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Summary

This paper outlines a new approach to developing software for project management that is
expected to offer a wide range of improvements to both the software development process and the
characteristics of the resulting applications. The overall objectives are to construct systems that
offer greater flexibility, higher intelligence, and significantly better integration. The proposed
approach does not replace either traditional project management applications or advanced
applications such as expert systems; rather, it offers a more efficient and uniform methodology for
implementing these programs and a new integrated environment in which these applications can
reside.

The basic approach, which relies heavily on the concepts of object-oriented programming, is to
create a set of standardized software objects that represent the fundamental elements of the project
management process. For example, objects would be created to represent a building’s physical
components (e.g., beams and columns), the basic construction activities needed to produce these
physical components, and the resources required to perform the activities. These basic “building
block” objects could then be pieced together, according to general design and development
guidelines, to form the core of various project management application programs.

This research will develop the overall design—or object model—for such an approach, will
perform detailed design and implementation of the main objects involved, and will use these
common objects to construct sample integrated applications.

The advantages of such an approach include the following:
»  More efficient software development process because of the advantages of OOP.
» Reduced development effort through the use of a shared common framework.

* Increased flexibility and configurability because of the decoupling of software components,
the high modularity of the software, and the overall system’s increased functionality.

» Extensive system integration because applications are based on a common view or schema
of the domain, and because they physically share common software objects.

+ High potential for increased system intelligence since the basic representation is “model-
based” and because of the breadth of accessible information in the integrated system.

The resulting object model for project management will not only form the basis of the proposed
software development approach, but could also provide a common language or vocabulary for
expressing issues related to computer applications for construction (e.g., documenting algorithms,
structuring relational databases, or creating inter-application communications), contribute to the
eventual establishment of industry data or object model standards, and offer insight into what the
fundamental informational elements of the project management process are.

An Object-Oriented Approach for Integrated Project Management Software



An Object-Oriented Approach for
Integrated Project Management
Software

A. Introduction and Background

This research proposal deals with the use of computers to support project management. The
immediate focus is on the management of the construction phase of engineering projects by a
general contracting or construction management company, but it is intended that the concepts could
be used for the entire project life cycle—from initial feasibility analysis to facilities management—
and by any project participants individually or, ideally, collaboratively.

Computers have long been used to support project management. For certain tasks they are
generally indispensable, while in other areas their shortcomings often overshadow their advantages
(for example, a recent survey of computer use by small contractors showed that 92% used
computers for accounting purposes, while only 25% used either scheduling or estimating programs
[Skibniewski 90]). A great deal of research is ongoing into new computer tools for project
management. However, new tools that offer greater functionality alone will likely be received with
no more enthusiasm than existing systems.

This research is aimed at promoting more fundamental changes to the way that project
management computer systems are built and used. The overall objectives are to construct systems
that offer greater flexibility, higher intelligence, and significantly better integration. The proposed
approach does not replace either traditional project management applications or advanced
applications such as expert systems; rather, it offers a more efficient and uniform methodology for
implementing these programs and a new integrated environment in which these applications can
reside.

The basic approach of the proposed research, which relies heavily on object-oriented
programming (OOP) concepts, is to create a set of standardized software objects that represent the
fundamental elements of the project management process. For example, objects would be created
to represent a building’s physical components (e.g., beams and columns), the basic construction
activities needed to create these physical components, and the resources required to perform the
activities. These basic “building block™ objects could then be pieced together, according to general
design and development guidelines, to form the core of various project management application
programs. This approach is expected to greatly improve the software development process, the
characteristics of the resulting software, and—perhaps most significantly—the connectivity or
integration of the resulting applications.

This research’s main focus is to provide an overall conceptual design for such an approach, to
test the approach by performing detailed design and implementation of many of these common
objects, and to use the objects to construct sample integrated applications.
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Future Directions for Project Management

Project management software has undergone few significant changes over the past 10 to 15
years. Yet we have found that many researchers and industry experts envision some dramatic
advances to be made in the near future [Ibbs 85], [Thisner et al 87], [Hansen 87], [Levitt 87],
[Logcher 87], [Badger et al 87], [Ibbs et al 87], [Teicholz 87]. We have categorized these
advances into three development goals: increasing flexibility, increasing intelligence, and
increasing integration. Increasing flexibility involves enlarging the breadth of operations that
future systems can perform so that the systems will provide fuller and more generally useful
assistance to project management teams. It also refers to increasing the potential for customization
or configurablility to suit the unique and dynamic nature of construction projects. Increasing
systems’ intelligence will allow programs to perform much more interpretation of project data. By
imbuing systems with some symbolic representation of what the data mean, the potential is
introduced for using knowledge-based techniques to infer portions of the system’s data input
requirements, to perform simple but voluminous checking of input data and calculated results, and
to offer in-depth planning and decision support. Integrating systems will simplify computer use by
bringing multiple functionality into a single cohesive system, will support knowledge-based and
other “information-hungry” applications by allowing data sharing instead of data entry, will reduce
the effort and errors associated with manual information sharing, and may ultimately change the
way that project teams work.

Object-Oriented Programming

The preceding section has outlined a set of goals for future project management systems. This
proposal suggests that an object-oriented approach will contribute to the attainment of these goals.
While there are a variety of concepts and techniques that are generally associated with OOP, the
term itself is not well defined. The most general characteristic is the use of objects, which can be
thought of as a way of combining software code and data into a single “package.” From a
software engineering point of view, the underlying idea is that importance lies in whar operations
can be applied to data, not in kow these operations are performed or how the data is represented.
An abstract data type—the object—is therefore defined in which the description of its operations is
public, but the representation and implementation details are kept private. This has the effect of
localizing much of the programming detail and data control, thereby minimizing programming
complexity by reducing the code’s “surface area” [Cox 86], [Booch 91]. In contrast, OOP has
become popular in artificial intelligence work because each object can be used to represent some
object or concept in the real-world. Thus the object-oriented software constitutes a high-level
functional model of reality which lends itself well to knowledge-based processing. Finally, objects
are being embraced for some database efforts because the database manager software can treat each
object in a uniform manner, even though each object may contain very different data types (e.g.
character fields, graphics, sounds, etc.). While these are three very different uses of objects, they
are all mutually compatible and the proposed research will take advantage of each. The research is
also expected to determine the appropriate use of various other OOP characteristics (e.g.,
encapsulation, polymorphism, inheritance). In summary, the term “OOP” in this proposal refers
not to one specific definition or language (such as C++ or Intellicorp’s KEE environment), but
rather to a general body of programming techniques. Included in the research will be the
identification and clarification of those techniques that are most appropriate for the task at hand.
Section C demonstrates how OOP will be used to help attain the development goals outlined for
project management software.
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B. Objectives of The Proposed Research

The broad objectives of this research are to improve software systems’ ability to support the
practice of project management, particularly through the attainment of increased flexibility,
increased intelligence, and increased integration.

The specific objectives of this work are to develop a body of theory that describes a new,
object-oriented approach to integrated project management software systems. This new approach
is expected to offer improvements in accordance with the broad research objectives.

In addition, it is a research objective to design a set of specific software objects—or an object
model—to support the development and integration of a wide range of project management
applications. This is intended to help initiate the development of a generally accepted industry
standard object model for project management that would enable widespread exchange of software
modules and project information.

This proposal will also include the implementation of a prototype system for testing the above
ideas.

C. Overview of the Proposed Approach and General Plan of
Work

As mentioned above, the overall approach of the proposed research is to define a series of
software objects that represent project management’s basic physical and conceptual components.
These objects would then be used as “building blocks” to construct computer applications for
project management. Section E shows that this will improve the software development process,
increase the software’s intelligence potential, and greatly improve the level of integration among
applications.

This section will describe the proposed approach in greater detail, discuss the role of object
models and outline a conceptual object model for project management. The specific research
methodology is then presented.

The Object Model

The object-oriented software design process involves first identifying what software objects
need to exist, then defining what their basic characteristics must be, and finally implementing the
objects. Of course, this is an over-simplification of the process. The identification of objects must
be based on a study of the users’ requirements; objects are usually designed to represent the actual
objects (physical or conceptual components) of the problem domain. Implementation must be
followed by validation and testing. The object-oriented design process also tends to be iterative,
with rapid functional prototypes gradually evolving into final applications. However, the idea of
design as a three-step process is useful since these steps can generally be sequentially independent.
That is, the major objects can be mapped out with very little concern about the specific details of
each object or the implementation techniques. Next, each object’s detailed definition can be
designed independently of implementation issues. Finally, these definitions can be used to
implement each object independently of any others.
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The identification of the objects required in the system and the definition of the requirements of
each object constitute a design for the system (independent of most specific implementation details
but complete in terms of detailed functional specifications). This form of system design plays a
central role in the proposed research and is referred to as the “object model”. The object model acts
as the documentation of the system design from which programming efforts can proceed, much in
the way that plans and specifications for a building form the design documentation from which
construction can be performed. The object model also acts as a system road map to guide future
programmers in maintaining and upgrading the software.

For integrated systems, each individual application (or module within the integrated system)
would have its own object model. However, for integration to occur the system must be able to
translate each model to every other, must be able to translate each model to some global
framework, or must initially base each application’s model on a single global model. This
proposal strongly recommends the latter approach as the most effective for integrated systems,
with the second approach used to interface with applications that are developed independently of
the overall integrated system. In either case, the role of a generally applicable global object model
for all project management applications becomes of paramount importance for providing a central
unifying framework around which the software can be constructed. The design of such a global
object model for construction is one of the research’s main objectives. A preliminary conceptual
model has already been developed and is described in the following section.

An Object Model for Construction

Figure 1 gives an overview of a preliminary conceptual model for general project management
applications. The three main elements of this model are the libraries of general construction
objects, libraries of specific project objects, and application objects.

First, common construction objects reside in the general construction libraries. These
objects typically represent collections or categories of things. For example, they might include
libraries of resource types (including labor, equipment and materials), component types (the
facility’s physical elements), action types (e.g., Install, Form, etc.), and method types (that
identify the methods and resources needed to perform different types of actions on different
component types). A construction activity type library is derived from the component, action, and
method types. An activity type identifies a specific method type used to perform a specific action
type on a specific component type. The typical level of granularity is approximately that at which
companies might keep productivity and unit cost data. These libraries are analogous to the type of
information found in an estimating data handbook or in master job breakdown structures that many
companies use.

Second, the basic elements of each individual project are identified in specific project
libraries. These objects are typically individual members of the collections represented by the
common construction objects. These include the project’s specific physical components, the
resources used, and the specific activities involved. An activity is a specific activity type applied to
a specific component or set of similar components. Thus activities represent a basic unit of
construction action or effort. These objects would typically be organized into various breakdown
hierarchies, the depth of which is based on the detail available from or required by applications.
Therefore, while many of these objects would be of very low-level granularity and would be very
numerous on typical projects, they would represent little more information than is necessary to
perform typical project management functions (e.g. Primavera requires definitions of activities, the
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Figure 1: Overview of a conceptual object model for general project management applications. For
each of the three main object groups, the figure shows examples of typical classes (definitions or
templates for collections of like objects), corresponding typical objects, and typical relationships
between objects (these are shown as generic undefined relationships at this level of detalil).

associated resources, and cost codes in order to perform basic CPM scheduling with resource
leveling and time-cost progress reporting). Furthermore, these low-level objects would usually be
completely hidden to the users who interact with the applications that generate and utilize these
primitive objects rather than interacting with these objects directly.

Third, specific project management applications involve objects that generate, refine, or
utilize the basic primitive project elements. For example, an estimating system might be used to
generate the project elements. For each item in the estimate, the estimator must select an activity
type in order to get unit prices and must identify specific components (by component type,
location, and quantity or specific enumeration) so that it will be clear what is being measured. The
estimator must then measure these components’ dimensions and calculate the costs. In the
proposed estimating system, the estimator would select the activity types and component types
from the standard libraries. This would lead to the automatic generation of components, activities,
and resources as well as the automatic calculation of the items’ costs. The links between the
estimate items and the activities will allow mapping to budgets and schedules. Alternatively, the
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activities could be generated by the scheduling process or directly from a CAD model of the
project.

It can be seen that this model incorporates both the standard data types used by traditional
project management software (e.g., estimate line items or CPM scheduling activities) and the
representation of basic construction primitives (e.g., resources or construction activities! that are
needed for applications such as knowledge-based reasoning. The basic construction primitives
also provide the common ground through which each application’s data can be tied together. This
model could be used for programming a single application (e.g., for a scheduling system,
construction activities would “collapse” to scheduling activities and the system would need not be
much different than traditional stand-alone scheduling programs), but it could also be scaled up to
support a very wide range of different applications (in which case each application would manage
its own links to a central body of information that existed independently of any one application.

The above description of an object model for project management is intended to provide a
general overview only. The objects mentioned are approximately those that will be required, but
no detailed definitions have been given. The actual model resulting from the proposed research
will consist of very detailed object definitions that include full descriptions of each object’s
purpose, descriptions of all the object’s attributes and relationships, and full documentation of the
methods that the object must have. The model will also include documentation of conventions for
using these objects to build applications. It is expected that the general model will include
definitions for several dozen main object types, with heavy subclassing of certain objects (for
example, the object representing “resources” will be subclassed to represent labor resources,
materials, equipment, hoisting equipment, tower cranes, etc.) resulting in several hundred objects
total.

Research Methodology

As shown above, the general approach and conceptual layout for the proposed research is
already underway. This work has been performed with funding from a CIFE seed research grant.
While the work to date has confirmed our expectations about the validity of the proposed approach,
the CIFE grants are available for seed purposes only and it is time to expand this project. The
following research activities have been pursued to date:

1. Investigation of goals for future project management software: In order to
help focus the research efforts, a study of current project management software’s
shortcomings and of the expected and desirable directions of future advances has been
made. As stated in Section A, these development goals can be summarized as increased
flexibility, increased integration, and increased intelligence. This study’s results are
discussed in more detail in [Froese & Paulson 90] and [Froese & Waugh 91].

2. Review of object-oriented programming: Object-oriented programming is a large,
ill-defined, and rapidly advancing field of study. The proposed research is not intended to
make significant contributions to the object-oriented programming field in general, but
rather to use this technology to make contributions to the field of project management

1 Here, “construction activities” is a more general term used to represent any form of construction effort w}}ile
“scheduling activities” typically implies a temporal view of a work package of a certain level of granularity or
scope.
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software. To this end, the current state of object-oriented programming has been studied
and new developments in the this field will continue to be monitored.

3. Basic conceptual design of overall approach: The basic approach to improving
project management Systems using object-oriented technology has been mapped out and an
initial conceptual object model has been designed. These have been outlined above.

The following activities are proposed for the continuing research:

4. Design of a general object model: The design of a general object model for project
management will be completed. This will include identifying what objects will be
required, how these objects will interact with each other, and how the objects are to be
used to construct applications and to communicate between different application modules
in integrated systems. Details such as object messaging standards, storage of objects, etc.
will be worked out and documented.

5. Detailed design of core objects: Once the object model has been thoroughly mapped
out, the detailed design of each object in the model must be performed. This stage will
involve designing functional specifications for the attributes, relationships, and operations
that are required for the objects.

6. Creation of sample applications: The object model design will include conventions
and guidelines on how to use the general objects to construct project management
applications. Several such applications will be produced in order to thoroughly test the
proposed approach. It is expected that as a minimum, application modules will be
constructed to perform general browsing and editing of the object libraries, project
estimating, project scheduling, and some simple expert systems functions. The intended
platform for this implementation is the NeXT computer. Figure 2 shows sample screens
from an object-oriented CPM scheduling system that has been previously implemented and
can be slightly modified to act as a scheduling module for the integrated systems. An
object library browser module is also under development for creating, viewing, and
editing the various object libraries. In this stage, the prototype system will also be linked
to the existing KADBASE and OARPLAN systems developed by other CIFE researchers
(see Section D).

7. Documentation: Because the proposed object model is intended to be used as a
framework by various software developers who were not involved in its development, the
approach cannot succeed unless the results are very well documented. An emphasis will
therefore be placed on fully documenting all objects as they are being designed and
implemented. Object documentation should convey the overall organization of the objects
in the model, the specific details of each object, and the conventions and guidelines for
using the objects. For this purpose, formal design representation and documentation
techniques will be used that will include both graphical and textual components [Booch
91] and, if possible, will be delivered in an on-line, hyper-text type of environment.
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Figure 2: Sample screens from an object-oriented CPM scheduling program developed by T.
Froese on the NeXT computer which will be incorporated into the proposed integrated
systems.
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8. Investigate future potential: The long-term vision behind this research, provided that
the proposed approach can actually offer the expected advantages, is to move towards an
industry standard set of general project management objects. Any programmers could
make new or revised objects available for others to purchase; any application developers
could use these generic objects to construct new systems; and all applications would be
able to interact through the standard object breakdown. This vision is far beyond the
proposed research’s scope, yet the possibility of and the best path towards such
capabilities will be investigated.

9. Publications based on this research: i) Papers. We will help disseminate the
results of this research through appropriately placed articles and conference papers. i)
Interim and Final Reports. We plan to prepare reports on this project for distribution to
interested researchers and practitioners at the end of the first and second years.
Furthermore, the results will be disseminated, and the reports distributed, through the
Center for Integrated Facilities Engineering.

D. Relation to Present State of Knowledge in Related Fields
and Interaction with Other Researchers

The proposed research builds upon several areas of study. The work relies heavily on the
underlying concepts of OOP (as outlined in many references such as [Cox 86] and [Booch 91]) but
is not tied to any specific research thrusts in this broad and quickly advancing field. This projectis
more closely tied to data modelling work, particularly in related domains such as building design.
Several data modelling efforts ([Abdalla 89], [Lavakare and Howard 89], [Baugh & Rehak 89])
have been studied during this proposal’s development and progress in these areas will continue to
be monitored. A wide variety of object-oriented and knowledge-based project management
software projects have much to offer for suggesting representation approaches for project
information. These include [Darwiche 881, [Levitt & Kunz 87], [Ito et al 89], [Axworthy 89],
[Kartam 89], [Tommelein 89], [Waugh 90] at Stanford and [Logcher 87], [Cherneff et al 89],
[Abu-Hijleh and Ibbs 90], [Best & Inkpen 90], and [Kellett et al 90] elsewhere. The main
increments that the proposed work offers over these systems are the overall generality of the basic
representation and the resulting potential for integration. Finally, some initial work has been
performed previously on object-oriented integrated project management systems [Grobler 88],
[Grobler & Kim 89]. The proposed approach is similar, but will attempt to go into much greater
depth in designing specific components of a common object representation for project
management.

This research has close ties to several projects ongoing within Stanford’s Center for Integrated
Facilities Engineering (CIFE). The proposed research will draw upon data modelling theory
developed by Prof. Craig Howard and other CIFE researchers [Howard et al 90] and, in return,
will attempt to contribute a construction perspective to their larger project data models. The
proposed research will also benefit from numerous projects studying knowledge-based
construction systems [Darwiche 88], [Ito et al 89], [Axworthy 89], [Tommelein 89], [Waugh 90].
These systems will be studied to find common themes in the models they use to represent
construction environments. Specific plans include linking the proposed integrated project
management system with the OARPLAN knowledge-based schedule generation system [Darwiche
88] through the KADBASE intelligent data exchange system [Howard & Rehak 89]. More
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generally, the proposed research directly supports CIFE’s mandate of exploring technologies that
will help increase integration in the fragmented engineering and construction industries.

The proposed research has evolved, in part, from recent work by the principal investigator,
along with L. Chua and others, in areas of general intelligence for future construction robots,
specifically in representation issues for construction knowledge [Paulson et al 89], [Paulson,
Froese and Chua 89] [Chua 90]. Since it will lead to a general symbolic model of the construction
domain, the proposed research will be useful for ongoing efforts in representations for intelligent
automation. Also, concurrent research by the principal investigator and H. El-Bibany is underway
in the area of managing the constraints that would be imposed by various parties on a shared body
of project-specific information (e.g., a shared project database) [El-Bibany et al 90]. This
constraint management project could provide an important piece of the underlying technology that
would eventually be required for supporting large integrated object-oriented systems.

In addition, several meetings have been held with researchers at the University of California,
Berkeley, in hopes of establishing a mechanism through which any researchers in the area of OOP
for project management and construction applications can exchange both general ideas and specific
software objects. Finally, the potential exists to offer the resulting object model as the basis for an
industry information exchange standard through the PDES/STEP project. This possibility will be
evaluated after the model has been developed and tested.

E. Significance of the Research

Advantages of the Proposed Approach

The proposed approach of creating a series of general project management objects to use as a
basis for constructing application software offers the following advantages:

1. Simply by using OOP, the software development process is expected to become more
efficient. OOP offers several advantages such as more rapid and easily extendible
prototyping, shorter development times, greater system modularity, greater code
reusability, and easier system upgrading [Cox 86], [Booch 91].

2. In addition to the software development advantages offered by OOP in general, the use of
a general object model will minimize future software development effort since the general
framework and much of the common code will already exist.

3. 'The flexibility of the project management software is expected to be increased in several
ways. The high degree of encapsulation (or hiding of the representation and
implementation details) means that each portion of the system is less dependent on
assumptions about how other parts work. This decoupling of components makes it easier
to provide the user with more control over each portion of the system. Similarly, the high
modularity will improve the software’s customization capability since specific objects can
be replaced to change certain characteristics with no effect to the rest of the system.
Finally, the increased functionality (see 4 and 5 below) makes it more likely that the
system will be able to support users in the ways that they wish to work, rather than
forcing them to follow some specific routine.
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4. System integration will be greatly increased because the various applications will all be
constructed around a common view or schema of the domain, as well as physically
sharing common software objects.

5. The potential for adding system intelligence is improved since the basic representation is
made up of a symbolic model of the real world domain (i.e., a model-based
representation) and because of the breath of data available to information-hungry
knowledge-based applications through the integration mentioned in item 4. Furthermore,
knowledge-based systems’ accessibility and acceptance can be improved by merging them
with more traditional applications in a single integrated environment.

It is expected that the advantages outlined in item 1 alone will lead to extensive use of OOP for
software development efforts. However, items 2 through 5 represent much more fundamental
changes to the way that computers are used to support project management. These changes will
not come about by the use of OOP alone, but only if a significant effort is devoted to designing a
common framework that can be shared by all applications. This is the purpose of this proposed
research.

Deliverables and Contributions
The deliverables and corresponding contributions of this research will be as follows:

1. A body of theory describing an overall approach to using OOP for integrated project
management software: As described above, the proposed basic approach is expected to
offer many advantages for the development and the performance of project management
software.

2. A general object model for project management: This will include an overall layout of the
objects involved, detailed object designs for all major objects, and descriptions of usage
guidelines and conventions. This model, delivered in the form of full graphical and
written documentation, possibly as an on-line hyper-text reference, and as an implemented
set of software objects (see number 3 below) will have many uses. It will provide a
formal language or vocabulary for expressing issues related to computer applications for
construction (e.g., documenting algorithms, structuring relational databases, or creating
inter-application communications). It can be used directly as the a central software core
around which new object-oriented applications can be constructed and through which
various applications can be integrated. By proving such a model’s utility, it may
contribute to the eventual establishment of industry data or object model standards.
Finally, at a level distinct from computer applications, it will offer insight into what the
fundamental informational elements of the project management process are.

3. Implemented general object libraries and specific applications: The proposed object
model’s implementation will provide a platform for extensive experimentation of the
approach. The system is also expected to act as a software foundation upon which future
project management research systems can be constructed.

Note that in the proposed objected-oriented approach, there is less separation of data
representation and data processing that there would be, for example, in a large relational database
for project management information. The proposed data model is both a representational
framework and a central architecture for the object-oriented programs that utilize the model. Yet
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the focus of this work—creating the overall layout and the application-independent common
objects—deals much more with representation than processes. Thus the resulting system will not
have extensive functionality beyond the sample applications, though it could be used to construct
or to integrate virtually any conceivable project management application.

The short term significance of this research will be to demonstrate the effectiveness of the
proposed object-oriented approach for creating applications in general and for enabling inter-
application integration in particular. Once this has been established, the resulting object model and
implemented object libraries will provide a framework for the design and construction of a wide
range of new applications. In the long term, the proposed research could contribute to the eventual
establishment of industry-wide standards for the way that objects are used for project management
software (possibly through the PDES/STEP or similar efforts [Warthen 88]), universal data
exchange capabilities, fully modular software components, and successful integration of Al
programming into common usage. While the full achievement of these goals lies far in the future,
it is hoped that the proposed research could make a preliminary contribution in this direction. The
overall impact would be significantly better project information, communication, and decision
support systems; thus reducing errors and uncertainty while improving efficiencies in the project
management and construction industries.
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