus greatly 

enhancing the precision of semantic translatIOns between dIfferent schemes. Moreover, 

m a foundatlOnal, one can define a substantIal number of auxiliary, and prove important 

meta-theoretical properties of the core and Its extensIOns. There are several good 

foundatlOnal theories. Of these, set theory IS the most familiar, and most powerful and ItS 

foundatlOnal capabIlItIes are well known. For PSL's purposes, however, a more SUItable 

foundatIon IS a modIfied and extended vanatlOn of the sItuatIOn calculus. The reason for 

thIS IS that the sItuatIon calculus's own pnffiltives SItuatIOn, actIOn, fluent (roughly, 

propOSItIOn) are already hIghly compatIble WIth the pnffiltIves of PSL. It is very natural 

to identIfy PSL pnmltIves wIth, or define them in terms of, the pnffiltives 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; It can be used as a basis for 

provmg baSIC metatheoretIc results about the Core and ItS extensIOns as well. 

Extensions' the fmal component of PSL consists of PSL extensions. PSL core is a 

relatIvely SImple theory that IS adequate for expressmg 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 m describmg one process or another, a variety 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 trulor 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 lingUIstIc Items For 

exrunple PSL core does not provide the resources to express InformatIOn about tIme

duratIons. However, such a notIon ffilght be useful or even essentIal in many contexts. 

To faCIlitate the expressive needs for tIme duration, a theory of tIme duratlOns has been 
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developed which can be added to PSL core, thus providmg the user With the deSired 

expressive power. 

When combmed with a foundatlOnal theory hke the situatIOn calculus, a dtstinction can 

be drawn between definitional and nondefinitional extenstions. As the name suggests, a 

defimtlOnal extensIOn IS an extensIOn whose new hngUlsttc items can be completely 

defined in terms of the foundational theory and PSL core. Theorettcally, then, 

definitlOnal extensions add no new expressive power to PSL core or foundational theory. 

However, because defimtlOns of many subtle notIOns can be qUIte mvolved, defimtional 

extensIOns can prove extremely useful for descnbing complex processes in as succmct a 

manner as possible. Nondefimttonal extensIOns, on the other hand are extensIOns that 

mvolve at least one notIOn that cannot be defined m terms of PSL core and the chosen 

foundattonal theory. 

4.8 Consistency and Completeness of the PSL Ontology 

One of the advantages of usmg a formal approach to ontology deSign IS that the axIOms 

and defimtions of the ontology are consistent, and that they are complete with respect to 

the mtended models, which are specified m the model theory of the ontology. It is shown 

that the axioms m a PSL extensIOn are consistent by constructmg a model that sattsfies 

all of the aXIOms. Then a complete charactenzatton of these models also provided by 

showmg that any structure that sattsfies the axioms m the extension IS one of the mtended 

models. 

4.9 PSL Architecture 

The three components of the PSL architecture and their relattons are Illustrated in Figure 

4.3. The sohd arrows indtcate the definabihty relatIOn. The dashed hnes mdtcate partial 

definablhty, i e , the case where some, but not all the addittonal linguisttc Items m the 

language of an extensIOn are definable. Two or more solid arrows pomttng to the same 

oval mdlcate the posslblhty that more than one given theory mtght Jointly be used to 

define a new extension. PSL core IS connected to foundational theories, but this would 

not suffiCiently distingUIsh the central role of the Core from the more auxtliary roles of 

extensIOns. Hence, PSL Core is pictured as sitting directly upon the foundattonal 

theones. "(PSL Core and Foundatton Theory) " m the PSL Core box mdtcates that PSL 

Core together With a foundational theory are used to formulate defimtlOnal extensIOns. 
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Nondefinitional Extensions 

Definitional Extensions :.---- 00 , , , 

PSL Core 

(+Foundational theories) 

Figure 4 3. The PSL Semantic Architecture (source: Schlenoff, et al. 2000) 

3.9.1 Informal Semantics of PSL-Core 

PSL-Core IS based upon a precise, mathematIcal, first-order theory, I.e., 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 bnef Informal sketch of 

the semantics. There are four pnmJtJve classes, two prilTIltIve functIons, and three 

pnlTIltive 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, TIMEPOINTs 

(or "POINTs", for short), and OBJECTs are known collectively as entitIes, or things. 

These classes are all prurwlse dISJointed. 

IntUItively, an OBJECT is a concrete or abstract thIng that can partiCipate In an 

ACTIVITY. The most typical examples of OBJECTs are ordInary, tangible things, such 

as people, chrurs, 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 certrun POInts In time. In such cases, an 

OBJECT has a begIn and/or end POInt. Some OBJECTs, e.g., numbers, do not have fimte 

begIn and end POInts. In some contexts It may be useful to model certaIn ordInary 

OBJECTs as havIng no such points either. 

An ACTIVITY-OCCURRENCE is a lIrmted, 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 ACTIVlTY-OCCURRENCE IS simply taken to be charactenzed chiefly by 

two thIngs: its temporal extent, as deterrmned by it's begin and end POINTs (possibly at 

Infimty), and the set of OBJECTs that participate In that ACTIVITY at some POInt 

between ItS begIn and end POINTs. 

TlMEPOINTs are ordered by the BEFORE relatIOn. This relatIOn IS transitive, non

reflexive, total ordering. In PSL-Core, that time IS not dense (i.e, between any two 

distinct TIMEPOINTs there IS a third TIMEPOINT), though It IS assumed that time is 

Infimte. POINTs at infimty (lNF+ and lNF-) are assumed for convemence. (Denseness, 

of course, could easily be added by a user as an add!tlonal postulate.) Time Intervals are 

not Included runong the prirmtlves of PSL-Core, as Intervals can be defined With respect 

to TIMEPOINTs and ACTIVITIES. TIMEDURATIONS are Included In an extensIOn of 

the PSL-Core that bUIlds upon (Hayes, P., 1996). 

The baSIC notions of the PSL-Core are axlOmatlzed fonnally 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,) IS to faCilitate applications InteroperabllIty by means 

of the development of translators between the native fonnats 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 extenSIOn, the standard wIll Include the follOWIng: 

• Non-logicallexicon 

• SpeCification of models 

• Set of axIOms 

• Theorems for the venficatlon of extenslOn 

114 



Chapter 4 InformatIon StandardIzatIOn for Manufactunng 

• Grammar for process descriptIOns that use the temunology of the non-logical lexicon. 

4.10.1 Non-logical Lexicon 

The non-logical lexicon IS the terminology of the standard that corresponds to the 

concepts and relationships related to manufactunng processes. All tenns 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 tenn in the standard shall belong to 

the non-logical lexicon of a unique extensIOn. 

4.10.2 Specification of Models 

The specificatIOn of model for PSL prOVides a ngorous abstract mathematical 

charactensatlon of the semantics of the terminology of PSL. ThIs charactensatlon defines 

the meamngs of tenns 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 constram the mterpretation of the 

terminology of the non-logical lexIcon The axIOms are organised mto PSL-Core and a 

partially ordered set of extensIons to PSL Core. An extensIOn proVIdes the logical 

expressiveness to express infonnatlon mvolvmg concepts that are not explicitly speCIfied 

m PSL-Core. All extensions wlthm 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 Fonnat). 

KIF IS 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 m the ontology. 

Process descriptions are sentences m KIF that use the non-logIcal lexicon of PSL. In 

particular, process descnptlons will be restricted to sentences that are satisfied by 

elements m 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 infoanatlon: 

• ExtenSIOn name: Core theory names with a suffix of the foan .th, and defimtional 

extensIOn names wIth a suffix of the foan def. 

• Pnnutlve lexIcon, 

• Defined lexIcon; 

• Core theones reqUired by the extensIOn. ThIs is a list of PSL-Core theones, each of 

whIch IS an extensIOn of PSL-Core The gIven extensIOn is an extenSIOn of the set of 

axIOms WhICh is the umon of all theones In the list, together wIth the axIOms In the 

extenSIOn; 

• Defimtlonal extenSIOns reqUired by the extensIOn: This IS a list of defimtlonal 

extenSIOns, each of whIch IS an extensIOn of PSL-Core 

The content of any PSL extenSIOn IS a set of KIF sentences. For core theones, there IS a 

set of arbitrary KIF sentences for the pnnutJve lexicon of the set of axIOms. For 

defimtional extensIOns and teans in the defined leXIcon of a Core theory, each tean shall 

have a conservative defimtlOn. In addItJon, each KIF sentence must have correspondmg 

text m English that summanses the key IntUItlOns captured by the sentence. 

4.11 ISO 18629 PSL Standards 

PSL IS bemg standardized WIthin Joint Working Group 8 of Sub-comnuttee 4 (lndustnal 

data) and Sub-committee 5 (Manufactunng integratJon) of Techmcal comnuttee ISO TC 

184 (Industnal automation systems and mtegratIOn) as ISO 18629. More Infoanatlon 

about PSL standardizatIOn and on the evolVIng PSL Standard IS aVaIlable from 

http /Iwww.mel mst.gov/psl/. The following sectJons present the parts and senes of the 

ISO 18629 PSL standard and their organizations 
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4.11.1 Organization of the ISO 18629 PSL Standard 

The components of the ISO 18629 PSL standard are grouped mto the followmg parts: 

Note that not all of them are completely developed to date. 

a) Part 1: Overview and basic principles 

There are two types of extensIOns withm ISO 18629: they are the core theones and the 

defimtional extensIOns. 

b) Part Ix series: Core theories 

The current contents of these senes of parts addresses: 

Part 11: PSL-Core, 

Part 12: Outer Core, 

Part 13: DuratIOn and ordenng theones; 

Part 14: Resource theones; 

Part 15: Actor and agent theories. 

Any new core theory will have to be mcluded in the Part Ix senes 

c) Part 2x series: External mappings. 

The current expected content of this senes of part mcludes: 

Part 21: EXPRESS; 

Part 22: XMI..; 

Part 23: UML. 

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

d) Part 4x series: Definitional extensions 

In addition to the core theories, ISO 18629 PSL provides a senes of defimtlOnal 

extensIOns used to capture the semantlcs of process terminology in different applicatIOns. 

All definitions in these extensIOns use the termmology of the core theories. The series 

currently includes: 

Part 41: Activities; 

Part 42: Temporal and state; 

Part 43: ActIVity ordenng and duratlon; 
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Part 44: Resource roles; 

Part 45: Resource sets; 

Part 46: Processor aCtiVIties, 

Part 47: Process mtent 

AdditIOnal extensIOns are to be developed later accordmg to mdustry needs by any 

standarrusatlon comrruttee. Any new extensIOn that is a defimtIonal extensIOn of PSL

Core will be mcluded in the Part 4x senes. 

e) Part 2xx series: Translator Implementation Guidelines 

Parts of this senes will be developed accordmg to mdustry needs and technology 

changes. 

4.12 ISO 18629-lx series Core theories 

4.12.1 ISO 18629-11 PSL-Core 

The PSL-Core IS based upon a precise, mathematIcal, first-order theory that IS a fonnal 

language, a precise mathematIcal semantics for the language, and a set of axIOms, which 

express the semantIcs m the language. The baSIC elements of the language are four 

pmrutive classes, two pmrutIve functions, and seven pmrutlve relations of the ontology 

of the PSL-Core 

• The prinutIve classes are actIVIty, actiVity_occurrence, timepomt, and object. 

• The two functIons are beginof and endof. 

• The seven relations are before, occurrence_of, 
eq, between-eq, is-occurring-at, 
exist-at. 

4.12.2 ISO 18629-12 Outer Core 

between, before
participates-in, 

This set of extensions of PSL-Core is used in defining those extensions that shall be used in 

practice for specifymg rnanufactunng 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 m 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 m ISO 18629-12 are less genenc than the PSL-core. The main difference IS 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' 

• Occurrence Trees; 

• DIscrete States; 

• SubactIVlty; 

• Atorruc ActIvIty; 

• Complex ActIVIty; 

• ActivIty Occurrence. 

The Occurrence Tree extension introduces a tree structure over the set of pOSSIble actIvity 

occurrences; branches ID the tree correspond to dtfferent sequences of pnrrutIve actIvIty 

OCCurrences. 

The DIscrete State extension speCIfies the basic concepts for states and thelT relatIOnshIps 

to actIVIty occurrences. In particular, all discrete states are changed by actIvIty 

occurrences, but they do not change dunng an activity occurrence. 

The SubactIVlty extensIOn descnbes how actIvItIes can be aggregated and decomposed 

The Atomic ActIVIty extensIon IDtroduces the class of concurrent actIvItIes. 

The Complex ActIVIty extensIon speCIfies the relatIonshIp between occurrences of the 

subactlVltIes of an actIVIty and occurrences of the activIty Itself. 

The ActIVIty Occurrence extensIOn defines relatIons that allow the descnptIon 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 theones WIthin 

the Outer Core, in which the arrows represent the dependenCIes among the theories. All 

theones ID the Outer Core are extensIOns of PSL-Core. The Atomic Activity Core theory 

IS an extension of both the SubactIvity and the Occurrence Trees theones, while the 

DIscrete States Core theory IS an extensIon of the Occurrence Trees core theory alone. 

The ActIVIty Occurrence Core theory IS an extensIon of the Complex ActIvities core 

theory, which In turn is an extensIOn of Atorruc ActI vItles. 
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i 
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PSL-Core 

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 wIthm ISO 18629. Every extensIOn wlthm the 

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

The followmg sets of theones define other extensIOns of the Outer Core, reqUired by 

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

4.12.3 ISO 18628-13 Time and ordering theories 

The extensIOns related to time and ordenng theones are: 

• Duration; 

• SubactivIty occurrence ordering 

• Iterated actiVIties 

• Occurrence tree automorphisms 

• Envelopes and umbrae. 
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The duration extensIOn Introduces the concept of duratIOn as a relationship among 

tlmepoint. This allows the introductIOn of quantitative concepts related to time, as well as 

providing the baSIS for defining the duration of activities, actlVlty occurrences, and 

objects.Intuitively, duratIOn IS the "difference" between two tlmepolnt In the timeline 

The subactlVlty occurrence ordenng extensIOn specifies the relatIOns reqUired to 

represent vanous kinds of partially ordered sets of activIties. This Includes sequences, 

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

4.12.4 ISO 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 IS reqUIred by an activity. In particular, resources are defined with respect 

to the pOSSible Interactions among actlvltles. 

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 mclude such concepts as resource pools (sets of machines) 

and buffers (sets of inventory resources). 

4.12.5 ISO 18629-15 Activity performance theories 

The extensIOn related to activity performance theories IS: 

• 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 specif)'1ng the grammar for process descnptions, ISO 18629 also specIfies 

mappings between thIs grammar and languages used by other manufactunng standards. 

In partIcular, there shall be mappmgs between the grammar of ISO 18629 and EXPRESS 

(to faclhtate mteroperabihty wIth applicatIons usmg ISO 10303), as well as mappmgs to 

XML and UML. 

These other languages are used as alternative ways of representing partIcular process 

descnptlons, rather than in the specIficatIOn of the semantics of the ternunology of ISO 

18629. 

4.14 ISO 18629-4x series Definitional Extensions 

4.14.1 ISO 18629-41: Activity extension 

The fundamental theones that are part of ISO 18629-41 are (ISO CD 18629-41,): 

• DeternumstIc ActIvities' Permutmg Branch Structure; 

• Non-deternumstlc ActivItIes: Foldmg Branch Structure; 

• Non-deternumstIc ActivItIes: Branch Structure and Ordering; 

• Non-deternunistic ActiVItIes: RepetItive Branch Structure; 

• Spectrum of ActivIties: Permuting ActIvity Trees; 

• Spectrum of ActIVIties: Compactmg Branch Structure; 

• Spectrum of ActiVIties: ActIVIty Trees and Re-ordenng; 

• Spectrum and Sub-tree Contamment; 

• Embeddmg Constramts 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 speclfymg 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 

showmg dependencies with extensions m ISO 18629-41 are shown m Figure 4.5. 

.... Permuttng Compacting Branch 

- ActlVlty Trees Structure 

---. ActIVity Trees and 
Re-ordenng 

Pennutmg Branch 
Structure 

Foldmg Branch Branch Structure 
RepetItive Branch Structure and Ordenng 
Structure 

--
Atomtc Acbvlbes Spectrum and Sub-
Upward 

~ 
tree Contamment 

Concurrency 

Atonuc ActiVIties 
Downward ISO 18629·12 :--- EmbeddIng 
Actlvllles ~ -. Constraints for 

ActIvities 

.&. Spectrum for 

Precondtttons for ~ 
Atom.tc ActiVIties Skeletal ActiVity 

acUvlbes Tree ~ 

Figure 4.5. Defimtional ExtenSIOns ofISO 18629-41 

4.14.2 ISO 18629-42: Temporal and State extension 

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

l3 Time and ordenng theories. They mclude: 

• PrecondItions for Activities 

• State-based Preconditions for ActiVIties 
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• Time-based PrecondItions for ActivIties 

• Preconditions based on State and Time 

• Occurrence-based Preconditions for ActivIties 

• Preventable PrecondItions for Activities 

• PenodIc Preconditions for Activities 

• SpOilage Preconditions for ActivIties 

• 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 

• DlstnbutlOn of Complex Activities 

• State-based Dlstnbutlon of Complex ActlVltles 

• Time-based Distribution of Complex ActivIties 

• DlstnbutlOn 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 ActivIties: Downward Concurrency 

• Interfenng Preconditions 

• Clobbenng Effects 

• VanaMn of Interfenng Preconditions 

• Vanation of Clobbering Effects 

The interval activities extension considers. lands of activIties that can be defined usmg 

the relations in the state constraints extension In particular, It 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 falSIfYing vanous states. 

4.14.3 ISO 18629·43: Activity ordering and duration extension 

The extensIOns In 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 IS restncted to non·determimstlc 

activIties. It supports the speCIfication of activIties in which there IS branching and 

conditional occurrence of sub·actlvities. 

The ordering relations over activIties extension are restncted to deterrrumstlc actIVIties. It 

speCIfies chfferent lands of activities in which there IS a partial ordenng over sub·actlvlty 

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 wlthm scheduling applications. 

4.14.4 ISO 18629·44 Resource roles 

The extensions m this part are defined With respect to the Part 12 Outer Core and the Part 

14 Resource theones. They include: 

• 

• 

• 

• 

Capacity· based concurrency; 

Reasomng about resource diVISibility; 

Resource role; 

Reasoning about resource usage. 

The capaclty·based concurrency extensIOn defines different lands of actiVIties and 

resources usmg con currency constraints. 

The resource diVISibility extensIOn conSiders the different ways m which resources can 

be shared by multiple activities. 

The resource roles extensIOn defines vanous roles that resources play With respect to 

activIties; these mclude reusable, consumable, and renewable. 

The resource usage extensIOn characterises constraints on resources over the mtervals m 

which activIties occur. 

4.14.5 ISO 18629·45 Resource sets 

The extensIOns m this part are defined With respect to the Part 12 Outer Core and the Part 

14 Resource theones. These include: 

• Homogeneous resource sets 

• Inventory resource sets 

• Resource pools 

• Resource set·based activIties 

• Substitutable resources 

The pnmary purpose of these extensIOns IS the set of axIOms for discrete capacity 

resources for which the discreteness of the resource anses from the fact that it IS actually 
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composed of a set of resources, and any actlVlty reqUIres or provIdes some subset of 

resources In 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 lands 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 In an activIty. 

4.14.6 ISO 18629-46 Processor Activities 

The extenSIOns In thIS part consIder a partIcular land of actlvitles that are defined with 

respect to the roles of the resources reqUIred by the activIties ThIs includes: 

• Processor actl vlties 

• Resource paths 

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

matenal 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 IS the Input matenal of the next processor 

actIOn. 

4.14.7 ISO 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 In different 

manufactunng domams. PossIble examples of use are: 

• Process modelhng 

• Process planmng 
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• ProductIOn planmng 

• Project management 

• Scheduhng 

• Simulanon 

• Process executIOn 

4.16 Summary 

The Process Specific anon Language (PSL,) was developed, at NatIOnal Insntute of 

Standards and Technology (NIST), as a neutral language for manufacturing processes 

specIficatIOn and to address the Issue of interoperabllity problems among process related 

manufactunng software apphcatlOns. PSL has been standardIzed wIthin Joint Workmg 

Group 8 of Sub-comrmttee 4 (Industnal data) and Sub-committee 5 (Manufacturing 

integratIon) of Techmcal comrmttee ISO TC 184 (Industnal automanon systems and 

mtegratlOn) as ISO 18629. 

The development of PSL has proceeded on an as-needed baSIS. The ininal PSL ontology 

was developed usmg a smgle scenano and later extended as other scenanos were 

explored and when PSL was used to exchange process mfonnation among the packages 

in the scenanos. After the imtlal development of PSL m the EDAPS (ElectromechanIcal 

DeSIgn and Planning System) scenano PSL was extended to incorporate concepts 

mtroduced m the IDEF3-based ProCAP process modelhng tool and the C++ based ILOG 

Scheduler when PSL was used to exchange process mfonnation between these two 

packages m the first ptiot Implementation of the language m the manufactunng 

environment. The PSL ontology is still under development and new concepts are still 

appeanng m the ontology, however there were no other implementations and there is no 

clear mdIcatlon about what these new concepts relate to and theIr target applications for 

mteroperabllity. 

Although PSL was mainly developed m the manufactunng envIronment for process 

related manufacturing apphcations interoperability, as a first research on PSL m the 

constructIOn envIronment, the apphcabllity of the Process Specification Language (PSL) 

m construction has been studIed at Stanford UniverSIty focusmg on VIte1M 
, whIch is a 

project and organization modeling system deSIgned to assIst in developmg organizatIOnal 
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structures and Identlfymg potential problems with project cost, time, or quality. 

(Grumnger, et al 2003). This was to analyse thiS emerging standard Process 

SpeCification Language and research the posslblhty for adapting this standard to the 

problem area of software apphcatlOns' mteroperablhty in the construction environment. 
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Chapter 5 Research Methodology and Design 

5.1 Literature Review and Theoretical Framework 

The first sectIOn of this chapter discuses selected elements of the literature reVIew on 

research approaches and methodologies and outlmes the research strategy taken for thIS 

study. This IS followed by, sectIOns on research methods and approaches used. 

5.1.1 Research Approaches in Construction IT 

Research m constructIon mformation technology (IT) IS not the study of pure technological 

problems alone, concerns are closely related to human aCtIVIties, organisational as well as 

technological Issues. Construction IT research constitutes complex phenomena WIth the need 

for appropnate research methods for producmg an understandmg of the complex 

orgamsatlOnal context of the IT applIcatIOns, the process whereby the IT applIcations 

influence and are mfluenced by the context, and for addressing the problems of the sector. 

However, researchers, rather than adoptIng research approaches appropnate to the research 

m question, tend to unquestioningly mhent the POSItlVlSt paradIgm, WhICh is the dommant 

approach m constructIon management research by the majority of researchers (Seymour et 

al. 1997). Therefore, there IS a need for transItion from smgle and/or inherited approaches to 

an appropnate research method (whether single or mIXed research methodology). WhIle 

Information Systems (IS) research (Myers, MIchael D. 1999; Avison et al., 1993; Lee et al., 

1997; Ngwenyama et ai, 1999, Nissen et al., 1991) has seen ShIftS from pure technologJcal 

to managenal and orgamsatIonal Issues, the maJonty of the researches work in constructIon 

IT is still focusing on pure technologJcalIssues m which the organIsational context of the IT 

applications is Ignored or not taken mto 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 construction management (Carter and Fortune 2002) has been 

the focus of debate for constructIOn researchers m the industry. The focus of research m 

construction has evolved from on site operatIons rumed at Improvmg constructIon processes 

In 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 

In the Industry have changed the requirements of research, and the need for dIfferent 

approaches has been recognIsed to addressIng the problems of the mdustry (Edum Fotwe et 

al. 1996). And now WIth a WIde use of computer apphcatlOns In the Industry, the focus of 

research has shIfted to more or less pure technolOgIcal Issues. Research in construction has 

been continuously changmg to hit the target of addressIng a speCIfic problem of the Industry 

at a tIme. However, the plulosophlcal assumptIOns that gUIde constructIOn research and the 

use of methods of research have not seen much change. The complex organisational context 

of IT applications m construction needs complex research methods that are multl-paraillgIn 

approaches If the problem, whIch are Interwoven in the orgamsatlOn of the industry is to be 

addressed. 

There are unaVOIdable relatIOns between the construction operations, IT tools and 

apphcatlons and human actiVIties, who carry out the operations USIng the IT apphcations. 

However, the focus of thIS research (research in construction IT) is not seen as how the 

construction operations, IT apphcatlons 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 usmg IT applications. Tlus bnngs mto 

conSIderation issues from computer sCIence (IS and IT) research. However, the construction 

processes, humans or profeSSIOnal partiCIpants, IT apphcatlons Includmg therr orgamsatlonal 

issues reqUIre studying through hterature review and some Io.nd 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 hterature on paradlgIns (at the plulosophical and technical 

level) In the computer sCIence and within the new diSCIpline of InformatIon Systems (IS) 

(Avlson et al., 1993; Lee et al., 1997, Ngwenyama et al., 1999; NIssen et al., 1991; 

F1tzgerald & Howcorft, 1998; and Walsham, 1993), as well as the dIscussion of research 
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methodologies in construcnon (Carter. K. and Fortune C. 2002) and manufactunng 

(Schlenoff, C, Knunlla, 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 'valId' research 

and whIch research methods are appropnate. In order to conduct andlor evaluate research, It 

IS therefore Important to be aware of these assumptions that guide a research. These are 

referred to as ph!1osophical 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 IS the assumptions about knowledge 

and how it can be obtamed (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 m a particular dlsclphne; and axIOlogy, the 

study of values and value Judgments (Guba, E., & Lmcoln, Y.1994 and F1tzgerald and 

Howcroft 1998). It can be seen from Figure 5.1, that there are soft and hard pOSItions at 

dtfferent level of abstractions that guide research approaches These are the mam 

dtchotomies charactenstlcs of each research tradition categonzed accordmg to vanous 

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 IS contrasted m the five sets of 

assumptions at the five levels shown in figure I., 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 m vanous 

ways, however one of the most common dtstmctIons 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 IS seen as objective that 

IS relatIng to a phenomenon or conditions independent of the mdtvldual 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 charactenstlcs or states and prefemng language and 

descnptlon. These distmctlOns 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 descnptlons) IS tangible, made up of relatively Immutable structures that 

eXist independently of our mdivldual descriptions. The relativist however views reality as 

created m concepts that are used to structure that reality hence there are multiple realities 

Cntlcal realism is a modern realism With a cntlcal tWiSt: Cntlcal realists believe that reality 

IS affirmed, but the way that realIty IS representedlexpenencedlmterpreted IS seen to be 

shaped by SOCial, culture, language, political mterests, race, gender, class etc. The 

unsuccessfulness of research mformed by pOSItions at the extreme of contmuum between 

hard and soft research approaches and the need for mutual mtegratlon of the realist and 

relatIVIst positions has been explored by (FItzgerald and Howcroft 1998). 

At the epistemology level, whIle Positivists generally assume that reality IS objectively 

given and can be descnbed by measurable properties, which are mdependent of the observer 

(researcher), the Interpretivlsts relies on human mterpretatlons of reality as the basis of 

understandmg the world Rather than focusmg on the objective reality mterpretlVlst are more 

mterested m how people mterpret that reality and how they act based on those mterpretations 

(Creswell 1994) While pOSitiViSt generally attempt to test theory, m an attempt to mcrease 

the predictive understanding of phenomena (Orlikowsk! and Baroudl 1991 ), Interpretlvlsts 
• 

understand phenomena through the meanmgs that people assign (Walsham 1993). The 

objective versus subjective research methods (Burrell and Morgan, 1979), are concerned 

With the discovery of general laws (nomothetic) versus bemg concerned With the uniqueness 

of each particular situation (idlOgraphic), as aImed at prediCtion and control versus aimed at 

explanation and understandmg, as taking an outsider (etlc) versus taking an inSider (emlc) 

perspective, and so on. AxIOlogical assumptions are closely related to the epistemological. 

These assumptions are regardmg the role of values. The rigor and relevance at the 

AxIOlogical level are hIghly valued by researchers in construction and there is a debate 

concernmg how to achieve these (Crook, et a1.1996, Fenn, 1997, Seyrnour, et al., 1996, 

Seymour and Rooke, 1998, Runeson, 1997, and Walker, 1997). 
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SOFT HARD 

IONTOJ.r 
RelatiVISt Realist 
BelIef that mUluple realIties eXist as subjectIve Behef that external world consIsts of pre-exlstmg hard, 
constructlons of the nund SocIally-transInltted tenns tangIble structures winch eXist Independently of an 
direct how reality 15 perceived and thiS WIn vary across mdlvldual's cognition 

~a;'d IC~ltures 
POSitiVIst 

No ~r:;versal truth Understand and Interpret from Beltefthat world conforms to fixed laws of causatIon 
researcher's own frame of reference Uncomnutted Complexity can be tackled by redUCtiODlsm EmphasIs on 

Realtsm t and 
SUbJectiVlst ( 

Dlstmctlon between the researcher and research SUuatlon Both possIble and essentIal that the researcher remam 
IS collapsed Research findmgs emerge from the detached from the research SituatIOn Neutral obselVauon of 
mteractIon between researcher and research situation, and reahty must take place m the absence of any contanunatmg 
the values and belIefs of the researcher are central values or biases on the part of the researcher 

ErrucJlnslderlSubJectlve _" '0 

Ongms In anthropology Research onentatlon centered on OngInS In anthropology Research onentatIon of outside 
native! inSider's VIew, With the latter viewed as the best ~~s~:her who IS seen as objectIve and the appropnate 
ludge of, @earch 

lLLEVEL 
( 

" things eXist rather than how many there Use of mathematical and statIStical technIques to IdentIfy 
are Thw> Less structured and more facts and causal relatlonslups Samples can be larger and 
responsive to needs and nature of research Situation more representative Results can be generahzed to larger 

,.. I known luruts of ~lTOr 
Exploratory 

Concemed~;;;fu hypotheSIs testmg and theory venficauon Concerned With dlscovenng patterns m research data, and 
to explam/understand them Lays baSIC descnpttve Tends to follow POSItiViSt, quantitative modes of research 

May lead to, 
Deduction 

BeginS With specific Instances whIch are used to arnve at Uses general results to ascnbe properties to specIfic 
overall generahzatIons wluch can be expected on the mstances An argument IS valId If It IS ImpoSSIble for the 
balance of probabIlIty New eVidence may cause conclUSions to be false If the prerruses are true ASSOCiated 
cond uSlons to be reVised Cnttclzed by many With theory venficatlonlfalslficatIon and hypothesiS testmg 
phIlosophers of science. but plays an Important role In 

Field J, 

EmphaSIS on realIsm of context m natural situation. but Precise measurement and control of van abies, but at expense 
precision ID control of vanables and behavlor of naturalness of Situation, Since real-world IntenSIty and 

... Imav not be , 

perspectIve whIch uses naturalistIC Group-centered perspective USIng controlled environments 
contexts and qualItative methods to recogmze umque and quantitative methods to establish general laws 

of the sublect 
AymlfJGICAL 
Relevance Rigor 
External valIdIty of actual research questIon and Its Research charactenzed by hypothetIco-deducttve testIng 
relevance to practice vaal. rather than constrammg the accordmg to the POSItiViSt paradigm, WIth emphasiS on 
focus to that researchable by "ngorous" methods Internal valIdIty through tIght expenmental control and 

Table 5.1. Summary of Soft vs Hard Research DIchotomies (adopted from' Fitzgerald and Howcroft 
1998 ) 

134 



Chapter 5 Research Methodology and DesIgn 

5.1.3 Critical Research 

The mam task of cntIcal research IS seen as bemg one of social cntique, whereby the 

restrictIve and alienatIng conditIOns of the status quo are brought to hght. CntIcal research 

focuses on the opposItIons, conflicts and contradictIOns m contemporary SOCiety, and seeks 

to be emancipatory i.e. It should help to elimmate the causes of alienation and dommation 

The cntIcal paradigm is surnlar to the interpretive, but goes a step beyond It m that It is very 

value-oriented. TIus paradigm takes a cntIcal look at society and tnes to IdentIfy ineqUitIes 

as well as ways to remedy them. The cntIcal theory paradigm has been cast as combmmg 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 posltIomng of a research at two or more extremes of 

positIOns IS called tnangulation or pluralistIc approach. This would allow for a contingent 

tool-box approach where different methods With complementary strengths could be used as 

appropnate (Landry and Banv!lle 1992; McGrath 1984). 

The research positIOns on both Side of table 5.1 , have strengths and weakness or llDutatIons. 

However, It IS argued that (Morgan 1983), It IS wrong to condemn any research perspectives, 

reject a pOSItIon of knowledge or replace one approach With another but adoptIng a multi 

paradigm 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 mterpretlVlsm 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, Frrestone 1990; 

Gable 1994; hvari 1991; Jlck 1983; Morey & Luthans 1984; and Patton 1990). For example, 

qualitative techmques complemented quantItatIve ones to mterpret empincally detenrnned 

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 Banv!lle 1992; hvan 1991; Nissen, K1em and Hrrschheim 1991). Additionally, 

there IS 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 

matunty 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 IS 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 

reasomng 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 ultImately leads to the 

test of the hypotheses WIth specific data or confirmatIon of the ongInal theones. 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, expenmentatIon 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 mform research approaches, so 

there are various research methods. A research method is a strategy of mquiry, 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 (Ym, 

1994), mterpretIve (Walsham, 1993), or cntIcal, Just as actIon research can be positIVist 

(Cl ark, 1972), mterpretIve (Elden and Chisholm, 1993) or critical (Carr and Kemnus, 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, 

expenments and survey. A lIterature of the five and other research methods are reviewed m 

the followmg section 

5.2.1.1 Action Research 

Action research is a practical problem solvmg onentated research method capable of 

expandIng the sCientIfic knowledge (Nunamaker et al., 1991; Mathlassen, 1997, Vldgen et 

al., 1997; Baskerville & Pries-Heje, 1999). Accordmg to Argyris (1985), actIOn research IS a 

process of cntIcal inqUiry that fosters the learnmg of theory and practice. Although there are 

many dIfferent forms of actIon research (Baskerville, 1999; Baskervllle and Wood-Harper, 

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

Actions research is descnbed as a five phase cyclic process (Susman & Evered, 1978), 

which mvolves, first the establIshment of research enVlfonment that IS a specificatIOn of for 

example the boundaries, scope and conditIon of the research followed by five IteratJve cyclIc 

actiVItIeS, mcluding problem diagnOSIs, actIon mterventJon, evaluatIon and reflectIve 

learnmg. These are briefly descnbed m the following section. 

(1) Dlagnosmg. corresponds to the IdentIficatIon of the pnmary problems that are the 

underlying causes of the deSlfe for change. Diagnosmg mvolves self-mterpretation of the 

problem, not through reductIon and SimplIfication, but rather m a holIstic fashion. Tills 
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results In a development of theoretIcal framework (assumptIons I.e., a working hypothesIs) 

about the nature of the problem in a domain. (2) ActIon planmng' ThIS actlVlty specIfies 

actions that should Improve or solve these pnmary problems. The theoretIcal framework, 

which indIcates both, the deSIred future state and the changes that would achieve such a state 

gUIde the discovery of the planned actIons. (3) ActIon takIng then Implements the planned 

actIOn caUSing certam changes to be made. (4) Evaluation mcludes detennimng 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 gamed 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 tenn "case study" has multiple meamngs. It can be used to describe a unit of analysis 

(e g. a case study of a partIcular orgamsatIOn or sItuatIon) or to descnbe 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 

boundanes between phenomenon and context are not clearly eVIdent" (Ym 1994, ), and in 

WhICh multIple sources are used. Case study research can be posItivist, mterpretIve, or 

cntIcal, dependmg 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 cntIcal, where 

research IS mainly concerned WIth SOCIal cntique (Habennas, 1984). Case studIes are 

generalIsable to theoretIcal propoSItIons, the investigators goal IS to generalIse theones and 

not to generalIse statistIcs. Data translated Ideograplucally m tenns of particular case, rather 

than nomothetically in tenns of law lIke generalisation (Sllnister, 1995). In lIterature the use 

of case studIes is descnbed (Bloomfield 1998) m constructIon IT and (Sirmster 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 tenns. 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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mfonnatlon systems III organizatIOns, and "mterest has sJufted to organizatIOnal rather than 

technical Issues" alone (Benbasat et al. 1987). 

5.2.1.3 Ethnographic Research 

Ethnographic research comes from the diSCI ph ne of SOCial and cultural anthropology where 

the researcher/ethnographer spends a significant amount of time in the field. The fieldwork 

notes and the experience of hVlllg there become an Important addition to any other data 

gathenng techmques that may be used. Ethnographers Immerse themselves III the group they 

study (LewIS 1985,) and seek to place the phenomena studied m 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 Illfonnatlon systems 

m organizations, from the study of the development of IllfonnatlOn systems (Hughes et. al, 

1992; Orhkowsia, 1991; Preston, 1991) to the study of aspects of information technology 

management (Davies, 1991; Davles and Nielsen, 1992) Ethnography has also been 

discussed as a method whereby multiple perspectives can be Illcorporated III systems design 

(Holzblatt and Beyer, 1993) and as a general approach to the Wide range of possible studies 

relating to the mvestigation of infonnatlon systems (Pettlgrew, 1985). 

5.2.1.4 Grounded Theory 

Grounded Theory or as it was ongmally titled 'The Discovery of Grounded Theory' (Glaser 

and Strauss, 1967) is a method for the collection and analysIs of qualitative data. Grounded 

theory IS "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 III 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 onented descriptions and explanations of the phenomenon (Orhkowsia, 1993). 

In this method conceptual properties and categones may be discovered or generated from the 

qualitative data by following a number of gUldehnes and procedures. The three concepts of 

Grounded Theory have resonance With the process of Illterpretlve research. 
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Firstly constant comparative analysis: a procedure for IdentIfymg conceptual categones 

and their properties that may be embedded m the data. 

Secondly theoretical sampling: by which the conceptual categones are ennched through 

coiling and mtegratIon. 

Thirdly: these two procedures above lead to the development of a hierarchy of integrated 

categones, and to the emergmg theory. Theory IS the thud concept of note, and the usage of 

the term IS cntIcal. Strauss and Corbm (1994) mamtam that theory consists of 

"Plausible relationships proposed among concepts and sets of concepts researchers are 

mterested m patterns of actIon and mteraction between and among vanous types of social 

umts (I.e. actors) They are also much concerned with dlscovermg process not necessanly 

in the sense of stages or phases, but m reciprocal changes in patterns of action/mteraction 

and m relatIOnship with changes of conditIons either mternal or external to the process 

Itself' (Strauss and Corbm, 1994) 

and they note two Important features: Firstly that they are traceable to the data and secondly 

that they are 'flUid', that IS to say the emphaSIS IS 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 IS not substantIve. The theory IS made apparent through the 

production of an account and/or associated relationship lliagrams of categones. Dey (1999) 

provides useful msight into the term: 

"Theory focuses on how mdlvlduals mteract in relatIOn to the phenomenon under study; It 

asserts a plausible relatIon between concepts and sets of concepts; it is denved from data 

acquired through fieldwork interviews, observatIons and documents; the resultIng theory 

can be reported m 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 CorneII UniverSity. His Job was based on David's Ausubel theones (1968) that 

emphaSized the importance of the ability to learn new concepts. Conceptual mapping was 

born therefore for bemg able to formalize structured knowledge: m other words the way in 

which several concepts are correlated mside a determmed cogmtlve dommion. 
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Concept mappmg IS a type of structured conceptuahsatIon, whIch can be used by groups or 

indlVlduals to develop a conceptual framework that can guide evaluatIon, plannmg etc. In a 

typIcal case, SIX steps are mvolved: 

Preparation Step: involves IdentificatIon of partIcIpants and development of focus for the 

conceptuallsatlOn. 

Generation Step: development of statements that address the focus 

Structuring Step: sortIng of the statements mto pIles of slIDllar Ideas or structunng of 

statements 

Representation Step: the representatIon of statements m the form of a concept map. ThIS is 

the process of taIang the sort and ratIng mput and "representIng" It m a map fonn using 

multJdlmensional scaling and cluster analysIs. There are two major statJstIcal analyses that 

are used m thIS process. (1) The first, multidimensional scalmg takes the sort data across all 

partIcIpants and develops the basic map where each statement IS a pomt 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 multImmenslOnal scalmg (the 

pomt map) and partitIons the map into groups of statements or ideas, mto clusters. If the 

statements descnbe activitIes of a program, the clusters show how these can be grouped mto 

logIcal groups of activIties. If the statements are specIfic outcomes, the clusters IDlght be 

viewed as outcome constructs or concepts. 

Interpretation Step: thIS IS the stage where IndiVIdual labels and mterpretatIons of concepts 

are developed for vanous maps. 

Utilization Step: involves usmg 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 developmg measures and dlsplaymg results 

Trochlm and Lmton (1986) proposed a general framework for structured conceptualisatIon 

and showed how specific conceptualisation processes can be deVIsed to assist groups m the 

theory and concept formatIon stages of planmng and evaluation. Conceptualisation refers to 

the articulation of thoughts, ideas, or hunches and the representation of these m some 

objective fonn. While in a planning process, the rum IS to conceptualise the major goals and 

obJectJves, needs, resources and capabilitJes or other dImensions, which eventually constItute 
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the elements of a plan In evaluanon, the rum IS to conceptualise the programs or treatments, 

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

Concept mapping is used for many purposes strategic planrung, product development, 

market analysis, deCISIon-makIng, measurement development, research formulatIOn etc. In 

concept mappmg, Ideas are represented m the form of a picture or map. To construct the 

map, Ideas first have to be descnbed or generated, and the mterrelanonshlps between them 

aruculated. Mulnvariate stansncal techruques, multidimensional scaling, and cluster analysIs 

are then appbed to thiS informatIOn and the results are depicted In map form. The method 

generates a group aggregate map; It unhzes multivanate data analyses to construct the maps, 

and It generates mterval-level maps, whIch have some advantages for plannmg and 

evaluanon, especially through pattern matchmg. 

In concept mapping, it IS important to dlsnngUlsh between theones and concepts. One thing 

to recognize IS that while theones are built upon concepts, concepts are not, In 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 nught be stated Thus, 

concept maps can act as the framework for a statement of theory, but are usually not 

considered a theory m and of themselves 

Group concept mapping IS consistent with the growing Interest In the role of theory In 

planning and evaluation. In evaluanon, for Instance, this mterest is evidenced m wnnngs on 

the nnportance of program theory (Blckman, 1986; Chen and ROSSI, 1983, 1987); In 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; Emhorn and Hogarth, 1986), and, m the thinkIng of cntlcal multIplism 

(Shadlsh et ai, 1986) which emphaSizes the role of theory in selecnng and guiciIng the 

analYSIS of mulnple operationalizatJons. Concept mappmg can be viewed as one way to 

articulate theory in these contexts. In plannmg, conceptuallsanon has had somewhat more 

attennon and is eVidenced in the sometimes daunnng prohferanon of different planrung 

models and methods of conceptualisatlOn (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 herrneneutlcs, senuotics, and approaches, which focus on narrative and metaphor. 

Grounded theory IS also a mode of analysis and research method (Martm and Turner 1986). 

These modes of analysIs are different approaches to gathenng, analysmg and mterpretlng 

qualItative data. The common thread IS that all qualitative modes of analysis are concerned 

pnrnanly with textual analysIs (whether verbal or wntten). Herrneneutlcs and semiotics can 

be treated as both an underlymg 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 Issues. The aim of the herrneneutlc analysis 

becomes one of trying to make sense of the whole, and the relationship between people, the 

orgamzatlon, and mforrnatlOn technology. Herrneneutlcs can be treated as both an 

underlymg philosophy and a specific mode of analYSIS (Blelcher, 1980) As a philosophical 

approach to human understandmg, It provides the plulosophlcal grounding for 

interpretivlsrn. Herrneneutlcs, as a mode of analysis suggests a way of understandmg textual 

data It IS pnmarily concerned with the meanmg of a text or text-analogue (an example of a 

text-analogue IS an orgamzatlon, which the researcher comes to understand through oral or 

wntten text) The basic question m herrneneutics IS what IS the meamng of thiS text 

(Radmtzky 1970). Taylor says that: 

"Interpretation, m the sense relevant to herrneneutlcs, IS 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 IS confused, mcomplete, cloudy, and seemingly 

contradictory in one way or another, unclear The mterpretation aims to bnng to 

light an underlymg coherence or sense" (Taylor 1976). 

The Idea of a herrneneutlc Circle refers to the dialectic between the understandmgs of the text 

as a whole and the mterpretatlOn of its parts, m which descnptlons are gUided by anticipated 

explanations (Gadamer 1976). As Gadamer explamed, " The movement of understanding IS 

143 



Chapter 5 Research Methodology and Design 

a cIrcular relatIOnship, the antICIpatIOn of meaning m whIch the whole IS envisaged becomes 

explicIt understandmg m that the parts, that are determmed by the whole, themselves also 

determme thIs whole." RIcoeur suggests, "InterpretatIOn, IS the work of thought whIch 

consists m deciphering the hidden meanmg m the apparent meamng, in unfolding the levels 

ofmeamng implied m the literal meamng" (Ricoeur 1974). 

Semiotics 

SemIOtIcs IS primanly concerned wIth the meamng of SIgnS and symbols in language. The 

essentIal idea is that words/sIgns can be assIgned to pnmary conceptual categones, and these 

categones represent important aspects of the theory to be tested. One fonn of semIotIcs is 

content analysIs Krippendorf (1980) defines content analysIs as a research techmque for 

makmg replicable and valId references from data to theIr contexts. The researcher searches 

for structures and patterned regulantIes m the text and makes mferences on the basis of these 

regulantIes. Another fonn of semiotIcs IS conversatIon analysIs In conversatIon analYSIS, It 

IS assumed that the meanmgs are shaped m the context of the exchange (Wynn, 1979). The 

researcher immerses lumselflherself m the sItuatIon to reveal the background of practIces. A 

third fonn 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 mteractIon conSIstIng of a sequence of verbal moves m whIch turns 

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

Narrative and Metaphor 

There are many lands of narrative, from oral narrative through to hlstoncal narrative. 

Metaphor IS the applicatIon of a name or descnptIve term or phrase to an object or actIon to 

which It IS not literally applicable (e.g a window m Wmdows 95). NarratIve and metaphor 

have long been key tenns m literary dISCUSSIOn and analysIs. In recent years there has been 

mcreasing recognItIon of the role they play in all types of thiniang and SOCIal practIce. 

Scholars m many dlsclplmes have looked at areas such as metaphor and symbolism m 

mdlgenous cultures, oral narrative, narrative and metaphor m organIzatIons, metaphor and 

medIcine, metaphor and psychiatry etc 
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5.4 Valid Analysis 

5.4.1. Criteria for Evaluating Research 

According to 10hnson (1997), vahdtty was traditIOnally attached to quantitative research; but 

what It means when qualitative researcher speaks of valldtty is quahtatlve research that IS 

plauSible, credible, trustworthy and defensive. Most validation methods were developed for 

quantitative research, but have also been apphed to qualitative research. Some quahtative 

researchers refer the Issues of validity as estabhshmg adequacy of eVidence and credlblhty 

(Chenitz & Swanson, 1986). Guba and Lincoln (Trochlm 2001) proposed four cnteria for 

evaluating the soundness of qualitative research, an alternative to the more quantitatively 

onented criteria: credlblhty or authenticity (Trochlm, 22001) for quantitative criteria of 

mternal Validity; transferablhty, (TrochlID, 2001 & MIles & Huberman, 1994) for 

quantitative cntena of external validity; dependability or audttabIlity (MIles & Huberman, 

1994 & Trochlm, 2001) for quantitative critena of rehabllity; and finally, conformabIlity IS a 

qualitatively oriented cntenon for objectivity, thiS criterion refers to the degree to which the 

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

Burstem & Gregor proposed five cnteria by which software development (SD) type research 

might be evaluated (Burstem F. & Gregor S. 1999). It is argued that SD research IS a form of 

action research and wIll often employ a case study approach and qualItative data collectIOn 

techmques may be used. The cntena are drawn mamly from dtscusslOn of case studtes, 

action research and quahtatlve studtes (Miles and Huberman 1994; Ym 1994). Although 

these cnteria are proposed for thIS type of research work, it IS not argued that these cnteria 

are, at an underlying level, markedly dIfferent from cntena used for more tradItional work in 

expenmental or quasl-expenmental settings (Cook and Campbell 1979) the underlymg 

concerns for the valldtty of drums and arguments made should be SImIlar. Rather, the 

cnteria may use dIfferent terms or have different emphasis. These critena are: Significance, 

Internal validity, External validtty, Objectlvlty/Conformabihty, and 

RehablhtylDependabihty/AudltabIllty, which are reviewed as follows: 
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1) Significance. 

The study must be significant, either theoretically, practically, or both. Yin (1994) in 

discussing case studies says that "the individual case or cases are unusual and of general 

pubhc Interest. The underlying Issues are nationally Important, either In theoretical terms or 

in pohcy or practical terms or they are both the preceding". 

Some relevant quenes that nught be asked are: 

• Does the study have theoretical significance? Is It theory-building or theory-testing? 

• Does the study have practical Significance? Will It contnbute to the bUilding of 

"better" solutIOn? 

2) Internal valzdzty 

Internal Validity refers to the creciIblhty of the arguments made. Do the findings of the study 

make sense? In expenmental and quasi-experimental work, Internal vallciIty 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 "venslmlhtude", "authenticity", "plausibility," and "adequacy" are stressed 

(Miles and Huberman 1994). Yin (1994) suggests that In collecting data about a system In a 

case study one needs to ask If the study IS complete. The boundary of the study should be 

defined In such a way that it can be seen that information beyond the boundary IS of 

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

eVidence remains untouched. 

3) External validity 

Cook and Campbell (1979) define external Validity as approxlIDate validity With which 

conclusions are drawn about the generallzablhty 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 pnor theory? 

• Are the methods, processes and outcomes descnbed III conclusions generic enough to 

be apphcable In other settings? 
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• Does the researcher define the scope and boundanes of reasonable generalizatIOn 

from the study? 

• 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 mInimum, 

explicItness about the InevItable bIases that do exist". Other authors may class thIS cntenon 

under the headIng of Internal or construct valIdIty (Cook and Campbell 1979). Some relevant 

quenes that mIght be asked of an SD study are: 

• Are the study's methods and procedures descnbed explIcItly and In detail? 

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

• Has the researcher been explIcIt and as self-aware as possible about personal 

assumptions, values and bIases? ThIS questIOn IS of specIal Importance In action 

research. For example, IS there a lIkelIhood 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 questions about the system? 

5) ReltabtlitylDependabtllty/Auditabllzty 

Miles and Huberman (1994) state that the underlYIng issue here IS whether the process of the 

study IS 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: 

• Are the research questions clear? 

• Is the researcher's role and status explIcItly descnbed (of particular Interest In 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 underlymg epistemology, (Boland 1985, Walsham 1993) which 

believe that knowledge of reality IS gamed through SOCial constructIon such as language, 

consciousness, shared meanmg, 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 compromise in the conceptual mappmg of the shared knowledge across the contexts, 

to a common representations/definitIons proVided by a neutral language, the Process 

SpecificatIOn Language (PSL). 

Pnor to the adoptIon of PSL III the constructIon environment it has become Important to 

mvestigate the applicability of the language in the construction environment and evaluate the 

effectIveness and usefulness of the language m overcommg the infonnation exchange 

problems that prevail between constructIon software applicatIOns, provided that that 

language IS proved applicable. Therefore, this research study is carned out m three sets of 

major phases, these are' literature review; inves!lgation of the applicability of the Process 

SpeCificatIOn Language (PSL), which IS developed for manufactunng software 

interoperabillty, in construc!lon envlfonment; and finally Implementa!lon of the language m 

a constnctlOn scenano. 

In the first phase of the study, an mtenslve literature review was carned out m the area of 

developments and researches conducted by standardisation, mdustrial and acadeffilc bodies 

for software mteroperabllity, mfonnatlOll standardisa!lon; infonna!lon and processes 

mtegration; and the research methodologies used m the construction and manufactunng 

enVlfonments. 

Phase two mvolved the mves!lgatlOn of the applicability of the PSL language in the 

construction enVlfonment through conceptual mappmg of the construc!lon process concepts 

withm the pre-construc!lon process stages to PSL ontology, which contains neutral 
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specificatlon/defirutlons for manufacturing process concepts. In thiS phase an in depth 

lIterature study of PSL language and techmcal analysIs of concepts and constructs were 

carned out to identify the manufacturing process concept defined m the PSL ontology and 

deduce slmIlanties and differences between the manufacturing and construction processes. 

This IS followed by a techrucal analysIs on a set of three construction software applIcatIOns, 

supporting the pre-constructlOn process stages, which was chosen as a test scenano for the 

applIcabIlIty of PSL In construction. Dunng the technical analysIs of the software 

applIcations a set of data types that are necessary for each of the software applIcatIOns to 

represent construction process information were identIfied and gathered. Based on the data 

types gathered, conceptual models that are centred around the baSIC data entItles/types were 

developed for each of the software applIcatIOns and the attrIbutes assocIated With each baSIC 

data entIty were IdentIfied and categonsed. Fmally, conceptual mapping of the data types 

gathered to the PSL ontology were conducted through multidimensional scalmg/conceptual 

analysIs between the applications data types and the concepts defined in the PSL ontology 

Figure 5.1 shows the mappmg of the applIcations data types to the PSL ontology parts or to 

the new extensions. This IS to IdentIfy and determine the parts of the PSL ontology that are 

applIcable to provldmg the required common defirutIon 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 manufactunng 

envlfonment thorough conceptual mapping of process concepts Identified and gathered from 

different manufactunng software applicatIOns and applIcatIon areas. By conceptual mappmg 

of the constructIOn process concepts to PSL ontology, the mtentlon of the researcher, IS not 

to propose a modificatIon or alteration to the PSL ontology It IS 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 smulanty between the data types representing constructIon process concepts 

and PSL ontology concepts the multlrumenslOnal conceptual analysis creates mappmg 

points, which map the set of data types that were Identified and gathered dunng the techrucal 

analysIs of the scenano software applIcatIons, to the PSL map (PSL ontology). 
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FIgure 5.1. Conceptual mappmg of the software applications' data types to PSL ontology 

Figure 5.1 DepIcts the mappmg process of the software applications' data types to PSL 

ontology, m which the tatl of the arrows mdlcate the software appbcation' data types, and 

the head of the arrows pomts to the PSL parts that contatn concepts that are appbcable to 

define the data types at the tatl of the arrow. Where the arrowhead point to an empty CIrcle, 

thIs mdlcates that there IS no concepts defined in PSL ontology that is appbcable to the data 

type at the tatl of the arrow. Hence thIs empty CIrcle IS an open space for proposal of new 

extensIOns to mcorporate new construction process concepts in the PSL ontology that can 

provIde neutral definitions for the data types at the arrow tat!' The actual mappmg process is 

reflected III chapter 7. 

Based on results from the investigation of the apphcabllity 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 scenano is 

descnbed m chapter 7 and the descnptlon of the construction case study project for the 

scenano and the Implementation of the PSL is In the scenano IS presented m chapter 8. In 

thiS phase, a rigorous and systematic mterventlon 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 

through ImplementatIOn of the language In a construction scenario. The problem of 

evaluatmg the effectiveness or usefulness of PSL in a construction scenano IS of theoretical 

and practical Importance The implementation of the PSL language m a construction 

scenano provides the framework for the Intervention Into construction exchange scenano 

and It gUided the Investigation and cntlcal analysIs of the research problem. The interest of 

the research IS m ImprovIng IT and communication practices so the motivation was to solve 

the problems in a manner that contnbuted to the eXisting body of knowledge about research 

In construction IT. To achieve thiS objective of the study parsmg and concept mappmg or 

pattern matchmg were used as the methods of chOice In the implementation of the PSL 

language m the construction scenano, because an mterventlomst research method that would 

advance knowledge m communication practice IS needed. It IS Identified that the 

Implementation of the language in a real type construction case study is apphcable to 

achieve the objective of thiS study due to ItS practical problem solVIng onentation and ItS 

ablhty to expand the knowledge about construction IT problems and pOSSible solutions. 

The implementation of the language In the construction scenano was conducted through 

translation of the scenario software apphcations' representatIOns of the case study project 

constructIOn process mformatlon to PSL representations and back to the apphcatlons. This 

translation mvolves 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 apphcations; thiS parser keeps the tenmnology of the 

Translation Processes 

Wlule m the syntactic translation process, the apphcations' process mformation 

representations of the case study project were translated to PSL syntactic representations, 
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whIch IS a Knowledge Interchange Format, (KIF) syntax USIng a parsIng method. The 

parsmg method, translates each of the applIcatIOn's syntax to PSL syntax keepmg 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 IS carrJed out by hand USIng 

parsIng procedures and hand written semantIc translators (semantIc translatIon definitIons 

wntten between the applIcatIOns and PSL) and the result of these translatIons IS elaborated in 

chapter 8. 

Construction Scenario within Pre-construction Process Stages 

A multIdImenSIOnal conceptual analysIs and conceptual mapping research were conducted In 

a constructIon scenario WIthin the pre-constructIon process stages that Involves process 

Information representatIon and exchange USIng the candIdate constructIOn software 

applIcatIons supportIng these stages. A constructIOn scenano WIthIn the pre-constructlOn 

process stages was chosen because It is in these stages of constructIon projects that most of 

the construction process related mformation 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 mampulation 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 informatIon between the 

software applIcatIons supportmg these stages. Therefore it is considered as an appropnate 

test scenano for evaluating the effectIveness/usefulness and the Impact of the PSL language 

m the ArchItecture EngIneenng and construction practIces. 

The construction scenano compnsed 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 schedulmg processes for 

the constructIon case study project and the supportIng candidate software applIcatIOns are 

AutoCAD design, CCS cost estimatmg, and MIcrosoft project scheduling. 
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Figure 5.2. PSL ontology component parts of mterest to this project 

The Research Problem 

The aim of the research study is to evaluate the effecttveness/usefulness of the PSL, an 

existtng process specificatton and exchange language, based on Its ability to mteroperate 

manufacturing software apphcattons, to solve the prevruling interoperablhty problems 

among process related construction software applicattons. PSL IS ontology or a data model, 

which mcorporates a syntax and grammar speclficatton to make it a language. PSL ontology 

component parts of interest to this project are illustrated in Figure S.2. The PSL Core IS a set of 

axIOms wntten m the baSIC language of PSL. PSL core IS a relattvely simple theory With 

purpose to aXlOmatlze a set of intuittve semantic primitives that is adequate for descnbmg a 

wide range of baSIC processes. A foundational theory IS a theory whose expressive power is 

sufficient for glvmg precise definitions of, or axiomatlzatlons for, the pnmitlve concepts of 

PSL, thus greatly enhancing the precision of semantic translattons between different 

schemes. The final component of PSL consists of PSL extensions that give the resources to 

express mformatton involvmg concepts that are not part of PSL core. The relationship 

between the PSL components are shown by arrows, while the solid arrows indicate the 

definability relatton, the dashed lines mdicate parnal definability, I.e., the case where some, 
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but not all the addll10nal Imgwstic Items m the language of an extensIOn are definable. 

Figure 5.2 shows the PSL map of manufactunng process concepts and theones. To reduce 

congesl1on of concepts and theones only few of the PSL parts that are considered to be of 

mterest to this research study are presented in the map. 

The Information Exchange Problems in the Pre-construction Process Stages 

The rum of thiS research study is to Improve the constructIOn processes by sol vmg the 

orgaruzational and technical problems: that is the lack of shared semanl1cs or understandmg 

among the process related constructIOn software apphcal10ns It was believed that by usmg 

PSL as a process speclfical10n and exchange language m construction scenarios. the 

construcl1on software applical10ns would have better understandmg of each other and 

exchange the correct information. Pnor to the Implemental10n of the PSL language m thiS 

study there was no semanl1c understating between the software apphcal10ns supportmg the 

scenano wlthm pre-constructlOn 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 

termmologIes may be used for the same process concept Consequently. a deCISion was 

made to implement the PSL language m the scenario wlthm the pre-constructlOn process 

stages and It IS expected to prove the usefulness or pOSll1ve Impact of the language in the 

constructIOn enviromnent. 

The Effectiveness of PSLfor Construction Process Specification and Exchange 

The effecl1veness/usefulness of the language m construction IS measured by Its ability to 

solve the prevaihng problems of informal1on exchange hence by ItS apphcablhty to faclhtate 

the correct and complete exchange of process related information between construcl1on 

software apphcations m the environment. The mam goal IS to find out how useful and 

effecl1ve IS the PSL language for construcl1on process speclfical10n and exchange thorough 

implementation of the language in construcl1on scenano. The result of the implemental10n 

exerCise is expected to prOVide. Significant support for evaluating how effecl1ve and useful 

the language for constructIOn organisal1ons. and basiS for future direcl10ns m the use of PSL 

in the sector. 
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The Implementation of the PSL in the construction scenano requrred Identlficatlon and 

formal representation of the construction process related data of the case study proJect. This 

IS achieved, after Identification and gathenng of process related data from the construction 

specification document for the case study proJect, frrst through process models development 

for the case study scenario project construction, usmg IDEF3 modellmg 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 scenano. Then the three software applications were used to represent the processes and 

process related data of the proJect. Fmally, usmg PSL as an mterchange language, the two 

stages translatIOn process IS carned out to exchange process mformation between the three 

scenario software applicatIOns. The role of the two stages translation process m the 

Implementation of PSL m 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 mvolved translatIOn of 

mformatlon between the software applications using hand wntten translators (translation 

defimtions between the applications and PSL). Though, t1us translatIOn process and concepts 

mappmg has limitations in providing a Significant support for evaluatIOn of how effective 

and useful the language is in construction, It supported the Identification of the applicable 

PSL concepts m the scenano and formulation of extensIOns to the PSL ontology that are 

needed to incorporate concepts that are specific to the construction scenano 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 scenano before and after the 

Implementation of PSL, to measure the success of the Implementation and the rrnpact of PSL 

m construction information exchange wlthm the scenario and the proposal for new 

extensions to the language was formulated. Figure 5.3 Shows the construction scenano 

before and after the Implementation of PSL and strategIes m the Implementation of PSL m 

the scenario. 
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FIgure 5.3. Scenanos 1 before and 2 after the Implementa!J.on of PSL 

5.6 Research Methods Used 

A techmcal analysis, mul!J.dlmenslOnal conceptual analysIs, conceptual mapping, process 

modellmg, transla!J.on processes and a smgle case study, have been used m tlus study to 

mves!J.gate different aspects of the research problem as descnbed below. 

1. A techmcal analysis of the construction scenano software applications was used to 

Iden!J.fy the data representa!J.ons· data representa!J.on terminologzes adopted by each 

application, file formats and common exchange file formats through winch the 

applica!J.ons may exchange phYSical files, to iden!J.fy and gather the data types that are 

necessary for representa!J.on of construction processes mformation, and to Identity and 

detenrune a common set of data types representmg the same process concepts or 

information that are shared among the applica!J.ons. 

2. Modellmg of the processes for the case study project construc!J.on IS used to formally 

represent the construc!J.on processes and process data, related to the scenano candidate 

software applica!J.ons. 

3. A conceptual mappmg IS used in the mves!J.ga!J.on 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. Usmg thiS method context dependent data types were mapped to PSL to find 

context independent representation (mtegrated data or neutral specificatIOn) for the 

common set of data types that are shared among the software applicatIOns. 

4. A constructlon scenano wlthm the pre-construction process stages, which mvolve 

process mformation representation and exchange between AutoCAD, CCS and Microsoft 

project applications for a case study project IS used to explore the practices m 

construction; mformatlOn representation and exchange, the methods of mformatlon 

exchange between participants, and the problems. The research is carried out wlthm pure 

acadeIll1c research with the candidate software applicatlons supportmg the constructlon 

process stages of the scenano were used to represent the vanous professIOnal paruclpants 

involved m the constructIOn scenano to give a real constructIOn project character of the 

mdustry. This includes the information generated, handled and exchanged between the 

participants' actlvlties using IT applicatIOns to represent a real construction phenomena. 

5. A manual translatlon processes IS used m the Implementatlon of PSL m the constructlon 

scenario. In this Implementation a syntactic and semantic translatlon were carned out 

through parsmg and pattem-matchmg and mapping methods. This mcludes development 

of hand wntten translators (translation defimtlons) between the software applicatlon and 

PSL and informatIOn exchange between the software applications using the hand wntten 

translators and finally valldatlon of the Implementation. 

6. Addmonally, an extensive literature review in the areas of research and developments 

and researchers for software interoperabllity was used as a secondary source of 

mformatlon for the research study. 
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FIgure 5 4. Summary of the research strategy 

5.7 Data Collection and Analysis Methods Used 

The research problems have been addressed through combmation of qualItatIve research 

methods and data gathenng and analysis methods. Although a clear distInctIon between data 

gathenng and data analysIs IS commonly made in quantItatIve research, such a dIstInctIon IS 

problematic for many qualitatIve research (Blelcher, J., 1980). For example, from a 

hermeneutIc perspectIve it IS assumed that the researcher's presuppositIons affect the 

gathering of the data. The analysIs affects the data and the data affect the analysis m 

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 gathenng, analysing and interpretIng qualItatIve data. The common 

thread is that all qualItative modes of analysis are concerned pnmanly with textual analysIs 

(whether verbal or wntten). 

Mode of Analysis 

Different modes of analysis were used In 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 charactenstics of the construction scenario candidate software apphcations, data 

representatIon tenrunologIes and data types of these apphcatIons, process concepts In each 

component parts of the PSL ontology, constructIon case study project data, constructIon 

process infonnatIon of the case study project related to scenano wltJun the pre-construction 

process stages. The methods used In the data collectIOn and the mode of analysis and the 

purposes are summansed In table 5.5. 

Technical Study/Research Qualitative Research 
Components 
Purpose To identIfy the common or exchange To Idenl1fy 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 idenl1fy contextual process data of the case 

data types and terminology of the study project i 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 apphcal10ns 
types of the applIcations repressing the represental10ns or data types, and finally, to 
same concepts; define these concepts using PSL language 
To identify and determine PSL through mappmg of these concepts to PSL 
concepts and theories apphcable in ontology. 
constructIOn, and investigate the level 
of applicabIlity of PSL concepts and 
theories for defimng the shared 
process related data types between the 
three software applications 

Data Techmcal QualItal1ve data collection method 
collection 
method 
Sonrce of Scenano 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 interoperablhty problems, sets of techmcal data. 

InfonnatIon representatIon data types and tenrunologIes, file fonnats, and import/export or 

file exchange file fonnats, were gathered from the construcl1on scenano software 
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applications and a technIcal analysIs were conducted to IdentIty the common file fonnats that 

these applIcatIOns may use to interoperate, and the data types and tenrunologtes representing 

the shared concepts between the applIcations. 

In the investigatIon of the applicabIlity of PSL in the construction envIronment, conceptual 

propertIes and categones were generated from the technical data gathered through technIcal 

analysIs of the scenano software applIcatIons and PSL ontology, and a muItiwmenslOnal 

conceptual and technical analysIs were conducted to IdentIty and detennme the parts of PSL 

ontology that are applIcable m providmg common definItIOns for the shared concepts 

between the applications, and the new concepts that may need to be mcorporated in PSL 

ontology new extensions. 

In the fonnal representation of the case study project constructIon process infonnatlon, usmg 

IDEF3 modelIng methodology, data were gathered from the constructIon specIficatIon 

document of the case study project, m correlatIon WIth the scenano software applIcatIons 

and qualitative and technical analysIs were conducted to identity the construction processes 

and correspondmg data related to the three scenano software applIcations. 

Understanding of the construction scenano sItuatIons mvolved, 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 scenano software applIcatIons, 

Identification and collectIon of data types of the software applications representing the case 

study project constructIOn process mfonnatlOn, the problems m exchangtng this mfonnatIon 

between the scenario software applIcatIOns reqUIred identification of the file fonnats of each 

of the applIcatIOns and the common or exchange file fonnats for the exchange of phYSIcal 

files between the applIcatIOns, and the level of semantIc understanwng and/or 

ffi1sunderstandmg that may exist between the applIcatIons representatIons or data types. 

In the analysis of the data gathered during the analysis of the constructIon scenano process 

concepts and manufactunng process concepts of the PSL ontology a multIdimenSIonal 

conceptual analysis were employed for referencmg data m their contexts, shapmg the 

meanIngs of each of the applications data types m theIr context and based on thIS UnIts of 
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interactions were carned out, m wluch IS a sequence of data moves from context dependent 

(the applications data types) to context mdependent representatIOn (PSL representatlons)of 

the data. ThIs is to Identify the semantic sirrulanties and dIfferences between the scenano 

software applications' process mformatlon 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 appllcati ons. 

5.8 Conclnsions 

The overall research problem was addressed through a combmation of different approaches 

and methodologies studIed and used in the different parts of the research. The sItuations m 

the complex contexts of IT applications m constructIOn were analysed in terms of the level 

of appllcabdlty of the PSL language in the constructIOn envIronment. ThIs IS achIeved 

through mvestigation of the applicabdlty of PSL m the construction environment and 

Implementation of the language m a construction scenano. Fmally the Impact of the 

language m the construction scenario was evaluated through techmcal 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 descnptlon and representation of construction processes (management of 

constructIOn process mfonnatlon) pnor to the ImplementatIOn of these processes on sIte 

Integrated computer systems offer the capabIlIty of Improvmg the effectiveness and 

efficiency of construction management processes (RusseU & Froese 1995) A central 

reqUIrement for such systems IS the abIlity to share mfonnatlOn between multiple 

computer applications Therefore, the mtegration of these appilcatlons IS cornerstone for 

an effective and efficient management of the constructIOn operations. However, the 

ability to share process infonnatlon between these applicatIOns IS hIghly dependent on 

the specIfication and representation of the mfonnatlOn. An integrated process related 

construction computer applicatIOns envIronment in the mdustry requires a common 

specIficatIOn language to faCIlitate the representation and exchange of process 

mfonnatlon between heterogeneous software applications. 

Ontology based processes description and mterchange mechamsms have SImplified the 

mtegratlon of some process related software applications in the manufacturing 

enVIronment, one such mechanism IS the Process SpecIfication Language (PSL) 

(http://www mel.nist.gov/psllpubs.htrnl). Motivated by a growing need to share process 

mfonnatlon m the manufactunng environment, PSL was developed at National Institute 

of standards and technology (NIST), aimed at creating a generic Process SpecIfication 

Language, focused on the descnptlon of processes bUlldmg on existing modelmg and 

process representation methods, for integration of multiple process-related applications 

throughout the manufacturing lIfe cycle, (Schlenoff, C., Grunmger M., Tissot, F., Valois, 

J., Lubell, J., Lee, J., 2000). In the same way, there IS an expectation that the construction 

sector could benefit from PSL for interoperabillty of multiple process-related software 

applications. One of the mam objectives of this research study focuses on the assessment 

and mvestlgatlon of the applicabIlity of the Process SpecIficatIOn Language (PSL) m the 

construction environment. 
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ThIS chapter revIews the process concepts defined In the PSL ontology and the 

constructIon envIronment from the production/constructIOn processes perspective, looks 

bnefly at the desIgn, cost estimating and scheduhng construction apphcatlon areas and 

supportIng software applications and dIscusses the process concepts (construction 

process concepts) of these apphcation areas based on results of analysis of the software 

apphcatlons supporting these areas. FInally, the applicabIlity of the PSL language in 

construction IS assessed through a multidImensional conceptual analysis between the 

construction process concepts and PSL ontology (manufactunng process concepts), and 

mappIng of the software apphcatlons data types, which deal WIth the representation and 

marupulatlOn of constructIOn process Information wIthIn the pre-constructlon process 

stages, to PSL ontology 

6.2 Construction Environment 

6.2.1 Introduction 

Construction IS a project based Industnal development where each project Includes 

dIverse work pieces and tasks, wIthIn each stage of projects hfecycle. The construction 

Industry has not been at the leadIng edge of the industrial development except for one 

aspect and that IS the ablhty to orgaruse and re-reorgaruse It self around bIg projects (A. 

Jagbeck, 1998). In-order to overcome the unlirruted and complex management needs the 

Industry had to rely on production units, sub-contractors or work groups. Each work 

group is Independent, and yet mterdependent In the process of achievIng a final goal, the 

constructed facihty. As a result the need for communication and information exchange 

between the work groups IS of paramount importance In the construction Industry 

Construction encompasses mtensive and fragmented processes WIth numerous 

participants, experts and professIOnals Involved across the vanous stages throughout the 

projects hfe cycle and large amount of Information IS generated for each project 

undertaken, and thIS Information IS 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 tenrunology, technology apphcatlons and way of expressmg and handling 

Information and yet interdependent. Moreover, much of the informatIOn exchange 
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between partIcipants IS still done manually or using mformatlon technology only m the 

ruchmentary way. 

6.2.2 Construction Process Information 

Construction involves designing and implementation of a buildtng project form the 

conception of the project m a client's rrund to its completion for commissiomng 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 descnptlOns mclude informatIOn 

descnbmg construCtion processes such as in design, cost estimating and scheduling 

stages, and thiS is referred to as construCtion process mformation. The term "construction 

process mformation" refers to information descnbmg the construCtion operations needed 

to realise a project mcludmg, amongst others, a high level description of the aCtivities, 

data reqUirements, resource reqUirements, ordenng relatIOns and temporal constramts, 

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 employmg chfferent 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 planmng and schedulmg speCifies time of occurrence, duration, sequence, resource 

requIrements etc. of each process and constramts that may exists between them. All thiS 

mformatlon 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 usmg 

different supporting software applications with varying terrmnology and file formats. 

"Shared mformation" presents the information exchanged or shared, by vanous 

applications wltlun the pre-Implementatlon of construction processes on site. 
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6.2.3 Construction Computer applications 

The advent of InformatIOn Technology (IT) has presented prorrusIng opportunities for the 

development of digital applicatIons that may sIgnificantly improve the trarutIonal 

management of projects information In the construction domaIn. To date, there are a 

wIde range of computer applications employed across constructIon process stages, to 

support the descnptlOn and representatIon of constructIon processes. Some of the primary 

areas in which computer applications are wIdely used to support the descnptIon 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 estImating and Microsoft project for planning and 

schedulIng, each of whIch IS developed and supported by dIfferent programrrung and 

control languages. Each of these applicatIOns focuses on partIcular aspects of a 

constructIon process and uses a unique representatIOn and termInology to descnbe the 

processes and represent the process information. The "Process InformatIon" In thIs 

context refers to the informatIon descnbmg 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 descnptlOn 

should Include design data requirements 1.e. desIgn data handled by AutoCAD such as 

attnbute specification of a product to be realIsed by constructIon processes; construction 

processes plan handled by MIcrosoft PrOject such as descnptlOn 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 manIpulate all the Information reqUIred dunng the realIsatIOn and 

management of construction projects and may need to share at-least some of the 

mformatlon. However, almost all of the construction software applications work in a 

stand-alone manner each with umque representatIons and termInologies, therefore, 

do not share the same process concepts even when the same terrrunology IS used, or 

different terrrunologles may be used for the same process concept. Hence the meamng of 

the terminologies representing process informatIOn In any of these applications IS entirely 
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dependent on the context m whIch It IS viewed and mterpreted. As a result mformatlon 

exchange between constructIOn software applIcations IS problematic 

6.2.4 Communication 

In the construction mdustry, collaboration between several professIOnals who usually 

come from illverse organIsatIOns and the mteroperability of the numerous computer 

applIcations, whIch are normally mtroduced throughout the project's IIfecycle, to solve 

specIfic problems and support information management are cornerstone for the 

successful achIevement of constructIOn projects. Hence, commumcatlon and mformatlon 

sharing has become of paramount importance in constructIOn orgamsations. However, m 

all types of commumcation, the abilIty to share information is often hmdered because the 

meanmg of the informatIon can be drastically affected by the context m whIch It IS 

vIewed and interpreted (Cutting, 2000) This IS due to the diverSIty and complexity of 

constructIOn informatIOn handled dunng the project's life cycle and the barrier to the 

exchange of the mformatlOn, whIch has resulted from the dIvision of work groups and 

the dIfferences m the representations of mformatlon m 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 m mISInterpretation of the contents of the mformatlOn exchanged between 

applIcations and poor communication practice in the sector. 

AJthough, the use of computer applIcations IS wIde spread m construction today, most 

information exchange and shanng stili has to be done m some form of manual 

transaction. The reason is that, most of the constructIon computer applIcatIOns are used 

throughout project's IIfecycle to deal WIth millvldual problems and support specIfic 

mformation reqUIrements workmg in a stand-alone manner each WIth Its own and umque 

mformation representation; file formats and termmologzes. Hence, information shanng 

between applIcations is inconsistent, illfficult and some times ImpOSSIble WIthout the 

application of specIfic translators, as the meamng of the mformatlon can be completely 

dependent on the context in whIch it IS mterpreted. One of the pnmary reasons for thIS 

problem IS the lack of a common language for speclfymg construction processes. 
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6.2.5 The challenges 

TrachtlOnally information exchange and communicatIOns has been poor and mconslstent 

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 shanng has become the greatest challenge faced by constructIon 

organIsatIons today. As a result the capabIlIty of AECIFM applIcatIons to mter-operate 

has become a major Issue for acaderrucs, researchers and standardIsatIOn bodies As a 

result there have been efforts m developing interoperabllIty mechamsms and standards 

for mformation exchange between AECIFM software applicatIons. Several data 

standards have been developed for product description and exchange of construction 

projects (IA! 1997 & 1998; ISOITCI84/SC4, 1993a). However, among these efforts 

towards mteroperabllity the process centred view of the constructIOn information has 

recei ved lIttle attentIOn. 

The first stage in developmg mechanIsms for mteroperabllIty of process related 

constructIon computer applIcatIons lIes in the development of a common speCIficatIon 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 IS one of the challengmg task for researchers and standardIsatIon 

boches. One of the objectives of thIS research study IS, to mvestIgate the applIcabIlIty of 

the manufactunng Process SpeCIficatIon Language (PSL) for the speCIficatIon of 

constructIOn processes. 

6.3 PSL from Construction Processes Perspective 

PSL was mamly developed and used m the manufacturing sector for the speCIficatIon and 

representatIon of manufactunng processes informatIon to mtegrate multiple process 

related manufacturing applIcatIons. This project proceeded to Investigate the applIcabIlIty 

of thIS language m constructIOn by focusmg on the applIcatIon areas wltlun the pre

construction process stages that PSL IS 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 m constructIon envIronment. 
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ThIS sectIOn, first bnefly looks at the applIcatIon areas wIthIn the pre-constructlOn 

process stages chosen as an InvestIgation ground for the applIcability of PSL In 

construction, and then IdentIfies the process concepts Intnnslc to theses applIcatIon areas 

and dIscusses the process speCIfication and representatIon needs for these areas. The 

application areas are revIewed and process related InfonnatlOn representatIons are 

IdentIfied through technIcal analysIs of the software applications supportIng these areas. 

The data types used in these software applicatIons that are necessary for representing the 

constructIon processes InfonnatlOn wIthm the pre-construction process stages were 

analyzed and compared wIth the manufactunng process concepts defined In the PSL 

ontology. The PSL ontology IS assessed to IdentIfy whether It contaInS concepts and that 

can capture the intuitIve meaning of the constructIon process speCIficatIon reqUIrements 

or data types of the design, cost estImatIng and schedulIng applicatIons. The expectation 

IS that eIther PSL wIll need to Incorporate definItIons 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-constructlOn process stages. The manufactunng 

process concepts of the PSL ontology were assessed to determIne the applIcabIlIty of the 

PSL language for process related archItectural deSIgn, cost estImatIng and schedulIng 

InfonnatIon representatIons' semantIc concepts definItIons and based on the result of the 

Investigation conclusions were drawn on the applIcabIlIty of the language In the 

constructIon environment. 

6.3.1 Process Specification Requirements in the Pre-Construction stages 

The pre-constructlOn process stages are the areas in whIch computer applIcations are 

wIdely used to support the descnptIon, and planning of construction processes. The 

requIrements related to the pre-constructlOn process stages that are necessary for 

representIng constructIon processes can be Identified through analysis of the software 

applicatIons supportIng these stages. This sectIon bnefly looks at the architectural design, 

cost estImatIng and schedulIng applicatIOn areas of the pre-construction process stages 

and the reqUIrements are gathered through ldentIficatlOn 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 supportmg the architectural design, cost estJmatmg and scheduling 

applicatJons areas wluch are the focus of thiS research study are: AutoCAD, Construction 

Computer Software (CCS) and Microsoft project. These applicatIOns descnbe 

constructJon processes from design or product data reqUirement, cost effects and 

scheduling and planrung pomt of view and were analyzed to Identify, what process 

related reqUirements need to be represented m each of these applications AutoCAD IS 

widely known as a product related application, however m this research study it is 

analysed as a process related applicatIOn because It deals With project informatIOn 

representation mc1udmg process related data. These packages were selected as test 

applications for the mvestlgatlon of the applicability of PSL in construCtion, because 

AutoCAD and Mlcrosoft Project application are currently the most Widely used 

applications m the UK constructIOn orgamzatlOns, and CCS IS an applicatIOn With a 

complex mformatlon representatIOn structure. 

As the one of the mam objectives of this research study IS on mformatlOn exchange 

between the three software applicatIOns, the process speCification reqUirements that 

represent shared process concepts between the applicatIOns are the focus of mvestlgatlon. 

The construction process speCification reqUirements that represent shared process 

concepts are tabulated together agamst the PSL process concepts m the following 

sectIOns m order to summarize the result of the mvestlgation of the applicability of PSL 

in construction. The process specificatIOn reqUirements (or process mformatlOn 

representations) related to architectural deSign, cost estJmating and schedulmg and 

plannmg application areas that are supported by AutoCAD, CCS and Mlcrosoft project 

applications are descnbed as follows 

6.3.1.1 Process Specification Requirements related Architectural Design 

The AutoCAD drawmg objects prOVide a Virtual representation of the architectural 

products m a proJect, which are bemg realised by construction processes. AutoCAD 

proVides geometncal representation and textual specificatIOn of the project objects The 

geometncal representations may convey mformatlon such as rumensions and locatIOn of 

products m a proJect. However realizatIOn of the project products reqUire more 

mforrnatlOn than that can be conveyed through the drawmg mforrnatlOn representations 

of AutoCAD application. AutoCAD drawmg objects are the mam entities by which a 

designer captures a compound (composite) and component (detailed) objects or products 
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m a project. Textual attnbutes can be attached to each drawing object to represent more 

detaIled descnptions based on Its purpose in the construction process for the product 

represented by the drawmg object. Figure 6.1 Illustrates the basIc data model for 

AutoCAD application, wJuch IS developed based on the analYSIS carned out to Identify 

the process related project information representations of AutoCAD and other 

applications such as database and spreadsheets that can be used for structunng textual 

mformation of drawmg objects. Attnbutes can be extracted from AutoCAD drawmg 

objects and used in a spreadsheet or database to produce textual information. Database 

file formats (spreadsheet files) are Widely used in apphcatlOns such as AutoCAD for 

structuring mformatlOn 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 apphcatlOn's basic project mformatlon 

representatIOn entities. The basic entities are drawing objects, blocks, and attnbutes that 

can be associated with each drawmg and block for textual charactensatlon of the drawmg 

objects. 

l-A_u1D_C_A_D_Br:OC_k_o_bl_e_c_ts---,f-has--4L-A-ttr_lb_u_te_O-b_1ec_ts---, 

.-------c'on1alns------, 

COn1alns--1
L 
___ -.-___ -' 

AttrIbute Objects 

Figure 6. 1. Design application model based on AutoCAD 

The process related mformatlOn that need to be represented III architectural design stage 

are: the name of the geometrical (Le. the drawing objects) representatIOn of the project 

products; and the textual attnbutes that can be attached to and extracted from each 

drawing object and structured III database file formats to provide information related to 

the project product's constructIOn processes. For further clanficatlon of the design 

mformatlOn representation data types a glossary of technical terms for the AutoCAD 
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software apphcatIOn IS attached m Appendix A. The followmg provIdes a bnef 

descnptJon of the AutoCAD mformatJon representations depicted m figure 6.1' 

DWGobject: 

Block objects: 

geometncal representatJon of project products, which IS bemg 

reaJlzed/constructed by constructIOn processes. ThIs representatJon 

provIdes the overaJl graphical/geometrical view of the compound 

and component project products and some data that can be 

attached to the drawmgs thIS includes dimenSIOns, onentation and 

locatIOns of the overall object and parts. 

these are AutoCAD symbols representJng drawing objects sImple 

geometnc shapes and complex objects A block is a group of 

entJtIes or drawmgs or objects that can be manIpulated as a smgle 

umt and any mstance of a block can be exploded mto detaIled 

entJtIes or drawmg obJects. 

Attribute objects: Attnbute objects are textuaJ defimtlOn of charactenses of the block 

or drawing objects. 

Spreadsheet files: AutoCAD allows designers to extract attnbute mformatIOn from 

drawmg and block objects as a list m CDP (comma delmuted 

format), SDP (space delirmted format) or DXF (data exchange 

format) for use in other programs such as spreadsheet files to 

produce mformatJon such as parts lIst, bIll of matenaJs (BOM), or 

bIll of quantitIes (BoQ). The CDP, SDP and DXF file formats 

can be Imported mto 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 mfonnation related to 

cost estImatIng are identJfied through anaJysls of the cost estimatJng methods used m the 

CCS applicatJon. Figure 6.2 shows the CCS cost estimatJng applicatIOns basic model 

developed usmg the apphcatJons method of cost estimatJng. The model Illustrates the 

baSIC cost estlmating entItJes and the data types assocIated with each baSIC entIty i e. the 

fields associated WIth the basic entItJes. The maIn entJties 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 IS resources (labour, 

plant, matenal, temporary matenal, subcontractors etc.) that perform the operations All 

these entities have numerous data fields associated With them. 

I BoO I 
1 .l 1 

I Macro I Macro I I Operatan 

1 
~ .l 
~ I Operaton equres 

I operaton equ,es --lR Resources I I Operatan I equ,es 
I Operaton equr 

Figure 6 2. Cost estimating application model based on CCS 

The main entities and the associated attnbutes represent the construction process 

speCificatIOn reqUirements. For further clanficatlOn of the cost estimating mformatlOn 

representation data types a glossary of techmcal terms for the CCS software application 

is attached In Appendix A. A large number of attnbutes are assOCiated With these baSIC 

entities. In tlus case, ConstructIOn Computer Software (CCS) has the follOWing data 

structures: 

o Macros have the following data fields assOCiated with each macro operation 

- CCS Page Number, Item Number, Op Code (Operation Code), Op Code 

Descnptlon, 

- Op Code Umt, Billed Quantity, Nett Rate, Nett Amount 

- Trade code 

- Operations 

- Nett Split Rates 

- Op Code Attnbutes (Attr) 

- Page I 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 (Operauon Code), Op Code DescnptlOn, Op Code Umt, 

Quantity, Nett Rate, Nett Amount 

- Work sheet resources and cost rates 

- Nett Split Rates, Op Code Attnbutes (Attr) 

- Page I Item, Gross Rate, Billed Gross Amount 

- Sellmg Rate, Billed Sellmg Amount 

o Resources: have the following data fields associated With each resource 

- Resource Type, Resource Code, Resource Descnption, Fmal Rate, Resource Umt, 

Resource Attnbutes (Attr), Base Rate 

- Resource group codes 

- Resource class codes, ProductIOn Factor, Producuon Code 

- Usage, Usage Value 

- Resource amount 

6.3.1.3 Process Specification Requirements related Scheduling and Planning 

One of the computer applications widely supporting construction planning and 

scheduling IS Microsoft Project (Microsoft INC.) Figure 6.3 (Thomas Froses, 1997) 

Illustrates the basIc data model adopted by Pnmavera Project Planner (Pnmavera 1991) 

and Microsoft Project (Microsoft 1994). The model IS centered around the actZVIty or task 

(essentially a process enuty), other main enUUes are the project Itself, resources, 

resource utilization (the allocation of specific resources to speCific acuvlues), precedence 

logic (the mter-activity sequencing constraints), and work calendars (descnptlOns of the 

length and tlrmng of the work week avrulable for different types of processes). 

Figure 6 3. Scheduling applicauon model based on Microsoft Project planner ( source: 
Thomas Froses 1997) 

A large number of attnbutes are associated With these basic enuties. The basIc entities 

and the associated attnbutes represent the process mformation specificatIOn reqUirements 
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related schedulIng. For further clanfication of the applIcatIOn's InformatIOn 

representatIOn data types a glossary of MIcrosoft Project applIcation baSIC entltles and the 

assocIated data types (techmcal terms) IS attached In Appendix A. In thIS case, MIcrosoft 

Project, has the follOWIng data structures. 

o Tasks have the following data fields associated with them, Includmg other data 

related to these· 

durations, start and fimsh dates (early and late), float or slack tlme, and 

task delays, 

work hours, task progress, and eamed value analYSIS, 

predecessor, successor, and schedulIng constramts, 

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, 

m!lestone, cnticailty, pnonty, confirmatlon, and update indIcators, 

multlple versIOns of many of the above data Items are stored, Including 

nonnal, actual, baseline, remaimng, and numerous user-defined versions. 

o resources have the follOWIng data fields assocIated with them, including other 

data related to these: 

costs, work hours, work calendars, vanances, accrual baSIS, overtime, 

rates, 

resource ID's, names, groups, umts, notes and OLE linked objects, 

progress, peak use, and over-allocatIOn mdlcators, 

multiple versions of many of the above data Items are stored, mcludmg 

nonnal, actual, baselIne, remaming, 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 representmg constructIOn process InformatIOn within 
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the pre-constructlOn process stages (design, cost esnmatmg, and scheduling or planning) 

were Identified and gathered through analysis of AutoCAD, CCS, and MIcrosoft project 

schedulmg applicatIOns selected to support these stages. In order to faCilitate the mappmg 

of the process specificanon requirements of these stages to the PSL ontology, thiS 

sectIOn, first presents process related design, cost eSllmallng, and schedulmg or planning 

concepts maps as shown m figures 6.5, 6.6 & 6.7, thorough conceptual analysIs and 

mappmg of the applications' data types. These maps provIded a framework withm which 

a theory that postulates relatIOnshIps between the data types IDlght be stated. Based on 

these maps the constructIOn process concepts related to the design, cost eSllmatmg, and 

scheduling applicatIOns are defined usmg natural language statements of the applicatIOns 

data types' semanllC concepts The PSL ontology also is a map of manufactunng process 

concepts developed through conceptual analysis and mappmg of the process 

representatIOns related to vanous software packages and applicatIOn areas m the 

manufacturing environment. The manufactunng process concepts m the PSL ontology 

are defmed formally usmg Knowledge Interchange Format (KIF) specificatIOns. Based 

on analysIs of the natural language statements of the applications data types' semannc 

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 m figure 6.4, and the results of the 

mapping process IS shown m figures 6.8 to 6.9 and summanzed m table 6.1. Fmally, 

analYSIS of the mapping process IS presented followed by conclusions. In the followmg 

sectIOns a brief reVIew of the PSL ontology is presented and the construCllon process 

related design, cost esnmating and scheduling concepts maps are descnbed. 

6.4.2 PSL Ontology Concepts and Current Theories and Extensions 

The Process SpecificatIOn language IS a neutral language, for the representanon of 

process mformallon, related to manufactunng, includmg all processes m the 

deslgnlmanufactunng life cycle. This interchange language IS umque due to the formal 

semanllC definitions (the ontology) that underlie the language. All concepts with the PSL 

representations are unambiguously and formally defined in the PSL Ontology. PSL 

Ontology IS a set of specialised terminology along with some speclficallon of the 

meamng of the terms m the leXicon. It provides ngorous and unambiguous defimnons of 

the concepts necessary for speclfymg manufacturing processes to enable the exchange of 

process mformallon. The PSL ontology is represented usmg the KIF specific all on 
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(Genesereth, and Flkes, 1992). KIF IS 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 ngor necessary to define concepts m 

the ontology unambiguously, a necessary charactenstlc to exchange manufactunng 

process mformatlon usmg the PSL ontology. 

The foundatIOn of the ontology IS 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 modularIy With a set of core 

concepts and multiple extensIOns add to the core. The PSL-Core IS the set of axIOms 

wntten in KIF (the Knowledge Interchange Format) and usmg only the nonloglcal 

lexicon of PSL Core. The extensIOns form a lattice of extensions to PSL-Core. PSL-Core 

IS not strong enough to provide defimtions of the many auxlhary notions that become 

necessary to descnbe all mtUltlOns about manufacturing processes. To supplement the 

concepts of PSL Core, the ontology mcludes a set of extensIOns that mtroduce new 

termmology. A PSL extensIOn provIdes the lOgICal expressiveness to express mformation 

mvolvmg concepts that are not expliCitly specified m the PSL Core. A distinctIOn IS 

drawn between defimtional and nondefinitional extensIOns of the PSL Core. A 

definitional extensIOn IS an extension whose nonlogIcal leXicon can be completely 

defined m terms of the PSL-Core. Defimtlonal extensIOns add no new expressive power 

to PSL-Core. Nondefimtional extensions (also called core theones) are extenSIOns of the 

PSL Core that mvolve at least one new primitive not contamed m 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 defimtlons for 

AutoCAD deSign, CCS cost estimating and Microsoft project schedulIng applIcations' 

data types. In the followmg sections a review of the PSL parts and theIr concepts are 

presented. DetaIled formal and mformal defirutlOns of the PSL ontology concepts and 

parts are aVaIlable m (http·/lwww.mel mst.gov/psIlontology.htmn. 

6.4.2.1 Core Theories of PSL Ontology 

PS~Core: 

• PSL-Core: The purpose of PSL-Core IS to axlOmatlze a set of mtultl ve semantic 
pnffiltlves that is adequate for descnbmg the fundamental concepts of manufactunng 
processes. 
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Outer Core 

• Subactivity Theory: The PSL Ontology uses the sub-activity relation to capture 

the basIc mtUltions for the composition of activities. 

• Theory of Occurrence Trees: An occurrence tree IS the set of all discrete 

sequences of activity occurrences. 

• Theory of Discrete States: The Discrete State core theory IS mtended to capture 

the basIc mtUltions about states and their relatIOnship to activities. 

• Theory of Atomic Activities: The core theory of AtOlIDc Activities prOVides 

axioms for mtUltlons about the concurrent aggregation of pnlIDtlve activIties. 

• Theory of Complex Activities: This core theory prOVides the foundatIOn for 

representmg and reasonmg about complex activities and the relatlOnsrup between 

occurrences of an actiVity and occurrences of Its subactlVlties. Occurrences of 

complex activIties correspond to sets of occurrences of subactlvities; 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 

subacti Vlty 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 duratlons. 

• Sub activity 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 actl vlUes. 

• Occurrence Tree Automorphisms: There IS no clear statement about the use of 

this core theory. 

• Envelopes and Umbrae: There IS 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 IS required by some actIVIty. 

• 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 

• Deterrrumstlc ActivIties: Permuting Branch Structure 

• Nondeterrrumstlc ActivIties: Folding Branch Structure 

• Nondeterrrunistlc ActivIties: Branch Structure and Ordering 

• Nondeterrrumstic ActivIties: Repetitive Branch Structure 

Spectrum 

• Spectrum of Activities: Permuting Activity Trees 

• Spectrum of ActivIties: Compacting Branch Structure 

• 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 

• AtoIDlc ActiVIties: Downwards Concurrency 

• Spectrum for AtoIDlc ActivIties 

Temporal and State Extensions 

Preconditions 

• PrecondItIOns for ActiVIties 

• State-based Preconchtlons for Activities 

• Time-based Preconchtlons for Activities 

• PreconditIOns based on State and Time 

• Occurrence-based Preconditions for ActivIties 

• Preventable Preconchtions for Activities 

• PeriodIC Preconchtlons for Activities 

• SpOIlage PreconchtlOns for Activities 
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Effects 

• Effects of ActivIties 

• State-based Effects of Activities 

• TIme-based Effects of ActivIties 

• Occurrence-based Effects of Activl1:!es 

• Effects of ActiVIties. State and Occurrences 

• Effects of Activities: TIme and Occurrences 

• Fluent Trees 

Distribution 

• DistnbutlOn of Complex ActivIties 

• State-based DlstnbutlOn of Complex Activities 

• Time-based Distnbution of Complex Activities 

• DlstnbutlOn based on State and TIme 

Variation 

• Vanatlon of Complex ActivIties 

• State-based Vanatlon of Complex ActivIties 

• Time-based VanatlOn of Complex ActivIties 

• Vanation based on State and TIme 

Embedded Activity Trees 

• Embedded ActIvities: Plans 

• Embedded Activities: Temporal Spread 

Atomic Activities 

• Vana1:!on of Atoffilc ActivIties: Upward Concurrency 

• Variation of AtoITIIc Activities: Downward Concurrency 

• Interfering Preconditions 

• Clobbering Effects 

• Vana1:!on of Interfenng Preconditions 

• Vana1:!on of Clobbenng Effects 
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Activity Ordering and Duration Extensions 

Duration 

• DuratJon Constramts for ActJvity Occurrences 

• State-based DuratJon 

• Time-based DuratJon 

• DuratJon based on State and Time 

• DuratIOn-based Effects 

• Effects of ActivItIes based on DuratIOn and State 

• Ordenng and DuratJon Constraints on ActIVity Occurrences 

• Ordenng and DuratJon Constraints on Embedded ActJvlty Occurrences 

• SpOilage PreconditIOns for ActlVltJes 

• Scheduled Embedding Constraints 

Subactivity Occurrence Orderings 

• Strong PartIally Ordered ActJvlties 

• Weak Partially Ordered Activlues 

• Complex Activity Occurrence Ordenngs 

Envelopes and Umbrae 

• Interruptable ActJvitJes 

Iterated Occurrence Orderings 

• Classes of Iterated ActJvlty Occurrences 

Resource Roles 

• Resource Roles 

• Capacity-Based Concurrency 

• Reasoning About Resource DlVlSlblhty 

• Reasoning about Resource Usage 

Resource Sets 

• Resource Set-Based ActIVIties 

• Substitutable Resources 

• Homogenous Resource Sets 

• Inventory Resource Sets 

• Resource Pools 

Processor Activity Extensions 

• Processor ActivitJes 

• Resource Paths 
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Figure 6.4. PSL ontology (manufactunng process Concepts Map) 

6.4.3 Process Infonnation Concepts within the Pre-Construction Stages 

AutoCAD Design Related Construction Process Concepts 

From the data types; drawmg objects (or project product desIgn element), constructIOn 

method, and matenal of construction of figure 6.5 (conceptual map for AutoCAD 

apphcation) 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 pans, that are constructed by the construction method (construction 

activities) from materials that are specified by the material of construction for the 

component pans. Hence the construction activity transform, modify, or destroy the 

material in the development of the component pans and eventually produce the target 

product'. 
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C 1 DWG object name 

~as 
2 DWG object 

component name-1 

/ 
~----==--
3 matenaj of 
construction 

4 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 apphcatlOn as shown In figures 6.6 (a 

& b) are developed Into parts. This IS because CCS unhke the other two canchdate 

applications use chfferent data formats for the Input files and output or report files. The 

first IS cost estimating concepts map as shown in figure 6.6 a, wluch is developed from 

data types of the apphcations input files. The second IS cost concepts map as shown In 

figure 6.6 b, which IS 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 Items, resource categones (plant, matenal, labour, temporary materials, 

subcontracts etc.) and resource rates of figure 6.6 (a and b) (conceptual map for CCS 

apphcatlOn input file) the cost estimating related constructIOn process concepts are 

defined sUing a natural language statements as follows: "m CCS cost estimatmg 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 activities. The constructIOn project 

product is constructed by set of Simple 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 matenal, subcontract etc. and these actzvltles use, 

transform, modify or destroy resources. These resources have cost rates based on their 

utilisation byactzvlties, which are used to calculate the Nett-rate for the simple operation 

or activity and the Nett-rates for the simple operatIOn or activltles contrzbute to the Nett

rate of the operatIOn at the next higher level ( the macros). The project product, the 

complex and simple operatIOns have billed quantztles and this quantity with the Nett-rate 

generates the Nett-amount of the projects products and operations". 

FIgure 6.6 (a) CCS Input cost estlmatmg data types map 
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Gsres ",Qdescnp, 
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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 apphcatJon; summary task and 

task (sub tasks), resources, cost/use and standard rates of resources, totaJ and fixed costs 

of summary tasks and tasks of figure 6.7 (the conceptuaJ map for Microsoft project 

scheduling apphcation files) the scheduling and planmng related constructIOn process 

concepts are defined usmg a natural language statements as follows: "in schedulmg 

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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Q fixed cost :::> E has C 1 summary task ~ 
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FIgure 6.7 MIcrosoft Project schedulmg data types map 

6.S Analysis of the Construction Process Representations and Mapping to PSL 

Ontology 

The objective of thIs section IS to assess the appllcab!lity of PSL m the pre-constructlOn 

process stages through multidimensIOnal conceptual analysIs between the AutoCAD, 

CCS and MIcrosoft project schedulmg applications data types (represented by 

construction process related design, cost estImating, and scheduling maps) and PSL 

ontology, and mappmg of the applications data types to the PSL ontology. The 

implication is that PSL is expected to mclude defimtlOns for the construction process 

related deSIgn, cost estlmatmg and scheduling data types or new extensIOns should be 

developed m such way that construction semantic concepts that can define the 

applications' data types could be added to the PSL ontology. The construction process 

representatIOns wlthm the pre-constructlOn process stages (shown in figures 6.S to 6.7) 

were mapped to the PSL ontology (shown in figures 6.4), m 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 mappmg of the applicatIOns' data types to the PSL ontology (see 

figure 6.S to 6.10), the applications data types created pointers (shown as arrows 

pomtlng to the PSL ontology parts) to the PSL parts when there are concepts in these 

185 



Chapter 6 Investlgation of Applicabihty of PSL in Construction 

PSL parts those are appbcable 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 mformatIOn 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 contnbute to the defimtion of the new concepts. For 

example referring to figure 6.8, (CCS cost estimatIng appbcatlon'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 contrun 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 reqmrements theory" part of PSL ontology to the new extensIOn for 

COST and these rates are related to other data types such as those that rates that 

contnbute 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 m figures 6.8, 6.9 & 6.10 are sbghtly comphcated but this IS summanzed in table 

6.1 to provide a clear vIew of the mappIng process. 

Based on multidImensional conceptual analysIs between the natural language defimtions 

of the AutoCAD deSIgn related construction process concepts and the PSL ontology, and 

mappIng of the AutoCAD design data types (shown in figure 6.S,) to the PSL ontology 

the "Processor Actlvltles" part 46 of PSL ontology was Identified to contrun defimtions 

for the AutoCAD design related construction process concepts. Dunng 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 Identlfied (figure 8). 

Based on multidImenSIOnal conceptual analysIs between the natural language definitlons 

of the CCS cost estlmatlng related construction process concepts and the PSL ontology, 

and mappIng of the CCS cost estimating data types (shown In 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 apphcable definIng theones for the 
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CCS process concepts. However, dunng the mappmg of the contents of the CCS cost 

estimatmg concepts map to the PSL ontology the need for new extensIOns to the PSL 

ontology to mcorporate the "RESOURCE CATEGORY, Bill ED QUNATITY, AND 

COST CONCPEfS" were idenl!fied (figure 6.9). 

Based on mull!dlmensional conceptual analysIs between the natural language defirul!ons 

of the Microsoft Project Schedulmg 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 ActlVltles" parts of PSL are selected as applicable defimng theones for 

the Microsoft project scheduling process concepts. However, dunng the mappmg of the 

contents of the scheduling concepts map to the PSL ontology the need for new extensions 

to the PSL ontology to mcorporate the "COST CONCPETS" were Idenl!fied (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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CCS Cost estimating Concepts AutoCAD Design Concepts MS Project Scheduling Concepts PSL Parts and new Concepts 
Bill of Quantity Drawing objects Summary Task Summary Task 

0 BoQltem 0 Object name (such as door) 0 0 NeW COCEPT for PRODUCf 
0 Neu rate 0 0 '" 0 
0 Neuamount 0 0 0 
0 Billed quantity 0 Quantlty\number 0 0 NEW COCEP1' for QUANTITY 

Macro Components Summary Task Summary Task 
0 Macro 0 Drawmg objects Component 0 Task names 0 PSL Processor actiVity 

name (such as doorframe) 
0 Nett rate 0 ---_.- 0 0 
0 Nett amount 0 .- 0 0 
0 BllIe<! guanllty 0 Quantlty\number 0 0 PSL Reasomng about resource dlVISlblhty 

Operation Method of Construction & Material Task names Task names 
0 Operation 0 Method of COnSb'UChoQ 0 Task names 0 PSL Processor actiVity 
0 Billed quantity 0 0 0 
0 Neu rate 0 0 0 
0 Neu amount 0 0 0 
0 matenal 0 MatenalofConstructlon 0 Resource 0 PSL Resource reqUirement theory 

Billed Quantities Amount Gantt chart cost Gantt chart cost 
0 Op code descnptloD 0 Task. 0 PSL Processor actIVIty 
0 AMOUNT 0 Total task cost 0 NEW COCEPl' for COST 
0 LABOUR cost 0 Resource cost/use 0 NEW COCEPl' for COST 
0 PLANT cost 0 Resource cost/use 0 NEW COCEP1' for COST 
0 MATERIAL cost 0 Resource costlus 0 NEW COCEP1' for COST 

0 TEMP MATERIAL cost 0 Resource cost/use 0 NEW COCEP1' for COST 

0 SUBCONSTRACf cost 0 Resource cost/use 0 NEW COCEPT for COST 

Bill Resource Analysis Resource sheet entry Resource sheet entry 
0 RESOURCE NAMES 0 Resource name 0 PSL Resource requirement theory 
0 Ratelper utIlization 0 Standardratelperduratlon 0 NEW COCEPl' for CO~'T 
0 UTILIZATION 0 0 PSL Reasomng about resource dlvlslblllty 
0 AMOUNT=rate·ulihzatlon 0 Cost/use 0 NEW COCEPl' for COST 
0 LABOUR 0 Resources 0 NEW COCEPl' for RES CATEGORY 
0 PLANT 0 Resources 0 NEW COCEPl'for RES CATEGORY 
0 MATERIAL 0 Resources 0 NEW COCEPl' for RES CATEGORY 
0 TEMP MATERIAL 0 Resources 0 NEW COCEP1' for RES CATEGORY 
0 SUBCONSTRACf 0 Resources 0 NEW coceP1' for RES CATEGORY 

Resource by Bill Ztem Gantt chart entry Gantt chart entry 
0 OP CODE DESCRIPTION 0 Task 0 PSL Processor acttvlty 

QTY 
RATE 

0 RESOURCE NAME 0 Resource names 0 PSL Resource requIrement theory 
0 QUANTITY 0 0 PSL Reasomng about resource divISibilIty 
0 RATE 0 Resource rate 0 NEW COCEPT for COST 

0 AMOUNT 0 Cost/use 0 NEW COCEPT for COST 

Table 6.1. shared constructIOn process specificatIOn reqUirements and correspondmg PSL representation 
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6.6 Conclusion on the applicability of PSL in Construction 

From the literature review of the constructIOn environment and manufactunng it is 

established that the two sectors are smular m many ways. One of the basIc converging 

pomt for manufactunng and construction IS the unit process concepts, that is a process IS 

a genenc concept that can be applied to any activity that produces or outputs a product or 

result, mputs 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 varymg places for constructIOn, the products produced by the processes, and 

the orgamsatlOns mvolved m the productIOns. The umqueness of the construcnon project 

and the varying pamclpant organlsanons for each umque project has made the 

constructIOn environment more complex makmg the need for a common language 

between the pamclpating organlsanons even more Important. 

One of the objectives of this research study is the mvesnganon of the applicability of the 

PSL language, developed for manufactunng processes specification and process related 

applicatIOns mteroperabllity, m the construction environment. ThiS objecnve IS achieved 

using mulndlmenslOnal conceptual analysIs and concept mappmg methodology between 

the construcnon process concepts wlthm the pre-construcnon process stages and the PSL 

ontology (defimnon 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 It was concluded that PSL, should be applicable m the construction 

environment provided that extensions are developed to incorporate construcnon specific 

concepts. 

From the mapping of the construcnon process concepts related to the constructIOn 

process mformatlon, which IS dealt wlthm the pre-construction process stages, to the PSL 

ontology, it was established that m order for PSL to support the specification of the 

construction processes and facilitate the exchange of process mformanon between 

AutoCAD design, CCS cost estimating, and Microsoft project schedulmg packages, there 

IS 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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CATEGORY, BILLED QUNA1ITY, AND COST'. These new concepts will be further 

elaborated in the discussIOn sectIOn of the Implementatlon of PSL III a constructlon 

scenano. 

Based on the conclusIOns on the applicability of PSL In construction, a decisIOn was 

made to Implement the PSL language in a constructIOn scenano witJun the pre

constructlon process stages, the results of this tnal Implementatlon of PSL in 

constructlon 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) IS a standard language developed at National 

Instltute of Standards and Technology (NlST) for mteroperablhty of process related 

applicatlons m the manufactunng environment. The Imtlal development of PSL ontology 

was from a smgle scenano, the EDAPS (Electromechamcal Deslgu and Planmng 

System) scenano developed by Steve Smith at the UmvefSlty of Maryland (Srmth, at al , 

1996). After the Imtlal development of PSL, m that scenano there were multlple pIlot 

ImplementatIOns of the language planned each focusing on dIfferent fields/applications 

wlthm the manufactunng envlfonment, to further expand the language to incorporate the 

process concepts mtroduced in vanous manufactunng applIcatIon when PSL was used to 

exchange process informatIOn among the apphcatlons. 

Dunng the vanous ImplementatIOns of PSL m the manufactunng enVlfonment It has been 

helpful to engage m scenano analysis (ASia et at. 1994, Kazman et al 1996). Scenano 

analYSIS has been defined in a software engmeenng context as "the process of 

understandmg, analyzing and descnbing a system's behavior m terms of partIcular ways 

that the system is expected to be used" (HsIa et at. 1994) In the case of shared 

representatlon languages such as PSL, scenano analYSIS IS defined as " the process of 

understandmg, analyzmg, and descnbing knowledge representatlon m the way the 

language is ex.pected to be used. 

One of the mam objectives of thiS research study is the implementatlon of PSL m a 

constructlon scenano WIthin the pre-construction process stages, to evaluate the use and 

the Impact of this standard language m constructIon practlces. This mvolves the 

representatlon of arclutectural design; pre-tender cost estlmating; and scheduling and 

planmng applicatIon areas related process mformatlon for a case study project and 

exchange of thiS mformatIon between these areas using PSL as a common standard 

language. In tlus implementatlon, PSL is expected to faCilitate the ex.change of correct 

semantics of the process informatIon shared between the construction software 
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apphcanons chosen to support these areas; these are AutoCAD desIgn, CCS cost 

esnmanng and MIcrosoft project schedulmg and planmng packages. 

TIns secnon presents a descnpnon of a construcnon scenano, within the pre-construcnon 

process stages, chosen for the fIrst tnal implementation of PSL m the construcnon 

enVIronment. ThIS descnptIon mcludes; general overview of construcnon scenarIO; a 

bnef overvIew of the genenc constructIon process informanon representanon and 

exchange wIthm the pre-construcnon process stages, the architectural desIgn, pre-tender 

cost esnmatmg and schedulIng processes, software applIcatIOns suppornng the desIgn, 

cost estlmatmg and schedulIng processes; the on-SIte constrictIOn processes that are 

normally descnbed in the pre-construction process stages, and a typIcal construcnon 

example wIthm the pre-construcnon process stages, which mvolves informanon 

representation and exchange usmg supportmg software applIcanons. 

7.2 Implementation Overview 

7.2.1 Purpose of the Implementation of PSL in a Construction Environment 

The development of PSL has proceeded on an as-needed basIs (Schlenoff, C , Grumnger 

M, Tissot, F, ValOls, J, Lubell, J., Lee, J., 2000) and multIple pIlot Implementanons of 

the language m manufactunng scenarios. The purpose (Ralg Schlenoff, MIhai CIOCOlU, 

Don lIbes, MIchael Grumnger, 1999) of the mulnple pIlot nnplementatlOns of the 

language each focusmg on dIfferent package, wIthin the manufactunng enVIronment 

were to further develop and Improve the initial process speclfIcanon language, to ensure 

that It IS able to handle real-world exchange scenarios, and to ensure that PSL can 

mterface well WIth typIcal process-related software packages. 

In the same way but m a different enVIronment, the Implementation of PSL m 

construcnon IS aimed at explonng a construcnon scenario in whIch PSL can be used to 

facilItate the representanon and exchange of process mformanon, between candIdate 

software applIcatIOns of the scenano, for a the case study proJect. The purpose of thIs 

implementanon of PSL In constructIOn scenario is not to propose change to or extend the 

PSL ontology but to evaluate the use of the language m construcnon and the degree of 

appJicabtlity of the concepts of the language m prOVIding common defImtions for the 
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constructIOn process representattons mtroduced m the scenano, and to Identify the 

constructton process representattons that cannot be completely defined using the current 

PSL concepts and propose concepts and theones related to the scenano for new 

extensions development to the PSL ontology, and specify the relattons that can exist 

between the eXIsttng process concepts of the PSL ontology and the new constructton 

process representattons semantic concepts. 

7.2.2 Implementation Approach 

The Implementation of PSL m the constructton scenano for a case study project mvolved 

the followmg steps· 

1. Identlficatlon and descnptlOn of a constructton scenano for this research study 

and selectton of software apphcattons for the scenano. 

2. SelectIOn of a case study project for the constructton 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 constructton and 

collectIOn of data related to archItectural desIgn, pre-tender cost estlmatmg, and 

scheduhng stages for each actiVIty of the process model 

4 The scenano software applicatIOns' representatlons of the process related 

information Identified and gathered from the project speclficatton, and productIOn 

of complete constructIOn process mformatlon, for the scenano, usmg the software 

applicatlons. 

5 Identlfymg and clearly definmg the construction process concepts of the scenario 

based on the data gathered from the case study project constructton speclficatlon 

and the software apphcattons' representatlons of these data 

6 Exchange mformatton between the scenano software applicattons usmg PSL 

7. IdentIfy and propose concepts and theones for related the scenario new 

extensions development to the PSL ontology. 

7.3 Construction Context Overview 

Generally, construction mvolves the implementatton of the reqUIred facIlItles such as 

buIldmgs, bndges, and roads etc. and the productton of mformation, for the management 

of the Implementation, at the vanous stages throughout the projects hfecycle. WhIle, the 
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ImplementalJon mvolves onslte constructIOn operalJons (construClJon processes) carned 

out by contractors and subcontractors, the prodUClJon of mformation for the management 

of the ImplementalJon spans from the conceptIOn of a project m a client's mmd to design 

mvolvmg different disciplines (Architectural, Civil, Structural, Mechamcal, Electncal, 

etc ), cost eslJmalJng, constructIOn process planmng and scheduhng, faclhty management 

etc In this research study, the Implementation of PSL in a construclJon environment wIll 

focus on the exchangmg of informatIOn between software applicatIOns supporung a 

constructIOn scenano wlthm the pre-constructlOn process stages, which mvolve 

architectural design, pre-tender cost estlmalJng, and scheduhng, and planmng. 

ConstruclJon processes are complex With the subsequent need for management of a 

complex "construclJon process mformatlOn" This mformatlOn needs to be defined and 

managed pnor to the commencement of the actual construclJon processes by contractors 

and the management of the construclJon IS based on this information This mformatlOn IS 

generated and mampulated at different constructIOn stages ulJlizmg illfferent software 

apphcalJons. Each of these apphcalJons focuses on pamcular aspects of a process. For 

msistence AutoCAD deSign apphcatlOns supports the defimtion and speCification of 

project products to be reahsed by the constructlon processes, the CCS cost estlmalJng 

apphcalJon generates resource and cost mformatlOn of the processes, and Microsoft 

project planmng and scheduhng deals With the mampulalJon and management of IJme 

onented process mformalJon. All thiS mformalJon IS fragmented and needs to be shared 

across the different construction stages and between supporung software apphcations. 

Wlule "Fragmented mformatlOn" refers to the process mformatlOn generated and 

represented at the vanous stages utlhzmg dlffenng software applicalJons With varymg 

languages and tenmnologles; "Shared mformalJon" refers to the informalJon shared, 

wlthm the different constructIOn stages and exchanged between supporung software 

apphcalJons used m construction stages. Figure 7.1 outhnes the construclJon process 

and process informalJon representations and exchange scenario within the pre

construClJon process stages. TIns scenano mvolves the design, cost estimalJng, and 

scheduling, and plannmg mformalJon representalJons and exchange of the mformalJon 

between software apphcalJons supporung the scenario In thiS case whIle the 

ImplementalJon mvolves on-site construction operalJons the prodUClJon of mformalJon 

for the management of the implementation mvolves the representalJon of the project 

products to be constructed, the aClJvIlJes performed to realize the products, the materials 
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and resources requITed, 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 eXist caused 

by resources avrulabIlIty, project products onentatIOns and other controls. From figure 

7.1, It can be seen that information is generated and represented by the dIfferent software 

applIcations dunng the pre-constructlon process stages, and tins Information is 

exchanged between the software applIcatIOns supportIng the design, cost estimatIng and 

schedulIng process stages. The InfOrmatIOn generated by these applIcations IS requITed 

dunnglfor the Implementation and management of the constructIOn and sometimes after 

the commencement of constructIOn, change of Information is Inevitable requmng the 

flow of InfOrmatIOn between constructIon processes, i.e. between onslte and offslte 

processes and between off site processes. 
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Core of 
Informdtlon 

shard by all the 
apphcatJons 

FIgure 7.1 Outline of ConstructIon Scenano wlthm the Pre-constructIon stages 

7.4 Detailed Description of the Construction Scenario 

This sectIOn presents a detailed descnptIon of the constructIOn scenano within the pre

construction process stages. This provides a detailed view of the scenano, including 

process infonnatIon representatIons wlthm the scenano (architectural design, pre-tender 

cost estImatmg, and schedulmg and planmng processes), candidate software applicatIons 

used m the scenano, an example of a constructIOn SlluatIOn, which mvolve real world 

type constructIon process mfonnatlOn exchange, wlthm the scenano, and an overview of 

project realizatIon constructIon processes 

7.4.1 Process Information Representations Overview 

Process infonnatlOn representatIOn refers to the sequence of activItIes carried out to 

descnbe processes needed to reahse project products, mcludmg the high level actIvItIes, 

data requuements, resource reqUIrements, ordenng relatIOns, tIme and duratIons 

requirements, cost, abstraction, locatIon etc In the fol!owmg sectIons, a detaIled VIew of 
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the architectural design, pre-tender cost esllmatmg, and scheduling and planmng 

mformallon representations are presented and the suppornng software apphcallons are 

descnbed 

7.4.1.1 Architectural Design 

Architectural deSign is a process (an aCllvity) of speclfymg proJects/facllilles/products 

such as bUlldmgs and their parts, by means of drawings and textual speclficallon, which 

complements the drawmgs This process (activity) mvolves several phases spanmng from 

bnef to schematic and detruled design. Schemallc design is the phase where the gross 

features of the product or facdlty are defined includmg the overall shape, size, structure, 

adjacencles, clrculallon, and the matenals of construction, and each feature wdl undergo 

refinement and elaborallon in subsequent deSign phases, the deta!led deSign. Based on 

the VTI bUlldmg process model (V, Kelllla, M, Lahdenpera, P. 1997) a formal 

representallon of an architectural deSign process was developed usmg an IDEF3 Process 

modehng Methodology (Mayer et. Al 1992). Both, the process and object view of the 

model IS attached In appendix B. Figure 7.2 shows the process view of the 

decomposlllon of the "produce and manage architectural design data" process, which IS 

the sub process of the overall constructIOn process. 

...... .. . ...- .... vohllcltlliwl .... dlllidaljlll II*' ~ dinlgOltllhtbl 
DllIab~.,.n ,..... f- ...... ..... # -

1C1l.11t3 I 1C/2.1ll4 I Illuns I Kt,1116 I 102.1111 I IQUIII I 
Scenam 102.1 Pn::duce atXI Manage Archtcctural DestD Data 

Figure 7.2. IDEF3 model for the produce and manage arclutectural deSign data lugh level process 

Takmg the view that projects are umque assemblies of discrete, mostly standardized 

components, the design and representation of projects informallOn is diVided mto two 

components: the production of project object, using drawmg, which stores mformallon, 

about vanous project elements usmg geometncal representations; and the production of 

speclficallon, text files, which holds textual mformation about these elements and 

relallonshlps that can eXist between them. Drawmgs represent geometry of objects, in a 

highly symbolic form accompanied by textual labels and speclficallOns (such as 

200 



Chapter 7 Scenario for Implementation of PSL in ConstructIon 

matenals, products, construction techmques, etc ). The representations must mclude the 

necessary mformatlon that can support the assessment of the project from different pomts 

of view such as production, cost estimating and scheduhng, and planmng are among 

many others. The results of thiS process are. hierarchy 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 mtent of cost estimating IS to determme the monetary value of projects based on 

vanous objects, mvolved m the project reahzatlon processes and operations, mcIudmg 

resources used and consumed A cost estimator's task involves several sub-processes to 

detenmne the estunated cost of an actiVity. DetenmnatlOn of the purpose and scope of 

the eStimate IS 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 mstall a deSigned 

object/product IS estimated based on the use and consumptlons of resources performing 

the activity. ThiS reqUIres deSign mformatlOn and product data of projects I e. detailed 

information of the designed project object, its component parts, matenal of constructIOn, 

method of construction, dimensions, quantities etc Based on thiS information, tasks or 

aCtiVIties and matenals are selected and resources allocated resulting m the cost of the 

actiVity based on the cost rate of the resources and matenals. Tlus estimate mcludes 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 estunating process is developed usmg an IDEF3 Process 

Modelmg Methodology (Mayer et. AI 1992). Both, the process and object view of the 

model IS attached m appendix B. Figure 7.3 shows the process view of the 

decompositIOn of the "pre-tender procedure", which IS the sub process of the overall 

construction operation. 
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FIgure 7 3 IDEF3 model for the pre-tender procedure: cost estlInaUng hIgh level process 

Cost Estimating process includes the following Sequence of Activities: 

• AnalysIs of deSIgn data available for cost estImating takmg in to conslderatJon the 

purpose and scope of the estimate and determmatJon of the matenal of 

constructJon and constructIOn method The constructIOn method specIfies the 

tasks that need to be completed to construct the design objects and the matenal of 

constructJon is the matenal consumed by a task. 

• IdentlficatJon of resources that may be needed to perform the tasks 

reahzing/constructJng the desIgned objects, the resources requIred to perform 

each of the tasks are detenruned accordmg to theIr performance and types 

• Once the types and quantJtIes of resources are determmed for an aCtIVIty, costs 

are applied to resources and cost of a task IS calculated. 

• Cost estImate 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 summanzed 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 IS an aCtIVIty of planmng 

and orgaruzing tasks, estJmatIng time and duratIOn and sequencmg of work required to 

construct a project obJect/bUIlding based on resource usage and relatJonships between the 

tasks and speCIficatIon of the effects of these on the total tIme-duratJon of the project to 

be delivered. A task m a schedule IS a job that has a begInning and an endmg and it 

sometlmes referred to as an actIVIty Scheduling requIres deSIgn andlor cost estlmatlng 
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mformatlOn and breakdown of complex work or aggregatIon of sImple estimatmg data 

mto tasks appropnate for schedulIng 

Schedules consIst mamly of tasks, dependencIes between the tasks, duratIons, 

constramts, and time-onented project mformation. DIfferent schedulIng terms are used to 

represent schedulIng mformation. For mstance, task dependency constrains start and 

Fmnish time, Lead-tIme overlap tasks; Lag time delay tasks; tasks may split for 

temporary task halt e 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 cntlcaI m a 

schedule, precedence constramts define the ordenng relations between actIVItIes. Tasks 

m a schedule reqUIre resources, whIch may be recoverable or non-recoverable dunng 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 estlmatmg procedure (Norman 1992) a 

formal representation of the schedulIng and planning process IS developed usmg an 

IDEF3 Process Modelmg Methodology (Mayer et. Al 1992). Both, the process and object 

vIew of the model IS attached in appendix B. The sequence of actiVIties mvolved m the 

schedulIng and planning process are formally represented m thIs model Figure 7.4 

shows the process vIew of the decompOSItion of the "plan and schedule constructIon 

operatIons" process, whIch IS the sub process of the overall construction operation. 

---- ,11 I 

:I: 
....... --.aI .. q -- --Cl/lfMI_....., .. ..... _ ..... -

ID r- -- -.. 
2.14 I !oH I 2.1.1 I z.u I 1.'10 I 

'- .... -
1.1.1 I 

ScenariO 2 1 Plan and Schedule Construction operadons 

FIgure 7.4. IDEF3 model for the panrung & schedulIng lugh level process 
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7.4.2 Software Applications Supporting the Process Infonnation Representations 

There are numerous computer applications currently used to support the representatIon 

and management of process informatIOn m the pre-constructIon process stages. 

AutoCAD, CCS and MIcrosoft project among others are the candidate software 

apphcations of the scenano selected to support process related architectural deSign, pre

tender cost estlmatmg, and scheduling and planrung mformation representations. 

Techrucal and use descnptIons of the candidate software apphcatIons will be further 

elaborated m the foIlowmg sectIOns. This meludes how these apphcations support the 

representatIOn of mformatIon in projects, the mformatlOn representatIon and exchange 

formats and mput and output data of each of the applications 

7.4.2.1 AutoCAD 

AutoCAD IS a general-purpose computer aided draftmg tool, irutlaIly developed m the 

early 1980's by AutoDesk Inc. It IS an AutoLISP program for creatmg and marupulatlng 

AutoCAD graphical and textural objects The tool supports several programmmg 

languages, from Simple scnpts to a C++ mterface. ThiS apphcatlon consists of AutoLISP 

apphcatlons or routines that provide drafting objects such as text and symbol fonts, line 

types, shapes, hatch patterns, fill patterns, and geometric charactenstlc symbols. These 

objects enable users to create AutoCAD drawmg objects such as bUlldmgs and their 

parts, and attach attnbutes for textual specificatIOn, which charactenses the drawing 

objects. 

At the core of any computational system that can support design development, there is an 

mtelhgent representatIon, which should be able to represent all the different components 

that make up a proJect, along With the manner m which they come together The 

representatIon must be geometncally clear and textually mformatIve complementing 

geometncal representatIon. AutoCAD uses graphical drawings (DWG files) and 

attnbutes (ASCII text-files) to represent project product data for project products 

reahsatIon and other purposes. 

The drawing objects provide a geometncal representation of a project such as a buildmg 

mass (dunng the scheme deSign stage), compound object parts of a project such as doors 

and wmdows and their detailed component parts (such as frame, panel, hardware set etc.) 
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m the detaIled desIgn stage. The detaIled geometncal representation of a project provides 

mformatIon such as dImensIonal data, object's locatIon (to the required level of detaIl). 

AutoCAD mcludes tools that are used to create and edit the representatIons, drawmgs 

and textual attnbutes. Block-objects provIde the capabIlities of orgamsing and 

mampulatIng components mto compound objects and thIS may be exploded m order to 

reduce It back to ItS separate components for detaIled mformatIon Attnbutes can be used 

to attach mformation to blocks or drawmgs to convey Important information that can 

later be extracted from a drawmg for use m a spreadsheet or database to produce 

mformatIon such as parts list or bill of matenals (BOM) and bIll of quantItIes (BoQ) 

Tables 7.1 and 7.2 Illustrate AutoCAD Design output data types and the file formats 

respectIvely. 

AutoCAD Design Software 
Output Data types 

Drawings: 
- Graplucal/geometncal mformatlOn representmg of the design object and Its mmenslOnal 

values Such as distance, angles etc. 
Textual information such as: 
- Dimensional values of a drawmg representIng the designed object. TIns can be area, 

volume etc. 
- Matenal of the deSigned object 
- Method of constructIOn/productIon 
These data can he represented in the following AutoCAD native file formats: 
Drawings. graphlcal!geometncal representatIon 
Blocks: symbols representmg a drawmgs 
Attribute (ASCII text file): a tag attached to a block contammg data for a drawmg mserted m 
to a block. Such data can be. 
- DimenSIOnal values 
- Matenal 
- Method of constructIOn/productIon 
External references: 
- store drawmgs as external reference. Smular to blocks 
Drawing datahases. 
- for textual InformatIOn extracted from blocks, External references etc. 
Database files' 
- Attnbute mformatlOn extracted from DWGs formatted m a spreadsheet or database files. 

Table 7.1 AutoCAD DeSIgn output data representatIons 
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AutoCAD Output (export) me formats 

DXF (a dos text file) 
DXF IS Ascn or Bmary file 
Text 
Spread sheet 
Database 
Metafile ( wmt) 
ACIS( sat) 
Lito.graph ( st) 
Encapsulated ( eps) 
DXX extract( dxx) 
Bltmap graplucs (bmp) 
AutoCAD other releases ( dxf) 
Raster and vector files 
Postscnpt descnptlon 
HTMLformat 
DWF (drawmg web format) files 
DXB files(Dumb graplucs) 

Table 7 2. AutoCAD Design file formats 

In addition to the natIve file formats (DWG and textural attnbutes) AutoCAD can read 

from and write to the external file formats shown m figure 7.3. 

the complete hst that appears m the AutoCAD File Import and export and File save dtalog drop-down 
import file types: export file types: save file types: 
.wmf (Wmdows MetafLle) Wmf (Wmdows Metaflle) SA VEIMG saves a rendered unage 
dxf (Drawmg IDtercbange file) .esp (Encapsulated PostScnpt files ) to a me IQ TGA, TIFF, GIP, or RND 
.sat (ACIS files) .sal ACIS files ) fonnat 
esp (Encapsulated PostScnpt files) .<!xx (DXX extract) B1vfP File It saves selected obJects to 
pc:.: (raster-Image file) .bmp (bltmap graphics) a file m devlce-mdependent bltmap 
.t1f (rasteNmage me) dxf (a dos text file. (ASCII or format 
.gif (Bltmapped pIcture format) Bmary file» 
3ds (3D StudiO files) 

Table 7.3 AutoCAD applIcation 1TI1port lexport and file save types/formats 

7.4.2.2 Construction Computer Software (CCS) 

ConstructIOn Computer Software (CCS) IS an mtegrated Project Management System 

speCifically deSigned for the constructIOn mdustry (WWW.ccsuk.com). The major 

components are EstImatIng. Valuatlons. 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 orgamzatIon and most of the software team has been WIth CCS smce ItS 

mceptIon. Over 250 contractors in more than 20 countnes use the CCS System. The 

system is contInually bemg extended to accommodate changing conditions m the 

mdustry and new user requirements 
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The CCS estimatIng apphcatlOn uses ASCII text files to specify the tasks and resources, 

deta!ls of the project and matenals, eqUIpment and labour and other related infonnatlOn. 

Table 7.4 !llustrates the mput and output data types of the CCS apphcattons. The file 

mput and output fonnat are shown in table 7.5. The followmg b!lllmporters are available 

m CCS to faclhtate the Import of mformatlOn fonn other applicatlOns suppomng the; 

Delmuted files (CSV), ASCII files (Text), CITE files and WmQS files. 

CCS Cosl Esbmalmg INPUT/OUTPUT DATA TYPES 

INPUT DATA OUTPUTDATA 

Bill.. OF QUANTITIES Bill.. OF QUANTITIES GROSS AMOUNT 
0 PAGE ITEM 
0 ITEM OP-CODE 
0 MACRO OP-CODE DESCRIPTION (Bill.. ITEM DESCRIPTION) 
0 MACRO OP DESCRIPTION (BILL ITEM UNIT 

DESCRIPTION) QUANTITY of bill Item 
0 UNIT GROSS AMOUNT (gross-rate *blll-qty)/sum of spht 
0 QUANTITY of bill Item SPLIT AMOUNTS 
0 NETT RATE 0 LABOUR --(nett-spht rate *blll-qty) 
0 NETT AMOUNT 0 PLANT--(nett-spht rate * blll-qty) 

0 MA TERlAL--(nett-spht rate * blll-qty) 
0 TEMP. MATERlAL--(nett-spht rate * blll-qty) 
0 OVERHEADS--(nett-spht rate * blll-qty) 
0 PROV SUMS--(nett-spht rate * blll-qty) 
0 SUBCONTRACT-(nett-spht rate * blll-qty) 
0 MARKUP 

MACROOP BILL ITEM INFORMATION 
ITEM 

0 ITEM CODE 
0 OPCODE DESCRIPTION 
0 OP CODE DESCRIPTION (Bill.. ITME QTY 

DESCRIPTION) UNIT 
0 UNIT NETT-RATE =(SUM OF RESOURCE RATES) 
0 QUANTITY RESOURCES INFORMATION 
0 NETT RATE 0 RESOURCE GROUP 
0 NETT AMNOUNT 0 RESOURCE CODE 

0 RESOURCE NAME 
0 CURRANCY 
0 QUANTITY 
0 RATE 
0 AMOUNT =QTY*RA TE 
0 PRODUCTION 

SPLIT RATE PRICING BILL ORDER 
0 OPCODE 
0 PAGElITEM 
0 MATERIAL 
0 LABOUR 
0 PALNT 
0 TEMP. MATERIAL 
0 OVERHEADS 
0 PROV SUM 
0 SUBCONTRACT 
0 NETT RATE 
0 NETT AMOUNT 

Table 7 4 ConstructlOn Computer Software (CCS) apphcatlOn mput output data types 
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In additIon to the naUve file format CCS can read from and wnte to the following 

external file formats. 

CCS can wntes to MPX files that may be opened m Microsoft Project or Pnmavera P3, 

wntes to and reads from Microsoft Excel files, wntes to multiple Excel spreadsheets files 

for use with other apphcauons, reads from a Microsoft Project export file (MPX file), 

reads from a Pnmavera export file, reads from an ASCII (text) file, reads Lotus 1-2-3 

through Microsoft Excel, reads from Microsoft word and Save current selecuon as 

BIUllap file. 

Input File formats Output File formats 
Space delurnted text Spool file (direct) 
Tab delllruted text PDFexport 
Comma delmu ted text ASCII (Text) 
Comma-Quote delIrrnted Comma separated ( CSV) 
Quote-Quote dehrrnted Excel Spread Sheet (direct) 

Table 7 5 CCS Input/Output File formats 

7.4.2.3 Microsoft Project Scheduler 

MICrosoft Project IS a scheduhng tool developed by Microsoft mc., currently Widely used 

m the construcuon project management domam Microsoft project scheduler IS a C++ 

hbrary of classes and functions that IIDplement concepts for constramt based schedulmg. 

The hbrary enables the representauon of scheduhng elements and constramts such as 

acUvlty duration, precedence constraints. resource assignments and resource shanng. The 

scheduler uses MPP, MPX and templates to SpeCify and represent project informa Uon 

MS project uses DFD cost estimaung procedure to assign cost rates to resource's work 

I e. work Items or BoQs or acuvlties are assigned With cost rates that include elements for 

the people, equipment, and supphes used to complete tasks m a project. Microsoft Project 

also alJows assignment of rates to resources so project costs can be managed accurately. 

A cost that remams constant regardless of the task durauon or the work performed by a 

resource can be assigned to a task. Multiple standard rates, ovemme 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 applicatIon requires 

deSign andlor cost estlmatmg data as mput and produces the construction process plan 

and schedule. The Input-output data file of MS Project applIcatIon IS shown m 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 mclude the people, eqUIpment, supplies, 

subcontractors, and prelumnanes. The followmg cost notions: fixed task cost, data flow 

wagram (DFD) cost estimatmg rates for tasks and mUltiple stanillrrd rates such as over 

time rates and per-use rates to resources are used in the application Microsoft project 

scheduler defines precedence constramts and tlme-vanatlons concepts The precedence 

constraints are fimsh-to-start, start-to-start, fimsh-to-finish, and start-to-fimsh The tlme

vanatlOns are lag-tlme, lead-tune and vanous slack-times. ActiVities also consume and 

use resources to reahze the project products Microsoft project supports schedule 

mformatlOn management, using schedulmg applicatIOns representatIOns such as Gantt 

and PERT charts. 

MICORSOFf PROUJECT SCHEDULING INPUT OUTPUT DATA TYPES 

INPUT DATA OUT PUT DATA 
PROJECT PROJECT 

0 START AND FINISH TIME 0 START AND FINISH TIME 

TASK INFORMATION 
0 ID TASK INFORMATION 
0 WBS 0 ID 
0 CONSTRAINTS 0 WBS 
0 TASK NAME 0 CONSTRAINTS 
0 DURATION 0 TASK NAME 
0 START TIME 0 DURATION 
0 FINISH TIME 0 START TIME 
0 PREDECESSORS 0 FINISH TIME 
0 RESOURCE NAMES 0 PREDECESSORS 

0 RESOURCE NAMES 

RESOURCE INFORMATION 
0 ID RESOURCE INFORMATION 
0 RESOURCE INPORMA TION 0 ID 
0 RESOURCE NAMES 0 RESOURCE INFORMATION 
0 INITIAL 0 RESOURCE NAMES 
0 GROUP 0 INITIAL 
0 MAl{ UNIT 0 GROUP 
0 STD RATE 0 MAXUNIT 
0 OVTRATE 0 STD RATE 
0 COSTIUSE 0 OVTRATE 
0 ACCRUE AT 0 COSTIUSE 
0 BASE CALENDAR 0 ACCRUE AT 
0 CODE 0 BASE CALENDAR 

0 CODE 

TASK FIXED COST INFORMATION TASK FIXED COST INPORMA TION 
0 ID 0 ID 
0 TASK NAME 0 TASK NAME 
0 FIXED COST 0 FIXED COST 
0 FIXED COST ACCURAL 0 FIXED COST ACCURAL 
0 TOTAL COST 0 TOTAL COST 
0 BASELINE 0 BASELINE 
0 VARJANCE 0 VARIANCE 
0 ACTUAL 0 ACTUAL 
0 REMAINING 0 REMAINING 

Table 7 6 Input-output data types for Microsoft project scheduling applicallOns 
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Table 7.7 shows the complete hst 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 fonnats. 

File Save rue IYl1es 
ProjeCI (* mpp) 
Template (* mpt) 
Project Database (* mpd) 
MPX 4 0 (* mpx) 
Microsoft Access 97 Database (* mdb) 
Microsoft Excel Workbook (* xIs) 
Microsoft Excel PlvotTabIe (* xIs) 
HTML Document (* html) 
Text (Tab deIinuted) (* txt) 
CSV (Comma debnuted) (* csv) 

FIle 0 en ile es 
All Fdes (* *) 
Microsoft Project Files (* mp*) 
Projects (* mpp) 
Project Databases (* mpd) 
Templates (* mpt) 
Workspaces (* mpw) 
MPX (* mpx) 
Microsoft Access Databases (* mdb) 
Microsoft Excel Workbooks (* xis) 
Text (* txt) 
CSV (* csv) 

Table 7 7 Mlcrosoft project scheduhng file save and file open fonnats 

7.4.3 Construction Projects Realization Process Overview 

In the descnptlOn of the constructIOn scenano and throughout the report the tenn " 

process mfonnatJon" has been the keyword for thIS research study and the defirutJon of 

thIS tenns is gIven m the report. However the actual "constructJon process" whIch IS the 

baSIS for thIS key word has not been descnbed. Hence thts sectJon provIdes descnptIon of 

the constnctlOn process in tenns of constructJon projects plan or schedule, cost estImate 

and deSIgn 

ConstructIOn process refers to the operations that correspond to sets of activItJes or tasks, 

whIch can be performed to construct or produce numerous separate parts of a project and 

eventually achIeve the final requued faCIlIty such as a butldmg. Each of the acttvItJes or 

tasks IS the result of declSlons concerning the method of constructJon to be used m order 

to achIeve the goal, a constructed faCIlIty. The process of decomposmg thIS high level 

process to low-level detaIled actIVItIes, whIch are executed dunng productIon process, 

results in ruerarchal process network (hierarchIcally connected operatJons realIzmg the 

several parts of the facihty and eventually achieving the final facility). A constructJOn 

project schedule or plan represents constructIon processes as a collection of mterrelated 

tasks along WIth other scheduling mfonnation such as tJme duratJon, resources, 

relatIOnshIps between the actIVIties etc. In the same way, a cost estJrnate of a constructton 

project represents constructton processes as cost esttmatJng tasks along WIth other cost 

esttmatmg mfonnatlOn such as resources perforrrnng 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 IS obtamed for the deSign and cost estimate from the chent 

among others. The project mvolved the architect deSigner, the cost estimator, and the 

scheduler or planner The designer's role IS 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 andlor cost estimating data, aggregates or Identifies schedulmg tasks 

with smgle deliverables, that are necessary to produce the products within the project, 

assigns resources requITed by the actiVIties, calculates the time and duration required, and 

detenrunes the order m which these activIties must occur takmg mto account any 

constramts etc. 

In thiS SituatIOn, since architectural deSign is a multi-phase process, at the vanous stages 

dunng the evolutIOn of the deSign, an estimator is reqUITed to produce the cost estimate m 

order for the deSigner to keep to the speCified cost. Dunng thiS process the estimator 

requITes deSign data and the deSigner need to access cost data for the deSign objects 

produced. A planner is reqUITed to produce an acceptable constructIOn process plan based 

on the deSign andlor 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 

mfonnatlon will be available and only a brief estimate, based on the mfonnatlon 

available will be pOSSible In later deSign stages, when more detailed deSign mfonnatlon 

IS available, a more accurate estrrnate can be produced. At the same time, dunng the 

deSign and estimating processes, since deSign is a top-down and production IS 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 estimate of time-duration 

of each task. For the construction process to commence Immediately after approval IS 

obtamed for the deSign and cost estimate the deSign, cost estimating and constructIOn 

scheduling need to be more or less concurrent. The challenge IS that the designer uses the 

AutoCAD, the cost estimator uses CCS cost estrrnatlng and the scheduler uses Microsoft 
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proJect, while as descnbed above each of these applications uses different mformatlon 

representations, data formats and tennmology These applicatlons currently cannot 

exchange mformation. 

In this research study It was decided to use PSL, m such a sltuatlon wlthm the scenano, 

as a neutral, standard language to serve as an mterlingua to mtegrate and allow these 

applicatlons to share semanllc concepts of their respective mformatlon representatlons 

Hence, the designer produces a design data file usmg AutoCAD as shown m 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 their respectlve translators to convert 

the deSign file m PSL to CCS and Microsoft project respecllvely and produce the 

reqUired cost esllmate and process plan, followmg the tasks/procedures of the cost 

esllmatmg and planmng IDEF3 model (see Appendix B) The use of PSL m the process 

mformation exchange between the constructIOn scenano software applicatIOns IS shown 

through the implementallon of the language in the construcllon scenano wlthm the pre

construcllon process stages, descnbed. 
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Chapter 8 Implementation of PSL in the Construction Scenario 

S_l Introduction 

In chapter 7, a construction scenano wltlun the pre-constructIon process stages was 

detruled and an example of a constructIon SituatIOn was described wlth10 the scenano. 

TIns chapter presents the ImplementatIOn of PSL m the construction scenano. The 

Implementation of PSL in thiS scenano reqUIred a constructIon case study proJect, and a 

"metal door m a metaJ opemng of a buIlding project" was selected m order to have a real 

constructIon process informatIOn exchange, between the scenano software apphcatIons, 

usmg PSL as interchange language m the tnal of the first Implementauon of PSL m the 

constructIon enVIronment. 

This sectIon presents a detruled descriptIon of the constructIon case study project, "a 

metal door m a metal openmg of a bUIlding proJect". The PSL language was 

Implemented m the scenano m which the language can be used as an mterchange 

language for the case study project construction process related architectural design; pre

tender cost estlfDatIng, and scheduhng 1Oformatlon exchange between the scenano 

software apphcatlons. For example, as descnbed m the example of a construction 

sltuatlon Within the scenario in the pervIous chapter, the result of a design task need to be 

exchanged between the cost estimator and scheduler applicatlons to cost estimate and 

plan the construction processes. However the three apphcatlons may have dIfferent 

interpretatlons for theIr respective construction process representatlons. The correct 

1Oterpretatlon and exchange of thiS 1Oforrnatlon can be achieved through the use of PSL 

as a common 10terchange language between the apphcatlons. However, prior to the use 

of the language m the construction environment the need to evaluate the use and impact 

of the language m constructIOn practlces became IfDpOrtant. As a result tlus project 

detenruned to IfDplement the language in the construction scenario descnbed in which 

process related archltecurral design, pre-tender cost estlmat1Og, and planning process 

mformation, for constructIon of a metal door m a metal opemng of a bUlld10g project, can 

be exchanged between AutoCAD, CCS and Microsoft project apphcatlons us10g PSL. A 

manual translatlon process was carned out to exchange, the case study project 

construction process 1Oformatlon, between the scenano software apphcatIons us10g PSL 
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based hand wntten translators. In the followmg sectIOns a detruled descnptIon of the case 

study project IS presented, followed by the result of the translatIOn process. 

In the followmg sectIons a detailed descnptIon of the case study project "the metal door 

m a metal opemng of a bUlldmg proJect" wlthm the scenano IS presented. Section 8.2 

presents descriptIons of the deSIgn products to be constructed or reahsed (constructIon 

products) and the matenals of constructIon used for these products (raw matenals or 

manufactured products), and section 8.3 descnbes the processes that may be used to 

assemble or construct the construction products. Section 8.4 descnbes the structunng of 

the constructIOn process related mformatIon of the case study project usmg the scenano 

software apphcatlOns' mformatIon representatIons, file formats, and termmologtes. In 

thiS sectIOn the architectural deSIgn data IS presented and structured m Excel file format, 

the cost estImatIng data IS presented usmg the CCS apphcatIon' s data representatIon 

format, and the constructIon planmng informatIon IS structured usmg the MIcrosoft 

project scheduling mformation representatIon format Section 8.S descnbes the manual 

translatIon process, by whIch the cases study project constructIon process information 

was exchanged between the scenano software apphcatlOns usmg PSL and the 

apphcatIons based hand wntten translators Finally a sectIon of dISCUSSIon on the 

ImplementatIon of PSL in the scenano IS presented and conclusIOns and 

recommendatIOns are drawn. 

8.2 Cases Study: "Metal Door in a Metal Opening of a building" Project 

1111S sectIon presents a detruled descnptIon of a sItuation m which PSL may be used as a 

common representatIon for architectJ.tral design, pre-tender cost estImating, and 

schedulIng and plannmg related process mformatlOn for the case study scenano project 

1111S representatIon IS expected to facilItate the exchange of thIS process informatIon 

between the scenano software apphcations. A textual speCIficatIon of the construction 

case srudy project, which includes "metal bUIldmg openmg constructIon detatl" and 

"metal door constructIon detrul" is shown m figures 8.1 and 8.2, and detatled drawings 

of the butlding opemng and the door parts are attached m appendix E. 

These types of doors are mostly used for bUIldmg m humcane vulnerable areas and their 

constructIon detatl is complex ThIS type of project WIth complex construction 

mformatIon has been selected for the constructIon scenano to Illustrate the complex 
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process related mformation m constructJon 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 Hurncane Engmeenng and 

Testing INC.https·/lsecure.metaldoor netldommionproducts/specificatlOns/specsll0 cfm. 

which deals With computer controlled product testmg and deSign and wmd analYSIS of 

constructJon products. Sets of mformatJon were abstracted from the textual speclficatJon 

of the construction case study project and descnbed m the followmg sectJons. These 

descnptlons provide an overview of the vanous 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 constructlon scenano and referred to 

as the process mformation related to design. Other process mformatlOn related to cost 

estlmatmg and scheduling or plannmg were Identified based on the deSign related process 

mformatlon of the project and structured usmg the CCS and Microsoft project schedulmg 

applications' mformatlOn representatlons described and shown m section 8.4 
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Overall Opernng DunenslOD 

Height of Honzontal Gut above the floor 

Adjustable Attachment chp 

Honzontal Top Gm 

Honzontallntermedlate Girt 

Method of ConstructIon: 

Implementatwn of PSL In the Construction Scenarzo 

Metal BUI.ldmg Openmg Construction 

"w xl02Yi'h 

7' -5" (above normalmstallauon heIght) 

I 518 ''x 8" x 0 lOO" 

5 518" x 8" d xO 023" t x 95- 15116" 

5 518" x 8" d x0023" tx 27 \'," 

A wood frame measunng 97" wide x 102 ~ •. high was constructed usmg double 2 x 12 Douglas FlTe Wood An 

S'· guth With 3" flange was lDstalled 89" above the base floor (wluch IS above normal lDstallabon height of 

Gnt) 

The Top Girt Attachment· 

The top Gm was attached wIth wood frame usmg a girt attachment clip The clip was attached to the Gift with 

SIX #12 xl lA" Self Dnlhng Screws wIth 0563" Steel washer WIth neoprene seal, and the clip was attached to 

the wood frame USlOg four #12]1, 1 Y.J. ,. Wood Lag Screws 

Wall Panel Installation: 

The poruon of the operauon excludlDg the door area were covered With 26 Gage, 38" x 108 VI" overlappmg 

metal panels The panel matenal exceedmg wood frame was truruned The panels were attached to wood vertical 

members with ten #12 x 1 W' Self Dnlhng Screws along each Side at 11 Vz" 0 C, staruog at 2 W' from bottom, 

Nme #12 x 1 W' Self Dnlhng Screws along top wood member at 3 Jf.z" from end and 10" 0 c , and three #12 x 1 

v..."Self Dnlhng Screws on bottom wood on each Side of the door ate 8 7/8" 0 c , stanng at 4 Vz"fco end. the 

panels were also attached to door frame Wl th DIne #12 x. 1 W' Self Dnlhng Screws ata 9 W' 0 c . startlng at 4 W' 

from the bottom 

Repon No HETI-03- I 759 

Table 8 L Metal Buddmg Opemng ConstructIOn DeSIgn Detrul (source' Hurncane Engmeermg 
and Testmg !Ne ) 
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Door Construction DetaIls 

PRODuer SIngle Metal Door Installed ID Metal BUlldmg Opeomg 

DESCRIPTION OF UNIT 
Model Deslgnallon 
Overall door size 
Configuration 

AMSCOKD. 20 Gage Textured 
41" x86 lI8" h 
X 

No and size of vents (1) 35 W' x 83 3/8" (ac"ve) 

8.1 Door Frnme Matenal & ComtructIoD 

8.2.1 

Strut A slldmg I 3/4"xS" galvamzed steel strut WIth 2 W'x3 7/8x wIde welded steel cbp 00 

top The assembly was slId upward to attach to honzontal gift usmg two 5/6" X W' Dut 

and bolt on mtenor and extenor face of Jamb 

Jamb and Head 16 Gage Kerfed frame profile. double rabbet wIth a foam fined Gasket. measunng 
3"X8I1S" (overall dimension) The depth of the door stop was 2 liS" ID front and 1 
15/16" ID rear. the height of door stop was 518" 

Hmge remforcement three, 7 Gage. 10" x 1 W'" hmge remforcement were four POInt spot welded at end to 
doorjamb at 7" from end at centre of the jamb 

Bottom Jamb angle 12 Gage galvaRlzed steel angle measunng 1 W' x2" x7 Yz" x 0 099"thtck. 1 W'leg was 
four pOint spot welded to the jamb 

Stnke Plate 486" x 1 75" xO 079" duck steel stnke plate was Installed to the doolJamb 

Stnke Plate Reinforcement A three POIDt spot welded 16 gage x 1 W' x6" strike plate remforcement was Installed 

Corner ConstrucUon The door jamb was attached to head extenslOD stnps wIth two 5/16" x %" hex head nut 
and bolt screws 

Door Leaf Matenal and ConstructIOn 

Overall SIze 

Core 

HInge Remforcement 

Lock Preparauon 

Leaf Construcuon 

Hardware and Components 
Locks 

Hmge 

Weatherstnp 

Method oC attachment 

35 W' wide x 83 lI8" high x 1 3/4 .. deep 

Expanded polystyrene core 

(3) 9" x lW' x 7 Gage 

A 16 Gage steel lock remforcement plate was SIX POInts spots welded to the door face 
sheet. 

20 Gage galvaruzed steel top and bottom face sheet With vertIcal hemmed edge seams, 
mechaDIcally mterlocked, square hinge and 1/S" In 2" bevelled lock edges A 16 Gage 
flush top and bottom channel welded to both face sheets. Hmge retnforcement was 
lDstalled at centre of the leaf and 6 5/16" from top and bottom 

Yale 5307 Lever Lock (one) 

(3) 4112" steel hmges with non-removable pm template 

AMSCO extruded alUDllruum & vmyl wealherstnp. 

The door assembly was attached to honzontal gnt on top and wood frame ate bottom 
USIng adjustable clIps Jamb mounted to gut USIng IA*I" Machme screws 2 each sIde, 
and to wood frame usmg 1/16"·1 5/S" wood lag 2 each side 

Table 8.2 Metal Bwlchng Openmg ConstructIon DeSIgn Detru! ( source. Humcane Engmeenng 
and Testmg INC .) 
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8.2.1 Products and Materials Overview of the Case Study project 

The "metal door in a metal bUlldmg opemng" IS a product of a sub-process wltllln the 

construction of a bUlldmg, 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 dJfferent forms dunng each process These are 

referenced m the detailed description of the constructIOn processes A dlagrammatlcal 

vIew of the deSIgn products of the case study project, and the matenals, whIch may be 

manufactured products or raw matenals that are requlfed dunng the construCtion process 

of the proj ect are depIcted m figure 8.1. TIns diagram shows the h,erarchIcal breakdown 

of the products and materials of the case study project 

I Doer In Buking Openng I 

I I 
I Bul<lng O",rn"l I I Oocr ",embly I 

1 1 
I I 1 1 I Opeoog F"",. I I WO! p",," I I Door Frame I I Oocr ,,~ I 

I Hardware andcomponentl I 
CON51 ucnON PRODUCTS 

I .... I 

1 ... '" 11 m ... P"'" I 1 I 1 

1 ,,"01"", I ~- ,I tinge rl!lf1bn:emenl I I I 1 lace sheets potj stt rena core 

I Sout I I bolDm JMlb I I stlke plate I I b:k ~~ement lit,) am OOIDnChamEll "'''' renbcemelt 

I lamb ~ heads 
I'ilga rE!l'lbrcemert I 1 , ... ~ .. 1 

1 locks 1 1 __ 1 I weatJerstip 

I"'" "" bel'] tUTERIALS (MANUFACTURED PRODUCTS) 

Figure S.l.luerarclucal 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 mterrelated processes and sub-processes, and the 

aCtiVItIes, whIch represent the decomposition of these processes and sub-processes, for 

construction of the case study project are descnbed. These processes and activities can be 
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used m the generatIOn of a detruled process plan and cost estimate of the construction of 

the "metal door m a metal opemng of buIlding project" Figure 8.2 Outlmes a genenc 

high level construction processes for a typical building project and Illustrates the 

relatl?nshlps between the vanous 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 "buIldmg openmg" and 

"complimentary structure door" constructlon highlighted m figure 8.2, which constitute 

the "metal door m a metal opemng of a bUilding proJect" construction process, are shown 

m figure 8.3 

1 ....... 1 LEYB. 1 ofdet. 

Pm", 

----------1----------
1 LEVE. 2 oIl1N1 

I-s-J 
1 m .. 11 .". Il"' .... 1 

as a 1'1 SUa oher asks 

------ ------------- ---
1;;::1 1=1 I--ml sn.ctII8I LEYB.4 of detail 

1 1 1 J I 11 ..... 1 
1 1 I 

"" .,... I 
1l ""' I J 1 I .... I ....... J 1 ...,. 

1 .. 
I y; doa I1 -.. 11 - 11 1 1 1--....... 11·-::-1 -

I 

1""""""" __ 1 1 ...:: •• 1 1 .... 11 '" I 1 .... ,,, .. 1 
""""--------1---- - ----------

lfVe.",oIl1N1 
I,~ ConstruclMelal BoIklngOpemng ,,-I 

L' ~~e~ndauaC~Door~~btyIOGu1~WoodFr.llnEl ofu..eO~-;...g' I 
melal doollll metal bulldlng opening conslruclion process 

Figure 8 2. Generic Overview of BUlldmg Construction Processes 

The following sections (sections 8 3 1 to 83.9) include detailed descriptions for the 

"metal door in metal opening of a bUilding project" construction processes shown in 

figure 8.3. This includes descnptions for the sub-processes and activIties that must be 

completed for the accomplishment of the high level "construct metal door in metaJ 

opemng of a building project" process. The processes, sub-processes and activities are 

extracted from the construction specification of the cases study project shown m tables 
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8.1 & 8 2. The detailed descnptlOn of each of these processes, sub processes and 

actIVIties contams an IDEF3 Process DescnptlOn Capture method representatIOn (IDEF3 

process model) and textual specificatIOns for each of the activities of the process model. 

The processes and sub-processes mainly reflect the hierarchically mterconnected 

activIties, which are used to achieve the parts of the "metal door m a metal opening of a 

bUlldmg project". At the lowest level of decomposItion of each process I e. at the activity 

levels, the vanous resources requITed and products produced that are data related to 

design stage of the scenano are listed. Process data related to the cost estimating and 

scheduling stages can also be attached to each activity of the process model, but due to 

the d1ffiension of data that need to be listed for each aCtiVity, and to keep thiS clear and 

uncluttered these data are presented usmg the scenano software applications Based on 

the design related data for each activity of the process model other process mfonnatlon 

related to cost est1ffiatmg and scheduling for each activity of the process model are 

Identified and orgamzed and structured using the scenano software applications' 

mformatlon representatIOn files and screen shots of these representations are shown m 

section 8.4 

-,...._--
---~-...... """'!t-

...... _ .... -
_ .. _ .. _ .• -1" 

Figure 8.3 Detruled view of the "metal door m a metal open1Og of a bUlld10g proJect" 
construCtion process 
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8.3.1 Install Metal Door in a Metal Building Opening 

The "mstall metal doors m a metal bUlldmg openmg" process IS a high level process, 

which can be accomphshed through more detailed processes. This process descnbes the 

way ID which thiS type of doors may be mstalled in buildmgs with metal openings The 

high level process" Construct Metal Door in a Metal Budding Opemng" IS decomposed 

mto two sub-processes. These sub-processes ID the order of occurrence are: construct 

metal bUlldlDg opemng and assemble and attach door assembly to honzontal gift and 

wood frame of the openmg These sub-processes may be accomplished m vanous ways 

as Illustrated m the further sectIOns. 

l"ISaR metal door n rreBJ 
buidng opr1rlg 

3 I 

--- --
assnfJle and alBCh door 

constuct rreBJ buirOOg opoog assn1It,r b horlSb'\al grt at 
bp and wood tarna albobn 

314 I 31' I 
Figure 8.4 Install Metal Door m a Metal BUlldmg Operung Process 

Figure 8.4 shows the decomposItion of the "Install Metal Door m Metal Buddmg Openmg" 

process Each of these sub-processes are related to another Via, a precedes arrow This 

mdlcates that the process on the left must be completed before the commencement of the 

task on the nght. For funher Information on the process representatIOn concepts and 

notatIOns of IDEF3 Process Descnptlon Capture Method used m the representation of 

these processes, there IS hterature and references on thiS tOPIC ID chapter 2 of this thesIs 

8.3.2 Construct Metal Building Opening 

The IDstallatlon of the door assembly m the building opening reqUIres the construCtion of 

the opemng on which It is attached. The "Construct Metal buildIDg Openmg" shown in 

figure 8.5, IS slITular to its parent process ID that the decompositIOn of thiS process results 

in three ordered more detailed sub processes lmked via precedes relation arrows. These 

sub-processes define the building opemng construction process and these sub-processes 

m thelf order of occurrence are: construct wooden frame, mstall girt or attach top girt to 

wooden frame, and install wall panel 
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construct ~ bJlldng op'Wlg 

a14 I ___ '---"--'---'-----'- ------ --------- ------ - --
conslJcl wood llama install gilt a aIIach ~ grt b 

InIaII wml palel 
wood .,.". r---

4.110 I 4.111 I 4.112 I 
Figure S.S Construct Metal bUlldmg Operung Process 

The two processes represented by boxes 4.1 11 and 4.1.12 are processes that may need to 

be accomphshed Via other lower level processes Theses two sub-processes are 

decomposed and detailed m further seCllons The "Construct Wood Frame" IS an aCllvlty 

at the lowest level of decomposillon of the "Construct Metal bUlldmg Opemng" process. 

The process informallon related to design, the matenals used and products produced, 

whIch are extracted from the case study project constructIOn speCIficatIon (shown m table 

8.1 & 8.2) for the "Construct Wooden Frame task" aCllvlty are as hsted below. 

a Construct Wooden Frame task 

reqUIres: 2*12 Douglas Fife Wood 

produces' 97"w*102 W'h Wooden Frame 

8.3.3 Install Girt or Attach Top Girt to Wood Frame 

The "Install GIrt or Attach Top Gm to Wood Frame" Process IS the second step m the 

parent "Construct Metal bUlldmg Opemng" process. ThIs process is decomposed mto two 

rusllnct aCllvlties, whIch are. "attach chp to girt" and "attach chp to wooden frame" by 

whIch the mstallation of the girt IS accomphshed After these actlVltles are completed the 

wall panel can be mstalled. 
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Jl 

IflSBlI 9rt Q( attach klp girt b 
wood I'ame 

4111 I 

atlach clIP b f1e 9Irt 

11 113 

attach clip b the woochlrame 

, , , , , , , , , , , 

J2 

Figure 8 6 Install Gm or Attach Top Grrt to Wood Frame Process 

Figure 8.6 depicts a scenario m which the actlY1ltes m boxes 11.1 13 and 11 1.14 can be 

Imitated and completed m any order of Itme as Illustrated by the IDEF3 asynchronous 

junctions 11 and J2 The followmg hsts the process mformatlOn related to deSign; the 

matenals used and products produced, as extracted from the case study project 

construction speclficatton (shown in tables 8.1 & 8.2) for the "attach cltp to gut" and 

"attach chp to wooden fame" acltvlltes. 

a Attach chp to girt task 

ReqUires: 8" gut With 3" flange, SIX #12*1 th .. Self Dnllmg Screws, 0563"steel 

washers 

produces: chp on girt 

a Attach chp to wooden frame task 

requires four #12 *1 Vz"Wood Lag Screws 

produces chp attached to girt; girt attached to wooden frame With chps. 

8.3.4 Install Wall Panel 

The "Install Wall Panel" Process is the third step m the parent "Construct Metal butldmg 

Operung" Process. This process decomposes mto two sub-processes by which the parent 

process may be completed These sub-processes "Install Wall Panel or Cover Portton of 

Opemng", and "Attach Panel to Wooden Verltcal Members" are activlltes at the lowest 

level of decompOSllton of the patent process "Install Wall Panel". Figure 8.7 shown the 

process m which these two acttvlltes may start and complete m any order of ttme as 

mdlcated by the IDEF3 asynchronous juncltons Jl and J2. The performance of these 
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actlVltIes wlthm the decomposItion of the parent process depends on the fact that the 

vertical members and the wood frame are constructed and completed 

, , , , 

J1 

, , 
, , 

lotall wall panel or cover 
prooon of opelng excuhng the 
door area wt1h metal panels 

4112 I 

attach panel., wooden 
verabal merrbers on each 

side afdoor 

12115 I 

attach he panles 10 door 
____ tame 
-~I----.-----ll--

121 16 I 

, 

Figure 8.7. Install Wail Panel Process 

, , , , , , , , 

J2 

, , 

Process mformation related to desIgn; the matenals used and products produced, as 

extracted from the case study project construction specificatIOn (shown m tables 8.1 & 

8.2) for the "attach clip to gut" and "attach chp to wooden fame" activIties are as 

follows. 

o Attach panel to wooden verttcaJ members on each sIde of door task 

- reqUIres. waJI panel, twenty two #12*11,4" Self dnllmg Screws, 

- produces: wall panel attached to vertlcal members 

o Attach Panel to door frame 

- requires mne #12*11,4" 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 buddmg opemng" process 

defines the way m which the door should be constructed and attached to the buildmg 

openmg. ThIs process IS accomphshed 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 mto 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 m the hIgh-level "InstaJI Metal Door In 
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Metal BUlldmg Openmg" process. Once the construction of the door operung IS completed 

these two sub processes can commence asynchronously. The IDEF3 JunctIOns 11 and J2 

m figure 8.8 convey an asynchronous relatIOnshIp between the constructIOn of doorframe 

and door leaf processes that they can start and fimsh in any order of time. 

, , 
, , 

Jl 

, , 

, 

aallach door assrrt>1y to girt 
and wood frarm of building 

opemng 

315 I ,.L-____ ~ ______ ~ 

/ ,--------------.., 

oonstruCl door Irarre 

516 

conslnuct and hang door leaf 

517 

, , , , , , , 

J2 

Figure S.S. Attach Door Assembly to Girt and Wood frame of the bUlldmg opemng Process 

8.3.6 Construct Door Frame 

The "Construct Door Frame" process creates a frame to whIch the door can be lunged. 

The accomphshment of this process requITes the completion of each of the four sub

processes shown m 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 detali of the parent process, the sub

process m box 6.1.19 reqUIres further decomposItIon mto more detalied sub-process by 

whIch thIS process can be accomphshed The arrows between the boxes Slgmfy sImple 

precedence relatIOnshIp between the four sup-processes. 
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516 I ___ .L-::..:.::...-L_---l __ _ 

--------- --- --- --- --- ------------- --- - -
rroount labm b gnt al tip & 

alladl srut b honzonal girt prepare]arrb br connecion a!ach door Jarrb b head 
suing nul and bolt on IlllerelOl will oiler part 01 door 

wood frame at bottom f-- and eXErlOr lace of Jabm ~ f- exteSlOl1 strip 

6117 I 6118 I 6119 I 6120 I 

Figure 8.9. Construct Door Frame Process 

The "Mount doolJamb to girt and wood frame task" "Attach strut to honzontal gIrt and 

doolJamb task" and "Attach door jamb to head extensIOn stnp" sub-processes are 

acttvlttes that can be found at the lowest level of decomposltton of the parent process 

"Construct Door Frame", and the process mfonnatton for each of these activities related 

to desIgn; the matenals used and products produced, as extracted from the case study 

project constructIOn speCIficatIon (shown m tables 8.1 & 8.2) are as follows. 

o Mount doolJamb to girt and wood frame task 

reqUIres: doolJamb, four ,;.. .. * 1 maclune screws, four 5/6"* 1 5/S" wood lags 

produces door jamb m place 

o Attach strut to honzontal gIrt and dOOlJamb task 

requIres· shdmg 1 W'*S"h galvanized steel strut, two 5/6" X '!.I" nut and bolt 

produces: girt and doolJamb fastened m place WIth bolts and nuts 

o Attach door jamb to head extensIon stnp 

requITes· two 5/16" x ,;.. .. hex head nut and bolt screws 

produces doorjamb attach to head 

8.3.7 Prepare Doorjambs 

The "Prepare DoolJambs" is a hIgh level process, which can be accomphshed via other 

lower level processes shown m figure 8.10 TIns representatton Illustrates that 

preparatton of a doolJambs for thIS type of door require four distinct sub processes, 

whIch are: "weld hinge remforcement" and "weld steel angle" and "mstall stnke plate" 

and "mstall stnke plate remforcement" to doolJambs. This process puts all the necessary 

remforcements for hmges and stnke plates before the hmges and plates can be fixed to 
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doof]ambs As descnbed for other processes, these four sub-processes can start and 

complete m any order of tIme as mdlcated by the IDEF3 Process DescnptIon Method 

asynchronous JunctIOns 11 and J2 of figure 8.10 Once these four sub-processes are 

completed the doof]ambs can be attached to head extensIOn before the door leaf can be 

fixed to the Jambs. 

prepare Jani) br conneclion 
wlh ol'ler part of door 

61 19 I 
,',---------, '-, , 

I' weld hinge reflbrcement b " 
I door ,alTO , , , , , 

I 19121 ' , , , , , , , weld steel angle b 
door jarrb 

19122 

nm. steel ~e plaa b door 

~"" 
19 1 23 

inslal strike palel reilbrarenl 

19124 

J2 

Figure 8.10. Prepare Dool] ambs 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 hmge remforcement" and "weld steel angle" and "mstaJl stnke plate" 

and "mstall stnke plate remforcement" to doof]ambs sub-processes, WhICh are actIvItIes 

that can be found at the lowest level of decOmpOSItIOn of the parent process "Prepare 

Doof]ambs", are as follows 

a Weld hmge remforcement to doof]amb task 

requIres. dool]amb;-three, 7 Gage, 10" x 1 W'" hmge remforcement 

produces: hinge remforcements welded to doof]amb 

a Weld steel angle to doof]amb 

reqUIres' 12 Gage galvamzed steel angle measunng 1 W' x2" x7 W' x 0 099"thICk. 1 ';""leg 

produces: steel angle welded to dooIJamb 

a Install steel stnke plate to doof]amb task 
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requires: 4.86" x 1.75" xO 079" thick steel stoke plate 

produces' stoke plate welded to dooI]amb 

o Install stoke plate relllforcement 

reqUires three pOint spot welded 16 gage x 1 11.1" x6" strike plate reinforcement 

produces reinforcements for stoke plate 

8.3.8 Construct and Hang Door Leaf 

The "Construct and Hang Door Leaf' process IS accomplished via three sub-processes 

represented by boxes 7 1.25, 7.1.26 and 7.1 27, which can commence and complete III 

any order of time, as indicated by the IDEF3 Process Descnptlon Method asynchronous 

junctIOns 11 & J2, before the hardware and components are placed and the door leaf IS 

hanged via the "place hardware and components" and "hang door leaf' processes as 

Illustrated III figure 8.11 Wlule the sub-processes III boxes 7 1.25, 7.1.26, 7.1.27, and 

7.129 are activIties that don't need further decompOSItion for completion for each of 

these, the sub-process III 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 until all the three 

asynchronous actiVIties are completed. The perfonnance of the three activities within the 

decompOSItion of the parent process doesn't depend on any other process. It can be 

Imtlated or completed at any time that IS before, parallel or after the "construct door 

opemng" 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 hmge 

remforcement at centre of door leaf', "Weld lock remforcement plate to door leaf' and 

"hang door leaf' actlVllles have the followmg process mformation related to desIgn; the 

matenals used and products produced, as eKtracted from the case study project 

construcnon specificanon (shown in tables 8.1 & 8.2). 

o Weld top and bottom channel to both faces sheets of door leaf 

requITes door leaf Wlth Expanded polystyrene core, 16 Gage flush top and bottom channel 

produces door leaf wIth channel welded to both face sheets 

o Install hmge remforcement at centre of the leaf 

reqUIres. door leaf WIth Expanded polystyrene core, (3) 9" x 1 W' x 7 Gage hmge 

reinforcement 

produces: door leaf With hmge remforcement 

o Weld a steel lock reinforcement plate to door face sheet 

reqUIres door leaf wlth Expanded polystyrene core; 16 Gage steel lock remforcement plate 

produces lock remforcement plate welded to door leaf. 

o Hang door on door frame 

requires' 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 IS the final step m the overall 

process of the cast study scenano project. This process should be accomplished via three 

acllvllles. These are' "fiK lock on door leaf ", "mstall hmge on door leaf' and "apply 

weathersmp to door" asynchronous acttvilles. Figure 8.12 Illustrates the asynchronous 

behavlor of thiS process in which the three aCllvllles can start and complete m any order 

of ttme, which IS conveyed by the IDEF3 Process Descnpllon Method asynchronous 11 

and 12 Juncttons 
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Figure 8.12. Place Hardware and Components and Fimsh Door Process 

The following lists show the process Informal1on related to design for each of the three 

aCl1vltles; the matenals used and products produced, as extracted from the case study 

project constructIOn specifical10n (shown m tables 8.1 & 8.2). 

a Fix lock on door leaf 

requlfes' (1) Yale 5307 Lever Lock 

produces: lock fixed on door leaf 

a Install hinge on door leaf 

requues' 4 1J.a" steel HInges WIth non-removable pm template 

produces: hinge Installed on door leaf 

a weatherstnp door 

requires AMSCO extruded alummum & vinyl weatherstnp 

produces: weatherstnpped door 

8.4 Process Information Representations using Scenario Applications 

In the previous seCl10n the on site construCl1on 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 In 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 mformatlon related to 

the scenano that is process mformatIOn related to deSIgn, pre-tender cost estimating, and 

schedulIng for the case study proJect, It was determined to use the scenano software 

applIcations' mformatlOn representation files. These applIcations provide data fields for 

the representatIOn of the processes and actlVltles of the model and aSSOCIated data related 

to each process and actlVlty In thIS way, the applIcatIOns representations of the process 

mformatlOn prOVIded a view mto the data types of the applIcatIOns representing the case 

study project information, hence a vIew mto the natIve ontology of each of the 

applIcations. The native ontology of each of the applIcatIOns IS Important m the 

translation process, because thIs ontology IS mapped mto the PSL ontology and 

information translation IS conducted between these applications' native ontologIes and 

PSL ontology, therefore the translation defimtlOns must be written between these 

ontologIes and the PSL ontology AddItIOnally the use of the scenano software 

applIcations prOVIded a clear vIew mto the applIcatIOns' data types and the concepts 

represented by these data types Hence an understandmg of the use of the same or 

dJfferent data types to represent dIfferent or the same process concepts IS achIeved dunng 

the applIcations' representatIons of the case study prOject construction process 

information. This provIded the shared mformatlon between those applIcations that need 

to be exchanged between them dunng the pre-constructlOn process stages. 

As descnbed above although these applIcations have dIfferent file formats there are some 

common exchange file formats that can be used to export and In1port files between the 

three scenano 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 IS no such data format and every deSIgner or user needs to structure the information 

that can be extracted from deSIgn drawmgs In the following sections, a bnef descnptlon 

of the scenano software applIcations representations of the case study project 

construction process information IS presented. 

8.4.1 AutoCAD Design Data Representation using Excel File Format 

AutoCAD drawmg objects prOVIde geometrIcal representation of the case study project 

products to be realIzed by the construction processes of the IDEF3 model. A drawmg 
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representatIOn of the case study project is attached m appendix C Attnbutes that can be 

attached to AutoCAD drawmg objects are given in the case study project constructIOn 

speclficatton as shown m tables 8.1 & 8.2. In AutoCAD these speCificatIOns can be 

attached to drawmg objects and extracted using AutoCAD tools for use in a spreadsheet 

or database flies to produce textual information structured m flIe formats that can be 

exported and nnported to the other two scenano appl!cattons. Figure 8.13 shows a screen 

shot of the textual informatton, extracted from the case study project construction 

speclficatton shown m tables 8.1 & 8.2, m relation to the drawmg objects of the case 

study proJect, structured m Excel file format These are construction case study project 

objects represented usmg drawmg format, including, their component parts and other 

process related mformatIOn. The drawmg objects at the highest level have data fields for 

ID, quanttty, and component parts etc of the products. The component parts of the 

drawmg objects at the lowest level are drawmg objects on thelf own nghts and have data 

fields assocJated with them for methods and material of constructton etc In thiS sectton 

excel flIe format IS used to structure the textual mformatlOn associated With the drawing 

objects of the cases study proJect. This file fonnat allows for the informatton to be 

exported and Imported to and from CCS and Microsoft project scheduling applicattons. 

The deSign related textual constructton process mfonnatton of the case study project IS 

orgamzed and structured usmg excel flIe as shown m figure 8.13 
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Figure 8.13. design data of the case study project structured in Excel file format 
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8.4.2 Cost Estimating Data Representation using CCS Files 

The CCS cost esUmatmg applIcatIOn uses ASCII text files to represent cost esumaung 

related process mformatlOn. CCS uses blIl of quanuties (BoQ), macros, and operaUons 

files, at the different level of abstracUons to orgamze the processes and products (mput 

data from design stage) and provide data fields for other cost estlmatmg related data. 

CCS uses separate worksheets files to calculate nett-rates for each operauon based on 

supplIers' resources cost rates Operauons m CCS are attached to worksheet where the 

resources such as matenal, labour, plant are determmed and the supphers' rates of the 

resources that may be consumed or/and used by each operauon are Idenufied and used to 

produce nett-rates per billed quanuty of each operauon. The nett-rate and btlled quanUty 

of each operation produces the nett-amount of the operauon Usmg the operauons' nett

rates the value of other Items (the macros or operatIOn) at the higher level of abstracUon 

such as the nett-rates and nett-amounts, can be calculated and finally combmed to form 

the overaIl project cost Figures, 8 14 (a) & (b) show screen shots of CCS appJicaUon's 

blIl of quanuty BoQ, and macro files at dJfferent level of abstracuon; and the operauons 

and worksheet files respecuvely that are used to orgamze the cost estunatmg related 

process mformatlOn of the case study project. 

"'.{ ~- , -~lle37 j- till tot t:ll\ Idl"t]" t'lll!ln {nO-A -- . ~ ~. ~ 

~·~o .. ::--,<-E:- "'J ,. 
"' >'"-, ~ ,,-' ,. 
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, ~I'I 3' ""fl<'lnlJ~ ;t<'!l'~ t;H~r' 
'il \~Ilrn· n.-Ml "''''If p"'nel 

- ~~, ~-', > ,- ~ '~, 
, 'v'_ 

911E1372 4'- le 9S1/82 n ... tol QoI)r 

Figure 8.14. Ca) cost esllmatmg data of the case study project structured m CCS BoQs and Macro 
files 
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Figure 8.14 (b) cost estunating data of the case study project structured In CCS OperatJOn & 
work sheet files 

8.4.3 Construction Plan Representation using Microsoft Project Files 

MIcrosoft project scheduling application uses Ganlt charts and Resource Sheets to 

structure processes and actiVItIeS, resources and other related InfonnatIon A typIcal 

project conSISts of a senes 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 strucrured into summary tasks and sub-tasks and 

assocIated data fields for resources and other schedulIng InfOnnatlOn In the Ganlt chart 

Resource Sheets prOVIde the capabIlIty for creatIng a resource list and assocIated 

mformatIon 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 

InfonnatIon representation IS not lImIted to these schedulmg concepts descnbed m thIS 

sectIon however the focus of thIS project IS on the process informatIon that are shared 

between AutoCAD and CCS applIcatIOns and lImIted to the concepts descnbed. Figures 

8.1S (a & b) show screen shots of the MIcrosoft proJect's Ganlt charts and Resource 
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Sheets representatIOns of the processes and resources and assocIated informauon for the 

case study project construcuon. 

Figure 8.15. <al Gantt chart representaUon of the tasks and related mforrnauon for the case study 
project construcUon plan 
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,'}" ' 

: 

Figures 8.15 (b) Resource Sheets representauon of the resources and related mforrnauon 
for the case study project construcUon plan 
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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 mformation 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 tenrunology of the applIcatIon mtact. The semantIc translatIon 

SubstItutes tenrunology of each of the applIcatIons WIth the defirutIons wntten usmg PSL 

tenrunology The mformatlon exchange between the scenarto applIcations IS carried out 

through translation of mformatIon representatIons between each of the scenario software 

applIcatIon's natIve ontology and PSL ontology using parsmg and pattern matchmg 

(concepts mappmg) procedures for syntacttc and semantIc translations respectively 

Hence m order to faCIlItate the mapping of mformatlOn between the applIcatIOns and 

PSL, the first step m the translatIon process IS the development of each of the 

applicatIOns natIve ontology The ontolo gy of each of the applIcations IS hIdden and IS 

known by the developers onJy However, ontology of such applications can be developed 

from the user pomt of VIew that is, how an applIcatIon structures mformatIon using the 

tenrunologIes and file format, defined by the developers IS the ontology of the 

applicatIon Based on thIS, the ontology of each of the scenartO applIcatIOns was 

developed from the case study project construction process mformatIon and the 

representation of thIS mformatIon using the applications tenrunologies (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 anaJysis and mapping of the 

scenarto software applIcations data types (the applIcations' representations of process 

concepts) to PSL ontology. Based on thIS informatIOn, prior to the start of mformatlOn 

translatIon process, hand wntten semantIC translators (semantIc translation definitions) 

were developed between the each of the applIcatIons and PSL ontology. Figure 8.16 

Illustrates 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 scenarto software 

applIcatIOns usmg Excel file as a common exchange file format for physical file 

exchange (Import and export) between the applications; KIF notatIOn for syntactIc 

translatIon (parsmg) of the applications' syntax to the PSL syntax (KIF notatIOn); and 
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PSL as a common language for semanUc translauon between the applicauons' and PSL 

process mformation representauon termmologles. This translauon using PSL reqUires 

syntactic and semantic translators to translate mformatlOn from the apphcauons to PSL 

and back to the apphcauons. Wlule the syntactic translators are parsing procedures for 

syntacUc translation between the applications information representation syntax and PLS 

syntax (KIF notation), the semantic translators are semantic translauon definiuons as 

shown m section 8.S.1. These translatIOn defimtions between an apphcauon ontology 

and PSL are dnven by the ontolOgical defimtions that were wntten usmg the same 

foundauonal theories. These are definiuons for the terminology of the apphcauon 

ontology, using only the temunology from the PSL Ontology, as well as defimuons for 

the terminology of the PSL Ontology usmg only the terminology of the apphcauon 

ontology. 

8.5.1 Semantic Translation Definitions for the Scenario Software Applications 

Tra nslation Definition for AutoCAD Application (A) 

«=> (des1gn-obJect@A ?r) 
(product-created ?r» 

«=> (component@A 'r) 
(resource-created ?r» 

«=> (mater~al_of_construct~on @A ?r) 
(consumable ?r)) 

«=> (construct10n@A ?a) 
(processor_act1v1ty ?a» 

Translation Definition for CCS Application (C) 

«=> (bill_of_quant1t1y_macro_op@C ?r) 
(product-created 'r)) 

«=> (macro op@C ?r) 
(resource-created ?r» 

«=> (operat1on@A ?a) 
(processor_activ1ty ?a» 

«=> (material@C ?r) 
(consumable 'r)) 

«=> (plant@C 'r) 
(possibly_reusable ?r)) 

«=> (labour@C ?r) 
(reusable 'r)) 
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«=> (resourc9_amount@C ?r) 
(resource_cost ?r}) 

Translation Definition for Microsoft Project Application (S) 

«=> (summary task@C ?r) 
(resource-created ?r)} 

«=> (task@S ?a) 
(processor_act1v1ty ?a» 

«=> (resource@C ?r) 
(consumable ?r)) 

«=> (resource@C ?r) 
(poss1bly_reusable ?r» 

«=> (resource@C ?r) 
(reusable ?r» 

«=> (task_total_cost@C ?r) 
(act1v1ty_cost ?r» 

«=> (resource_cost/use@C ?r) 
(resource_cost ?r» 

AutoCAD apphcatlon 

~ 

Excel fIle 

AutoCAD terms ID 

KIF Syntax file 

CCS apphc atlon 
MS Project 
apphcatlon 

t 
Import/Export file from & to arhcalIonS& excel 

Excel file Excel file 

Parser from & to KIF CJsnl or Excel format 

CCS terms m KIF MS pro.!"c t terms m 
Syntax fIle KIF Syntax file 

-+ 
SemantIC translalIon defwtlOns between 

, 

PSL representations of the process data shared between AutoCAD, CCS and MS projeCt 

Figure 8 16. Process mformation exchange between AutoCAD, CCS & Microsoft 
project applicatIons using PSL as a common/standard language 
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8.5.2 Architectural Design Data File in AutoCAD Application's Representations 

Arclutectural Design data (textual file) textual representatIOn of AutoCAD applicatIOn for a 

"metal door and a metal bUlldmg opening" project Wntten m AutoCAD's textual 

attnbute representation fonnat and tennmologies AutoCAD's textual attnbute 

(mfonnation) representation fonnats are descnbed in chapter 6. 

{DWG-obJect 
{ components 

{Component 
{Matenal 
{ construcUon. 

{Component 
{Matenal 
{ ConstrucDon 
{MatenaI. 
{ Construcnon 

{ Component: 
{Material 
( Construcnon' 
{Matenal 
{ Construcnon 

{DWG-obJect 
( components 

{ Component. 
{Matenal 
{ Construcnon 
{Matenal 
{ ConstruCllon. 
{Matenal 
{ Construcnon 
{Matenal 
{ ConstruCllon 
{Matenal 
{ Construcllon 
{Material: 
{ Construcnon 
{Matenal 
{ Construcnon 

(Componenc 
{Matenal' 

{ Construcllon. 
{Matenal. 
{ ConstrucDon 
{Matenal 
{ ConstrucDon 
{Matenal' 
{ Construcnon: 

{ Component· 
{Matenal 

metal bldg opemng (x)} 
wood frame; steel gIrt; wall panel } 

97"·102 W' wood frame metal bldg operung (x)} 
2*12 Douglas Fire Wood (x)} 
wood· frame construcllon as deSIgn (x)} 

S" with 3" flange steel gIrt metal bldg openmg (x)} 
gIrt, chp, SIX #12·1';.. .. SeIfDnllmg Screws, 0 563"steel washers (x)} 
cllp attached to grr! with self·dnlhng screws (x)} 
four #12 ·1 ~"Wood Lag Screws (x)} 
cllp attached to wooden frame With wood Lag Screws (x)} 

26 Gage 3S"·10S ~"metal wall panel metal bldg opening (x)} 
metal wall panel. twenty two #12·1 '1.." Self dnlhng Screws (x)} 

wall panel attached to verllcal members (x)} 
rune #12·1 '1.." Self dnlllng Screws (x)) 
wall panel attached to door frame (x)} 

metal door (x)} 
doorframe, door leaf; hardware & components (x)} 

doorframe door assembly (x)} 
dool)amb, four '1.."·1 maclune screws, four 5/6"·1 5/S" wood lags (x)} 
Jamb mounted to grrt & wood frame WIth maclune screw and wood lag (x)} 
slldmg 1 W'"S"h galvaruzed steel strut, two 5/6" X W' nut and bolt (x)} 
strut attached to honzontal girt and dool)amb (x)} 
two 5/16" x ,;.. .. hex head nut and bolt screws (x)} 
Jamb attached to frame head extenslOn With nut and bolt screws (x)} 
three, 7 Gage, 10" x 1 '1.."" lunge remforcement (x)} 
lunge remforcement welded to doorjamb (x)} 
12 Gage 1 W' ><2" x7 W' x 0 099"tIuck, 1 %" leg, galvaruzed steel angle (x)} 
steel angle welded to dool)amb (x)} 
4.86" x 1.75" xO 079" truck steel slnke plate (x)} 
486" x 1.75" xO 079" t1uck steel slnke plate lOstalled to dool)amb (x)} 
three polOt spot-welded 16 gage x 1 '1.." x6" slnke plate relOforcement (x)} 
16 gage x lW' x6" slnke plate remforcement mstalled tn plate (x)} 

20 Gage galvanized steel door leaf door assembly (x)} 
35 W' WIde x 83 118" rugh x I 3/4 .. deep 20 Gage galvaruzed steel door leaf 
(x)} 
door leaf hanged on frame (x») 
16 Gage flush top and bottom channel (x) } 
top and bottom channel Welded to both faces sheets of door leaf (x») 
(3) 9" x 1 W' x 7 Gage lunge retnforcement (x)} 
lunge retnforcement Installed at centre of the leaf (x)} 
16 Gage stee11ockremforcement plate (x)} 

steel lock remforcement plate Welded to door face sheet (x») 

hardware & components door assembly (x)} 
(I) Yale 5307 Lever Lock (x)) 
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lock fixed on door leaf (x)} 
4 ';.." steel lUnges WIth non-removable pm template (x)} 
htnge lDstalled on door leaf (x)} 

AMSCO extruded alurrunum & vmyl weatherstrip (x)} 
weatherstrip app~ed to door (x)} 

8.5.3 Architectural Design Data File in PSL syntax (KIF Notation) 

The syntactIc translator takes/reads the arclutectural 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 stIlI persevenng the AutoCAD applIcatIon's 

termInology 

«=>(=>(metal_bldg-open~ng ?rx) 
(DWG_obJect ?x» 

(ex~sts (?r1 ?r2 ?r3) 
(and (=> (wood_frame ?r1) 

(component ?r1 ?x» 
(=> (S" w~th 3" stee1_g1rt ?r2)' 

(component ?r2 ?x» 
(=> (wall-panel) 

(component ?r3 ?x»») 

«=> (=>(and (metal_bldg-open1ng ?x) 
(97'*102~' wood frame ?r» 

(and (DWG_obJect ?x) 
(component ?r ?x») 

(ex1sts (?a) 
(=>(wood-frame_constructed_as_des1gn ?a) 

(construct~on ?a Or»~ 

(exists (?r1) 
(=>(2*12 Douglas F~re Wood ?r1) 

(mater1al_of_construct10n ?r1 ?a»») 

«=> (=>(and (metal_bldg-opening ?x) 
(S" w1th 3" flange steel g1rt ?r» 

(and (DWG_obJect ?x) 
(component ?r ?x») 

(ex~sts (?a1 ?a2 ) 
(and (=>(c11p attached to g~rt ?a1) 

(construct10n ?a1 Or»~ 
(=>(clip attached to wooden frame ?a2) 

(construct1on ?a2 ?r») 
(exists (?r1 ?r2 ) 

Screws ?r1) 
(and (=>(girt, c11p, s~x #12*1 ~' Self Dr1lling 

(material_of_construction ?r1 ?a1» 
(=>(four #12 *1 ~'Wood Lag Screws ?r2) 

(material_of_construction ?r2 ?a2»»» 

242 



Chapter 8 Implementation of PSL m the Construction Scenano 

«=> (=>(and (metal_bldg-open1ng Ox) 

?al) 

(26 Gage 3S"*10S ~"metal panel ?r» 
(and (DWG_obJect Ox) 

(component ?r ?x») 
(exists (?al ?a2 ) 

(=>(and (=>(wall panel attached to vert1cal members 

(construction ?a1 Or»~ 
(=>(wa11 panel attached to door frame ?a2) 

(construct10n ?a2 Or»~) 
(ex1sts (?r1 ?r2 ) 

(and (=>(metal panel, (22) #12*1 ~" Self dr1111ng 
Screws ?r1) 

(material_of_construct10n ?r1 ?a1» 
(=>(n1ne #12*1 ~" Self dr1111ng Screws?r2) 

(material_of_construct10n ?r2 ?a2»»» 

«=>(=>(metal door Ox) 
(DWG_obj ect ?r» 

(ex1sts (?r1 ?r2 ?r3) 
(and (=> (door_frame ?r1) 

(component ?r1 ox»~ 
(=> (door_leaf ?r2) 
(component ?r2 ?x» 

(=> (hard_ware_and_cornpenets ?r3) 
(component ?r3 Ox»~»~) 

«=> (=>(and (metal door ?x) 
(doorframe ?r» 

(and (DWG_obJect ?x) 
(component ?r ?x») 

(ex1sts (?a1 ?a2 ?a3 ?a4 ?as ?a6 ?a7) 
(and (=>(Jamb mounted to g1rt & wood frame ?a1) 

(construction ?a1 ?r» 
(=>(strut attached to hor1zontal g1rt and 

doorJamb ?a2) 

?a4) 

?r1) 

?a6) 

(construct1on ?a2 ?r» 
(=>(Jamb attached to frame head ?a3) 

(construct10n ?a3 ?r» 
(=>(hinge_re1nforcement_welded_to_door_jamb 

(construction ?a4 ?r» 
(=>(steel_angle_welded_to_doorjamb ?as) 

(construct10n ?as ?r» 
(=>(steel_strike-plate_1nsta1led_to_doorjamb 

(construct10n ?a6 ?r» 
(=>(str1ke-plate_reinforcement_1nsta11ed ?a7) 

(construct1on ?a7 ?r») 
(ex1sts (?r1 ?r2 ?r3 ?r4 ?rS ?r6 ?r7) 

(and (=>(doorjamb, (4) mach1ne screws; (4) wood lags 

(rnater1a1_of_construct10n ?r1 ?a1» 
(=>(1 ~"*S"h galvanized steel strut, (2) 5/6" X ~" 

nut & bolt?r2) 

?r3) 

(mater1al_of_construction ?r2 ?a2» 
(=>(two S/16"x ~" hex head nut and bolt screws 

(mater1al_of_construction ?r3 ?a3» 
(=>(three, 7 Gage, 10" x 1 ~"" h1nge 

re1nforcernent ?r4) 
(mater1al_of_construct1on ?r ?a4» 
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(=>(12 Gage galvan~zed steel angle 'rS) 
(mater~al_of_construction 'r ?as» 

(=>(4.86" x 1.7S" xO.079" th~ck steel str~ke 
plate ?r6) 

(material_of_construction ?r ?a6» 
(=>(16 gage x 1 %"x6" str~ke plate relnforcement 

'r7) 
(material_of_construction ?r ?a7»»» 

«=> (=>(and (metal door ?x) 
(door leaf ?r» 

(and (DWG_obJect 'x) 
(component 'r ?x») 

(ex~sts (?a1 ?a2 ?a3 'a4) 

leaf ?a2) 

(and (=>(door leaf hanged on door frame 'a1) 
(construction 'a1 'r» 

(=>(channel Welded to both faces sheets of door 

(construct~on ?a2 ?r» 
(=>(hinge reinforcement Installed at centre of 

the leaf?a3) 
(construct~on 'a3 'r» 

(=>(lock reinforcement plate Welded to door 
face sheet?a4) 

(construct~on ?a4 ?r») 
(ex~sts (?r1 ?r2 ?r3 '4) 

(and (=>(3S 'A"w x 831/8"h xl 3/4"d 20G galvan~zed 
steel doorleaf ?r1) 

(mater~al_of_construct~on 'r1 'a1» 
(=>(16 Gage flush top and bottom channel ?r2) 

(mater~al_of_constructlon ?r2 'a2») 
(=>«3) 9" x 1 %" x 7 Gage hlnge 

reinforcernent?r3) 

?r4) 

(materlal_of_constructlon 'r3 ?a3» 
(=>(16 Gage steel lock relnforcement plate 

(material_of_construction 'r4 ?a4»»» 

«=> (=>(and (metal door 'x) 

?al» 

?a2) ) ) 

'a3»»» 

(hardware & components ?r» 
(and (DWG_obJect ?x) 

(component ?r 'x») 
(exists (?a1 ?a2 'a3 'a4) 

(and (=>(lock flxed on door leaf ?a1) 
(construction ?a1 ?r» 

(=>(hinge installed ~n door leaf 'a2) 
(constructlon ?a2 'r» 

(=>(weatherstrip applied to door 'a3) 
(construction ?a3 ?r») 

(exists (?r1 ?r2 ?r3) 
(and (=>«1) Yale S307 Lever Lock ?r1) 

(materlal_of_constructlon 'rl 

(=>(4 %" steel Hlnges 'r2) 
(material_of_construction 'r2 

(=>(extruded alurninurn & vinyl 
weatherstrip 'r3) 
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8.5.4 Architectural Design Data File in PSL Representations 

The semantIc translator (semantIc translation defimtIons) for AutoCAD applicatIon 

takes/reads the architectural deSIgn data file contaming AutoCAD apphcation's 

termmology m PSL syntax ( section 8.3) and produces a corresponding file contammg 

only PSL terminology In PSL syntax (KIF) by substItutmg the definitIon of all the 

AutoCAD apphcatlOn's termInologles with defimtions In PSL. In thIS translatIon, usmg 

the translatIon defimtlOns for AutoCAD the archttectural deSIgn data file In PSL syntax 

(KIF) IS mapped to PSL defimtIons that contam only PSL terrmnology 

«=>(=>(rnetal_bldg-open1ng ?x) 
(product ?x) ) 

(ex1sts (?rl ?r2 ?r3) 
(and (=> (wood_frame ?rl) 

(resource ?rl ?x)} 
(=> (S" w1th 3" steel_g1rt ?r2) 

(resource ?r2 ?x)} 
(=> (wall-panel) 

(resource ?r3 ?x}}}}) 

«=> (=>(and (rnetal_bldg-open1ng ?x) 
(97"*102 ~" wood frame ?r)} 

(and (product ?x) 
(resource ?r ?x)}} 

(ex1sts (?a) 
(=>(and(wood-frame_constructed_as_design ?a) 

(processor_activ1ty ?a)} 
(creates ?a ?r» 

(ex1sts (?r1) 
(=>(2*12 Douglas Fire Wood ?r1) 

(consumable ?r1 ?a)}}}} 

«=> (=>(and (rnetal_bldg-open1ng ?x) 
(S" w1th 3" flange steel girt ?r)} 

(and (product ?x) 
(resource ?r ?x)}} 

(ex1sts (?a1 ?a2 ) 
(=>(and «=>(=>(c11p attached to girt ?al) 

(processor_activity ?a1)} 
(creates ?a1 ?r)} 

«=>(=> (clip attached to wooden frame ?a2) 
(processor_act1v1ty ?a2})} 

(creates ?a2 ?r})} 
(ex1sts (?rl ?r2 ) 

(and (=>(g1rt, clip, S1X #12*1 %" Self Dr111ing 
Screws ?r1) 

(consumable 
(=>(four #12 *1 

(consumable 
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«=> (=>(and (metal_bldg-opening ?x) 
(26 Gage 38"*108 ~"metal panel ?r» 

(and (product ox) 
(resource ?r ox»~) 

(exists (?a1 ?a2 ) 
(=>(and «=~(=>(wa11 panel attached to vert~cal 

members ?a1) 

?a2) 

(processor_activity ?a1» 
(creates ?a1 ?r» 

«=>(=>(wa11 panel attached to door frame 

(ex~sts (?r1 ?r2 ) 

(processor_act~vity ?a2» 
(creates ?a2 ?r») 

(and (=>(metal panel, (22) #12*1 ~" Self dr~ll~ng 
Screws ?r1) 

?rI ?aI» (consumable 
(=>(n~ne #12*1 

(consumable 
~" Self dr~lling Screws?r2) 

?r2 ?a2) ) ) ) ) ) ) ) ) ) 

«=>(=>(metal_door ?x) 
(product ?x» 
(ex~sts (?r1 ?r2 ?r3) 

(and (=> (door_frame ?rI) 
(resource ?rI ?x» 

(=> (door_leaf ?r2) 
(resource ?r2 ?x» 

(=> (hard_ware_and_compenets ?r3) 
(resource ?r3 ?x»») 

«=> (=>(and (metal_door 'x) 
(doorframe ' r) ) 

(and (product ?x) 
(resource ?r ?xl» 

(ex~sts (?al ?a2 ?a3 ?a4 ?as ?a6 ?a7) 
(=>(and «=>(=>(Jamb mounted to girt & wood frame 'al) 

(processor_actl.vl.ty ?all) 
(creates ?al ?r» 

«=>(=>(strut attached to horl.zontal gl.rt and doorJamb ?a2) 
(processor_act1v1ty ?a2» 

(creates ?a2 ?r) ) 
«=>(=> (Jamb attached to frame head 'a3) 

(processor_actl.vl.ty ?a3) ) 
(creates ?a3 ?r) ) 

«=>(=> (DoorJamb prepared 'a4) 
(processor_actJ. Vl.ty ?a4) ) 

(creates ?a ?r» 
«=>(=>(hinge rel.nforcement welded to doorjamb ?a4) 

(pX"ocessor_activhy 'a4» 
(creates ?a4 ?r» 

«=>(=> (steel angle welded to doorJamb ?as) 
(processor_actl.vtl.Y ?as» 

(creates ?as ?r) ) 
«=>(=> (strike plate 1nsta11ed to doorJamb?a3) 

(processor_activtiy ?a6» 
(creates ?a6 ?r) ) 

«=>(=> (strl.ke plate reinforcement 1nstalled?a4) 
(processor_activtl.Y ?a7» 

(creates ?a7 ?r) ) ) 
(exJ.sts (?r1 ?r2 ?r3 ?r4 ?rS ?r6 ?r7) 

(and (=>(doorJamb, (4)rnach1ne screws; (4)wQod lags ?rl) 
(consumable 'rl ?al» 

(=>(1~"'8"h galvan1zed steel strut, (2)5/6" X *" nut & bolt 'r2) 
(consumable ?r2 'a2» 

(=>(two 5/16- x ~- hex head nut and bolt screws ?r3) 
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(consumable 'r3 ?a3)) 
(=>(three, 7 Gage, 10~ x 1 ~WH hinge re~nforcement ?r4) 

(cornsumable 'r4 'a4)) 
(=>(12 Gage galvan~zed steel angle ?r5) 

(cornsumable 'rS ?as))) 
(=>(4.86" x 1.7S" xO.079" thick steel str,ke plate 'r6) 

(comsumable'r6 'a6))) 
(=>(16 gage x 1 ~"x6" str,ke plate reinforcement ?r7) 

(comsumable'r7 'a7))))))) 

«=> (=>(and (metal_door ?x) 
(door leaf ?r») 

(and (product 'x) 
(resource ?r ?x))) 

(exists (?al ?a2 ?a3 ?a4) 

?a2) 

(=>(and «=>(=>(door leaf hanged on door frame 'al) 
(processor_act,v,y ?al) 

(creates ?a ?r» 
«=>(=> (channel Welded to faces sheets of door leaf 

(processor_activtiy ?a2» 
(creates ?a ?r) 

«=>(=> (hinge re,nforcement Installed at centre of 
leaf?a3 ) 

sheet ?a4) 

(processor_act,vt,y ?a3» 
(creates ?a Or)) 

«=>(=> (lock reinforcement plate Welded to door 

(processor_activtiy ?a4») 
(creates ?a Or»~) 

(ex,sts (?rl ?r2 ?r3 ?4) 
(and (=>(35 ~"w x 831/8 n h x 1 3/4"d 20G galvan,zed 

steel door leaf ?rl) 
(comsurnable ?rl ?al) 

(=>(16 Gage flush top and bottom channel ?r2) 
(comsurnable ?r2 ?a2») 

(=>«3) 9" x 1 ~n x 7 Gage hinge 
re,nforcement?r3) 

(comsumable ?r3 ?a3» 
(=>(16 Gage steel lock re,nforcement plate 

?r4) 
(comsurnable ?r4 ?a4»»)))) 

«=> (=>(and (metal_door ?x) 
(hardware & components ?r» 

(and (product Ox) 
(resource ?r ?x») 

(ex,sts (?al ?a2 ?a3 ?a4) 
(=>(and «=>(=>(lock f,xed on door leaf ?al) 

(processor_act,vt,y ?al ?a» 
(creates ?a ?r» 

«=>(=> (h,nge ,nstalled ,n door leaf ?a2) 
(processor_act,vt,y ?a2 ?a» 

(creates ?a Or»~ 

«=>(=> (weatherstr,p applied to door ?a3) 
(processor_act,vt,y ?a3 ?a» 

(creates ?a ?r») 
(ex,sts (?rl ?r2 ?r3) 

(and (=>«1) Yale 5307 Lever Lock ?rl) 
(comsumable ?rl ?al») 

(=>(4 ~" steel H,nges ?r2) 
(comsumable ?r2 ?a2») 

(=>(extruded alum,num & vinyl weatherstrip ?r3) 
(comsurnable ?r3 ?aJ)))) 
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S.S.S Architectural Design Data File in PSL syntax and CCS terminology 

In thiS translatIOn a reverse step IS followed to translate the AutoCAD apphcanon's 

architectural deSign data file containing only PSL termmology m PSL(KIF notation) 

syntax (section 9.5.4) mto CCS apphcatlOn's terrrunology but snll preservmg the PSL 

(KIF notallon) syntax intact. Usmg the semannc translator (semanllc translalion 

defimnons) for CCS the AutoCAD's architectural deSign data file m PSL representalions 

(PSL syntax and terrrunology) IS mapped to a file contammg only CCS apphcalion's 

termmology to produce archllectural deSign data file contammg only CCS apphcation's 

termmology m PSL (KIF nota liOn) syntax as mput data for CCS cost estlmanng 

apphcanon. 

«=>(=>(metal_bldg-openlng 'x) 
(blll_of_quantlty_ltem 

(eXlsts (?rl ?r2 ?r3) 
'x) ) 

(and (=> (97'*102 ~' 
(macro_op 

wood_frame 'r1) 
'r1 'x) ) 

steel_glrt ?r2) 
?r2 'x) ) 

(=> (S' wlth 3' 
(macro_op 

(=> (wall...r>anel) 
(macro_op ?r3 ?x»») 

«=> (=>(and (metal_bldg-openlng ?x) 
(97'*102 ~' wood frame ?r» 

(and (bil1_of_quantltY_ltem ?x) 
(macro_op ?r 'x») 

(exists (?a) 
(=>(wood-frame_constructed_as_deslgn 'a) 

(operation ?a ?r» 
(exlsts (?r1) 

(=>(2*12 Douglas Fire Wood ?rl) 
(materlal ?rl ?a»») 

«=> (=>(and (metal_bldg-opening ?x) 
(S' with 3' flange steel glrt 'r» 

(and (bl1l_of_quantity_item 'x) 
(macro_op 'r ?x») 

(exists (?al ?a2 ) 
(=>(and (=>(Cllp attached to girt 'all 

(operatl0n ?al ?r» 
(=> (clip attached to wooden frame 'a2) 

(operatl0n ?a2 'r») 
(exlsts ('rl ?r2 ) 

(and (=>(glrt. Cl1P. SlX #12*1 %, Self Dri111ng 
Screws ?r1) 

(mater1a1 ?rl ?a1» 
(=>(four #12 *1 ~'Wood Lag Screws ?r2) 

(materlal ?r2 ?a2»»») 
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«=> (=>(and (metal_bldg-opening ?x) 

?a1) 

(26 Gage 3S"*10S ~"metal panel ?r)) 
(and (b~ll_of_quant~ty_~tem ?x) 

(macro_op ?r ?x))) 
(ex~sts (?a1 ?a2 ) 

(=>(and (=>(wall panel attached to vertical members 

(operat~on ?a1 ?r)) 
(=>(wall panel attached to door frame ?a2) 

(operation ?a2 ?r))) 
(ex~sts (?r1 ?r2 ) 

(and (=>(metal panel, (22) #12*1 %" Self dr~ll~ng 
Screws ?r1) 

(material ?r1 ?a1)) 
(=>(n~ne #12*1 %" Self dr~ll~ng Screws?r2) 

(matenal ?r2 ?a2))))))) 

(forall (?r) 
(=>(metal_door ?x) 

(b~ll_of_quant~ty_~tem ?x)) 
(ex~sts (?r1 ?r2 ?r3) 

(and (=> (door_frame ?r1) 
(macro_op ?r1 ?x)) 

(=> (door_leaf ?r2) 
(macro_op ?r2 ?x)) 

(=> (hard_ware_and_compenets ?r3) 
(macro_op ?r3 ?x))))) 

«=> (=>(doorframe ?r) 
(macro_op ?r) ) 

(ex~sts (?a1 ?a2 ?a3 ?a4 ?as ?a6 ?a7) 
(=>(and (=>(Jamb mounted to girt & wood frame ?a1) 

(operat~on ?a1 ?r)) 
(=>(strut attached to horizontal g~rt and 

doorj amb ? a2 ) 

?r1) 

?r2) 

(operation ?a2 ?r)) 
(=> (jamb attached to frame head ?a3) 

(operat~on ?a3 ?r)) 
(creates ?a3 ?r)) 

(=> (Doorjamb prepared ?a4) 
(operat~on ?a4 ?r)) 

(=>(h~nge re~nforcement welded to doorJamb ?a4) 
(operat~on ?a4 ?r)) 

(=> (steel angle welded to doorjamb ?a5) 
(operat~on ?a5 ?r)) 

(=> (strike plate installed to doorJamb?a3) 
(operation ?a6 ?r)) 

(=> (str~ke plate reinforcement ~nstalled?a4) 
(operation ?a7 ?r))) 

(exists (?r1 ?r2 ?r3 ?r4 ?rS ?r6 ?r7) 
(and (=>(doorJamb, (4)machine screws; (4)wood lags 

(material ?r1 ?a1)) 
(=>(l%"*S"h galvanized steel strut, (2) nut & bolt 

(mater~al ?r2 ?a2)) 
(=>(two 5/16" x %" hex head nut and bolt screws 

?r3) 
(material ?r3 ?a3)) 
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(=>(three, 7 Gage, 10" x 1 %"" h~nge re~nforcernent ?r4) 
(material ?r4 ?a4» 

(=>(12 Gage ga1van~zed steel angle 'rS) 
(mater~a1 ?rS ?as») 

(=>(4.86" x 1.7S" xO.079" thick steel str~ke plate 
?r6) 

(mater~al ?r6 ?a6») 
(=>(16 gage x 1 %"x6" str~ke plate reinforcement ?r7) 

(matenal ?r7 ?a7»»») 

«=> (=>(door leaf ?r) 
(macro_op 'r) ) 

(ex~sts ('a1 ?a2 ?a3 ?a4) 

?a2) 

(=>(and(=>(door leaf hanged on door frame ?a1) 
(operat~on ?a1 'r» 

(=> (channel Welded to both faces sheets of door leaf 

(operat~on ?a2 'r» 
(=> (h~nge re~nforcement Installed at centre of the 

leaf'a3) 
(operat~on ?a3 'r» 

(=> (lock re~nforcernent plate Welded to door face 
sheet?a4) 

(operat~on 'a4 ?r») 
(ex~sts (?r1 'r2 ?r3 ?4) 

?r1) 
(and (=>(3S%"wx831/S"hx13/4"d 20G ga1van~zed steel door1eaf 

(mater~a1 'r1 'a1» 
(=>(16 Gage flush top and bottom channel 'r2) 

(mater~a1 ?r2 ?a2») 
(=>«3) 9" x 1 %" x 7 Gage h~nge reinforcement?r3) 

(mater~a1 ?r3 'a3» 
(=>(16 Gage steel lock re~nforcement plate ?r4) 

(material ?r4 ?a4»»») 

«=> (=>(hardware & components ?r» 
(macro_op ?r» 

(exists ('a1 ?a2 'a3 ?a4) 
(=>(and (=>(lock fixed on door leaf ?a1) 

(operat~on ?a1 ?r» 
(=> (hinge ~nsta11ed in door leaf ?a2) 

(operation ?a2 ?r» 
(=> (weatherstr~p app1~ed to door ?a3) 

(operat~on ?a3 'r») 
(eX~5t5 (?rl 'r2 'r3) 

(and (=>«1) Yale S307 Lever Lock ?r1) 

?r3) 

(mater~al ?r1 ?a1» 
(=>(4 %" steel H~nges 'r2) 

(material ?r2 ?a2») 
(=>(extruded a1uminum & v~nyl weatherstrip 

(matena1 ?r3 ?a3»»») 
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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 

contrurung only CCS applIcatIon's tenrunology in PSL (KIF notatIon) syntax. (Section 

9.5.5) back mto 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 contams only the archItectural desIgn data as mput for cost estImatIng applIcatIon 

but this WIth other cost estImatmg data represents the CCS applIcatIon's natIve ontology 

(project metal door in a metal building opening) 

[bill of quantities] 
(Item Number 
(Op Code 

) 
) 

(bIll 0 quanlIty Item 
(bill 0 quonlIty Item 
(Op Code Unit 
(Billed Quantity 
(Nett Rate 

metal buIldmg-opemng) 
metal door) 
) 
) 
) 

(Nett Amount ) 

[macro for Metal Building Opening] 
(Item Number ) 
(Op Code ) 
(Macro Op Code Descr1pt10n 97"*102 ~. wood frame) 
(Macro Op Code Descrlptlon steel glrt) 
{Macro Op Code Descrlptl0n metal panel} 
(Op Code Umt ) 
(B1lled Quantity ) 
(Nett Rate ) 
(Nett Amount ) 

[operations for 97-*102 ~ wood frame] 
(Item Number ) 
(Op Code ) 
(Op Code Descriptlon 
{op Code Un1t 
{B1lled Quant1ty 
{Nett Rate 
{Nett Amount 
[worksheet] 
(resource code 
{labour 
{plant 
(materlal 
(rates 

2*12 

[operations for steel 
{Item Number 
{Op Code 
(Op Code Descriptlon 
{Op Code Descript10n 
{Op Code Unit 
{B1lled Quant1ty 
{Nett Rate 
(Nett Amount 
[worksheet) 
(resource code 

wood-frame construction as deslgn) 

) 
) 
) 

Douglas 
) 

Fl.ra Wood) 

girt] 
) 
) 
ci1p 
ci1p 
) 
) 
) 
) 

attached to glrt) 
attached to wooden frame) 
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) 
) 
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(labour 
(plant 
(matenal 
(mater1al 
(rates 

girt, clip, six #12*1 ~" Self Dr,ll,ng Screws) 
four #12 *1 ~aWood Lag Screws) 

) 

[operations for 26 Gage 
(Item Number 

38··108 ~metal panel) 
) 

(Op Code ) 
(Op Code Descr1pt,on 
(Op Code Descr1pt,on 
(Op Code Umt 
(B,lled Quant,ty 
(Nett Rate 

wall panel attached to vert.cal members) 
wall panel attached to doorframe) 

(Nett Amount 
[worksheet] 
(resource code 
(labour 

) 
) 
) 
) 

) 
) 
) (plant 

(material 
(mater~al 
(rates 

metal panel, (22) #12*1 ~" Self drill.ng 
nine #12*1 ~" Self dr,ll,ng Screws) 

Screws) 

) 

[macro for Metal Door] 
(Item Number ) 
(Op Code ) 
(Macro Op Code Descr1pt~on 
(Macro Op Code Descr1pt1on 

hanged) 
Descrl.ptl.on (Macro Op Code 

(Op Code Un, t 
(Billed Quantity 
(Nett Rate 

) 
) 
) 

(Nett Amount ) 

[operations for doorfr~] 
(Item Number ) 
(Op Code ) 
(Op Code Descr1pt10n 
(Op Code Descr1ption 
doorJamb) 
(Op Code Descr1pt10n 
(Macro Op Code Descr1pt10n 
other parts) 
(Op Code Descr1ption 
(Op Code Descr1ption 
(Op Code Descr,pt,on 
(Op Code Descr,pt,on 
l.nstalled) 
(Op Code Uni t 
(B.lled Quantity 
(Nett Rate 
(Nett Amount 
[worksheet] 
(resource code 
(labour 

doorframe constructed as design ) 
doorleaf constructed as des1gn and 

hard ware and components f~xed on door) 

Jamb mounted to g~rt & wood frame) 
strut attached to hor~zontal g~rt and 

Jamb attached to frame head ) 
DoorJamb prepared for connet~on w~th 

h~nge re~nforcement welded to doorjamb) 
steel angle welded to doorJamb) 
str,ke plate .nstalled to doorJamb) 

str~ke plate re~nforcement 

(plant 
(mater1al 
(materl.al 
bolt) 
(material 
(materl.al 
(materl.al 
(materJ.al 
(materl.al 
(rates 

doorJamb, (4)mach.ne screws; (4)wood lags 
l~"*8"h galvan,zed steel strut, (2)5/6" X *" nut & 

two 5/16- x %w hex head nut and bolt screws ) 
three, 7 Gage, 10- x 1 ~-- h~nge re~nforcement) 
12 Gage gal van, zed steel angle) 
4.86" x 1.75" xO.079" th,ck steel str.ke plate) 
16 gage x 1 ~·x6· strike plate re~nforcement) 

) 
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[operations for door 
(Item Number 
(Op Code 
(Op Code Descr~pt~on 
(Op Code Descript~on 
door leaf) 
(Op Code Descr'pt,on 
of the leaf) 
(Op Code Descr~pt~on 
face sheet) 

(Op Code Umt 
(Billed Quant,ty 
(Nett Rate 
(Nett Amount 
[worksheet] 
(resource code 
(labour 

leaf] 
) 
) 

Implementatzon of PSL In the ConstructIOn Scenano 

door leaf hanged on door frame) 
channel Welded to both faces sheets of 

h:l.nge re:l.nforcement Installed at centre 

lock re:l.nforcement plate Welded to door 

(plant 
(mater:l.al 
doorleaf) 
(mater:l.al 
(mater:l.al 
(mater:l.al 
(rates 

35 *"w x S31/S"h x 1 3/4'd 20G galvan,zed steel 

16 Gage flush 
(3) 9" x 1 "'-
16 Gage steel 

top and bottom channel) 
x 7 Gage hinge re1nforcernent) 
lock reinforcement plate) 

) 

[operations for 
(Item Number 
(Op Code 

hard ware 
) 
) 

(Op Code Descr1pt1on 
(Op Code Descr'pt,on 
(Op Code Descr:l.pt:l.on 
(Op Code UnH 
(B,lled Quant,ty 
(Nett Rate 
(Nett Amount 
[worksheet] 
(resource code 
(labour 

) 
) 
) 

and components] 

lock flxed on door leaf 
hinge installed 1n door 
weatherstrlp applied to 

Lock 

) 
leaf) 
door) 

(plant 
(mater1al 
(materlal 
(mater1al 
(rates 

(1) Yale 5307 Lever 
4 "'- steel H,nges 
extruded aluminum & 

) 
vinyl weatherstrip) 

) 

8.5.7 Cost Estimating Output File in CCS Application's Representations 

Thts represents the output file of CCS cost esllmatmg applIcallon that IS generated based 

on the Input file (shown In section 9.5.6) translated from AutoCAD data representation 

to CCS usmg PSL. 

[BXLLED QUNATXTXES NETT AMOUNT] 

(Item Number 
(Op Code 
(Op Code Descript,on 
(Op Code Un,t 
(B,lled Quant,ty 
(AMOUNT 
(LABOUR 
(PLANT 
(MATERIAL 

construct wood fr~e) 
) 
) 

1000)----------
500)---& 
250)----& 
250)-----
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(TEMP. MATERIAL 
(OVERHEADS 
(PROV.SUMS 
( SUBCONSTRACT 
(MARKUP 

Implementation of PSL in the ConstructIOn Scenario 

[ BILL RESOURCE ANALYSIS for all trades] 

) (RESOURCE CODE 
(RESOURCE NAMES 
(UNIT 

2*12 Douglas Flre Wood) 
) 

(GROUP 
(RATE 
(UTILIZATION 
(AMOUNT 
(LABOUR 
(PLANT 
(MATERIAL 
(TEMP.MATERIAL 
{OVERHEADS 
{PROV.SUMS 
{ SUBCONSTRACT 

[RESOURCE by BILL ITEM] 

{ITEM 
{OP CODE 
(OP CODE DESCRIPTION 
{ QTY 
( UNIT 
{ RATE = 

RESOURCES INFORMATION 
{RESOURCE GROUP 
{RESOURCE CODE 
{RESOURCE NAME 
{CURRANCY 
(QUANTITY 
{RATE 
{AMOUNT 
( PRODUCTION 

) 
x) 
y) 
250) 
) 
) 
250) 
) 
) 
) 
) 

) 
) 

construct wood frame) 
) 
) 
) 

) 
) 
2*12 Douglas Fire Wood) 
) 
) 
) 
250) 
) 

8.5.8 Cost Estimating data in PSL syntax and CCS terminology 

The syntactIc translator reads the cost estImatIng output me (section 9.5.7) and produces 

a corresponding me using PSL syntax, but stIll persevenng the CCS applicatIon's 

temunology mtact. TIns file IS the same as the file In section 9.5.5 but mcludes other and 

CCS speCIfic cost estImating data such as resource, labour, plant, cost etc 

«=>(=>(metal_bldg-opening ?x) 
(bill_~tem ?x» 

(exists (?N) 
(=> (1000 ?N) 

(amount 'N 'x»» 

«=> (=>(construct wood frame ?r) 
(bi11_~tem ?r» 
(ex~sts PN) 

(=> (1000 'N) 
(amount ?N ?x»» 
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«=> (=>(attach steel girt to wood frame ?r) 
(b111_item ?r» 
(exists (?N) 

(=> (1000 ?N) 
(amount ?N ?x»» 

«=> (=>(install metal panel ?r) 
(bill_1tem ?r» 

(ex1sts (?N) 
(=> (1000 ?N) 

(amount ?N ?x»» 

«=> (=>(2*12 Douglas F1re Wood ?r) 
(resource name ?r» 

(exists (?N) 
(=> (250 ?Nl 

(amount ?N ?x»» 

(and (=>(g1rt, clip, S1X #12*1 %" Self Dril11ng Screws ?r) 
(resource name ?r» 

(ex1sts (?N) 
(=> (250 ?N) 

(amount ?N ?x»» 

«=>(=>(metal panel, (22) #12*1 %" Self dri111ng Screws ?r) 
(resource name ?r» 

(ex1sts (?N) 
(=> (250 ?N) 

(amount ?N ?x»» 

«=> (=>(construct wood frame ?a) 
(b1111tem ?a» 

(ex1StS (?r1 ?r2 ?r3) 
(=>(and (=>(2*12 Douglas F1re Wood ?r1) 

(resource name ?r1 ?a» 
(=>(carpenter ?r2) 

(resource name ?r2 ?a» 
(=>(machine ?r3) 

(resource name ?r3 ?a») 
(ex1sts (?N1 ?N2 ?N3) 

(and (=>(250 ?N1) 
(amount ?N1 ?r1» 

(=>(200 ?r2) 
(amount ?N2 ?r2» 

(=>(300 ?r3) 
(amount ?N3 ?r3»»») 

«=> (=>(attach girt to wood frame ?a) 

?r1) 

(b1ll1tem ?a» 
(exists (?r1 ?r2 ?r3 ?r4) 

(=>(and (=>(g1rt, clip, six #12*1 %" Self Drilling Screws 

(resource name ?r1 ?a» 
(=>(four #12 *1 ~'Wood Lag Screws ?r2) 

(resource name ?r2 ?a» 
(=>(carpenter ?r3) 

(resource name ?r3 ?a» 
(=>(machine ?r4) 

(resource name ?r4 ?a) ) ) 
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(ex~sts (?Nl ?N2 ?N3) 
(and (=>(250 ?Nl) 

(amount ?Nl ?rl» 
(=>(200 ?r2) 

(amount ?N2 ?r2» 
(=> (300 ?r3) 

(amount ?N3 ?r3» 
(=>(400 ?r4) 
(amount ?N4 ?r3»»») 

«=> (=>(attach metal panel to vert~cal member & doorframe ?a) 
(b~ll ~tem ?a» 

(ex~sts (?rl ?r2 ?r3 ?r4) 
(=>(and (=>(metal panel, (22) #12*1~' Self drilling 

Screws ?rl) 
(material ?rl ?al» 

(=>(nine #12*1 ~. Self drill~ng Screws?r2) 
(rnater~al ?r2 ?a2» 

(=>(carpenter 
(labour 

(=>(machine 
(plant 

(ex~sts (?Nl ?N2 ?N3) 

?r2) 
?r2 
?r3 ) 

?r3 

?al ?a2» 

?al ?a2») 

?rl» 
(and (=>(250 ?Nl) 

(amount ?Nl 
(=>(200 ?r2) 

(amount 
(=>(300 

?N2 ?r2» 
?r3) 

(amount 
(=>(400 

(amount 

?N3 ?r3» 
?r4) 

?N4 ?r3»»») 

8.5.9 CCS Cost Estimating data in PSL Representations 

The semantlc translator (semantic translation definitions) for CCS application reads the 

cost-estimate data file wntten in the applicatlon's tenrunology and PSL (KIF notatton) 

syntax (section 9.5.8) and produces a corresponding file contaming only PSL 

terrnmology m PSL syntax (KIF) by substltutlng the defimtlon of all the CCS 

applicatton's tenninologies m section 9.5.8 with defimttons m PSL. Using the translatton 

definitions for CCS the cost-estlmate data file m PSL syntax (KIF) and the applicatton's 

tenninology of section 9.5.8 IS mapped to PSL defimttons that contam only PSL 

tenrunology. 

«=>(=>(metal_bldg-open~ng ?a) 
(act~v~ty ?a» 

(ex~sts (?N) 
(=> (1000 ?N) 

(cost of act~vity ?N ?a»» 
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«=> (=>(construct wood frame ?a) 
(act1vity ?a» 

(ex1sts (?N) 
(=> (1000 ?N) 

(cost of act1vity ?N ?a»» 

«=> (=>(attach steel 

(act1v1ty 
(ex1sts (?N) 

g1rt 

?a) ) 

to wood frame 

(=> (1000 ?N) 

?a) 

(cost of activity ?N ?a»» 

«=> (=>(insta11 metal panel ?a) 
(act1v1ty ?a» 
(ex1sts (ON) 

(=> (1000 ?Nl 
(cost of act1v1ty ?N ?a»» 

«=> (=>(2*12 Douglas Fire Wood Or) 
(consumable ?r» 
(ex1sts (?N) 

(=> (250 ?N) 
(cost of resource ?N Or»~»~ 

(and (=>(girt, cl1p, six #12*1 ~" Self Dr1ll1ng Screws ?r) 
(consumable Or»~ 

(ex1s ts (ON) 
(=> (250 ?N) 

(cost of resource ?N ?r»» 

«=>(=>(metal panel, (22) #12*1 ~. Self dr1ll1ng Screws Or) 
(consumable ?r» 

(ex1sts (?N) 
(=> (250 ?N) 

(cost of resource ?N Or»~»~ 

«=> (=>(construct wood frame ?a) 
(act1v1ty ?a» 

(ex1sts (?rl ?r2 ?r3) 
(=>(and (=>(2*12 Douglas F1re Wood ?r1) 

(consumable ?rl ?a» 
(=>(carpenter ?r2) 

(reusable ?r2 ?a» 
(=>(mach1ne ?r3) 

(reusable ?r3 ?a») 
(ex1sts (?N1 ?N2 ?N3) 

(and (=>(250 ?N1) 
(cost of resource ?N1 ?r1» 

(=>(200 ?r2) 
(cost of resource ?N2 ?r2» 

(=>(300 ?r3) 
(cost of resource ?N3 ?r3»»») 
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«=> (=>(attach girt to wood frame ?a) 

?r1) 

(act~vity ?a» 
(exists (?r1 ?r2 ?r3 'r4) 

(=>(and (=>(g~rt, cl~p, s~x #12*1 %" Self Dr~ll~ng Screws 

(ex~sts 

'r1 ?a» (consumable 
(=>(four #12 *1 

(consumable 
(=>(carpenter 

(reusable 
(=>(machine 

(reusable 
(?N1 ?N2 'N3) 

~"Wood Lag Screws 
'r2 'a» 

?r2) 

'r3) 
?r3 ?a) ) 

'r4) 
'r4 'a» ) 

(and (=>(250 ?N1) 
(cost of resource 

(=>(200 ?r2) 
(cost of resource 

(=>(300 ?r3) 
(cost of resource 

(=>(400 'r4) 
(cost of resource 

'N1 'rl» 

'N2 ?r2» 

'N3 ?r3» 

?N4 ?r3»»») 

«=> (=>(attach metal panel to vert~cal member & doorframe ?a) 
(activity 'a» 

(ex~sts ('r1 'r2 ?r3 'r4) 
(=>(and (=>(metal panel, (22) #12*1~" Self dr~lling 

Screws ?r1) 
(consumable ?rl 'a1» 

(=>(nine #12*1 %" Self dr~ll~ng Screws'r2) 
(consumable ?r2 ?a2» 

(=>(carpenter ?r2) 
(reusable ?r2 ?al ?a2» 

(=>(mach~ne 'r3) 
(reusable ?r3 'al 'a2») 

(exists (?Nl 'N2 ?N3) 
(and (=>(250 ?N1) 

(cost of resource ?N1 ?rl» 
(=>(200 ?r2) 

(cost of resource ?N2 ?r2» 
(=> (300 'r3) 

(cost of resource ?N3 ?r3» 
(=>(400 ?r4) 

(cost of resource ?N4 ?r3»»») 

8.5.10 Cost-Estimating data in PSL syntax and MS project terminology 

In this translaliOn a reverse step is followed to translate the CCS application's Cost 

esttmate data file contammg only PSL terminology m PSL (KIF notaliOn) syntax (section 

9.5.9) mto a file contammg only Microsoft project application's terminology but sill 

preserving the PSL syntax mtact. Usmg the semanttc translator (semanttc translatton 

defimtions) for Microsoft project Schedulmg application the CCS cost esttmattng data 

file m PSL representaliOn IS mapped to a file con taming only Microsoft project 
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Schedulmg applIcatIOn's termmologtes to produce cost estlmatmg data file wntten usmg 

Microsoft project applIcation's temunology and PSL syntax as mput data flre for the 

scheduimg applIcation. 

«=>(=>(metal_bldg-opening ?a) 

«=> 

«=> 

(summary task ?a» 
(ex1sts (ON) 

(=> (1000 ?N) 
(total cost ?N ?a)))) 

(=>(construct wood frame ?a) 
(task ?a) ) 
(exists (ON) 

(=> (1000 ?N) 
(total cost ?N ?a»» 

(=>(attach steel g1rt to wood 
(summary task ?a)l 

(ex1sts (?N) 
(=> (1000 ?N) 

(total task cost 

frame ?a) 

?N ?al») 

«=> (=>(1nstall metal panel ?a) 
(summary task ?a) ) 

(ex1sts ( ?N) 
(=> (1000 ?N) 

(total cost ?N ?a»» 

«=> (=>(2*12 Douglas F1re Wood Or) 
(resource name ?rl) 
(exists (?N) 

(=> (250 ?N) 
(cost/use ?N ?r»» 

(and (=>(g1rt, c11p, six *12*1 ~. Self Dril11ng Screws ?r) 
(resource name ?r) ) 

(exists (?N) 
(=> (250 ?N) 

(cost/use ?N ?r»)l 

«=>(=>(metal panel, (22) *12*1 ~. Self dr1ll1ng Screws Or) 
(resource name ?r) ) 

(ex1sts (?N) 
(=> (250 ?N) 

(cost/use ?N Or»~»~ 

«=> (=>(construct wood frame ?a) 
(task ?all 

(exists (?rl ?r2 ?r3) 
(=>(and (=>(2*12 Douglas F1re Wood ?r1) 

(resource name ?rl ?a» 
(=>(carpenter ?r2) 

(resource name ?r2 ?a» 
(=>(machine 'r3) 

(resource name ?r3 ?a») 
(ex1sts (?Nl ?N2 'N3) 

(and (=>(250 'N1) 
(cost/use 'N1 ?r1») 

(=>(200 ?r2) 
(cost/use ?N2 'r2») 

(=> (300 ?r3) 
(cost/use ?N3 'r3»»») 
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«;> (=>(attach g~rt to wood frame ?a) 
(summary task 'a)) 

{exists (?rl ?r2 ?r3 ?r4) 
(=>(and (=>(glrt, CllP, SlX i12"1 ~. Self Drilling Screws 'r1) 

(resource name ?rl ?a)} 
(=>(four *12 "I ~'Wood Lag Screws ?r2) 

(resource name ?r2 ?a» 
(=>(carpenter ?r3) 

(resource name ?r3 ?a}) 
(=>(mach,ne ?r4) 

(resource name ?r4 ?a») 
(exlsts ('NI ?N2 'N3) 

(and (=>(250 ?Nl) 
(cost/use 'NI ?rl)) 

(=>(200 'r2) 
(cost/use ?N2 'r2)) 

(=>(300 'r3) 
(cost/use 'N3 'r3)) 

(=>(400 ?r4) 
(cost/use 'N4 'r3)))) 

«=> (=>(attach metal panel to vertical member & doorframe ?a) 
(summary task ?a)) 

(exists (?rl ?r2 ?r3 ?r4) 
(=>(and (=>(metal panel, (22) #12"1 ~. Self drllllng 

Screws ?rl) 
(resource name ?rl ?al» 

(=>(nlne #12"1 ~. Self drilling Screws?r2) 
(resource name ?r2 ?a2» 

(=>(carpenter ?r2) 
(resource name ?r2 ?al ?a2» 

(=>(machlne ?r3) 
(resource name ?r3 ?al ?a2») 

(exlsts (?NI ?N2 ?N3) 
(and (=>(250 ?NI) 

(cost/use ?Nl ?rl» 
(=>(200 ?r2) 

(cost/use ?N2 ?r2» 
(=>(300 ?r3) 

(cost/use ?N3 ?r3» 
(=>(400 ?r4) 
(cost/use ?N4 ?r3»»») 

8.5.11 Cost-Estimating data in MS Project Application's Representations 

In this translatIon the syntactIc translator maps the file In sectIon 9.5.10 i.e. the CCS cost

estimate data file In PSL syntax (KIF notatIon) and Microsoft project scheduling 

application's terminology back into Microsoft project Scheduling application's 

representatIon (Microsoft prOject syntax and terrruno!ogy). The result is the Microsoft 

project Scheduhng applicatIon's representation of the cost-estJ.mate data as scheduling 

Input data includmg scheduhng specific data related to CCS cost estJ.matIng and 

AutoCAD deSign apphcation. 
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GANTT CHART ENTRY 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

ImplementatIOn of PSL m the ConstructIOn Scenario 

TASK XNFORMATXON 

construct wood) 

) 
) 
) 
£00) 
£100) 

2*12 Douglas Fire Wood, 
carpentery_equipment) 

£100) 

carpenter, 

GANTT CHART ENTRY TASK XNFORMATXON 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME SUMMARY 
(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 
(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 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

attach steel g~rt to wood frame) 

) 
) 
) 
£00) 
£100) 
) 
£100) 

TASK XNFORMATXON 
attache steel girt to wood frame) 

£00) 
£100) 

attach cl~p to g~rt) 

g~rt, clip, six #12*1 ~. Self Drilling Screws, 
carpenter, carpentry equipment) 
£100) 

TASK XNFORMATXON 
attach steel girt to wood frame) 

attach cl~p to wooden frame) 

£00) 
£100) 

four#12*1~'Wood Lag Screws, carpenter, 
carpentry equipment) 

£00) 
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GANTT CHART ENTRY TASK J:NFORMATJ:ON 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME SUMMAY attach metal panel to vertical members & 

doorframe) 
(DURATION ) 
(START TIME ) 
( FINISH TIME ) 
(PREDECESSORS ) 
(FIXED COST £00) 
(TOTAL COST £100) 
(RESOURCE NAMES ) 
(COST/USE £100) 

GANTT 
(TASK 

CHART ENTRY TASK J:NFORMATJ:ON 
NAME SUMMAY attach metal wall panel to vert1cal 

(ID 
(WBS 
(CONSTRAINTS 
(TASK NAME 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

members & door frame) 
) 
) 
) 
attach wall panel to vertical members) 
) 
) 
) 
) 
£00) 
£100) 
metal panel, (22) ~12*1 %" Self dril11ng 

Screws, carpenter, carpentery_equ1pment) 
£100) 

GANTT 
(TASK 

CHART ENTRY TASK J:NFORMATJ:ON 
NAME SUMMAY attach metal panel to vertical members & 

(ID 
(WBS 
(CONSTRAINTS 
(TASK NAME 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

GANTT CHART ENTRY 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME SUMMAY 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 
(COST/USE 

door frame) 
) 
) 
) 
attach panel to doorframe) 
) 
) 
) 
) 
£00) 
£100) 
n1ne ~12*1 ~" Self dril11ng Screws, 
carpenter, carpentery_equ1pment) 

£100) 

TASK J:NFORMATJ:ON 

construct doorframe) 
) 
) 
) 
) 
£00) 
£100) 
) 
£100) 
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GANTT CHART ENTRY TASK :INFORMAT:ION 
(TASK NAME SUMMAY construct doorframe) 
(ID ) 
(WES ) 
(CONSTRAINTS ) 
(TASK NAME mount jamb to g1rt & wood frame) 
(DURATION ) 

) 
) 
) 
£00) 
£100) 

(START TIME 
(FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

doorJamb, (4)mach1ne screws; (4)wood 
lags, carpenter, carpentery_equiprnent) 

£100) 

GANTT CHART ENTRY TASK :INFORMAT:ION 
(TASK NAME SUMMAY construct doorframe) 
(ID ) 
(WES ) 
(CONSTRAINTS ) 
(TASK NAME attach strut to hor1zontal g1rt and 
doorJamb) 
(DURATION ) 
(START TIME ) 
( FINISH TIME ) 
( PREDECESSORS ) 
(FIXED COST £00) 
(TOTAL COST £100) 
(RESOURCE NAMES 1~"'8"h galvan1zed steel strut, (2)5/6" X 

~" nut & bolt, carpenter,carpentery_equ1pment) 
(COST/USE £100) 

GANTT 
(TASK 
(ID 

CHART ENTRY 
NJUIIE SUMMAY 

) 
) 

TASK :INFORMAT:ION 
construct doorframe) 

) 
(WES 
(CONSTRAINTS 
(TASK NAME 
(DURATION 
(START TIME 

attach Jamb to frame head 
) 

( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

) 
) 
) 
£00) 
£100) 
two 5/16" x ~" hex head nut and bolt 

screws ,carpenter, carpentery_equipment) 
£100) 

GANTT CHART ENTRY 
(ID 

TASK :INFORMAT:ION 
) 

(WES ) 
( CONSTRAINTS ) 
(TASK NAME SUMMARY 
(DURATION 

prepare 
) 

DoorJamb ) 

(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

) 
) 
) 
£00) 
£100) 
) 

£100) 
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GANTT CHART ENTRY 
(TASK NAME SUMMAY 
(ID ) 
(WBS ) 
(CONSTRAINTS 
(TASK NAME 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

Implementation of PSL In the Construction Scenario 

TASK INFORMATION 
prepar DoorJamb) 

weld hinge re~nforcement to doorjamb) 

£00) 
£100) 

three, 7 Gage, lOW x 1 %"" h1nge 
re1nforcement, carpenter, 
carpentery_equ~pment) 

£100) 

GANTT CHART ENTRY TASK INFORMATION 
(TASK NAME SUMMAY prepare Doorjamb) 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME weld 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 

steel 
) 
) 
) 
) 
£00) 
£100) 

angle to doorJamb) 

(RESOURCE NAMES 12 Gage galvan~zed steel angle, carpenter, 
carpentery_equipment) 

(COST/USE £100) 

GANTT CHART ENTRY TASK INFORMATION 
(TASK NAME SUMMAY prepare DoorJamb) 
(ID ) 
(WBS ) 
(CONSTRAINTS 
(TASK NAME 
(DURATION 
(START TIME 

) 
install 
) 

strike plate to doorJamb) 

( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 

£00) 
£100) 

(RESOURCE NAMES 4.86" x 1.75" xO.079" th~ck steel strike 
plate, carpenter, carpentery_equipment) 

(COST/USE £100) 

GANTT CHART ENTRY TASK INFORMATION 
(TASK NAME SUMMAY prepare DoorJamb) 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME ~nstall strike plate re~nforcement) 
(DURATION ) 
(START TIME ) 
( FINISH TIME ) 
(PREDECESSORS ) 
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£00) 
£100) 

Implementallon of PSL In the Construcllon Scenano 

(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 16 gage x 1 ~'x6' str~ke plate 

re1nforcement?,carpenter, 
carpentery_equ~pment) 

(COST/USE £100) 

GANTT CHART ENTRY 
(ID 

TASK XNFORMATION 
) 

(WBS ) 
(CONSTRAINTS ) 
(TASK NAME SUMMARY 
(DURATION 

construct door leaf) 

(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 
(COST/USE 

) 
) 
) 
) 
£00) 
£100) 
) 

£100) 

GANTT CHART ENTRY TASK XNFORMATION 
(TASK NAME SUMMAY construct door leaf) 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME hang door leaf on door frame) 
(DURATION ) 
(START TIME ) 
( FINISH TIME ) 
(PREDECESSORS ) 
(FIXED COST £00) 
(TOTAL COST £100) 
(RESOURCE NAMES 35 ~·w x S31/S"h x 1 3/4"d 20G galvanued 

steel doorleaf, carpenter, 
carpentery_equ~pment) 

(COST/USE £100) 

GANTT CHART ENTRY TASK XNFORMATION 
(TASK NAME SUMMAY construct door leaf) 
(ID ) 
(WBS ) 
(CONSTRAINTS ) 
(TASK NAME Weld channel to both faces sheets of door leaf) 
(DURATION ) 
(START TIME ) 
( FINISH TIME ) 
( PREDECESSORS ) 
(FIXED COST £00) 
(TOTAL COST £100) 
(RESOURCE NAMES 16 Gage flush top and bottom channel, 

carpenter, carpentery_equipment) 
(COST/USE £100 

GANTT CHART ENTRY 
(TASK NAME SUMMAY 
(ID 
(WBS 
(CONSTRAINTS 
(TASK NAME 
the leaf) 

TASK INFORMATION 
construct door leaf) 
) 
) 
) 
Install h~nge reinforcement at centre of 
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(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

GANTT CHART ENTRY 
(TASK NAME SUMMAY 
(ID 
(WBS 

ImplementatIOn of PSL m the Construcizon Scenano 

) 
) 
) 
) 
£00) 
£100) 
(3) 9" x 1 ~. x 7 Gage h1nge 
reinforcement, carpenter, 
carpentery_equ1pment) 

£100) 

TASK J:NFORMATJ:ON 
construct door leaf) 
) 
) 
) ( CONSTRAINTS 

(TASK NAME Weld lock re1nforcement plate to door face 

(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

sheet) 
) 
) 
) 
) 
£00) 
£100) 

16 Gage steel lock reinforcement plate, 
carpenter, carpentery_equ1pment) 

(COST/USE £100) 

GANTT CHART ENTRY 
(ID 
(WBS 
(CONSTRAINTS 

TASK J:NFORMATJ:ON 
) 
) 
) 

(TASK NAME SUMMARY 
(DURATION 

f1x lock on door leaf) 
) 

(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 
(COST/USE 

) 
) 
) 
£00) 
£100) 
) 
£100) 

GANTT CHART ENTRY TASK :INFORMATJ:ON 
(TASK NAME SUMMAY f1x hardware & components to door) 
(ID ) 
(WBS ) 
( CONSTRAINTS 
(TASK NAME 
(DURATION 
(START TIME 
( FINISH TIME 
(PREDECESSORS 
(FIXED COST 
(TOTAL COST 
(RESOURCE NAMES 

(COST/USE 

f1x lock on door leaf) 

£00) 
£100) 
(1) Yale 5307 Lever Lock, 
carpentery_equ1pment) 

£100) 
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GANTT CHART ENTRY TASK J:NFORMATJ:ON 
(TASK NAME SUMMAY f1x hardware & components to door) 
(ID ) 
(WES ) 
(CONSTRAINTS ) 
(TASK NAME 1nstall hinge in door leaf) 
(DURATION ) 
(START TIME ) 
( FINISH TIME ) 
(PREDECESSORS ) 
(FIXED COST £00) 
(TOTAL COST £100) 
(RESOURCE NAMES 4 ~. steel Hinges, carpenter, 

carpentery_equ1pment) 
(COST/USE £100) 

GANTT CHART ENTRY 
{TASK NAME SUMMAY 
{ID 
(WES 
(CONSTRAINTS 
(TASK NAME 
(DURATION 
(START TIME 
{ FINISH TIME 
(PREDECESSORS 
{FIXED COST 
{TOTAL COST 
{RESOURCE NAMES 

(COST/USE 

RESOURCE SHEET 
(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
{COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

{RESOURCE NAMES 

(STANDARD RATE 

TASK J:NFORMATJ:ON 
fix hardware & components to door) 
) 
) 
) 
apply weatherstrip to door) 
) 
) 
) 
) 
£00) 
£100) 
alurn1nurn & v1nyl weatherstrip, 
carpenter, carpentery_equipment) 
£100) 

2*12 Douglas Fire Wood, carpenter, 
carpentery_equ1pment) 
£23) 
£100) 

g1rt, clip, six #12*1 ~. Self Dril11ng Screws, 
carpenter, carpentry equipment) 
£21) 
£100) 

four#12*1~'Wood Lag Screws, carpenter, 
carpentry equipment) 
£21) 
£00) 

metal panel, (22) #12*1 ~. Self dr1ll1ng 
Screws, carpenter, carpentery_equ1pment) 

£21) 
£100) 

n1ne #12*1 ~. Self drill1ng Screws, 
carpenter, carpentery_equ1pment) 

£21) 
£100) 

doorJamb, (4)rnachine screws; (4)wood 
lags, carpenter, carpentery_equ1pment) 

£21) 
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(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

Implementatzon of PSL in the Constructzon Scenarzo 

£100) 

1~"'8"h galvanized steel strut, (2)5/6" X 
%" nut & bolt, carpenter,carpentery_equ1pment) 

£21) 
£100) 

two 5/16" x %" hex head nut and bolt 
screws carpenter, carpentery_equipment) 

£21) 
£100) 

(RESOURCE NAMES three, 7 Gage, 10" x 1 ~"" h1nge 
re1nforcement, carpenter, carpentery_equ1pment) 
(STANDARD RATE £21) 
(COST/USE £100) 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

(RESOURCE NAMES 

(STANDARD RATE 

12 Gage galvan1zed steel angle,carpenter, 
carpentery_equipment) 

£21) 
£100) 

4.86" x 1.75" xO.079" th1ck steel str1ke 
plate, carpenter, carpentery_equ1pment) 

£21) 
£100) 

16 gage x 1 ~"x6" str1ke plate 
re1nforcement? , carpenter, 
carpentery_equipment) 
£21) 
£100) 

35 %"w x 831/8"h x 1 3/4"d 20G galvanized 
steel doorleaf, carpenter, 
carpentery_equ1pment) 

£21) 
£100) 

16 Gage flush top and bottom channel, 
carpenter, carpentery_equipment) 

£21) 
£100 

(3) g" x 1 ~" x 7 Gage h1nge 
reinforcement, carpenter, 
carpentery_equ1pment) 

£21) 
£100) 

16 Gage steel lock re1nforcement plate, 
carpenter, carpentery_equipment) 

£21) 
£100) 

(1) Yale 5307 Lever Lock, carpenter, 
carpentery_equipment) 

£21) 
£100) 

4 ~" steel H1nges, carpenter, 
carpentery_equipment) 

£21) 
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(COST/USE £100) 

(RESOURCE NAMES 

(STANDARD RATE 
(COST/USE 

alum1num & v1nyl weatherstr1p, 
carpenter, carpentery_equ1pment) 
£21) 
£100) 

8.5.12 MS Project Scheduling data File in PSL Syntax & MS Project Terminology 

The syntac!1c translator reads the Microsoft project Scheduling data file m MIcrosoft 

project representallOn as shown m 9.5.11 and produces a correspondmg file using PSL 

syntax (KIF notallOn), but s!111 persevenng the Microsoft project Scheduling application's 

termmology. This file IS the same as sec!1on as the file m section 9.5.10 but meludes 

Microsoft project specific schedulmg data related to CCS cost estuna!1ng and AutoCAD 

design applications. 

«=>(=>(metal_bldg-open1ng ?a) 
(summary task ?a» 

(ex1sts (?N) 
(=> (1000 ?N) 

(total cost ?N ?a»» 

«=> (=>(construct wood frame ?a) 
(task ?a) ) 
(ex1sts (ON) 

(=> (1000 ?N) 
(total cost ?N ?a»» 

«=> (=>(attach steel g1rt to wood frame ?a) 

«=> 

(summary task ?a» 
(exists (?N) 

(=> (1000 ?N) 
(total task cost ?N ?a»» 

(=>(install metal 
(summary task 
(exists (?N) 

(=> (1000 
(total 

panel 
?a) ) 

?N) 
cost 

?a) 

?N ?a»» 

«=> (=>(2*12 Douglas F1re Wood ?r) 
(resource name ?r» 
(ex1sts (?N) 

(=> (250 ?N) 
(cost/use ?N ?r»» 

(and (=>(girt, C11P, six #12*1 ~. Self Dr1ll1ng Screws ?r) 
(resource name ?r» 
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(ex~sts (?N) 
(=> (250 ?N) 

(cost/use ?N ?r»» 

«=>(=>(metal panel, (22) #12*1 ~. Self dr~ll~ng Screws ?r) 
(resource name ?r» 

(ex~sts (?N) 
(=> (250 ?N) 

(cost/use ?N Or»~»~ 

«=> (=>(construct wood frame ?a) 
(task ?a) ) 

(exists (?r1 ?r2 ?r3) 
(=> (and (=>(2*12 Douglas F~re Wood ?r1) 

(resource name ?r1 ?a» 
(=>(carpenter ?r2) 

(resource name ?r2 ?a» 
(=>(machine ?r3) 

(resource name ?r3 ?a) ) ) 
(ex~sts (?N1 ?N2 ?N3) 

(and (=>(250 ?N1) 
(cost/use ?N1 ?r1) ) 

(=>(200 ?r2) 
(cost/use ?N2 ?r2) ) 

(=>(300 ?r3) 
(cost/use ?N3 ?r3) » ) ) » 

«=> (=>(attach g~rt to wood frame ?a) 
(summary task ?a) ) 

(ex~sts (?r1 ?r2 ?r3 ?r4) 
(=>(and (=>(g~rt, clip, six #12*1 ~. Self Dr~ll~ng Screws 

(resource name ?r1 ?a» 
(=>(four #12 *1 ~·Wood Lag Screws ?r2) 

(resource name ?r2 ?a» 
(=>(carpenter ?r3) 

(resource name ?r3 ?a» 
(=>(rnachine ?r4) 

(resource name ?r4 ?a») 
(ex~sts (?N1 ?N2 ?N3) 

(and (=>(250 ?N1) 
(cost/use ?N1 ?r1» 

(=>(200 ?r2) 
(cost/use ?N2 ?r2» 

(=>(300 ?r3) 
(cost/use ?N3 ?r3» 

(=>(400 ?r4) 
(cost/use ?N4 ?r3»»») 

«=> (=>(attach metal panel to vertical member & doorframe ?a) 
(summary task ?a» 

(ex~sts (?rl ?r2 ?r3 ?r4) 
(=>(and (=>(metal panel, (22) #12*1 ~. Self dr~lling 

Screws ?rl) 
(resource name ?r1 ?a1» 

(=>(n~ne #12*1 ~. Self dr~ll~ng Screws?r2) 
(resource name ?r2 ?a2» 

(=>(carpenter ?r2) 
(resource name ?r2 ?a1 ?a2» 

(=>(mach~ne ?r3) 
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(resource name ?r3 ?a1 ?a2») 
(eX1sts (?N1 ?N2 ?N3) 

(and (=>(250 ?N1) 
(cost/use ?N1 ?r1» 

(=>(200 ?r2) 
(cost/use ?N2 ?r2» 

(=>(300 ?r3) 
(cost/use ?N3 ?r3» 

(=>(400 ?r4) 
(cost/use ?N4 ?r3»»») 

8.5.13 MS Project Scheduling Data File in PSL Representations 

The semanllC translator (semanllc translation defimllOns) for MS project Schedulmg 

apphcallon reads the MS project Schedulmg data file wntten in the apphcallon's 

termmology and PSL (KIF notallOn) syntax (section 9.5.12) and produces a 

corresponding file contammg only PSL termmology in PSL syntax (KIF) by subslltullng 

the defimllon of all the MS project Schedulmg apphcallOn' s termmologtes WIth 

defimllOns m PSL. Usmg the translation defimtions for MS Project Scheduhng the 

schedulmg data file m PSL syntax (KIF) and the apphcation's termmology of section 

9.5.12 IS mapped to PSL defimtlOns that contam only PSL terminology. 

«=>(=>(meta1_bldg-open1ng ?a) 
(act1v1ty ?a» 

(eX1sts (?N) 
(=> (1000 ?N) 

(cost of act1v1ty ?N ?a»» 

«=> (=>(construct wood frame ?a) 
(act1v1ty ?a» 
(exists (?N) 

(=> (1000 ?N) 
(cost of act1v1ty ?N ?a»» 

«=> (=>(attach steel g1rt to wood frame ?a) 
(activity ?a» 

(ex1sts (?N) 
(=> (1000 ?N) 

(cost of act1vity ?N ?a»» 

«=> (=>(install metal panel ?a) 
(activ1ty ?a» 

(exists (?N) 
(=> (1000 ?N) 

(cost of act1vity ?N ?a»» 
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«=> (=>(2*12 Douglas Fire Wood ?r) 
(consumable ?r» 

(exJ.sts (?N) 
(=> (250 ?N) 

(cost of resource ?N ?r»» 

(and (=>(gJ.rt, clJ.p, six #12*1 %- Self Drilling Screws 'r) 
(consumable 'r» 

(exJ.s ts ('N) 
(=> (250 ?N) 

(cost of resource 'N'r»» 

«=>(=>(metal panel, (22) #12*1 %- Self drJ.llJ.ng Screws 'r) 
(consumable ?r» 

(exJ.sts (?N) 
(=> (250 

(cost 
'N) 
of resource ?N ?r»» 

«=> (=>(construct wood frame ?a) 
(actJ.vJ.ty ?a» 

(ex~sts (?rl ?r2 ?r3) 
(=>(and (=>(2*12 Douglas Fire Wood ?rl) 

(consumable ?rl ?a}) 
(=>(carpenter ?r2) 

(reusable ?r2 ?a» 
(=>(machJ.ne ?r3) 

(reusable ?r3 ?a») 
(exJ.sts (?N1 ?N2 ?N3) 

(and (=>(250 ?N1) 
(cost of resource ?Nl ?rl» 

(=>(200 ?r2) 
(cost of resource ?N2 ?r2» 

(=>(300 ?r3) 
(cost of resource ?N3 ?r3»»») 

«=> (=>(attach girt to wood frame ?a) 
(activJ.ty ?a» 

(exJ.sts (?r1 ?r2 ?r3 ?r4) 
(=>(and (=>(gJ.rt, c1J.p, six #12*1 %- Self Drilling Screws 

?r1) 
(consumable ?r1 ?a» 

(=>(four #12 *1 'h'Wood Lag Screws 'r2) 
( consumable ?r2 ?a» 

(=>(carpenter ?r3) 
(reusable ?r3 ?a» 

(=>(rnachJ.ne ?r4) 
(reusable ?r4 ?a) ) ) 

(exists (?N1 'N2 ?N3) 
(and (=>(250 'N1) 

(cost of resource ?Nl 'r1) ) 
(=>(200 ?r2) 

(cost of resource ?N2 ?r2) ) 
(=>(300 ?r3) 

(cost of resource ?N3 ?r3) ) 
(=>(400 ?r4) 
(cost of resource ?N4 'r3»»») 

272 



Chapter 8 Implementatzon of PSL In the Construction Scenario 

«=> (=>(attach metal panel to vert~cal member & doorframe ?a) 
(acti vi ty ?a) ) 

(ex~sts (?rl ?r2 ?r3 ?r4) 
(=>(and (=>(metal panel, (22) #12*1 %" Self dr~111ng 

Screws ?r1) 
?r1 ?a1» (consumable 

(=>(nine #12*1 
(consumable 

(=>(carpenter 
(reusable 

(=>(rnach1ne 
(reusable 

(ex~sts (?N1 ?N2 ?N3) 

%" Self drilling Screws?r2) 
?r2 ?a2» 
'r2) 

'r2 
?r3) 

?r3 

?a1 ?a2» 

?a1 ?a2») 

(and (=>(250 ?N1) 
(cost of resource 

(=>(200 ?r2) 
(cost of resource 

(=>(300 ?r3) 
(cost of resource 

(=>(400 ?r4) 
(cost of resource 
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Chapter 9 Discussion 

9.1 Introduction 

This research study has Investigated the apphcabIlity of PSL, a standard Process 

SpecIficatIOn and exchange Language for manufactunng applIcations interoperablilty, in 

the construction environment and Implemented the language In a construction scenano. 

ThIs chapter presents the diSCUSSIOn on the investigation of the applicabIlity of the 

Process SpecIfication Language In the construction environment and the implementatIon 

of the language in a construction scenano withIn the pre-constructlon process stages and 

the outcome of the research work IS summarised. 

9.2 Investigation of the Applicability of PSL in Construction 

Pnor to the use of the PSL language In the constructIOn scenario, for the case study 

project constructIOn process infonnatlOn exchange between the scenano software 

applicatIons, the applicabIlity of the language In construCtion was Investigated In thIS 

InvestIgation the applicatIons' process Infonnation representatIons' semantic concepts 

were anaJysed and mapped to the manufactunng process concepts defined In the PSL 

ontology to detenmne how applicable this language is In the construction environment. 

PSL ontology IS a map of defimtions for the semantic concepts of manufacturing 

processes developed through mapping of the process concepts related to vanous 

manufactunng applications along WIth theIr semantIc defimtions. The semantIc concepts 

of manufactunng processes are defined expliCItly and clearly using Knowledge 

Interchange Fonnat (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 infonnatIon representations (desIgn, cost estimating and scheduling 

data types) WIthIn the pre-constructlOn process stages. The constructIOn process 

InfonnatlOn representations WIthIn the pre-constructlOn process stages were identIfied 

through a technicaJ anaJysis of the AutoCAD, CCS, and MIcrosoft project scheduling 

applications. The concept maps (conceptuaJ models) for the design, cost estimating, and 
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schedulmg apphcations shown m figures 6.5 to 6.7 were developed through mappmg of 

the AutoCAD, CCS, and MIcrosoft project applicatIOns' data types. In order to conduct 

multIdimensional conceptual analysIs between the applicatIons' mformatIon 

representatIOn data types and PSL ontology, and based on the result of thIS analysis to 

map the apphcatlons' 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 apphcatlOns' data types were defined usmg a natural 

language statements and was used for conducting multidImensional conceptual analYSIS 

of the construction process concepts m correlation with the PSL ontology concepts. 

These definItions also served as a reasoning basis dunng the mappmg of the apphcatlons 

data types to the PSL ontology to select the PSL parts that contam applicable semantic 

concepts for definIng the apphcations' data types. 

In the concept mapping of the construction process information representations wlthm 

the pre-constructlon 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 m section 6.4.3 provIded the 

reasonIng baSIS for Identifying and selectmg the PSL parts and concepts that are 

applIcable m the pre-construction proces!> stages and the need for new extensions to 

incorporate the concepts that are Identified to be new to the PSL ontology. 

The concept mappmg method, allowed the development of semantic theones from the 

applIcatIOns concept maps that are used in the identification of PSL parts applicable m 

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 applicablhty of PSL m 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 In figure 6.4 based on the result of multidImensional conceptual analYSIS between 

the natural language definItions of the semantic concepts of the apphcations data types 

275 



Chapter 9 Discussion 

and the manufacturing process concepts' defimtlOns wIthm 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 manufactunng process concepts' defimtIOns wIthm 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 

defimtions for the three applicatIOns data types semantIc concepts. Dunng the mapping 

of the applicatIOns data types to the PSL ontology shown m 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 IdentIfied. The concepts and defimtion (theones) of 

the PSL parts 12,14,44 and 46, of the PSL ontology are as follows' 

Processor Activities 
(http IIwww.mel.nist.gov/psllpsl-ontology/part46/processor htm!) 

Extension Name: processor.def 
Primitive Lexicon: None 
Defined Lexicon: 

• (mod~f~es?a ?r) 
• (processor_activity ?a) 
• (processor_resource?r ?a) 
• (1nput_material?r ?a) 
• (output_mater1al?r ?a) 

Theories Required by this Extension: 
act_occ. th, complex. th, atomic. th, 
disc_state.th, subactivity.th, psl_core.th 

requires.th, 
occtree.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 
Definition 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 

(defrelat10n mod1fies (?a r) := 
(eX1sts (?f) 

(and (resource_fluent?f ?r) 
(changes ?a ?£»» 

Definition 2 A processor activity is an activity which uses 
some set of resources, consumes or modifies some other set 
of resources, and produces or modifies a set of obJects. 
(defrelat1on processor_act1vity (?a) := 
(eX1sts (?rl ?r2 ?r3) 

(and (or 

(or 

(or 

(reusable ?rl ?a) 
(possibly_reusable ?rl ?a» 

(consumable ?r2 ?a) 
(poss1bly_consumable ?r2 ?a) 

(mod1£1es ?a ?r2» 
(creates ?a ?r3) 
(modif1es ?a ?r3»») 

Definition 3 An object ?r is a processor resource for an 
activity ?a iff ?a is a processor activity which uses ?r. 
(defrelat10n processor_resource (?r ?a) := 
(and (processor_activ1ty ?a) 

(reusable ?rl ?a) 
(poss1bly_reusable ?rl ?a») 

Definition 4 An object ?r is an input material for an 
activity ?a iff ?a is a processor activity which consumes 
or modifies ?r. 
(defrelation 1nput~ter1al (?r ?a) := 
(and (processor_act1vity ?a) 

(or (consumable ?r ?a) 
(poss1bly_consumable ?r ?a) 
(modifies ?a ?r»» 

Definition 5 An object ?r is an output material for an 
activity ?a iff ?a is a processor activity which produces 
or modifies ?r. 
(defrelat10n output_mater1al (?r ?a) := 
(and (processor_act1v1ty ?a) 

(or (creates ?a ?r) 
(modif1es ?a ?r»» 

Theory of Subactivities 
(http·llwww.me)nlst.goy/psllps)-onto)ogv/part12/processor.htm) ) 

The PSL Ontology uses the subactivity relation to capture 
the basic intuitions 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 subacti vi ties. 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 ?a1 ?a2) is TRUE in an interpretation of 
Subactivity Theory if and only if activity ?al is a 
subactivity of activity ?a2. 

(primitive ?a) is TRUE in an interpretation of Subactivity 

Theory if and only if the activity ?a has no proper 

subactivities. 

Theory of Resource Requirements 
(http /Iwww me) mst.gov/ps)/ps)-onto)ogylpart14/processor html) 

Extension Name: requires.th 
Primitive Lexicon: 

• (requ1res?a ?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) 
• (interfer1ng ?al ?a2) 
• (common?r ?al ?a2) 

Definitional Extensions Required by this Extension: None 

Axioms 

Axiom 1: If two activities are interfering, there exists a 
resource that they share. 

(forall ?al ?a2) 
(=> (1nterfer1ng ?al ?a2) 

(eX1sts (?r) 
(and (requ1res ?al ?r) 

(requ1res ?a2 ?r»»» 
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Supporting Definitions 

A resource is any object which is required by some 
activity. 

(defrelat~on resource (?r) := 
(and (obJect Or) 

(ex~sts (?a) 
(requires ?a ?r)))) 

Discussion 

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 ?a 1 ?a2) : = 
(forall (?r2) 

(=> (and (requIres ?al ?r2) 
(requIres ?a2 ?r2» 

(= ?r2 ?r»» 

Reasoning about Resource Divisibility 
(http.lIwww.melnistgov/psl/psl-ontology/part44/processor.htmll 

Extension Name: res_divisible.def 
Primitive Lexicon: None 

Defined Lexicon: 

• (consumes_quantity?a?r ?q) 
• (produces_quant~ty?a?r ?q) 
• (uses_quant~ty?a?r ?q) 
• (creates?a ?r) 
• (destroys?a ?r) 
• (uses?a ?r) 
• (consumes?a ?r) 
• (produces?a ?r) 
• (prov~des?a ?r) 
• (prov~des_quant~ty?a?r ?q) 

Theories Required by 

complex.th, 

this Extension: 

subactivity. th, 

psl_core.th 

requires.th, 

atomic.th, 

disc_state.th, occtree.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 

divis~bility of the resource with respect to multiple 

concurrent activit~es. The resource point determines the 

maximal set of concurrent activities which require the 

resource. Thus, if the quant~ty is zero, then no activ~ty 

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. 

(defrelat~on 
(forall (?ql 

(=> 

consumes_quant~ty (?a ?r ?q) := 
?OCc ?occl ?occ2) 

(and (do?a ?occl ?occ2) 
(holds (demand ?a ?r ?q) ?occl) 
(holds (resource-po~nt ?r ?ql) ?occl)) 

(holds (resource-po~nt ?r (- ?ql ?q)) ?occ2))))) 

Definition 6 An activity creates 

some quantity of the resource, 

a resource if it produces 

and the quantity of the 

resource before the occurrence of the activity was zero. 

(defrelat~on creates (?a ?r) .= 
(ex~sts (?ql) 

?occ) 

(and (produces_quant~ty?a?r ?ql) 
(forall (?q2 ?occ) 

(=> (and (occurrence_of ?occ ?a) 
(pr~or (resource-po~nt ?r ?q2) 

(= ?q2 0)))))) 

Definition 7 An activity destroys a resource if it consumes 

some quantity of the resource, and the quantity of the 

resource after the occurrence of the activity is zero. 
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(defrelat~on destroys ('a ?r) := 
(eXlsts (?gl) 

?occp) 

(and (consumes_quant~ty ?a 
(forall (?g2 'occ) 

(=> (and 

?r ?gl) 

(occurrence ?occ ?a) 
(pr~or (resource-po~nt 

(= 'g2 0»»» 

DIscussIOn 

?r 'g2) 

Definition 9 An activity uses a resource if it uses some 
quantity of the resource. 
(defrelat~on uses (?a ?r) := 
(ex~sts (?g) 

(uses_quantity 'a 'r 'g») 

Definition 10 An activity consumes a resource if it 
consumes some quantity of the resource. 
(defrelat~on consumes ('a ?r) := 
(ex~sts (?g) 

(consumes_quant~ty ?a ?r 'g») 

Definition 12 An activity produces a resource if it 
produces some quantity of the resource. 
(defrelat~on produces (?a ?r) := 
(ex,sts ('g) 

(produces_quant~ty ?a ?r ?g») 

Definition 14 An activity provides some quant~ty of a 
resource if there exists a subactivity that produces some 
quantity of the resource and another subactivity that 
consumes some quantity of the resource. 
(defrelat~on prov~des_quantity (?a ?r ?g) := 
(and (exists (?al) 

(and (subactivity 'al ?a) 
(produces_quant~ty 'al ?r 'g») 

(ex~sts (?a2) 
(and (subact~v~ty ?a2 'a) 

(consumes_quant~ty ?a2 'r ?g»») 

Definition 15 An activity provides a resource if it 
provides some quantity of a resource. 
(defrelat~on prov~des (?a ?r) := 
(ex~sts (?g) 

(prov~des_quant~ty ?a ?r ?q») 

9.3 Implementation of PSL in the Pre·Construction Process Stages 

The tnal ImplementatJon of PSL in constructJon proceeded In the same way; the PSL 

language was implemented withIn the manufactunng environment, but In a different 

envIronment by explonng a constructIOn scenano within the pre-constructlOn process 

stages. After the ImtJal development of PSL, from a sIngle scenano there were multJple 

pIlot ImplementatIOns of the language each fOCUSIng on dIfferent apphcatJons wIthIn the 
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manufactunng envIronment, to further expand the language to mcorporate the process 

concepts mtroduced m vanous manufactunng applicatIOns when PSL was used to 

exchange process mfonnation between the applications. The purpose of PSL 

ImplementatIOn m 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 

definItIons of the language in providmg common definItIOns to the constructIOn process 

concepts shared between the scenano 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 In the use of the language In constructIon, and (4) to IdentIfy 

the construction process concepts that cannot be completely defined usmg 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 eXlstmg PSL 

process concepts and the new proposed concepts. 

9.3.1 The Construction Scenario 

The constructIOn scenano Involves process related deSIgn, pre-tender cost estImatmg, and 

schedulIng or plannIng Infonnation representation for construction of a case study project 

and exchange of the process mfonnatIOn 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 bUIldIng" (the textual constructIon speCIficatIOn 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 Hunicane EngIneering and TestIng 

INC.) was identIfied for thIS scenano, and AutoCAD, CCS, and Microsoft project 

software were selected as candIdate scenano software applicatIons to represent the case 

study project constructIon process infonnation and exchange thIS informatIon using PSL. 

The reasons behInd choosing the constructIon scenano withIn the pre-constructIon 

stages; the AutoCAD, CCS, and Microsoft project software applicatIons to support the 

scenano and the "a metal door In a metal opening of a bUIlding proJect" as a case study 

project for the construction scenano for the tnal ImplementatIon of PSL In the 

constructIon envIronment are as follows: 
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• The construction scenario: the construction scenano wlthm the pre-construction 

process stages was chosen as a test ground for the tnal ImplementatIOn of PSL In 

construction because (1) It is m these stages that most of the constructIOn processes 

are descnbed, (2) these stages have exhIbIted complex process mformatlOn 

representation and exchange and, (3) most of the computer applicatIOns supportmg 

theses process stages use dIfferent terms and representation to specIfy the same 

mformatlon. 

• AutoCAD, CCS, and Microsoft project: these packages were selected as test 

applIcatIOns for the constructIOn scenano The pnmary areas In which computer tools 

are widely used to support construction processes descnptions and management are 

project deSIgn, cost estimating and planmng and scheduling. To data, there are 

vanous 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 ImplementatIOn 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 IS an 

applicatIOn wIth complex InformatIOn representation structure. As shown m sections 

6.3.1.1-6.3.1.3 dIfferent computer applications have dIfferent InformatIOn 

representation structures wIth mam entities and associated attributes organIsed 

dIfferently. Hence how InformatIOn IS structured In computer applicatIOns is 

Important cntena m deterrmnIng how complex the applicatIOns mformatlOn 

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 In construction and complex construction process information 

representatIon structures for evaluatmg the Impact of the language in construction 

process mformation exchange and the Impact of the construction process concepts, 

defined by the organisation of the applications' information representations 

structures, on the use of PSL In construction. 

• The construction case study project: the ImplementatIOn of PSL In the 

constructIOn scenario reqUIred a construction case study project, and a "metal door In 

a metal opemng of a bUIldIng project" was selected In order to have a real 

constructIOn process Information exchange, between the scenano software 
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applicatJons, usmg PSL as interchange language. These types of doors are mostly 

used for bUlldmgs m hum cane vulnerable areas and theIr constructJon detrul IS 

complex. ThIs type of project wIth complex construction and mformatJon has been 

selected for the construction scenano to Illustrate the complex process related 

InformatJon m constructJon projects that need to be represented unambiguously, 

shared and exchanged between applicatJons consistently, and thIS kmd of project 

provIdes a strong test case and complex process mformatJon for the trial 

ImplementatIOn of PSL in the constructIOn envIronment and evaluatIOn of the impact 

of the language in process mformatlOn exchange between constructIOn applicatIOns, 

and 0 the constructIOn process concepts on the use of the langue m constructIOn. 

9.3.2 Capability of the Scenario Applications to Exchange Information 

Form the techmcal analysIs of the scenano software applicatIOns, It was IdentJfied, as 

descnbed m section 7.4.2, that m addltJon to the natJve file formats theses applicatJons 

read from and wnte to other file formats and as summansed in table 7.8, some of these 

are common to the three applicatJons. For example CCS and MIcrosoft project 

schedulmg applicatIOns read from and wnte to Excel files, and AutoCAD allows a 

deSIgner to extract attribute mformatJon from drawmgs of projects in CDF (comma 

dellfmted format); SDF (space delirmted 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 processmg program that 

accepts ASCII files, these mclude, MIcrosoft Excel and MIcrosoft Access files. Hence 

the three scenario software applicatJons can exchange thelf respective files (Import 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 IS 

not suffiCIent for interoperabllity of the scenano applicatJons. ThIS is because, as learned 

from the data types and theIr semantic concepts Identified during the technical analYSIS of 

the scenano 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 sarne mformation and thIS can lead to mcorrect information exchange 

between the software applicatIOns. As a result It was identJfied that, fOf correct 

mformatlOn exchange between these apphcatlons require a common standard language 

that can resolve the semantJc differences that eXIst between some of the applicatIOns' 

mformation representatIOns (tennmologles). In thIS research study PSL IS Identified as a 
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prOlIDsmg language for bndging the semantIc gaps and consIstent process mfonnatIon 

exchange between constructIOn software applIcatIons. In thIs way the applIcations can 

Import and export the correct and meamngful infonnatIOn through one of the common 

exchange file fonnats such as the Excel file usmg PSL as a common language between 

the applIcations mfonnatIon representatIons, terrmnology m these files. Hence PSL based 

syntactIc and semantIc translatIon programs need to be developed to translate 

InfonnatIon from and to the common exchange file fonnat (Excel) and PSL, the 

applicatIons can then Import and export the mfonnation m 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 In 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 infonnation in a fonnal way and to Identity 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 m section 8.3) represented the 

constructIOn processes, matenal of construction, and constructIOn products infonnatIOn 

of the case study project. ThIS IS process mfonnatIon related to deSIgn, which IS 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 mfonnatIon representations based 

on the deSIgn related process mfonnatIOn represented In the IDEF3 model. 

In the representatIOn of the constructIOn process mfonnatIon for the case study project 

the IDEF3 Process DescnptIon Capture method was chosen because, among the process 

modehng 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 mto other sub-processes, synchromsatIOn and 
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asynchromsatIon of processes, resources reqUIrements of each actIVIty of the model, and 

It IS even possIble to attach data such as tIme and other constramt to each constructs of 

the model. From the model It IS proven that the method is a well-structured techmque for 

descnbmg processes from scheduhng and planmng point of vIew. IDEF3, hke others IS a 

diagramming language but provIdes more graphIcal constructs and a set of forms 

(elaboratIOn forms) for captunng any information about the processes and partIcIpant 

objects mvolved In thIs way constructIOn process mformatIon for the case study project, 

related to the three scenano candidate apphcatlOns have been captured 

However, IDEF3 IS one of the process representations that focus on the syntax of process 

specIficatIons rather than the meanmg of terms, the semanttcs. These models lack an 

adequate specIfication of the semantics of the process termmology, whIch leads to 

mconslstent mterpretattons and uses of informatton. WhIle such representatton is 

suffiCIent for exchangmg mformatton between apphcattons of the same type, e.g. 

scheduhng apphcatlOns, dtfferent types of apphcatIons assocIate dIfferent meanmgs wIth 

slrmlar or Identtcal terms Hence the IDEF3 representation of the constructIon process 

mformatlOn, related to deSIgn, cost esttmattng and schedulmg apphcations, for the case 

study project was not sufficIent to support the mformatton exchange between AutoCAD 

deSIgn, CCS cost esttmatmg and MIcrosoft project scheduhng scenano software 

apphcations. ThIs IS because the three apphcations use dIfferent terms to mean the same 

or same terms may not convey the same mformation. WIthout expliCIt defimtlOns of the 

terms, It IS dtfficult to see how concepts m each of these apphcatlOns correspond to each 

other Simply shanng terrmnology IS insuffiCIent to support mteroperablhty; the 

apphcations must share their semantics, i e., the meanings of theIr respective 

terrmnology. Such representattons reqUIre a formal speCIficatIon of the semantIcs of 

terrninologtes. One approach to generating this speCIficatIon IS through the use of 

ontology. Ontology proVIdes unambIguous defimtlOns for terrmnology that helps to 

capture key dtstinctIons among concepts m the dtfferent apphcatlOns, whIch atds m the 

translatton process However the condttions that may put on acceptable models/ontology 

are derived from descnptlOns of a domain or a system that IS the data from which the 

model IS constructed. Hence IDEF3 descnptlOns are basis for modelhng such as m the 

ontology bUlldtng process. To overcome thIs problem, as shown in chapter 8, PSL a 

formal ontology based standard language was Implemented in the constructIOn scenano 
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for the "metal door In metal opening of a bUIldIng project constructlon process 

informatlon exchange between AutoCAD, CCS, and Microsoft project apphcatlons. 

9.3.4 Software Applications' Representation of the Process Information 

Based on the IDEF3 process descnptlOns (process Informatlon related to design) of the 

case study proJect, a complete construction process related design, cost estimatIng and 

schedulmg Information were developed using AutoCAD design, CCS cost estlmatlng, 

and Microsoft project scheduling scenano software applicatIOns' textual InformatIOn 

representatlon formats. The screen shots, of the three-scenano software applicatlons' 

representatlon of the case study project construction process InformatIOn 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 apphcatlons process concepts definitIOns) of 

each of the scenario software applicatlOns_ The data types of each of these applications 

and the correspondIng process related data of the case study project represented by these 

data types deterrmned the native ontology of each of the scenano applications. 

9.3.5 Information Exchange between the Scenario Applications using PSL 

From the technical analYSIS of the data types of the software applications, AutoCAD, 

CCS and Microsoft project scheduling, It was learned that these applicatIOns use different 

terrmnology to represent the same mformation or the same terms may not represent the 

same Informat:J.on. Therefore exchangIng informatIOn USIng one of the common exchange 

file formats identified In chapter 7 would lead to exchange of Incorrect Information. As 

one of the maIn objectlves of thiS research study PSL, the emerging standard language 

developed for the manufacturing sector, was Implemented in the construct:J.on scenano to 

allow the three candldate software applications, exchange the exact semantlcs of theu 

mformatlon representations (terrmnology) of the case study project constructlon 

processes In thiS implementation PSL was used as a common Interchange language to 

resolve the semantic differences between the scenano software applications' mformation 

representatlons or terrmnologies. 

For consistent and correct translatlon of informatIOn representatlons between scenario 

software applicatIOns USIng PSL, information exchange reqUIred to be between the 

ontologles of the applications and PSL. The data types of each of the scenano software 
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apphcatlOns and the correspondIng process related data of the case study project 

determined the native ontology of each of the scenario applicatIOns as shown In sections 

8.5.2,8.5.6 & 8.5.7 and 8.5.11. The native ontology of each of the apphcatlOns provides 

the basis from and to which Information must to be translated for Information exchange 

between the applications USIng PSL. Dunng 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 In sections 8.5.2 to 8.5.13. The syntactic translatIOn IS a 

parsing between the PSL syntax (KIF notatIOn) and the native syntax of the apphcatlons, 

thiS parsing keeps the onginal tenrunology of each of the applications and produce KIF 

representatIOns of the applications information representatIOns (the applications native 

ontologles). For the semantic translations between the scenano software apphcatlOns 

information representations (tenrunology) hand wntten translators (semantic translatIOn 

defimtlOns) were developed between each of the scenano software applicatIOns and PSL 

as shown In section 8.5.1. 

The semantic translators (semantic translatIOn defimtlOns) shown in section 8.5.1 for 

AutoCAD, CCS, and Mlcrosoft project scheduling applications were developed based on 

the applicatIOns and PSL tenrunologles to allow the translation of Information between 

the applications USIng PSL These translation definitions between each of the scenano 

software applications ontology and PSL were dnven by the ontologlcaJ defimtlons that 

were wntten USIng the same foundatlOnaJ theones. These are definitIOns for the 

terminology of the application ontology, USIng only the tenrunology from the PSL 

Ontology, as well as defimtlOns for the terminology of the PSL Ontology using only the 

tenrunology of the applicatIOn ontology. 

In the ImplementatIOn of PSL in the construction scenano, the concepts from PSL parts 

that were selected (dunng the Investigation of the applicability of PSL In construction) to 

be applicable to resolve the semantic dlfferences between the scenario software 

applicatIOns were used in the development of the semantic translation definitions for 

process InformatIOn translation between the applications representatIOns. The semantic 

informatIOn translation between the scenano apphcatlons were based on the KIF (or PSL 

syntax) representatIOns of the applications native ontology. This IS because KIF 
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representatIOn of each of the applications native ontology provides a formal 

representation of the applicatIOns process mformatlOn representations that can be mapped 

to the PSL process concepts representatIOns syntax and semantics. The KlF 

representatIOns of each of the applicatIOns native ontology as shown III sections 8.5.3, 

8.5.7 & 8.5.8 and 8.5.12, were determined by the natural language theones developed 

for the scenano applications data types' semantic concepts in sections 6.4.3 for each of 

the applications concepts maps. Tables 9.1 (a, b, & c) summansed the PSL parts and 

theones, and KlF representations of each of the applications' natIVe ontology. 

PSL Parts PSL Theories Applications ontology in KIF syntax 

AutoCAD Design 

There is no concepts defined in PSL (forall (?x) 
(=> (dw~obJect ?x) 

(exIsts (?xl . ) 
(components ?x. ?x)))) 

(defrelation inpuunatenal (?r ?a) = (forall (?xl) 
(and (processocactlV!ty ?a) (=> (dw~obJecccomponent ?xl 

Processor 
(or (consumable ?r ?a) ?x) 

Activity (possibly_consumable ?r ?a) (exIsts (?a) 

Part 46 (modifies ?a ?r»» (construcllon ? ?xl) 
(exists (?rl ) 

(m,tenal ?rl ?,»») 

Table 9.1 (a). PSL parts and theones used m the mfonnatlOn translatIOns process to capture the 
AutoCAD deSign related process mfonnatlon 
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PSL Parts PSL Theories Applications ontology in KIF syntax 

CCS Cost Estimating 

Theory Macro_ops which is equivalent to (forall (?a) 

of dWll-ohject in AutoCAD are not (=> (macocop ?a) 

Suhactivities defmed in PSL. But macor_op and 
(exists (?al) 

(macocop ?al ?a) 
part 12 simple_op as activities are defined in (exists (?a2 ... ) 

the suh_acivity theory (sub.JIlllcor_op ?a2 ... ?al) 

(defrelatton processocactivlty (?a) (forall (?a) 
= (=> (simple_op ?a) 

(exists (?rl ?r2 ?r3) (exists (?arl ?r2 ?r3 ?r4 ?r5) 

Processor (and (or (reusable?r1 ?a) (=> (and (plant ?rl ?a) 

Activity 
(possiblYJeusable ?r1 ?a)) (plant ?rl ?a) 

(or (consumable?r2 ?a) (material ?r2 ?a) 
Part 46 (possibly_consumable ?r2 ?a) (labour ?r3 ?a) 

(modifies ?a ?r2)) (temp_material ?r4 ?a) 
(or (creates?a ?r3) (subcontract ?r5 ?a») 

(modifies ?a ?r3))))) (reqUlre?a ?r))))) 

(fora11 (?r) 
(=> (or (plant ?r) 

(material ?r) 

Cost rate and utilization of resources (labour ?r) 

are Dot defmed in PSL 
(temp_material ?r) 
(subcontract ?r)) 

(exists (?c ?z) 
(and (rate ?c ?r) 

(utilizatlOD ?z ?r))))) 

(fora11 (?a) 

Nett]aes and Nett_amount of macro 
(=> (or (macro_op ?a) 

(slmple_op ?a)) 
and simple operations are not (exists (?Nr Nm) 

defmed in PSL (and (Nett_rate ?Nr ?a) 
(Nett_amount ?Nm))) 

Table 9.1(b) PSL parts and theones used m the mfonnatlOn translattons process to 
capture the CCS cost estlmatmg related process mfonnation 
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PSLParts PSL Theories Applications ontology in KIF syntax 

Microsoft Project Scheduliog 

Theory (subactivity ?al ?a2) IS TRUE m an (forall (?a) 

of mterpretatlOn of SubactlVlty Theory If (=> (summary_task ?a) 

Subaclivities and only If actlVlty ?al IS a subact1V1ty 
(exists (?al...) 

(sub_tasks ?al... ?a»» 
part 12 of act1V1ty ?a2. 

, (forall (?a) 

Fixes and total cost of tasks and (=> (or (summary_task ?a) 

summary tasks and are not deCmed 
(task ?a» 

(exists (?Ct ?Cf) 
inPSL (and (total_cost ?Ct ?a) 

(fixed30st ?Cf ?a))))) 

(defrelation processocact1V1ty (?a) 
- (forall (?a) 

Processor 
(exists (?rl ?r2 ?r3) (=> (task ?a) 

(and (or (reusable ?rl ?a) (eXlsts (?rl.. ) 
Activity (possibly_reusable ?rl ?a» (=> (resources ?r J... ) 

Part 46 (or (consumable ?r2 ?a) (requrre ?a ?r1 »») 
(possibly_consumable ?r2 ?a) 

(modifies ?a ?r2» 
(or (creates?a ?r3) 

(modifies ?a ?r3))))) 

(forall pr) 

Cost/use and standard rates of 
(=> (resource ?r) 

(exists (?Cu ?Cs) 
resources are not defined in PSL (and (costluse ?Cu ?r) 

(standard_rate ?Cs ?r»))) 

(forall pa) 
(=> (task ?a) 

(exists (?rl . ) 
Cost/use and standard rates of (=>(=> (resources ?r1 ) 

resources and total and CIXed cost of 
(require ?a ?rl. » 

(exists (,Cu ?Cs) 
tasks are not defined in PSL (=> (and (costluse ?Cu ?r) 

(standardJate ?Cs ?r» 
(exIsts (?Ct ?d) 

(=> (and (total_cost ?Ct ?a) 
(duration ?d ?a» 

(or (totaCcost (sum_of ?Cu) ?a) 
(total_cost (* ?Cs ?d) ?a»»»)))) 

Table 9.1. (c) PSL parts and theones used In the mformatlOn translatIOns process to capture the 
MIcrosoft project schedulmg related process IDformatlOn 

9.3.6 Data Translation between Scenario Applications Representations 

Based on the semantIc translatIon definitIons (hand written translators) developed 

between AutoCAD, CCS, and Microsoft project scheduhng apphcatlOns and PSL (as 

shown ID section 8.5.1) and uSIDg parsmg 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 IS 

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 stdl preserving the applIcatIOns tenrunology, 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 

tenrunology and/or reads a file In PSL syntax and tenrunology and translates to KIF 

representatIOn of one of the applicatIOns data Figure 9.1lIIustrates the flow of semantic 

informatIOn, from the applIcations representatIOns to PSL and back to the applications, 

dunng the process informatIOn representatIOns translations between the scenarIO 

applications uSing PSL. 

AutJCAD ArchmctJral deS911e 
(DWG_Objecl Occr) 

section 8.5.2 

SYNTACTIC TRANSlATOR·' 

process plan III 
n KIF USing M ICrosoftpro,lOCt 

terninology 
section 8.5.12 

AlchrEclIral Design le SEM ANTIC TRANSLA TOA-3 

n KIF usrtg AubCAD termnology 
section 8.5.3 

SEMANTIC TRANSLATOA-1 

SEMANTIC TRANSLATOA-2 

D8SIIJn le 
V1 KIF usng CCS lertmo!ogy 

section 8.5.5 

ArchJEctral daa 
nPSL 

section 8.5.4 

-, ' 

process plan 
mPSL 

section 8.5.13 

costesinae 
'" PSL 

section 8.5.9 

M orosol pro"",l process plan lie 
)-~;-I (slITlmary_llsk Door) 

section 8 5.11 

SYNTACTC TRANSlATOR-' 

costesinai3 file n KIF uslllg 
M ICrosot projeCt 'errmnobgy 

section 8.5.10 

SEMANTIC TRANSLATOA-3 

SYNTACTC TRANSlATOR·, SEMANTIC TRANSLATOR·2 

CCS coslesimall ~ III 
(macro_operalon Occr) 

section 8.5.6 

CCS costestnaBo~ is 
(macro_operalon Door) 

section 8.5.7 

coslesinall III n KIF 
usrog CCS ermroklgy 

section 8.5.8 

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 

mformatlOn between the applications and the role of PSL when readmg the translation 

process In the following section. These sectIOns represent the process informatIOn and 

their representations as follows: 

85.2 ArchItectural deSIgn data In AutoCAD ApplicatIOn's Representations 

8 5 3 ArchItectural deSIgn data m PSL syntax (KlF Notation) 

8 5.4 ArchItectural design data In PSL RepresentatIOns 

8.5.5 ArchItectural deSIgn data In PSL syntax and CCS tenrunology 

85.6 Arclutectural deSIgn data m CCS Application's input File 

8.5.7 Cost Estlmatmg Output FIle In ces Application's Representations 

8.5.8 Cost Estimating data m PSL syntax and CCS tenrunology 

8.5.9 CCS Cost Estlmatmg data in PSL Representations 

85 10 Cost-EstimatIng data In PSL syntax and MS project tenrunology 

8.5.11 Cost-Estimating data m MS Project ApplicatIOn's Representations 

85.12 MS project Schedulmg data In PSL syntax & MS project terminology 

8.5.13 MS project SchedulIng data m PSL m PSL RepresentatIOns 

9.3.6.1 Translation Process 

The translatIOn process begun WIth a file, In section 8.5.2, that is wntten In 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 theIr 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 

corresponrung file usmg PSL syntax (KIF notation), but still preservmg the applicatIOn's 

termmology 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) In KIF syntax and the application's terminology IS translated to a file (in section 

8.5.4) contammg only PSL tenrunology and syntax by substituting the defimtlOns of all 

AutoCAD applIcatIOn's terms with theIr defimtlons m PSL that are detenruned 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 applicatIOn's representation (terminology). 
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Usmg the semantic translator (hand wntten semantIc defirutlOns) developed (for CCS) 

between CCS and PSL, the design data file (of section 8.5.4) in PSL representations 

were mapped to a file contammg only CCS applicatIon's tenrunology to produce the file 

(m section 8.5.5) contaming only CCS applicatIOn's terminology but still preservmg the 

PSL syntax. A reveres syntactIc parser read the file (m section 8.5.5) m PSL syntax (KIF 

notation) and CCS applicatIon's tenrunology and produced a correspondmg file (CCS 

applicatIOns natIve ontology) m CCS applicatIOn's syntax and the application's 

tenrunology as shown m 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. Tlus cost 

data is formatted m CCS applicatIOn's report files, which have different data formats 

form the mput, as shown by the CCS applicatIon's natIve output ontology gIVen m 

section 8.5.7. The syntactic parser reads the file (m section 8.5.7) and produced a 

correspondmg file usmg PSL syntax (KIF notatIOn), but still preservmg the CCS 

applicatIon's tenrunology as shown m section 8.5.8. Usmg the semantic definitIOns 

(hand wntten semantIc translator) developed for CCS applicatIOn the cost the data file (of 

section 8.5.8) m KIF syntax and the applicatIons terminology was translated to a file (in 

section 8.5.9) contammg only PSL terminology and syntax by substItuting the defirutions 

of all CCS applicatIOn's terms with their defirutIons in PSL that are detenruned by the 

translatIOn defirutlons developed between CCS and PSL. Usmg the semantic defirutIons 

(hand wntten semantic translator) developed for Micro soft project application, the file 

(of section 8.5.9) m PSL representatIOns were mapped to a file contammg only Microsoft 

project applicatIOn's tenrunology to produce the file (in section 8.5.10) contairung only 

Microsoft project application's tenrunology m PSL syntax (KIF notation). A reveres 

syntactic parser read the file (m section 8.5.10) m PSL syntax (KIF notatIOn) and 

Microsoft project application's terminology and produced a correspondmg file (Micro 

soft project applicatIOns native ontology) usmg the Microsoft project application's syntax 

and the applicatIon's terminology as shown m section 8.5.11. The syntactic parser reads 

the file (m section 8.5.11) and produced a correspondmg file using PSL syntax (KIF 

notatIOn), but still preservmg the Microsoft project application's tenrunology as shown in 

section 8.5.12. Fmally usmg the semantIc definitions (hand wntten semantic translator) 

developed for Micro soft project applicatIOn, the file (of section 8.5.12) in KIF syntax IS 

translated to a file (m section 8.5.13) contammg only PSL tenrunology and syntax by 

substltutmg the defirutIons of all Micro soft project application's terms with their 
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defimtions In PSL that are deternuned by the translatIon defimtIons developed between 

MIcro soft project applicatIOn and PSL 

9.3.7 Proposal for New Extensions to PSL Ontology 

From analysIs of results of the scenano applIcations data types mappIng to the PSL 

ontology and Information translation between the scenano software applIcations' 

representatIOns USIng PSL based translators (translatIOn defimtIons) developed between 

each of the applIcatIOns and PSL, It was Identified that a complete representatIon and 

exchange of constructIOn process InformatIon can not be guaranteed using the eXltmg 

PSL concepts. If PSL is to faCIlItate the complete representatIon and exchange of process 

Information between the scenano apphcations, additIonal extensIOns need to be 

developed to the PSL ontology to Incorporate 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 applIcations. Therefore the semantic concepts of the apphcations 

data types that represent shared mformatlOn need to be defined In 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 m the follOWIng section as follows: 

(a) Construction or Project Product 

Extension Name: Construction or Project_Product.def 
Primitive Lexicon: None 

Defined Lexicon: 

• (deslgn_elernents Ox) 
• (components ?xl_ ?x) 

Theories Required by this Extension: 

psI_core. th 
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(b) Cost 

Extension Name: Construction or cost.def 
Primdtive Lexicon: None 

Defined Lexicon: 
• (resource_rate ?x) 

• (activity_rate ?x) 
• (product_rate Ox) 

• (actlvly_total_cost Ox) 

• (activly_fixed_cost Ox) 

• (product_cost ?x) 
• (resource_cost/use ?x ?a) 

• (resource_standad_rate ?x ?a) 

• (resource_category_rate Ox) 

• (resource_category_cost Ox) 

• (overhead_cost Ox) 

• (mark_up ?x) 
• (spilt_rate Ox) 

• (plug_rate ?x) 

Dlscusszon 

Theories Required by this Extension: ProcessocACtivlty.def, psI_core th, requues th, 

ProjecCProduct def 

(c) Activity and Product Quantity 

Extension Name: Activity_&/or_Product _Quantity.der 
Primdtive Lexicon: None 

Defined Lexicon: 

• (activlty_bllled_quantity Ox) 
• (product_quantlty ?x) 

Theories Required by this Extension: ProcessocActivlty.def, sub_activly.th, 

psCcore.th, Pr0JeccProduct def, 

(d) Resource Category 

Extension Name: Resource_Category.der 
Primdtive Lexicon: None 

Defined Lexicon: 

• (plant ?x) 
• (labour ?x) 
• (materlal ?x) 
• (temporary_materlal ?x) 

• (sub_contract Ox) 

Theories Required by this Extension: requires.th ,psI30re.th, res_rnvlSlble 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 apphcatJ.ons in the constructIOn industry. In the 1970s and early 1980s through 

the standardizatIOn of the InfonnatlOn formats, such as IGES and later DXF. Since late 

1980s conceptual models are being standardized within ISO and IAI. While these and 

almost all other efforts for constructIOn software interoperabllity 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 (NIST) an effort is 

under way to standardize a "process descnptlon language" called Process Specification 

Language (PSL) for process related manufacturing applications' interoperabllity. ThiS 

research study has mvestlgated the use and applicability of thiS emerging standard 

process specification and exchange language m the construction environment and 

evaluated ItS Impact In constructIOn software interoperabllity and the results are 

discussed In thiS chapter 

As an alternatIve to the use of PSL for process related constructIOn software applicatIOns' 

Interoperabillty web services may offer the possibility of another choice. A web service 

as defined by the W3C Web Services Architecture Working Group 

(http IIwww.w3 orgJws/arch) IS a software apphcation Identified by a URI, whose 

Interfaces and bmding are capable of being defined, descnbed and discovered by XML 

artifacts and supports direct interactIOns With other software applicatIons using XML

based messages via mternet-based protocols. 

Web services prOVide a standardized way of Integrating web-based apphcatlons 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: IS used to tag the data. XML is a speCification 

developed by the W3C XML IS designed espeCially for Web documents. It allows 

deSigners to create their own custorruzed tags, enabling the defimtion, transrrussion, 

validatIOn, and interpretation of data between apphcatlOns and between organizations. 
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Web servIces use XML-based messagmg as a fundamental means of data commurucatIOn 

to help bndge the differences that eXIst between systems that use different component 

models, operatmg systems, and programming languages Both the Web servIce client and 

the Web servIce provIder are freed from needmg any knowledge of each other beyond 

mputs, outputs and location. 

SOAP, Simple Object Access Protocol: IS used to transfer the data, SOAP is a 

lightweIght XML-based messagmg protocol used to encode the mfonnatIon in Web 

servIce request and response messages before sending them over a network. SOAP 

messages are mdependent of any operatmg system or protocol and may be transported 

usmg a vanety of Internet protocols, mcludIng SMfP, MIME, and HTrP 

WSDL, Web Services Description Language: IS used for descnbmg the servIces 

aVailable WSDL, is an XML-fonnatted language used to descnbe a Web servIce's 

capabIlitIes as collectIOns of commUniCatIOn endpomts capable of exchangmg messages. 

WSDL IS an mtegral part of UDDI, an XML-based worldwIde busmess regIstry. WSDL 1S 

the language that UDDI uses 

UDDI, Universal Description, Discovery and Integration: IS used for IIstmg 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 mtImate 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 mteract and exchange 

mfonnatIon over the Internet usmg web servIces. However there is stIll the need for a 

standard language to resolve the semantic differences between the applicatIons' 

infonnatIon representations. The faCIlity supported by web servIces alone IS not enough 

to support mteroperabIlIty of constructIon software applicatIOns. For complete and 

effiCIent software mteroperabIlIty the semantics of the infonnatIOn exchanged usmg web 

servIces need to be comproffilsed 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 technolOgIes, to 

support complete and effiCIent software mteroperabIhty and collaboration m constructIon 

a standard speCIficatIon language IS reqUired to resolve the semantIc dIfferences between 

the applications infonnation representatIOns 
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The use of web services m conJuncllon with constructIOn process specification 

language standarwzation will lead to ncher, more mdustry-speclfic data exchange 

methods. This IS Important for the constructIOn mdustry where infonnatlOn IS complex 

with dIfferent representation structures and tenninology or language and communication 

IS hIghly Important and wIll lead to complete AECIFM software mteroperabllIty. Hence 

web servIces cannot be an alternative to the use of PSL m construction but as a 

framework that allow the construCllon software applIcations to mteroperate using PSL 

through web servIces. 
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Chapter 10 Conclusions and Recommendatious 

10.1 Introduction 

The preceding chapter discussed the investIgation of the apphcablhty of the Process 

Specification Language (PSL), which was developed for manufactunng process 

informatIon specification and exchange, In the construction envlfonments, and the 

Implementation of PSL language m a constructIOn scenano. This section summanses 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 

interoperabllity ? 

What is the impact of constructIOn process concepts on the use of PSL in 

construction? 

Then recommendatIOns for further work are bnefed. 

10.2 Conclusions 

PSL should be apphcable In constructIOn provided extensIOns are developed to 

mcorporate process concepts for defining constructIOn process informatIon 

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 schedulmg 

applicatIons data types, which are process mformation 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 bill Items) of CCS and cost 

data types of Microsoft project apphcatIons. 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 apphcatIons process 

InformatIon representations (data types) need to be clearly and completely defined withIn 

the PSL ontology. 
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PSL IS a pro1TI1sing standard language for constructIOn process mfonnatlOn exchange 

between construction software applications. The Implementation of PSL m the 

constructIOn scenano for the case study project construction process mfonnatlOn 

exchange between the scenano apphcatlons, has shown the potential of the language to 

resolve the semantic dtfferences that hampered the electronic mfonnatlon exchange 

between construction applications. ThIs research study has identified the data types of the 

AutoCAD desIgn, CCS cost estimating, and MIcrosoft project scheduhng apphcations 

and their semantic concepts need to be defined clearly m the PSL ontology in order to 

render these apphcatlOns PSL comphant. Once these apphcatlOns become PSL comphant 

by defimng the semantic concepts of theIr process infonnatlon representations (or data 

types), they would be able exchange mfonnation with each other and WIth every other 

apphcatlOn that IS PSL complamt. 

The comphance of constructIOn software applications to PSL m construction practices 

would reduce: 

o The efforts of obtammg the correct infonnation 

o The nsk of 1TI1smterpretatlOn of mfonnatlOn at the recelvmg/destmatlOn end 

o The risk of losmg infonnatton during exchange 

o The time wasted in obtaming the correct infonnatlon 

Although this research study has focused on process information exchange between 

constructIOn apphcatlOns and software mteroperablhty m the constructIOn sector, the 

benefit that can be obtamed from PSL would not be restncted withm the industry. For 

example PSL would also mtegrate constructIOn WIth the manufactunng and other PSL 

comphant sectors, whIch contnbute to the success of construction practices. This would 

allow the construction professionals to exchange mformation with manufacturers and 

supphers, for mstance deSIgners for manufactured product data and cost estimators and 

schedulers for suppher's infonnatlon. 

From the result of the construction process mfonnatlon representations within the pre

construction process stages mapping to the PSL ontology based on multidimensional 

conceptual analYSIS between the construction process concepts natural language 

defimtions and the manufactunng process concepts definitions WIthin the PSL ontology, 

it was concluded that PSL IS apphcable m construction provIded extensIOns are 

developed to mcorporate 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 scenano which involved mformatlOn exchange between CCS cost 

estimatmg. and Microsoft project scheduling mcIudmg AutoCAD design, has proven that 

PSL should be able to be used for product data as well. PSL can be extended to 

IDcorporate the concepts of Product. Product IS related to process defillltlOns 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 productJ or project design 

elements. 

Cost IDformation of constructIOn processes IS the main Issue in the pre-construction 

process stages and cost related IDformatlOn IS exchanged between cost estimatmg and 

scheduling applicatIOns. Additionally as described in the exchange scenano example ID 

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 IDformation With the 

other two applicatIOns. There are no semantic concepts for cost ID general ID the current 

PSL ontology. Hence there IS a need for further extensIOns to the PSL ontology to 

IDcorporate the concepts of product, activity, and resources costs. 

PSL is a language for specifying processes through process concepts and relationship 

between them uSIDg KIF. Construction applications represent process information usmg 

their data types and relationships between them. In order for an applicatIOn to be PSL 

complalDt the semantic concepts of the application's data types, which represent the data 

that need to be exchanged between applications, should be defined ID the PSL ontology 

This has to be done ID the same way that these applicatIOns define or represent the 

required process information, which is normally done through the orgalllzatlOn and 

relationships of the data types ID the applicatIOns. However information representation 

data types ID different applications are organized differently to represent information. 

Dunng the informatIOn exchange between the scenario applicatIOns uSIDg PSL, it was 
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IdentJfied that some of the InformatJon has to be mapped to concepts from two dIfferent 

parts of PSL. 

ThIS obvIously would create problems dunng InfOrmatIOn exchange between dIfferent 

applIcatIOns (such as CCS and Microsoft project scheduling applIcations) WIth dIfferent 

orgamzatIOn of data types. Hence there IS a need for further InvestJgatIon about the 

relationshIps between PSL parts. 

The ontology based approach to PLS complIance is different to the tradItIOnal approach 

to standards complIance that rather than forcIng the adoptIOn of exactly the same 

temunology, an applIcatIOn IS PSL-complIant If there eXIst defimtIons for ItS temunology 

(semantIc defimtJons for the applIcatIOn's data types) In the PSL ontology USIng PSL 

language and syntax. The questIOns that need further InvestigatJon are: 

• If data types representIng shared InformatJon between two or more applIcatIOns can 

have dIfferent defimtIons In the PSL ontology; how would these applIcations 

exchange process InfOrmatIOn and be PSL complIant? Are the translatIon defimtJons 

between applIcatIOns and PSL the decIsIve construct for the applIcatJons complIance 

toPSL? 

• In the InvestIgatIOn of the applIcabIlIty of PSL In constructIOn It was IdentIfied that 

the semantIc concepts of the applIcatJons 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 complIance to 

PSL? What are the relatJons between the parts? How can thIS be resolved If It causes 

problem to the complIance of appilcatJons or informatIon exchange between 

applIcatIOns? Are the translatIOns defimtion enough to resolve thIS problem? 

For correct and complete translatJon, translators (or translatIon defimtions) must be based 

on the formal specIficatIOns of the representatJon's semantIcs (the data types semantJc). 

In the Implementation of PSL In the construction scenano the InformatJon translatIon 

between the scenano applIcatIOns' representatIOns was carned out USIng hand wntten 

translators I.e. InfOrmatIOn was exchanged between the applicatJons by hand USIng 

parsIng procedures for syntax translation, and mappIng and pattern matching of concepts 

USIng the PSL based hand wntten semantIc translatJon defimtJons for semantic 

translatIOn. 
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The Development of electronic translation programs would provide better baSIS for 

understandmg: 

• The Impact of PSL as mterchange language m constructIOn practices 

• The effect, of the use of concepts from different parts of PSL for defimng a shared 

data, on the comphance of appilcatlons to PSL and mformatlon exchange between 

apphcatlons. 

• The roles of translations definitions. Can the translation defimtlOns specify the 

relatIOnships between the PSL parts? How can the translation defimtlons resolve the 

problem of information exchange that may arise from the use of chfferent PSL parts 

for a shared data? 

• The Impact of construction process concepts on the use of PSL as mterchange 

language for process mformatlOn exchange between construction applicatIOns. 

After the imtlal development of the PSL ontology from a smgle scenano, multiple pilot 

implementatIOns of PSL in the manufactunng environment were planned to further 

extend the ontology From the ilterature It was Identified that there was only one 

Implementation (Schlenoff, C., et. al 1999) conducted when PSL was used to integrate 

two manufactunng apphcations; the ProCAP (KN098) process modeling and the ILOG 

scheduler (lL098) packages. However, the PSL ontology has been extended further after 

thiS ImplementatIOn. Were these extensIOns developed based on PSL Implementation on 

scenanos or are they speculative extensIOns for possible future use by applIcations? The 

problem is that different appilcatlons have different mformatlon representations or data 

types orgamzed very chfferently, hence data types relate chfferently to descnbe processes 

or represent process mformation. Therefore, If there IS a plan to further extend PSL 

ontology to mcorporate construction process concepts and make PSL a standard language 

m the construction environment, it is recommended that the PSL ontology IS extended 

often on implementation or trials of the language m scenanos that involve mformatlon 

exchange between constructIOn apphcatlons 
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