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Abstract

Generating, sharing and maintaining project data among multiple disciplines and throughout a
project life cycle is difficult in many industries, but particularly so in the highly fragmented
Architecture/Engineering/Construction (A/E/C) industry. Presently, the A/E/C industry dose not
have a commonly accepted standards for project data exchange which might allow applications to
share the many kinds of graphical and non-graphical data produced and needed in the various stages
of the A/E/C process. In Object-oriented programming, objects inherit attributes - describing both
their state and behavior - from more generic objects in a “frame-based” or abstraction hierarchy with
each domain specific view, offers a powerful new approach for sharing information and knowledge
in the A/E/C process. This paper describes the development of PMAPM, an object-oriented project
model designed to facilitate information sharing among multiple disciplines and across project stages
from planning to the design, construction and management of a facility, and from architectural to
structural and mechanical design. The feasibility of using this model for information transfer from
CAD 1o various knowledge-based expert systems will be demonstrated. We will also discuss in
details the current status and future directions for PMAPM.
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1. Introduction

Large amounts of information are generated and consumed during the various phases of a project life
cycle from planning to design, construction and management of the facility. Sharing and maintaining
these project data among multiple disciplines and throughout a project life cycle 1s a complex and
difficult task. The project data needs to be stored. retrieved, manipulated, and updated by many
participants, each has his/her own view of the information. A number of computer-based systems
such as CAD, analysis and simulation software have been developed for the A/E/C industry.
owever many of these systems can only be utilized within namrow application domains. Efforts
have been attempted to integrate these application software by linking systems and providing data
ransfer interface so that a richer communication among applications of different domains can be
realized. Most of these efforts are stili in their early stages of development. We believe that a project
model that can properly describe a facility and is accessible by multiple participants of different
disciplines s a Very important ingredient for integration. The object-oriented paradigm offers many
useful features to facilitate the description of a constructed facility and allows us to define different
!(mds_ of objects. In addition, the relationships among the objects are defined not only for
inheritance, demons or methods of an object but also to facilitate the search of information.
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o i . sing databases for storing a large amount of indepenge
In building d%sldg::‘,a \:goiﬂ ::irglifghfﬁ::ul; am% their relationships. The objects observed ip 4 bu”d'nngl
but interrelated da deled by an object-oriented model. Elements (such as columns and beams) can b
project are l?ejt, m;ual object types, and their properties (such as length and weight) are defined 4
defined gs in w:ions on the objects can be defined using methods. Many researchers have aftempleg
art:nbutcls. Ope?uct model or project model using the object-oriented methodology. (Eastman 901,
e Oi?‘)pr(flto 89. lto 90), [Law 86, Law 87], [Penttila 89], [Sanvido 89]_and {Sduse 90|
[H(?):ivne?;r tere are too few results to realize a global product or project model which that are shared
by the various participants or the many applications ot an _A/E/C process. In this paper, we describe
an object-oriented concept for modeling Lhe_product design mformat_lon as well as the processe,
usnga multiple view approach. The scope of our research is to establish an ObJGCE-Ol’len[c‘d Project
model supporting multiple views that are shared by the various participants of an AJEA project,
The objective is an eventual development of an integrated system which includes aclivities frop
project planning to the design, estimation. construction and facility management. The object-orienteq
project model 1s intended to link CAD systems,relational database.. knowledge-based systems and
other conventional application software: these applications can easily be treated as a VIEW-function
embedded in a view-object We believe that this object-oriented multiple-view approach is Sutficiently
tlexible to support the development of a project model for an integrated environment for planning,

design, construction and management of a constructed facility.
2. An Object-Oriented Project Model Supporting Multiple Views (PMAPM)

The object-oriented project model (PMAPM) described herein is an extension of a project modei
(PMAP} initially developed as a vehicle to share project information for a mid-rise building project
between a CAD system and two knowledge-based construction planning systems [Ito 89 Iio 90
While PMAP was implemented using Framekit, PMAPM has been implemented using Allegro
Common Lisp, Parmenides and FRulekit. developed by CMU, on a Macintosh 11 computer The
system supports not only graphic information but also the non-graphic or attribute information
including the retationships among the building elements. In this section, we first review the hasic
capability of PMAP. We then describe the extension of the model to support multiple views and th
implementation of multiple purpose object.

elements. Some examples of the relationships between the building elements are:

. Girder is supported by Columns,
. Door and Wmd_ow are attached on Exterior or Interior Walls.
J Space_( Room) is consisted by Exterior or Interior Walls,

Floor is consisted by Spaces, etc..
Four basic access mechanisms are

: Using the frame or siot access functions with meth : :
. 1 ; . ods t.
Using the relationship among the building elements, embedded in the objec

: . al application
Using the graphic and text interfaces of %F;V[AP programs.

PMAP has been used as an interf. i
relational database system [ltl([)I §9,al(;g é%]varmus knowledge-based systems, a CAD system, and 3

2.2 - . : i
Eachpgg,%gglam (ﬁnanoj\)}g/cé'or“?"tid Project Model with Multiple Views ]
facility. In general, for each p project has his/her own view of the information about a constructe
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ly one physical value but many functional values dependin 0 - -
?nr}grmation by the participants of different disciplines, P g on the various views of the

A/E/C project. In an object oriented programiming environment, we can treat the views i
defined with data and methods. In order to fully realize the model description of an A%?ZS ;;)rt())JjZCctts
we need to consider not only a product-based description but also a process-based description shouid

be needed. From the process point of view, a project consists of the followi i
(0 the view definitions in the PMAPM model. HIEE RS oo ling

’ Project Management View
General View
' Project Planning View
. Design View
Construction View, and so on.
The project management view (for the Project manager) and the general vi
mformation about the project) provide the high level gon)trol and SLglppOI‘t J?&g is&);;tg%gsn%aé

view, structural view, mechanical view, etc.. For each view, PMAPM needs to assign to the user
the mode of access (i.e. update or read only). Most users (except for the project manager and
PMAPM designer) are allowed to have limited access to the various views. For example, a sales
person can access to the giobal-view, Mmanagement-view, general-view, planning-view an’d sales-

IZ.S gflultiple Purpose Objects (MPOQ)
noraer to realize the multiple views that are needed Lo capture or update the model information, four
kinds of.object_s, are defined in PMAPM - dutwohjecf scopew?ew—objecr, eval- vz'ew—objic} e?r?d
creqfe-v:ew—objec‘{. These four kinds of objects are collectively termed mulnple purpose objecrs. In
particular, the main purpose of creare-view-ohjecr is to create a new process-based object or slot
ac;o;d}ng to the user's operation. dynamically. Although PMAPM has its own object hierarchy
]}:chicd 1S ﬂesngned 10 support a wide variety of building project. This hterarchy cannot exhaustively
deﬁﬁeza the possible views required by each project participant. PMAPM provides a method to
-l ne\év da;a-objea or scope-view-objecr for each project or for each participant. By turning on
e mode, PMAPM will make the trace ot user's manipulation to extract the data from other
JECts and store the operation as functions in the new object. This concept of multiple purpose

object provides the flexibility t i ituati P
e B . ty to accommodate unforeseen situ :

3. Integrated System environment by PMAPM

gmf’ff;d 1$ designed as a kernel of the integrated system for A/E/C process and there are altogether
. Srent ways that one can store the data into PMAPM:

Enter data using the textual interface of PMAPM.
Tl't’.;alte and store data using graphical interface of PMAPM.
C(l)‘stns;er data from the relational database system; presently, ORACLE is used for storing
. Traﬁsfgmgl result, personnel and client information in the PMAPM environment.
. ; r data from a CAD system, such as CIFECAD [Ito 89].

T€ate and store data using method or rule,
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interface facilities allow PMAPM to capture project information from the participants of
gi}}?:reent disciplines who are involved in an A/E/C project. PMAI};M obltams mosft of the physica)
object information about a butlding from_ClFECAD. The major b_u1 ing elements of the aTCh_'iecrura]
and structural design can be defined using CIFECAD and the information about these objects gre
stored under the object-view in PMAPM. During the project, there will be information conflicrs
among the project participants. These contflicts are stored as constraints in views and propagated ang

resolved by the constraint management system in PMAPM.

Presently, PMAPM has been used as an interface to various knowledge-based expert systems o
conventional systems which will be used at the design and construction stage.

OARPLAN [Darwiche 88]: OARPLAN is a prototype knowledge-based construction planning
system, OARPLAN needs the design data to generate the activities in a project and to generate the
needed sequencing constraints among the activities. That s, OARPLAN has its construction-
planning-view, which is defined in PMAPM, for extracting information from PMAPM. In fact, a
user can us¢ OARPLAN trom the construction-planning-view of PMAPM through the System meny.

FCOST [lto 90): FCOST consists of two basic modules, FINISHES and FINISHCST. FINISHES
1s a knowledge-based counseling system which evaluates the finishing material based on the usage of
the room and grade of the building. This information can be directly accessed through of the
architectural-view of PMAPM. FINISHCST is a cost estimation system which caiculates the
preliminary finish cost using the information from the detail-cost-view.

DURATION [Ito 90]: DURATION consists of a set of rules to evaluate the construction duration
from the total area, floor area, building . structure, ground condition, etc.. A user can use
DURATION from the management-view of PMAPM.

4. Conclusion and Discussion

This paper described an object-oriented project model that supports multiple views for building
projects. Currently, PMAPM has been implemented to include the basic model hierarchy, which
consists of Global View, Project View and Object View, as described in Figure-1 and integrated
with various applications as described in this paper. Various interfaces to store and access

information from PMAPM have also been developed and illustrated (Figure-2). During the course of

tmportant concepts:

The usefulness of an object-oriented project model for system integration in an A/E/C
project — we need not only a product model but also 2 project model.
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