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ABSTRACT

Hybrid Expert System Concept for
Construction Planning and Scheduling

Matthew J. Nicholas
This thesis presents an integrated sofiware approach to the
development of a computerized knowledge based system for
construction planning and scheduvling. The concept is
proposed to make available, the experiential knowledge 1in
construction planning, and to enhance currently available
project management software and other computing methods.
The system, ESCHEDULER, which is developed as a proof of
the concept, integrates through an expert system building
tool (ESBT), a relational database, knowledge base and its
control functions, a traditional network analysis software
and interfacing programs written in Fortran language. The
main program 1is written in the language provided by the
ESBT, and DOS batch commands control the process of
consul tation and integration. This prototype system uses a
micro-computer based hybrid artificial intelligence (Al)
environment and has some interesting features: the
determination of job logic for the activities entered
through an end-user interface and a set of stand alone
nested expert system modules to modify activity duration
with respect to different site conditions. At the end of the
consultation, ESCHEDULER prepares a realistic ‘'as possible’
schedule. This system can successfully be applied to other
domains in construction management and its modular

architecture allows further enhancement and expansion.
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CHAPTER 1

INTRODUCTION
1.1 History Of Scheduling
No one really knows for sure when the concept of planning
and scheduling activities began. Prehistoric man would have
used sunset as the appropriate target for returning to his
cave, thus setting a schedule for himself. Earliest
civilizations of the east were known to have used the
movement of planets to schedule their work. Today we are
forced by the complexity of moderm living to draw up
elaborate scnedules and communicate them to others in order

to carry out several functions and to accomplish pre-set

goals.

It was not wuntil the turn of the century that some
fundamentals were developed to systemize scheduling
techniques. During World War I, Henry L. Gantt developed a
display for production control which is commonly known as
bar chart, upon which time points were indicated. Thas
device has continued to be one of the most direct and easily
understood methods for expressing project schedules. The
demand created by the advances in mechanical and electrical
systems of the building urged construction industry to use
new materials and equipment produced by other industries.
Since then, it became extremely difficult to maintain the
schedule and to coordinate activities. Schemes were deviced
to show more of the interaction between different elements

of the work and their dependencies.
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evolution of project scheduling tools, involving

dependency among activities, had their origin in two

parallel

problems of project control. In one case the U.S.

Navy was instrumental in developing a method referred to as

‘Pragram

Evaluation and Review Technique’ (PERT) to help

coordinate and control their contracts on the Polaris

Missile Program. This method, developed as an event-oriented

considers work tasks as definitive statements that

must be completed in a step—-by-step procedure. PERT involves

a probability approach to time, and :is used most often where

history concerning the scope of work exists. The other

method to handle the problem of project control was born out

of construction industry.

1956, complexities of construction work for chemical

led to the research for improving, planning and

scheduling of construction. This research, by Morgan Walker

Pont and James E. Kelly of Remington Rand Corgc.,

presented the concept of network planning and the initial

mathematical theory upon which the Critical Path Method

({CPM) was based (Harris, 1978). Since then, there have been

many variations to this method. It soon became apparent that

network-based systems would require a greatly

increased capacity for computation. In 19467, Dr. John W.

Mauchly,

a director of UNIVAC at that time, joined with

and Walker to adapt the technique to digital

computers. This resulted in completion of a project well

ahead of the schedule (Bent, 1989).




1.2 Use of Computers

An opportunity wunparalleled in the short history of
constructiorn management concept began three decades ago with
the above introduction of digital computers to perform
network solutions for planning and scheduling of
construction projects. In the &60°'s, when computer costs were
very high, most computer vendors provided some form of
network-based scheduling sottware with their systems. While
these systems did perform an otherwise impossible task, they
were often controlled by rata processing departments and
were almost mainframe arnd batch-oriented, leaving project
managers both physically and organizationally isolated from
their wuse. Furthermore, these computers were large and
expensive and demanded environmental conditions of thear

Own 1 4

Now, the advances in computer hardware, computcr software,
and engineering methodologies have led to an increased use
of computers by construction personnel. Complex project
efforts can now be planned, monitored and controlled more
productively than ever before without a large data
processing budget and expensive computers. The current
micro-processor technology has effectively placed a
mainframe on a micro chip. The introduction of the 16-bit
machines along with the decreasing price of micro-processors
have enabled small construction companies to enter the
computer age (Moselh:, 1988). Today's personal computers

(PC) and their associated peripherals no longer require an



air—-conditioned environment; they are small, rugged devices

that can easily be accomodated in a normal site trailer.

However, in the realm of construction management, the use of
computers has been 1limited almost exclusively to
algorithmic solutions such as time analysis routines for
CPM networks, critical path identification and float

calculation methods, resource levelling and time-cost trade-

off techniques. These applications are limited by
deterministic rather than stochastic process and by
precisely and gquantitctively represented information,

whether input or output.

1.3 Planning in Practice

Construction planning and scheduling is a very important
task in the management of construction projects. Current
construction planning ielies upon manual formulation of
nlans and 1is usually performed in an intuitive and
unstructured faspion with considerable reliance on
engineering judgement. The need for engineering judgement is
necessitated by the uncertain but predictable variables
which dynamically affect the work tasks. Assessment of their
impact is a complex problem, since they are dynamic in
nature and dependent on the project conditions, location and
the calendar dates when the activity will be worked on.
Hence many problems in construction planning and scheduling
are not amenable to purely mathematical or algorithmic

solutions provided by CPM in traditional computerized




systems. But if planning is carried out with reasonable care
in a realistic manner, the resulting CPM schedule can be
used both as a communication and control tool and as a legal
document for assessment of delays and change orders
(Galloway and Nielsen, 1981). The method which wuses
experiential knowledge and judgement to schedule a project
is simple, strong, realistic, optimally cheap to use, but
unfortunately not written down (Birrel, 1980). In order to
manage the non-deterministic character of construction,
there is a need to develop a programming environment that
can incorporate engineering judgement and experience along

with the algorithmic methodology used in CPM.

Hence, attention is now being focussed on the logic based
computer systems as a means of deriving the human expertise
and judgement. A shift is also deemed important from "black
box" methods which work to some extent but are not fully
understood by the end user (Beeston, 1983) to methods whach
are more explanatory and logically transparent. The emerging
field of Artificial Intelligence (Al) provides such a

programming methodology.

1.4 Computer - An Emulator

"A human investigator is placed in an isoclated room. A
teletype exists in the room, and by using it, he can
communicate with a computer and with another human, both
lo>cated in the next room. The interogator asks them each
some questions, and then must guess which is the human and
which is the machine. If we can program a machine in such a
way that it fools the interogator into making the wrong
identification at least 50 percent of the time then we shall
say that the machine (as programmed) is "intelligent”.
(Lenat, 1978)



Emulation of human thought process in computers, referred to

as Expert Systems (ES) in Computer Science terminology,

belongs to the field of AI, whose beginning as an academic

discipline can be traced back to the late 50°'s. Most of the

Al research since then has been focussed on duplication of

human thought processes. Now they have emerged as practical
problem solving tools that can reach a level of performance
comparable to that of a human expert in some specialized
problem damain. They are called Knowledge-Based Expert
Systems (KBES) because their performance depends critically
on the knowledge of experts stored in the system in the form
of facts and heuristics. For the purpose of this work both

KBES and ES are used in the same sense.

KBES provides a means to solve i1ll-defined problems where
stringent mathematical relationship can be hard to arrive at
and that demand considerable expertise. Since KBES provides
a flexible software development methodology by separating
knowledge from inference, considerable interest is beang
shown by both academic and engineering communities. KBES was
categorized as one of the crucial research needs and the
most promising direction for computerized construction
applications in a research workshop Jjointly sponsored by the
University of Illinois and the U.S. National Scaence
Foundation in 1985 (lIbbs, 198&). During the last few years
several KBES in the area of construction engineering and
management have bern developed or are being under

development (Levitt, 1987). There are few notable systems




for construction planning and scheduling, reported in

various literature.

1.8 8cope and Objectives

The objective of the thesis is to utilize the emerging field
of expert system technology to solve a number of problems in
planning and scheduling construction projects and to develop
a prototype expert system in the above field of application.
The system will provide an efficient and economical
architecture which will be easy to implement and be able to
incorporate available and widely used computing methods.
This flexible architecture will strike a balance in the
integration of expert system technology with software
systems currently available in the construction industry. A
natural evolution of the system into an overall construction
management tool will also be possible by enhancing and
adding new knowledge bases to it and 1integrating more

traditional computing methods.

The primary objectives of this study are to:

1. identify the inadequacy, generally associated with
currently available computerized scheduling systems.

2. present the concept and discuss the structure and
organization of KBES for construction planning and
scheduling.

3. develop a prototype KBES as a proof of the above concept.

The scope of this study is limited only to method-related

time analysis of construction planning and scheduling of
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building projects, albeit the concept presented can be
expanded and applied to cover other areas in the management
of construction projects. The system developed can be
utilized to set the precedence among commen activities
encountered in a building project and to modify the
unimpacted duration of activities with respect to expected
conditions at construction site. It can be further enhanced
and expanded to contain more of the valuable industrial
heuristics which could be elicited from expert construction

personnel.

1.6 Methodology

Upon an in depth review of literature on planning and
scheduling tools, including text books (Barrie and Paulson,
1984; O'Brien, 1978; Willis, 1986) and articles, their
advantages and the inadequacies in their applications to
projects were noted. Hands-on experience was gained with
currently available software for praoject scheduling

tm tm tm tm

(Primavera , Promis , Timeline and Workbench ) which

were made available at the Centre for Building Studies,

Concordia University.

Concerning the Al preparation, it was felt important to
understand the basic principles and the Jjargon of
application (Harmcen and King, 1985; Waterman, 1983) befare
embarking on the proposal of a feasible concept. Evolution
of the concept was strictly based on enhancing the existing

project scheduling systems. Many expert system development



environments were evaluated to identify the most appropriate

tool, for the concept proposed.

First pass at the knowledge base was made by studying a
number of text books on planning and schedulimng at wvarious
levels of the corstruction process. Schedules prepared by
contractors were <craitically analyzed to build up the
knowledge base. Later literature on productivity at job site
were perused to identify the major factors that affect
productivity levels, and to extract the necessary knowledge.
As the development of the prototype is basically a 'proof of
concept’ and the study is of academic nature efforts were
concentrated on developing the basic system architecture
which is easy to expand, rather than on increasing the size
of the knowledge base, incorporating industrial heuristics.
Attempts were also made to validate the prototype and to
explore the applicability of the system in other problem

domains.

1.7 Organization of the Thesis

Several topics in construction planning and scheduling are
discussed and the need for a programming environment, to
supplement current algorithmic solutions, 1is emphasized in
Chapter 2. A review of several KBES under development for
construction planning and scheduling is also included in

this chapter.

A conceptual model of an integrated software approach for

planning and scheduling is presented in Chapter 3. This
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chapter also deals with Expert System Building Tools and the
criteria for the selection of an appropriate environment to

implement systems for construction scheduling.

In Chapter 4, the prototype KBES, ESCHEDULER is described
and the structure and contents cf the knowledge bases are

presented.

An example application to illustrate the essential features
and capabilities of ESCHEDULER is presented in Chapter 8S.
Efforts made to validate the system and its applicability in

other problem domains are also discussed.

Conclusions and recommendations for future work are included

in Chapter 6.

10




CHAPTER 2
CONSTRUCTION PLANNING AND SCHEDUL ING

2.1 Introduction

Planning and scheduling occupies a central position in the
function of any project manager. Planning which is to be
useful for a project in the future has to be a forecast of
the best way to successfully complete the project. What the
term planning connotes has been the subject of lively
debates. It is basically a decision making process performed
in advance of action which endeavours to design a desired
future and effective ways of bringing it about (Laufer and
Tucker, 1987). A good planning and scheduling effort
primarily answers the following questions: what? (tasks),
how? (methods), who? (resources), and when? (sequence and

timing). It should provide easy to understand and clear

methods of communication.

In construction, planning and scheduling process involves
the definition of tasks, the choice of construction
technologies, the estimation of duration, resources and cost
for individual tasks, and the preparation of project
srhedule. It 1s both crucial and challenging in the
management of construction projects (Zozaya et al, 1988). It
is crucial to the eventual success of a project because
control and monitoring are based on a particular project
schedule. Poor schedules can easily result 1in large
construction delays and cost increase. Similar effects may

be obtained because of inappropriate or inconsistent

11



decisions concerning the method and technologies to be used
when performing the tasks. It is a challenging process
because planning is concerned not only with the generation
of a feasible schedule, but with the formulation of a good
one. There may be numerous constraints that complicate the
planning process such as those related with completion time
of the tasks, availability of resources or limitation on

project budget.

The purpose of this chapter is to analyze the construction
planning environment and the role of computers in preparing
a project schedule. This chapter also identifies the
inadequacy generally associated with current computerized
scheduling systems. The application of ES, the new
methodology developed to take care of the inadequacies, and
the advantages in its application to construction industry
are briefly discussed in this chapter. The computerized
systems developed by various researchers, making use of this

emerging technology, are also reviewed.

2.2 Planning Tools

It is reported that planning has been rated as the most
important factor for productivity improvement, 1i1n a study
conducted at the Illinois Institute of Technology (Ardita,
1985). Time planning 1is the primary focus in most
construction companies as to a great extent, cost of a
construction project depends on project duration (Ahuja and

Nandakumar, 1985). Normally, planning and scheduling of

12




construction projects are being performed using network
techniques. Over the last three decades, netwark planning
has evolved as a modelling tool of construction activities.
There have been various presentations of netwarks for
various uses, and the construction industry has tried to use

CPM and its variations in scheduling activities.

Even though CPM has been used for over three decades, its
progress in the method of application and its success has
been limited. One survey 1involving large construction
companies has shpwn that only 154 of the users of network
techniques deem them very surcessful (Davis,1974). Another
similar study found that only 43/ used CPM effectively
(BRT,1983). In small construction companies the situation is
even less encouraging, as one study indicates, that only 10%
attempt to use CPM (Waddill and Meyes, 1986). Failure of the
majority of construction contractors to fully use CPM
exposes that there is some fundamental failure in the method
of application of CPM network technique. The reasons for
the limited effectiveness of CPM have been discussed

extensively in the literature (Birrel,1980; Erskin-

‘Murray,1972; Fondahl, 1982; Jaafari,1984; Mason,1982; Mason,

1984; Parsons, 1983; White,1985). The following section will
discuss the inadequacies of CPM which are relevant to the

thesis.

In vuvrder to prepare a CPM network, it requires activity

identification, duration of individual activities and their

13



logical relationships. Knowledge, both of construction
methods or constructibility and of project management is
required to prepare the above. In preparing a list of
activities to accomplish a project, and in deciding on the
duration and the logical constraints for each activity, a
scheduler, who is generally assisted by a team of
experienced construction personnel, draws on knowledge of
the resources that will be consumed by each activity in the
project, such as time, cost and revenue availabilty and
other physical constraints which might influence the timing
or the duration of activities. And finally, bhe draws
knowledge on the potential effects, both favourable and
unfavourable, that numerous internal and external risk
factors could have on the duration or resource consumption

of the activities to be performed.

Once prepared, a CPM network will include all the above
mentioned knowledge aimplicitly. However, only the end
results of the initial schedule analysis - the activities,
their durations, logical dependencies, and resource
requirements - are prepared and captured explicitly in the
CPM network (Levitt and Kunz, 1985). The expert’'s knowledge
about the task domain that was employed during schedule
creation is unavailable subsequently for use by other
members of the project team in interpreting interim project
performance or in updating the project schedule. The
inability to represent or explicitly incorporate and later

use the construction task knowledge is one of the major

14
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reasons why the .. technique is considered as a deficient

planning tool (Birrel, 1980).

2.3 Computerized Scheduling

Network-based project planning techniques have become
indispensable as aids in planning and scheduling projects,
especially after being computerized (Levitt et al, 1988). In
u.S., engineering consultants and construction companies are
required to demonstrate the ability to use computerized CPM
scheduling to qualaify for jobs (ENR, 1988). Today there are
a plethora of project scheduling software systems, and
according to a survey reported in 1984, over 200 of Lhem
are available in the market (Stepman, 1986). These systems
perform network analyses and incorporate sophisticated
techniques such as resource levelling, time-cost trade-off
and multi-project scheduling. These software use database
management systems for reporting. Though these saftware avre
extensively used, they are, generally, given lukewarm

welcome by the construction industry.

The intrimsic domain knowledge is not captured by any
traditional computer software that support project
management, such as software using CPM technique. They
merely carry out computation on the data provided by the
human expert. As mentioned before, limited ability to
rep;esent and use construction task knowledge which has been
acquired over years of experience, is the major reason why

traditional computer programs are deficient and inadequate

15
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as real planning aids. They have no capability to plan, and
to generate project schedules. These software request the
same data that are required by the CPM network and process
scheduling data that have been fed to them. These data have
to be prepared by human experts and hence, are the product
of experience, enginzering judgement and rules of thumb,
which are so prevalent in the construction industry. These
limitations 1in traditional software result in the need for
repeated input of high-level expertise to adapt and modify
plans as project conditions change. No matter how pure the
theory of scheduling is, construction planning must always
rely on the people portion of the equation (Ashley and
Levitt, 198B7). The experience of the "old hands", plays an

essential role in successful construction planning.

Even though there are formal techniques available from
operations research or other disciplines whach could
potentially help in solving many of the types of problems
aoutlined above, acauvisition of meaningful data to use 1in
such formal models is extremely difficult. It was identaified
that heuristic methods and not integer programming tend to
show some promise in giving good results (Crowston and
Thompson, 1967). Heuristic methods are procedures that are
very valuable but incapable nf proof. Furthermore, many of
the decisions in planning and scheduling have to be made
fast and involve managerial input which may not be
available on time. All these factors tend to promote the

value of knowledge, based on experience which can be used to

16




select valid analogies from prior experience and to
recommend suitable action plans. Hence, computerized
systems should incorporate the experiential knowl edge
referred to as 'heuristics’ to become successful planning
aids. The costs of inaccurate construction schedules
provide the necessary motivation among the construction

community to develop such intelligent computer systems.

2.4 Knowledge Based Expert Systems
In recent vyears, knowledge-based expert systems have
received considerable attention among professional and
academic groups. The attention can be attributed to the
advertisement of a few relatively successful expert systems
and the great potential for the development of more
successful applications (Maher, 1987). All this attention
did not delineate the definition of an expert system.
"Expert systems are interactive computer programs
incorporating Judgement, experience, rules of thumb,
intuition and other expertise to provide knowledgeable
advice about a variety of tasks ".

(Gashnig et al, 1981)
The most descriptive term would be knowledge based expert
systems. The term ‘"expert system” was coined by Al
researchers and refers to a system which seeks to emuiate
the reasoning capacity of an expert in a particular field of
expertise. This defipition 1is most popular and well
accepted. These programs can be used to advise, analyze,

categorize, communicate,consult, design, diagnose, explain,

explore, forecast, form concepts, identify, interpret,
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justify, learn, manage, monitor,plan, present, retrieve,

schedule, test and tutor (Michaelson et al, 19895).

Expert system technology comes from a branch of computer
science that is referred to as Artificial Intelligence (Al).
NI ie concerned with a broad range of topics that are
related to simulating human intelligence in a computing
machine. Expert Systems are a result of many years of
attempts to simulate or reproduce intelligent problem
sol.ing behaviour in a computer program. The basic
components of an expert system (Fig. 2.1) are knowledge base
which may be regarded as a repositary for expert knowledqge
and inference mechanism, a dynamic decision making function
af the system. Other components include an input/output
facility which allows the user to communicate with the
system and a knowledge acquisition facility which allows the

system to acquire further knowledge from domain experts.

The early expert systems were developed using conventional
programming techniques, such as sequential execution of
program statements, because those techniques were available
at that time (Maher, 1987). Other praogramming techniques
have since been developed, largely due to the experience
gained in developina MYCIN (Buchanan and Shortliffe, 1984)
and similar expert systems. These other programming
techniques, usually referred to =s expert system techniques,
include .elaxing the sequential nature of the computer

program which use mathematical algor-‘thms, and providing
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facilities for separating the problem solving strategy from
the knowledge about the problem itself. It can handle
incomplete data by making inferences from programmed rules
in their knowledge base. The separation of knowledge from
the inferencing process may be considered as a major break
through, which brought in attention from professional groups
who were otherwise depending on the traditional, sequential
programming techniques. Table 2.. (Maher, 1987; Wol fgram et
al, 1987) lists some of the distinguishing characteristics
of conventional programs and expert systems. Even though
some of the characteristics, such as interaction, and
containing rules of thumb may be found 1in conventional
programs, they do not r~ake them expert systems as the
inferencing process is intertwined with the knowledge or the

data required in traditional programming.

Experience combined with subjective and qualitative
judgement provides the essential starting point for a
successful project scheduling engineer. Hence it is no
surprise that attempts are being made to show the
applicstility of ES technology in this field. Al techniques
provide new means to represent, and reason with, knowledge
about project planning. These techniques permit computers to
generate project schedules, not merely to perform numerical
computations associated with network solutions. Al planning
systems can handle the uncertainty involved in the content
of the project. Al techniques offer the potential to create

rich and easily understood representation of important
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knowledge involved in the project planning process, and are
capable of reasoning about actions to generate schedules.
They enable Al developers to capture, build and enhance on
the experience gained in construction which could otherwise
be lost in time due to the cyclical nature of the

construction industry.

ES provides many advantages to construction firms (Finn and
Reinschmidt, 1986)Y. A statement has been made by some
observers that an ES could increase a person’'s productivity
ten times (Seaman, 1984). These systems allow for
distribution of expertise such as the knowledge and logical
processes that are known to experts. Hence, one can profit
from the knowledge base gained through expert understanding
of the field and be capable of using this systematically to
provide practical and logically coherent solutions. Through
the distribution of these programs, a greater degree of
cunsistency can be achieved and maintained. Higher accuracy
and perfaormance levels can be attained due to a continuous
availabilaty of high 1level knowledge. This high level
knowledge can be made available on a twenty—four hour a day,
seven day a week basis. It reduces overall cost and
eliminates time-delays incurred as a result of the expert’'s
prior or alternate commitments. Immediate access to expert
knowledge can reduce down-times for machinery and non-
productive time for labour. Incremental growth and
improvement of the system can be achieved through the

experience of multiple users. The capability to incorporate
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feedback from the wusers can be used to improve the

performance of the ES.

2.9 KBES for Construction SBcheduling

Knowledge based expert systems for scheduling have been the
subject of considerable research at many universities and
research organizations., In the past two years, the level of
interest expressed towards this topic has been on a steeply
rising curve. Planning has been a part of Al research since
the early 1940s. However, work directed at construction

project scheduling is fairly recent.

In the literature of AlI, numerous papers have addressed the
general problem of planning, relevant to project management,
although not necessarily in construction. The most common
application has been to the achievement of desired goal
state given initial conditions. Input to the plannang
system consists of an initial situation, a goal situation
and a series of potential actions defined with
preconditions. The preconditions for each action must be
true before executing the action and the effects of the
action on the global state are also stated in this system.
In the final plan that is generated, the anput and tne
output situations of the operations are compatible, and the
operations represent a transformation from the 1initial
situation to the goal situation. The most common application
area of this means—ends approach has been in the realm of

planning movements of blocks (e.g.,single robot stacking
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blocks on a table or moving objects through a series of
rooms connected with doors) to achieve desired goals (Levitt

et al, 1988).

While the Al based classic planning systems such as NOAH
(Sacerdoti, 1975), NONLIN (Tate, 1977), DEVISER (Vere,
1983), and CALLISTO (Sathi et al, 1986) offer some useful
conceptual tools, they have significant limitations for
construction planning. These systems generally incorporate
only a relatively small number of well-defined, repetitive
tasks whereas construction requires numerous distinct tasks
for completion. Fur ther, construction projects have
relatively small number of repetitive tasks and encounter
many constraints such as the impact of the productivity-
related factors which are not considered in these systems.
Construction planning is highly knowledge intensive, so
explicit use of expert knowledge is required in the planning
process to determine the sequence and relationship among
various tasks. Finally, the large size of construction
planning problems suggests that efficient algorithmic
scheduling tools may be more desirable than relying entirely

on heuristic methods (Hendrickson and Rehak, 1987).

Over the past few years, interest is being shown by the
civil engineering research community in the development of
knowledge-based expert systems for various aspects of
project management. A number of researchers have theorized

how expert systems might be structured, and usefully applied
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in the field of construction (Avots, 1985; McGartland and
Hendrickson, 19853 Rounds, 1986; Warzawski, 1985). Levitt
(1987) provides a general review of the research in
progress. Systems for schedule updating (lLevitt and Kunz,
1985), schedule analysis and evaluation (0O’'Connor et al,
1986), activity duration estimation (Hendrickson et al,
1987), construction planning (Hendricksom et al, 1987a),
prediction of cost and time of constructiorn (Gray, 198&6) and
project network gemneration (Navinchandra et al, 1988) have
been described in the literature. Most of these systems are
experimental prototypes that have not yet been used in

practice. A review of these systems is presented below.

PLATFORM: This is a ‘"scheduling assistant" to update
activity network for the construction of off-shore, concrete
gravity type, o0il drilling platforms (Levitt and Kunz,
1985). It includes knowledge on project management and about
construction tasks. The system’'s main purpose is to update
the network, i.e. alter either network attributes, such as
durations or network topology, in response to reports of
actual duration of actaivities accomplished. Network topology
alteration is achieved by choosing amang pre-defined
alternate sub-networks for major activities and the revision
of duration i1s based on prevailing conditions at the saite.
It s developed in a hybrid environment, integrating such Al
tools as frame based representation, rule based reasoning,
active images, and active values with LISP as an underlying

programming language accessible for procedural attachment to
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rules within knowledge base. This integration is
accomplished with object-oriented computing as the unifying
methodology. In this method of programming, concepts and
objects in an application are modelled as objects with
attributes which have values. Attribute values can be data

or programs, and objects pass values to each other or invoke

tm
actions. PLATFORM is developed using Intellicorp KEE , Al
tm
programming environment. It operates on XEROX 1100 series,
tm tm

Symbolics 3600, and Texas Instrument Explorer computers.

CONSAS: This system 1is developed for the initial and
progress analysis of construction networks from an owner’'s
perspective (0’'Connor et al, 1986). The program is able to
check networks for compliance with managerial goals and
constraints on time and money. The knowledge base for this

program combines construction secheduling rules, canetruction

knowledge., and general construction experience sdch as
effects of weather, placement rates etc. This program is

implemented in a hybrid micro-computer Al environment
consisting of a project management system (Primaveratm), a
database management system (dBASE IIItm), and an expert
system building tool (Personal Consul tant Plustm).
Primaveratm manages network data in the same way that it
does in any scheduling environment. dBaseIIItm houses not

only specific project data but also non-project information,
tm
such as hourly wages and productivity rates. PC Plus uses

structured rules and some form of frames to represent the

encoded knowledge. It is developed for use with Tl and IBM
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personal computers.

MASON: MASON is an expert system which illustrates a
hierarchical, rule—~based approach and designed to make the
estimating pracess more systematic and realistic
(Hendrickson et al,1987). It provides facilities for
estimating duration of masonry construction, explaining the
calculations involved in the conclusions, and mak ing
recommendations for crew compositions and technologies. Once
the basic duration estimate is complete, given crew sizes
and quantities of materials, productivity adjustments are
made to include factors at a job site. MASON neither
provides facilities for giving optimistic and pessimistic
duration times, nor will the program handle uncertain data.
MASON is written in OPSS5, an expert system programming
language and uses a backward chaining technique to evaluate
possible conclusions, and then tries to satisfy the

supporting rules for each conclusion.

CONSTRUCTION PLANEX: CONSTRUCTION PLANEX is developed to
generate construction schedules (Hendrickson et al, 1987a3;
Zozaya et al, 1988) for modular high-rise buildings. This
frame-based system is aintended to synthesize activity
networks, to determine precedence relationships, recommend
appropriate technologies, estimate required resources
including durations and to develop a project schedule. It
takes as input the specifications of the physical elements

in the design, site information, and resource availability.
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The knowledge base consists of a large number of knowledge
sources for quantity take-off, element activity generation,
choice of technology at different levels of the activity
hierarchy, duration and cost estimation and precedence
setting. Each knowledge source is input in the form of a
decision table via frames which is later converted into a
network of frames with rules for the knowledge base.
CDNSTRUCIIDN PLANEX is implemented on a Texas Instrument
m tm

Explorer with Knowledgecraft , Al programming

environment.

TIME: The expert system TIME is developed to help designers
evaluate different construction methods, designs, and
processes to determine their effects on time and cost of
construction during the initial design (Gray, 1986). The
program takes rules from construction experts, operates on a
database of common construction activities, and proceeds to
model the construction site activity. It requires a great
deal of inter-disciplinary knowledge of the construction
industry. Incorporation of nested stand-alone expert
systems 1S an interesting feature in this system. TIME 1s
developed using PROLOG2, an Al language and a mainframe and

is now being ported to IBM PC class computers.

GHOS8T s GHOST is a knowledge based network generator

{Navinchandra et al, 1988). It is intended to be a part of a

larger integrated knowledge-based environment for
construction planning. It takes as input a set of
26




activities and produces as output a schedule by setting up
precedence among the activities. The knowledge base
contains knowledge on physics, construction norms,
redundancy in networks etc. It does not use the knowledge to
build the network but only to criticize it. GHOST starts
with a network with all activities in parallel and then
modifies the network by introducimng linearizations wherever
activities cannot be done in parallel. Hence it 1is
essentially a system that finds precedents among actavities.
The inference mechanism that is writtem in IMST, a KBES
development environment developed at M.I.T. {Massachusetts

Institute of Technology) orders the execution of various

knowledge bases.

2.6 A Critical Review

The systems described above have been 1mplemented under
different expert system develaopment environments. Though
each has somewhat different focus, they generally address
the process of developing and analyzing schedules.
However,it should be noted that the application domain of
construction scheduling consists of diverse characteristics
and peculiarities which need to be considered before
applying expert system approach. One important issue facing
a developer of an ES is, fusing of computerized algorithmac
analytical tools and electronic databases, which are already
in use in construction industry, with heuristics which are
so prevalent in the industry. Except 0'Connor’'s system none

of the above makes use of the widely used business computing
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software. These systems are being developed in total Al
development environment, meaning special purpose platforms
that are optimized to rum AI languages, which are not
familiar to the construction industry. One of +the major
concerns regarding the implementation of the above systems,
is the elimination of project scheduling programs which are
currently in use. Even though it is widely acknowledged that
project scheduling software are inadequate for successful
completion of projects, these programs could be effectively
and efficiently used with the right input. The industrial
impact of ES technology can be better realized through an
evolutionary approach in which existing computer systems
gradually absorb the most practical aspects of the new
technology and coexist with them and supplement them.

.

PLATFORM is developed using object oriented programming and
Interlisp-D version of the I(EEtm system software on an Al
workstation. LISP method is used to perform forward and
backward passes through the network, whereas successful
scheduling programs written in efficient languages are
already available 1in the market. It requires three PERT
durations from the user, which 1a very hard tao derive for a
time-tested construction activity. CONSTRUCTION PLANEX 1is

also developed in a total Al environment. In preparing the

project schedules 1t uses an activity network model that

differs from the conventional activity-on-node and activity-
on—arrow models. The intervening link between two nodes

represent an activity, a precedence relationship or a window
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time constraint. It is hard to comment on this new approach
at this time, whether the researcher is ‘reinventing the
wheel’ without the feedback from practical applications. It
uses successor data that are provided in advance in the
system, and not deduced, in determining the precedence logic
among activities. The system does not integrate with any
traditional software (Hendrickson et al, 1987a). 0'Ccnnor’'s
system makes use of the traditional computing methods and a
personal computer for its developmental system for schedule
analysis. The system is an add-on wutility to exaisting
project management software to analyze a user supplied
initial schedule. Implementation of this system does not set
the precedence logic among the activaities, which, obviously,
still requires the input of a human expert. However, it
takes advantage of the electronic databases generated by the
project management system. Now, efforts on this system have
focussed upon applying a higher level programming
environment, Automated Reasoning Tool (ARTtm) which requaires

a special computer (0 'Connor and De La Garza, 1987).

2.8 Summary

This chapter has provided insight to the lukewarm welcome
given to computerized schedulang systems. Currently
available commercial scheduling systems are incapable of
performing the Judgemental and higher level aspects of
project scheduling. While it is true that computers cannot
substitute for or eliminate the need for project managers,

they can perform beyond their current algorithmic,
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accounting and data processing functions. ES based on
empirical knowledge and heuristics are capable of making
subjective judgements in order to perform intelligent
functions. The advantages of utilizing this technology in
construction industry are also presented in this chapter.
Many systems reviewed in this chapter support the
applicability of ES in construction. However, it should be
the concern of the pioneers in the development of ES for
construction planning to explore, how well the existing
systems in the construction industry can be enhanced and
integrated with this emerging technology without delivering
a new technology or a system which will create a negative
momen tum in a very conservative environment such as
construction. The next chapter presents an integrated
software approach, 1in which expert system technology 1s
combined with the traditional one, making use of the

available computing methods and industry practice.
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CONVENTIONAL PROGRAMS

EXPERT SYSTEMS

General mechanistic areas

Representation and use of data

Knowledge and control integrated
Algorithmic (repetitive) process
Quantitative

Effective manipulation of large
data bases

Static decision process
Programmer must ensure
uniqueness and completeness
Mid-run explanation impossible
Oriented towards numerical
processing

Programmer maintained

Specific area of expertise

Representation and use of
knowledge

Knowledge and control separated
Heuristic (inferential) process
Qualitative and quantitative

Effective manipulation of large
knowledge bases

Dynamic decision making
Knowledye engineer inevitably
relaxes unigueness and

completeness restarints

Mid-run explanation desirable
and achievavle

Oriented towards symbolic
processing

Expert or knowledge engineer
developed

Table 2.1 Conventional Programs vs Expert Systems




CHAPTER 3
AN INTEGRATED SOFTWARE APPROACH

3.1 Introduction

While project managers have been using computerized critical
path analysis tools to prepare project schedules and to
archive the impact of disruptions to these schedules, Al
scientists have been trying to make computers automate
generation of plans and schedules. The expert systems
reviewed in the preceding chapter, some of which are in the
operationai level (Levitt and Kunz, 1985; O 'Connor et al,
1986; Gray 1986), prove that computers can emulate the human
inferencing process and can be used effectively in

construction planning and scheduling.

While network analysis can be automated in an algorithmic
fashion, the heuristic nature of construction makes this
implementation approach inadequate. An effective approach to
capturing the heuristic aspects of project planning is the
use of knowledge-based expert systems (0 'Connor and De La
Garza, 1987). However, while particularly well suited ain
automating heuristic or nondeterministic solution

approaches, an expert system i1s typically not efficient in

performing numerically intensive procedures (Jones and
3aouma, 1988) such as critical path analysis. While there
are effective methodologies available for ‘number

crunching’ and to access databases, use of expert system
technology to perform the above does not seem right iw

terms of making efficient use of available computer
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resources. A different approach from that of the systems
reviewed, i.e. fusing existing software tools with
heuristics is presented in this chapter, together with the
preoblem statement. Brief descriptions about the function of
these software are also stated. A set of selection criteria
to choose the most appropriate expert system building tool,

to help in implementing this approach is also presented.

3.2 Integration of Al technology with Traditional Computing
Methods

Several important trends in the business of expert systems
have (IEEE Software, 1986; IEEExpert, 1988) emerged over the
past few vears and the integration of expert system
technology with “traditional technology" is one of them.
Whether or not a system is fully embeddable in other
systems, and is therefore capable of autonomous operation is
becoming increasingly important, now that expert systems are
moving from prototypes to being fielded (Gevarter, 1987). In
construction industry, there are many traditional software
already in use including software for scheduling, database
management, electronic accounting, and word processing. If
consideration 1is not given to incorporating them 1in any
future system, the economic loss will be heavy as their past
investment in automation is not put to full wuse. It will
also be wrong to substitute available computer systems with
Al methodology, which may require special retraining and
equipment. It will also avoid the negative momen tum

generally encountered with the introduction of new
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technologies, particularly in a conservative industry such

as construction.

A solution, then, to the problem of automating generation of
echedules would be a hybrid system in which experiential
knowledge and engineering judgement are represented using
expert system methodology and numerically intensive
procedures such as critical path analysis and data storage
and retrieval, if any, using available algorithmic
methodology. Such a solution would most effectively take
advantage of available software tools and further build on

current industry practice.

Development of expert system applications are generally
aimed at bringing out mass—-market oriented packages. And
organizations, intending to purchase them would realize they
should pay as much attention to management issues
surrounding expert system adoption as they pay to technical
issues (IEEExpert, 1988). Generally mass market packages
gain marketabilty partially due to the aintegrative nature of
their processing with the existing systems. ‘Connectivity’
referring to communication with different computer systems
has become a household word through 7TV advertising for
marketing computer systems. In the long run, organizations
that consider purchasing these packages will continue to do
so if they have settled matters related to adopting such new
techniques. As expert systems proliferate, demand will grow

for sharing and access. It is evident that future success of
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expert systems in the business or office market will depend
on how well they can be integrated with existing systems
(Richner, 1986). Also, it Hhas become an increasingly

weighted factor for equipment purchasers.

Currently, software for scheduling, database management,
electronic accounting, and word processing are widely used
by the construction industry. A brief description of their

functions are presented in the following section.

3.3 Traditional Software

3.3.1 Project Management

Network—-based project planning techniques, invented during
the late fifties bhave become indispensable as aids in
planning and scheduling after being computerized. Even
though these tools may be inadequate for the successful
completion of a construction project, they are very powerful
and versatile and hence are being maintained by the
construction industry. These application software (Fersko-
Weiss, 1987; Kerzner and Thamhain, 1986) can plot planning
and scheduling networks, 1llustrate critical path(s),
identify available float for each activity, plan and control
project resource and budget requirements, prepare cash flow
schedules, provide cost-time trade-offs, and summarize the
results i1n conveniently customized forms. These packages can
handle any number of projects at one time, making them
suitable for scheduling the construction company’'s total

operations. The use of these software permit not only
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resource allocation on a single project, but also on multi-
projects. Provided that the network for the projects
considered have been sensibly constructed, multi-project
scheduling by these software tend to produce realistic
working schedules. Many of these programs have extensive
editing procedures that detect loops, hanging activities or
events, duplicate activities or events, out of range data,
incomplete predecessors and successors etc. Some programs
accept activity duration in months, weeks, days, or hours.
Some even provide different calendars to be used for
different activities depending on the work environment of

contractors.

3.3.2 Database Management

Construction industry is in great part an information
collection, information processing and information
interpretation industry. Current database management
packages provide direct ties between different applications,
such as material procurement and tracking systems with an
account payable system. This integration makes 1t possible
to reduce duplication of i1tems that might be needed by

various departments.

There are a number of different ways by which expert system
can obtain the data required to drive their inferencing
process (Zobaidie and Grimson, 1987). Some expert systems
simply capture all the data directly from the user as they

interact with the system. Others either collect their data

37



from real-time sensors or use data residing in online
secondary storage. The latter is of great importance to the
construction industry as they permit close interaction

between the expert system and the database.

3.3.3 Cost Management

General ledger accounting, including payroll, account
payable and receivable, is part of the construction process.
There are many spreadsheet programs available in the market
and used by the construction industry. Built-in
spreadsheet functions provide exciting arithmetic

capabilities for the users.

Cost estimating is a key factor to the success of a
construction project. Project cost estimating software are
being developed using spreadsheet techniques and are being
used by the construction industry (Arditi and Riad, 1988).
Current computer technology allows for quantity take-off
using digitizer, determination of composition of various
cost components of each i1tem and the calculation of total
direct cost and associated job overhead. Some come with the
library of standard items and their cost database which can

be modified, updated, and enhanced.

3.4 Complementing Existing Software

As mentioied in the preceding chapter, many expert system
developments reported in the literature are solely developed
in the AI environment. As stated earlier, the large size of

construction planning problem suggests that it may be more
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desirable to adupt efficient algorithmic scheduling tools
than rely entirely on heuristic methods, which are supported
by the Al techniques. The systems reviewed in Chapter 2 take
a polarized approach of only utilizing expert system
technology. This polarized approach isolates many
professional in the construction industry from the business
computing mainstream. It often requires special computers
and a mastery of exotic languages or memory management. A
system which could compliment available systems without
introducing construction personnel to unfamiliar Al computer
and programming environment will obviously be very much
welcomed. Utilizing existing tools saves effort, time, and
money, provides general acceptance, and further enhances and
builds on gained experience. The construction industry
should be able to capitalize omn such a hybrid concept that
integrates currently available and widely accepted software
systems and its associated industry experience and

practice.

Complementing expert system techbnology with other technology
1s not a new idea. More recently there has been increasing
effaort in combining algorithmic and heuristic components for
designs of structural elements (Jones and Saouma, 1988).
This method combines expert system methodology with

computational software, application databases and analysis

programs.,

The object of this research is to develop a prototype of a
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hybrid expert system to generate project schedules for
building projects using commercially available software
tools and inexpensive hardware affordable by the
construction industry. The proposed prototype hinges on
expert system methodology to represent heuristic knowledge
about the construction process, currently-used computing
method for data storage, commercially available application
software for network analysis and programs written in
algorithmic languages for interfacaing and necessary

management of consultation.

3.5 Architecture of the Integrated System
3.5.1 Problem Statement
A thorough plan is one among the essential requirements for
a construction project to succeed. Sensitivity analysis
shows that the most critical parameter affecting cost and
duration of the project, is a proper schedule (Suhanic,
1980). Hence the problem of project scheduling has to be
stated clearly in order to develop a feasible architecture
for the computerized system that is intended to solve
problems encountered and to successfully execute a project.
The problem domain may be described in general as follows:
1) A set of projects is to be scheduled.
2) Each project:

a) consists of a set of activities.

b) has a schedule dependent duration

c) once started, should progress at a reasonably

consistent rate.
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3) Within a project, each activity:
a) has a known duration

b) may not start until certain predecessor activities
have finished.

€) requires a predetermined level of resources of
a particular kind to be expended.

d) should be interrupted only under exceptional
circumstances.

4) Limited resources are available.

Finally, durations of non-parallel critical activities are
adc=d up to forecast the project completion time. The
forecast will be more reliable if the project environment
that 1is assumed during planning is to remain static during
the entire implementation period. The reliability is
dependent wupon the accuracy of the network logic and on the
individual activity duration estimates and more importantly
on the 1imncorporation of impact of factors that affect
productivity in the estimation of duration. In real life, as
the project progresses, the project activities encounter
many problems that may lengthen their duration. The causes
of these variables are mostly uncertain but predictable
which dynamically affect the activity durations (Ahuja and

Nandakumar, 1985).

Currently the impact of these factors are considered
intuitively to forecast activity duration, and the
effectiveness depends upon the skill of the scheduling

engineer. The early indication of delay through a reliable
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forecast allows decision to be made in a less hectic
environment and an awareness of the project status helps
keep the project on schedule. Any computerized system
intended for construction scheduling should be able to

provide a realistic forecast of the project duration.

3.5.2 System Architecture

KBES in the domain of construction planning and scheduling
must be able to interact with the systems representing all
types of knowledge required for this domain. Given a
project, the system should help the user to breakdown the
project and identify all time consuming activities and
milestones and prepare a schedule based on the precedence
relationships among the actaivities. It should analytically
combine the impact of all uncertainty variables and
incorporate it in the activity duration estimates.
Literature survey supports the significance of these
variables and many studies (Adrian, 19873 Benjamin and
Greenwald, 19733 Carr, 1979) have been done to quantify the
impact of these variables. Studies reported by Ahuja and
Nandakumar (1985) reveal that early recognition of future
events such as potential delay can be significantly helpful
to the contractor and the owner in reducing their effects.
Five important variables have been chosen for thie study and

they are discussed in the next chapter.

The architecture of the system is conceptualized, based on

the recent developments and advancements made in available
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software and hardware tools. As stated earlier, basic
consideration is given to the integration of currently used
computing methods with the expert system technology to solve
problems in generating construction schedules. Even though
the system architecture 1is so conceived as to make it
easily expandable to accomodate all the issues mentioned in
the ‘Problem Statement’, thas work concentrates on the
function of the system, once the user has identified the
activities in a project and assigned normal, unimpacted
duration to each activity. This system aids in developing a
realistic and accurate baveline schedule against which all
progress arnd performance can be measured. The concept of

scheduling with this system is gshown in Fig. 3.1.

The initial architecture of the expert system consists of
three knowledge base modules. Module 1 identifies the
arbitrary assignment of activity description, input by the
user, with the system compatible one. Module 2 sets the
precedence relationships among the activities entered, using
the knowledge on traditional constructaon practice.
Incorporating the impact of the uncertainty variables 1s the
function of Module 3. To achieve greater modularity, Module
3 is further sub-divided i1nto sub-modules, each consisting
of knowledge related to a particular uncertainty wvariable.
Architecture of Module 3 allows addition of more such sub-
modules if other uncertainty variables are considered more
significant for a particular activity or activities. The

architecture of such a comprehensive expert system is shown
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in Fig.3.2.

The modularization stated here, involves decomposing the
problem into sub-problem modules and providing appropriate
linking between these modules as required during operation.
Changes can be carried out quickly and easily in one module
without impacting the rest of the modules. Further modules
can be added, as and when required or when knowledge base is
ready. Hence modularization allows for greater flexibility
and growth of the system and provides the foundation for

future development and enhancement.

Apart from integrating the ES modules, the system also
interacts with a project scheduling software for necessary
network analysis and with a relational database for
necessary data retrieval or storage (Moselhi and Nicholas,
1988). Programs written i1n an algorithmic language (FORTRAN)
complete the necessary integration. A DOS (I'isk Operating
System) batch file wunifies all the different software

modules of the system.

The next step in the implementation of this architecture

invaglved the selection of a suitable development
environment. In some instances, traditional procedural
programming languages - such as Fortran and Pascal - have

been used to implement these systems (Maher, 1987). While
the efficiency of such implemen.ations is largely

acknowledged, they cannot adequately satisfy many other
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essential requirements, especially transparency, modularity,
and flexibility (Brumo et al, 1986). In procedural
languages, the knowledge representation and use, turn out to
be embedded in the program’'s control flow. Adding, deleting,
or updating the knoe.ledge base is time consuming for even a
skilled programmer. During the past several years, dozens of
tools providing expert system development environment have

become available commercially.

3.6 Expert System Building Tool (ESBT)

First generation of £ES have almost invariably been written
in declarative lanquages like LISP and PROLOG and 1in Al
environment (Martorelli, 1988). However, the early work on
ESBT is associated with research on MYCIN, an expert system
that diagnoses infectious diseases of the blood (Buchanan
and Shortliffe, 1984). Part of the research effort included
designing the MYCIN program in a modular fashion: the
knowledge base was kept separate from the inference engine.
This modularity made it possible to 1lift out the knowledge
base used to diagnose infectious diseases. The resultang
program was named EMYCIN (Empty MYCIN). It provided a shell
that could house knowledge bases from other domains. Usang
EMYCIN, a system cdeveloper could concentrate on acquiraing
knowledge and putting it in programmable form, instead of

spending time on developing the inferencing mechanism,

Now, commercial derivatives of these Al systems are

developed by Al researchers at universities and research
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organizations (Gevarter, 1987) to ease the development of
expert systems in various problem domains by thase who are
not familizr with Al technology. They provide standard ways
for representing and manipulating knowledge and are designed
for creating, modifying and testing expert systems and come
with wvarious support facilities. Availability of ESBT has
eliminated time consuming study of special Al languages and
the wusage of speorialized computers; thus breaking the
barrier for professionals who are outside the Al research
environment to develop ES in their own problem domains.
Since many such tools are currently available, choosing the
‘right’ tool for a particular application is a very

important task.

It was found difficult to choose any tool without proper
consideration of that tool's intended use. A tool excellent
for commercial use may be inadequate for research purposes
and vice versa. In planning, there are many conflicting
requirements and contingencies to consider. The knowledge
and expertise required, come from several disciplines and
would be descriptive and procedural. In order to communicate
with different trades, knowledge dissemination by the system
will have to allow for textual, numerical and graphical
forms. The data required to drive the inferencing mechanism
may come from users, and data residing in on-line secondary
storage. The system 1n this problem domain may not only be
used for forecasting but also for diagnosing problems. Thus

the tool to build a KBES for construction planning and
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scheduling should be extremely versatile and flexible.

3.7 Selection Criteria

Part of this study was spent on establishing a set of
selection criteria for the most appropriate tool to
implement the architecture of the system (Moselhi and
Nicholas, 198Ba). The established criteria were then applied
to many ESBT currently available in the software market.
Information on specific tools was gathered from technaical
reports, magazine articles, wuser manuals and from hands-on
experience. Table 3.1 shows the selection craiteria
established during the study. The 1é6-point criteraia are
based on knowledge of construction planmning and schedulang,
evaluation of tradaitioral project management software and on
a detailed review of the literature pertaining to this

field. The following section explains the 16-point craiteraia.

Knowledge Representation: The key consideration in selecting

an ESBT is how easily the knowledge can be represented in 1t

(Gevarter,1987). Transparency of kncwledge 1s also very
important. Certain kinds of knowledge are more easily
represented 1n one method than i1n another. The objective

here 1s to select a method which embodies the real world
application. In representing the knowledge about
construction plannang and scheduling, the descraiptive
knowledge about different objects, their attributes and
values and the relationships among them are intertwined with

the procedural knowledge, related to how the objects behave
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and their values change under various conditions. For
example the obiject, duration of an activity includes labour
productivity as one of its attributes. The value of
productivity depends on many variable factors like weather,
site geology etc. Heuristic rules have to be applied to
choose a value for the productivity factor associated with
different weather,site geolaogy etc. This necessitates
various forms of knowledge representation (frames, object-
attribute-value (0-A-V) triplets, rules,etc.). The facility
for hybrid programming incorporates the best of all methods

wlthout inherent disadvantages.

Knowledge Inference: A user of a KBES 1in construction
planning and scheduling may want to volunteer data or expect
the system to suggest one. He may use this system for
forcasting as well as for diagnosing. Hence an ESBT will
have to allow for various forms of inference strategies.
Inference mechanism should i1nclude pure deduction, backward-
and forward-chaining and class inheritance. The user may
want to check the availability of material before estimating
the duration of an activity or before performing cost-time
trade-off analysis. This requires user controlled
inferencing. Also an efficient search technique is
important to account for the criticalaity of taime ana
accuracy. This could include depth—-first and breadth-first

methods.

Handling Uncertainty: It is important to establish to what
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degree the knowledge and/or the data is known to be correct.
There are many risk factors such as those associated with
site geoclogy, labour productivity, availability of material
etc. In an effort to handle the inherent uncertainties
associated with the above and others, an ESBT should be able
to incorporate imprecise and incomplete data and the degree
of uncertainty attached to them. This particular tool should
also allow the user to select alternative parameter values
and contingencies and observe the effect on the outcome viz.

cost and profit.

Explanation Facility: Many of the functions in construction
industry are performed at locations far from the head
office, where experts may not be available at the raight
time. An ESBT with extensive explanation capability will not
only help an inexperienced site manager to take decisions
but also to train him for further assignments. An ES should
be able to explain how 1t arrives at a specific decision or
why an alternate decision i1s to be taken. It should also be
able to explain how a piece of information 1s used or why a
piece of i1nformation 1s i1gnored and what decisions are made

for the sub-problems (McGartland and Hendrickson, 1985). The

ability to answer the user’'s questions of 'WHY' and 'HOW’
increases the user’'s confidence in implementing the
decisions. The above 1s one of the characteraistics which

differentiates the ES from conventional programs.

Devlopment Facilitys The speed and ease with which a KBES
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can be developed is the primary concern of any ES
builder.This can greatly enhance or impair the productivity.
The features that facilitate the development of a KBES
include base editors, browsers and the ability to report
errors. Features can also include the ability to check the
integrity of +the KB to find out contradictory facts or
rules, discover missing or redundant information and find
syntactical errors. Spelling checkers are also important. An
ESBT stould also rnrovide graphical representation of KB in
order to wvisualize the hierarchical relationship of
knowledge and a clear design of question phrasing and

amplification.

Reporting Facilitys As stated earlier construction planning
and scheduling is performed by a multi-disciplinary team.
Hence 1t requires an effective method of communication to
deal with the various disciplines involved. There are
activity network diagrams to represent the precedence
relationships among activities and project duration,
resource histograms for allocation of resources and cost and
performance curves to represent progress at site and many
other reports as media of communication. Hence the reporting
facility of an ESBT is an important criterion ain selecting

an ESBT for planning and scheduling.

Integrating Traditional Software: A KBES should be able to
utilize a conventional software (project scheduling

software) as a front end and/or back end system. Hence, an
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ESBT should be able to interface with them by simple calls
like built-in software management functions. This will
enhance the application of the conventional software. It
should also be able to interface with other software 1like
word processors, spreadsheets, relational database

management systems, graphic software and communication

programs.

Capacity: An ESBT usually has an upper limit on the number
of rules or frames that can be stored in the system.
Although many have high limits, 1t i1mposes a significant
problem on the quality of the KBES. Depending on the use of
the system and on the depth and breath of the problem
domain, the capacity of the system required can be
determined. Since the number of variables in construction
planning and scheduling are less, compared tc medical

diagnosis etc., huge capacity is not required (Avots,1985).

Hardware Requirement: As mentioned earlier, in construction
most of the functions a 2 carried out at a number of
individual sites away from the head office and possibly 1in
harsh environments. Hence one should 1look into the
availability and the transportability of the hardware. Small
size and robust design make micro-computers more
appropriate. Faster 32— and 16 bit micro-processors and
inéxpensive memory enhancements make them even more
attr;ct1ve. Even though run time versions can be built on

mainframe and then transferred and 1installed on micro-
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computers, in order to make changes in the KB quickly a
micro-based expert system is favoured for construction
applications. Hardware considerations should include vendor
support, on-going maintenance and hardware expansion and

upgradability.

Costt Historically, construction industry is mot a stable
one and one has to think twice prior to making any financial
commitment. ESBT has a high start-up cost. For micro-
computers the low cost of ESBT has eliminated this barrier
but for mainframe applications cost remains high. It should
also be noted that multiple copies of the system are
required to send to various sites. In purchasing an ESBT,
cost of software, hardware, support and traimning should be
considered. Some ESBT even require additional software to
run. Size and finmancial stabilaity of the organization and

the intended use of the system should also be looked into.

Documentation and Support: Documentation should be easy to
understand. Depending on the design of the system 1t could
be a printed manual or on-line or both. An easy to
understand user/reference manual with a complete tutorial to
test all aspects of the tool 1s an important part of the
system. Product support should include consulting
arrangements, phone and mail assistance and optional

training.

Knowledge Engineering Required: An ESBT should permit the

system developer to communicate with the computer without
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learning complex commands or a new language. This increases
the functionality of an ESRBT. Communicating in natural
language should be the key in designing an ESBT for
construction planning and scheduling. The amount of
planning effort and the expertise required to structure and
encode the knowledge will prove to be impractical to a
domain expert. In choosing a tool one should be certain
about whether it requires a prior knowledge of programming

or skill to develop an application.

Alarms to Take Measures: Construction schedulaing is a
combination of monitoring the progress and taking
appropriate action which requires problem flaggaing and
problem diagnosing. Hence a KBES should be able to provide
timely responses and inform the user of any action to be

taken for cost overrun, material shortage etc.

Execution Time: A KBES requares more machine cycles compared
to conventional software to perform pattern matching,
searching and researching to solve prablems, During a time
of crisis the project managers are fregquently under pressure
to produce timely wupdates of time and cost of revised
schedules, take corrective actions and make appropriate
decisions. Hence lack of processing speed would cause
irritation and frustrate the user as well as the builder. An
ESbT also requires an efficient memory management
environment. During consultation, compiler based system
which occupies less space runs faster than an interpreter

based system but the development time is slowed due to
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compilation requirement.

User Defined Functions: Different construction companies
have different management needs and operational priorities.
An ESBT should allow the user to customize the system to
his/her partaicular work environment and the problem domain,

and also for augmentability, i.e. to accomodate expansion in

component computational functions., An ESBT should be
flexible enough to perform a varaiety of functions« required
by the wuser including aincorporating system defaul ted
properties, pop-up windows to echo ainformations regularly

required by the user amd blinking important messages on the

monitor when required.

Portability: The primary factors which should be considered
in construction planning and scheduling are the remoteness
of construction sites and dynamically changing locations.In
order to distribute the application systems to various
construction sites, an ESBT should provide easy methods to
make run time versions of that system and be ported to
varaiety of computers. With the proliferation of micro-
computers at these locations, micro—-based consultation

systems are more suitable.

3.8 Evaluation of ESBT
The criteria discussed above are then applied to a number of
currently available ESBT. The results are summarized in

Table 3.2, outlining the facilities and the ltaimitations of
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these tools in developing a KBES for planning and scheduling

(Moselhi and Nicholas, 1988a).

Integration of traditional software and the hardware
requirement were the most important factors considered in
the selection of the ESBT, for the implementation of the
concept suggested in this study. Many, if not most, ESBT
permit only crude interaction between their domains and the
outside automated world. Some 'shells’, fully integrated
within themselves, support access to built-in word
processing, data communications, spreadsheets, and related
utilities. Other shells allow ‘breakouts’ to other programs
or the running of batch operating system commands. And some
shells can import or export popular file formats (Lotus 1-2-
3 or dBASE IIl). Unfortunately, these are only small steps

towards integration rather tham "full" integration.

When developing an engineering application system, the
identification of the intended group of end-users, and their
familaiarity with and accessibility to different computer
environments are of major consaiderations. The use to which a
particular system can be put depends on the sophistication
of the user (Bowen and Edwards, 1985). Knowledge
representation technique is another important craiterion.
Some tools only allow for rules, and some provide multiple
methods for knowledge representation such as frames, 0-A-V
triplets, etc. In future, 1t is expected that

differentiating expert system tools based on knowledge
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representation method, or by inferencing technique will go
out of fashion or at the least, a standard set of such
features will become accepted without drawing too much
attention. The trend in ESBT is toward less expensive,

versatile, and portable tools.

Even though many of the factcrs mentioned in the 1list of
criteria may be known 1in advance fr developers’
specifications, one canh only evaluate two tools intended for
the same purpose, only by building and testing the same
application system using both. Although the set of criteria
is established for a particular problem domain, it can be

further extended and applied to other domains.

3.9 Summary

This chapter has been devoted to a discussion on the need
for an integrated software approach in implementing exnert
systems for construction planning and scheduling. It 1s very
important to assume a gradual and feasible approach in
introducing a new technology to a conservative industry. The
selection criteria established for choosing the appropriate
development environment is also dealt with in this chapter.
In a rapidly expandaing field, it is hard to keep up with the
newest hardware and software technology. But the criteria
established can act as a check list. Details about the

system developed and its various components are presented in

the subsequent chapter.
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1)

2)

3)

4)

3)

6)

7)

8)

9)

Knowledge Representation
Knowledge Inference

Handling Uncertainty

Explanation Facility

Development Facility

Reporting Facility

Integration of Traditional Software
Capacity

Hardware Requirement

10) Cost

11) Documentation and Support

12) Knowledge Engineering Required
13) Alarm to Take Measures

14) Execution Time

15) User Defined Functions

16) Portability

Tablae 3.1 Selection Criteria for ESEBT
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EXPERT SYSTEM BUILDING TOOL
NO | CRITERION sury | P¢ OBUECT m 1900 Topss | art WEE o1 [OWLEDE
PLUS NEXPERT WORKS ICRAFT
1 | KNOWLEDGE e 0B o o8 o):) o8
R
REPRESENTATIW 7 * R Fodrm | R frm frm | |rm
2 | kNowLEDGE BC BC BC BC BC BC
F
INFERENCE Fe FC FC 6 Fe ¢ Fe FC BC fc
3 | HANDLING - CF CF CF
UNCERT AINTY cF CF Cf ¢ cF R R ¢ W
4 § EXPLANATION Not ot
FACILITY pvatiabie Javanaple | Available Javatiable JAvatiaple JAvailabie|Avaiiablejavatiable Jvailable |Available
S | DEVELOPMENT
FACILITY Falr Fair fair Poc Good Poor Good Good Good Good
6 | REPORTING
Good Fair 1 5ood Poor 6ead Good Good Good
FACILITY Falr Poor 4 0 0
7 | INTEGRATING Not Not Not t Not Not
SQFTWARE lAvailable [Avatiabie | Available fAvailsble [Avatiable JAvatlablejAvailabiz]available fJavailabie] Avaitanie
8
CAPAT TY 1600 500 Limited 200 Extensive Extensive Extensive Extensive Extensive] Extensive
Rules Rules Rules
9 | HARDWARE IMicro Micro Micro Micro Micro tMain Main Main Main Main
REQUIREMENT Computer [Computer | Computer { Computer |Computer | Frame Frame | Frame JFrame Frame
10 5055; ) 65 30 }so-s0 | so 75 75 |20-80 Y550 ]25-50 1§ 35-50
DOCUMENTATION
" & SUPPORT Poor 6ood Fair Fair Good Fair Fatr Good Fair Good
12 | KNOWLEDGE . £ R
ENGINEERING REQUIRED f Limitea § 1 im'ied |EXtensive | imiteq | Limited Extensive fextensivefxtensive | Limited | Limited
. Not t
13 | ALARMS TO Not ot Mot ]
T AKE MEASURES availavle [avatiabie | avanante Availaple JAvallable Javailanie|Avatiablefavailab e JAvaitable] Avarlable
14 J EXECUTION
TIME Slow Slow Slow Stow Slow Slow Fast Fast Fast Fast
1S | USER DEFINED Not Not
FUNCTIONS Dossible §Possibie | Possibie | possinle | Possivle JPossiple | PosSIDIe [Possibie FPossible Possible
16 Not Not
PORTAYILITY Possible Possmltlf’ossm!e Possible | Possible fpossiple JPossible [possible JPossibie | Possible

Toble 3.2 Summary of Evaluation of ESBT

Abreyistions:
R - Rules SR - Structured Rules FR - Frames
0B - Objects BC - Backward Chaining FC - Forward Chaining

CF - Certainty Factor  HR - Hypothetical Reasoning
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C.'QPTER 4

EXPERT CONSTRUCTION SCHEDULER (ESCHEDULER)

4.1 Introduction

This chapter presents the development and implementation of
the basic architecture that supports the concept of
integration presented in the earlier chapter. Various
components of the system and their function in the overall
control process are described. First, an introduction ais
given to the KBES envaronment and then, the factors which
influenced the selection of the ESBT to implement the
architecture 1is discussed in detail. The contents of the
knowledge bases and their importance in planning and
scheduling construction projects are also discussed i1in this

chapter.

4.2 KBES Environment

EXPERT CONSTRUCTION SCHEDULER (ESCHEDULER) 18 @ rule-based
hybrid prototype expert system for plamnning and schedulaing
of building construction projects. It receives 1nformataion
from the user about the description and normal, unimpac ted
duration of all activities to be performed in a building
project. The development of the schedule 1s a8 two ¢step
process which generates an 1nitial ‘as planned’ and a
revised ‘as possible’ schedule at two different stages of
consultation., The system consults three different KBES, of
which one consists of five nested ES modules. 1t interfaces

with traditional algorithmic software tools to produce the
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two above mentioned schedules (Moselhi and Nicholas, 1989).
Fig. 4.1 provides a schematic illustration of the system
environment. It integrates aorn-line databases provided by the
ESBT to store the operational data reguired for
consultation. An external algorithmic software is used to
perform network analysis. Two interfacing programs written
in FORTRAN are developed to enable the integration of the
external software with the KBES. A DOS batch file controls
the consultation process. A detailed description of the
components of the system is given below. The following
section explains why GURUtm was chosen as the appropriate
ESBT of the KBES environment to implement the integrated
software approach,.
tm
4.3 GURU - AN ESBT
tm

The GURU expert system building tool was chosen after a
comprehensaive evaluation of a number of expert system shells
(Moselhi and Nicholas, 1988) available in the market ©based
on the facilities available for a price the wusers could
afford and on the needs of the automated construction office
envaironment. It 15 marketed by Micro Data Base Systems Inc.

of Indiamna, U.S.A. The specific features that influenced the

choice are discussed below.

Knowledqge Representation: Although there are numerous
approaches to representing knowledge, most of them are
highly complex and impractical for commercial application.

In the i1ndustrial environment, the measure of applicability
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of a representation method must be its ability to accurately
represent expert knowledge in the form that 1s clear and
accessible to both the expert and the inference mechanism.
It should be remembered here, that transparency of domain
dependent knowledge 1is a distinguishing feature 1in KBES
(Fenves, 1986). GURUtm allows the domain knowledge to be
represented in the form of production rules which are easy
to identify and understand. At this experimental stage, rule
based approach ie found adequate for the prototype, because
scheduling problem can well be described by a set of event-
driven activities operating on a8 database containing
information on the relevant system state variables. Also,
decision rules in construction management text books tend to
look very much like the "IF (condition) THEN (action)'" rules
that are employed to represent knowledge 1n rule-based
expert systems (Levitt, 1987). While the rule—-based approach
may seem saimplistic, 1t can be a hiaighly successful method of
representing knowledge that 1s not algorithmac or

deterministic (Finn and Reinshmidt, 198&).

tm
Knowledge Iinference: GURU 1 capable of wusing both
backward- and forward chaining for i1inferencing values. It

allows the user to assign priority and/or certainty factor
to each rule to help in rule selection strategy, thus
controlling the consultation process.

tm
Explanation Facility: For any gaiven problem GURU can

explain the line of reasoning 1t used 1n reaching the
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tm
solution. However explanation facility in GURU is somewhat

disappointing, for it has to be written by the developer,
while an automated display of the text of rules fired by the
system would be preferable as made available in few other
tools. It can also reason with uncertainty.

tm
Hardware Requirement: GURU can be operated on a personal

conputer (IBM PC, XT, or AT, minimum RAM of 512K and hard
disk storage and PCDOS or MSDOS operating system). Personal
computer (PC) is the most popular machine 1in the
construction industry of which the majority are small saize
contractors, who cannot afford to invest on saophisticated
computers and on their related peripherals. PC are made
available, even at remote sites. As the consultation systems
will often be used i1n multiple offices, PC becomes the
choice of the construction industry. The proliferation of PC
in construction 1ndustry provides an existing hardware
vehicle for product delivery. It should be noted that "you
don't need a learning, thinking, AQl-type machine to have
someone at the side of a businessman ~ho 1s up-to-date on
all the details of his business. But you do need Al's
technique to process English commands and to define this
businessman’'s fuzzy questions." (Shank and Childers 1984).
It has been found out that access to a personal computer
affords an environment in which people are most willing to
participate in the expert system development process (Fainn
and Reinschmidt, 1986). The trend toward making expert

system shells, available on personal computers results in
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part +from the increasing capabilities of these computers
(Shafer, 1985). A market research company in U.S. has
estimated that expenditures for PC, related primarily to the
development and delivery of expert systems, were about %70
million in 1987. By 1989 it expects this figure to i1ncrease
tenfold (Martorelli, 1988).

tm
Integqration of Traditional Software: GURU blends most of

the familiar business computing environment into a unique Al
environment for business wusers. It supports database
management, spreadsheets, text processing, structured
programming, and remote communication. Hence, i1t is free of
the ainconveniences and ‘culture shock’ that alien Al
software deliver to business users. The inter-system
communication provided by the tool allows these different
systems to coexist as independent systems but provides some
form of communication among them. Its complete structured
programming lamguage with major control structures helps 1n
consulting different modules of an expert system within a

procedural model as well as interactively.

Development Facility: Conventional ESBT are aisolated from

the business computaing mainstream. They often requare

special computers and mastery af exotic declarative
tm

languages 1like LISP or PROLOG. GURU provides easy

development facility to design 1i1nput/output forms. The
source text can be wraitten by 1ts text processor and/or by

an external editor. It also provides a menu/template
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tm
interface for easy development. GURU provides different

types of variables which are declared during the development
stage to define the operating & consultation environment.
The environment variables which describe the configuration
within which GURUtm can be made to operate and the wutilaty
variables which are used tao track the effects of GURUtm

processing can be pre-defined.

In addition to rules and a goal variable, a rule set can
contain an initialization sequence, a completion sequence
and variable descriptions. An initialization sequence 1s a
series of commands that will be executed as soon as a
consultation is requested. This happens before any rules are
considered. Similarly, a completion sequence will be
executed as soon as all reasoning with the rules 1s

completed.

Fig. 4.2 1llustrates the various elements of the system and
Table 4.1 provides the summary of the steps 1involved 1in
tm tm
developing an ES with GURU . Even though GURU does not
allow for other knowledge representation techniques, in view

of the characteristics and the architecture of ESCHEDULER,

and the availability of the tool at Computer Aided Building

tm
Design (CABD) Laboratory, 1t was decided to use GURU as
the suitable tool for the development of the
prototype.

66




AT

DR e L

4.4 Components of ESCHEDULER
ESCHEDULER contains three modules with knowledge bases one
of which consists of five sub-modules. The function of these

modules are described below.

4.4.1 ACTIVITY TRANSLATOR
This module initiates the consultatiom process, requesting
the user to enter the project information, such as the name
of the project and to specify the data on bholidays. The
primary function of this module i1s to check the arbitrary
activity description input by the user for the compatibailaity
with the system knowledge base (KB). This system consults
the KB consisting of rules similar to the following to
check whether the activity description input by the user 1s
system compatible. The activities commonly encountered in a
building project are represented i1n the rule base.
IF activity descraiption i1s EXCAVATION

OR DIG FOUNDATION

OR EXCAVATE FOUNDATION

THEN replace actyr. 1ty descraiption with EXCAVATION.

The system 1mmediately advises the user of the change in
activity descriptaion, if 1t 1s different from the system
descraiption. This change 1s deemed necessary for the ensuing
operations. It also minimizes the memory requirement of the
other KB modules and the processing time of the computer

which are essential for a micro—-based system.

Alternatively, the user has a choice of selecting activity
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descriptions compatible with other KB modules, directly
from a menu displayed on the screen. The menu consists of a
list of common activities usually encountered in building
construction. This reduces the time taken for input and

hence speeds up the time taken for consultation.

As the 1nitial data on actaivities are input by the user,
they are wraitten on a disk for later retrieval for following
operation. This module also prepares twao batch files,
‘priml’ and ‘prim3°, one to initiate the project waith
project information and holiday data and the other to
perform network analysis by the project management software.

Fig 4.3 illustrates the program flow.

4,4.2 JOBLOGIC HELPER

This determines the physical precedence relationships among
the activities input by the user. It begins by creating a
database of basic data on the activities by retrieving them
from the disk storage mentiomed in the above paragraph. Once
the activity descriptions, compatible with other KB modules
are transferred to the database LISTACT in GURUtm, JOBLOGIC
HELPER goes through all the activities in the above database
and chrcks with another database LOGILIST for possible

dependency between any two activities under ccnsideration.

It then consults the KB for their relationship.

The KB on physical precedences 1s based on necessary

sequence of activities for a building project and element of
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work using commonly known rules of thumb based on current
and established construction practice and physical laws. In
scheduling activities, following principle is used. A task
should generally be completed, after completing the elements
which provide support to it or for which it provides
enclosure. This principle is arrived at by considering the
functional relationship among building components and the
interaction among different trades involved in the
construction process. Generation of schedules for specific
activities and sequencing 1s done by employing the above
principle and using proper representation technique. This
constraint-based approach uses specific predecessor-—
successor relationship among activities, The following 1s a

sample rule 1in the KB:

IF activaity A 1s EXCAVATION
AND activaity B 1s PLACE FORMWORK
THEN PLACE FORMWORK succedes EXCAVATION.
In GURU, each rule section can contain preparatory actions

that will be taken once the rule has been selected for
consideration, but before the rule' s condition 15 evaluated.
A procedural programming i1ncorporated in the preparatory
action can aid in differentiating multiple activities of the
same type. These can also be differentiated by proper
activity descriptions. The latter method is used in this

study.

The system also questions the user for his/her input to
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determine the type of link (start-start, finish-start,
finish~finish), and the lag time between two activities.
These data are necessary for network analysis, performed by
the external conventional project scheduling software. At
the end of the consultation this module prepares an input
file, ‘prim2’ for the scheduling software with activity
descriptions and their precedence relationship. See Fig 4.4,

for the flow chart.

4.4.3 DURATION MODIFIER

This module consists of five nested ES sub—-modules, each
containing KB pertaining to one of the following five
factors which impact the productivity level of an activity
at any given site: overtime, site congestion, re-assignment
of labour, learning curve, and weather. Except for weather,
the user 1is asked to describe the condition on site in a
sample and direct way and/or fill in the data required by
the system, The productivity levels associated with each of
the five factors are obtained from availacle literature
{Anon, 19763 Adrian, 1987; Koehn and Brown, 1985) and stored
in the system. These contain the percentage of loss of
productivity under a range of adverse site conditions.
Except for weather, the wuser 1s asked to describe the
expected adverse condition on site as one of the following:
minor, average or severe. Here 1s a sample of the database
for the impact of re-assignment of labor (Anan, 1976):

Cond:irtaion : Minor Average Severe

Productivily Loss S5% 107 15%
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In the: case of overtime, the user has a choice of describing
the condition as above or by choosing a number pertaining to
th2 total number of days and number of hours in a day
2xpected to work during a week. Productivity loss related to
the number of overtime hours is also stored in the system.
By consulting the necessary KB the system modifies the
standard durations of impacted activities to a realistic ‘as

possible’ duration.

Duration adjustment to a weather sensitive activity is
based on the early start and early finish dates of that
activity. Average temperature and humidity for each calendar
day of the duration is extracted from the database to assist
in determining the productivity level for each day.
Following two non-linear relationships showing construction
productivity as a function of temperature and humidity are

used for this purpose (Koehn and Brown, 19835).

2 2
Pc = 0.0144T7T - 0.00313H - 0.000107T - 0.000029H
- 0.0000357T.H + 0.617 (applicable between -20 and 50F)
2 2
Pw = 0.0517T + 0.0173H - 0.00032T - 0.0000985H
- 0.00009211T.H - 1.459 (applicable between 70 and 120F
where
Pc = productivity factor for cold weather;

Pw = productivity factor for warm weatherj

T = temperature in degree Fahrenheit;

H = relative humidity as a percent.

In order to obtain a smooth transition between the above two
equations, they are normalized as a function of their

respective maximum values and productivity at 60 F and 70 F

is arbitrarily taken as unity, as explained by Koehn and
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Brown. The above equations were obtained from historical
data gatherea from a number of sources and they agree with
the findings of other researchers (Thomas and VYiakoumis,

1987). See Fig. 4.5 for program flow.

4.4.4 Databases

ESCHEDULER makes use of the relational database management
system provided by the ESBT. The extended programming
langquage of this tool gives direct access to the database.
There is a dynamic link between the ES and the database.

Data are retrie2ved from the database only when required

during the vperation of the ES. The developmental system at
this current stage makes use of the following four
databases:

a) LOGILIST contains record on description of any two
activities, commonly encountered in a building project,
which are dependent on each other. This database was created
at the benginming of the implementation of ESCHEDULER, ain
order tc generate rules for precedence setting for
activities which are linked to each other. JOBLOGIC HELPER
checks with this database whether the two activities under
consideration are linked 1in any way, prior to consulting
its KB to determine their relationship. This database not
only helps in documenting the list of activities already
included in the KB, but also helps in managing the rule base
since it becomes tedious as its size increases. The greatest

advantage of this database is experienced during the
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consultation with JOBLOGIC HELPER. A significant amount of
time is saved as it directs the search for the relevant
rule, only if it exists in KB. Hence unneccessary search in
a large rule base, which may be futile for activities not
linked to each other, is avoided. It allows greater memory
management by leavaing the random access memory (RAM) free

for other operations.

b) WEATHER contains the predictable weather pattern for the
city of Montreal based on a ten-year historical
climatological data. The daily probable average temperature,
humidity and windspeed for each day of the year are stored

in the database.

In order to simulate the annhual weather pattermn for the city
of Montreal, historical data on climatic conditions were
used. A ten-year (1971-1980) weather data stored 1in a
magnetic tape provided by the Atmospheric Envaironment
Service of the Canadian Climate Centre, was accessed by
Digital Equipment VAX computer, at CABD Lab of Concord:ia
University with a program written i1rn FORTRAN. The hourly
weather data during the work hours (7 am - 35 pm) of each day
of the year are averaged to derive the probable weather

pattern for each day.

c) CALENDAR stores the work calendar of the project,

including holidays. At the beginming of the consultation the

user has the option of entering more holidays like Christmas
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and construction holidays, when applicable- As the date of a
holiday is entered by the user, the system makes the
necessary change in CALENDAR. The enhancement of the
database system of the ESBT allows data sharing between
CALENDAR and WEATHER databases by making use of its
programming language. This helps in ignhoring the impact of
weather on an activity during a holiday period, when no work

is actually performed.

d) LISTACT contains the list of activities alorg with thear
codes and durations. These raw data are entered by the user
during the consultation with ACTIVITY TRANSLATOR. The ES,
JOBLOGIC HELPER creates this database during consultation
and later retrieves data on activity description from this

storage for precedence setting.

e) PROJREC stores the project record extracted from the
schedule report produced as an output by the external
project scheduling software. Its fields are activaity code,
activity description, duration, early start and early finish
dates. The ES, DURATION MODIFIER creates this database
during consultation . u accesses it during consultation for
retrieval of project records and to make the necessary

changes in duration of activities, after consultation.

Creation of the last two databases is automated. Records for
these two tables exist in am ASCII text data file befare

tm
being transferred to respective GURU databases.
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4.4.5%5 PRIMAVERA

This is a wmenu driven, widely used commercial project
scheduling software. Its major functioms are scheduliny,
resource leveling and cost control. Either precedence or
arrow notation may be used to schedule as many as 10,000
activities. A large variety and number of schedule, resource

and cost reports and plots are available from the system.

tm
I>rimavera ‘s batch data entry system expedites the
development of project schedules. There 15 a batch command
for each category of project data input. This r quires the

creation of ASCII text file containing specific network or
schedule data. Prlmaveratm processes the file 1in its
entirety throuugh the batch routines and teste the data tor
the compatibility. Diagnostic meseages are directed

automatically to the printer or monitor, whichever the user

may choose. If no errors are detected, the diagnostic report

displays an audit trail of selected batch commands. Record

formatting for the batch files are very important. After
cm

processing, tre wuser can enter Primavera in the wusual

manner and use the interactive system to prepare reports.

4.4.6 TARGET1 and TARGET2
Two FORTRAN programs, TARGET1 and TARGET2, are developed and
incorporated in ESCHEDULER to format the files to the
requirements of the software tools used. Orne prepares input
tm

files to the project scheduling software, Primavera , and

the other reads the schedule report output by the same

75




software and prepares the ASCII text file with relevant
tm
information in order to attach them to GURU database,

PROJREC.

4.4.7 ESCHEDULER.BAT

Procedural language of the ESBT and its enhanced data
management system are wused for the flexible but tight
integration of the various essential components of the
prototype system. If the user wants to consult any sub-
module ESCHEDULER provides the flexibility to access that

particular module.

A DOS batch file was created to unify and run different

so/tware modules and their functions. It allows the user to
work with the system by simply typing escheduler.
Personalized commands are used to control the operation.
Commands with replaceable parameters allow output files from
the consultation with KBES to be processed by the external
software, Prlmaveratm. Batch files provided in this

software, with commands to process ASCII files, are modified

to accomplish this task,

Manipul. tion of various knowledge :l1ements to arrive at a
realistic duration ard their importance are described in the

following section.

4.% Components of DURATION MODIFIER

Contractor-, generally, are required to complete projects
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within a specified contractual completion date. However,
circumstances that are beyond control often prevent
contractors from completing their projects. Construction
contracts are fraught with uncertainty (Carr, 19793 Abhuja
and Nandakumar, 1985) and usually require contractors to
consider normal delays 1in the preparation of their
schedules. Delays occur when a contractor fails to forecast
adequately the construction process and the resulting
uncertainties associated with overtime, site congestion, re-
assignment of labour, learning curve and various other
delays. The module DURATION MODIFIER consults the following
sub-modules to arrive at a realistic duration for the

activities scheduled.

4.5.1. OVERTIME

To accelerate the construction schedule or to recover lost
time, construction crews commonly work overtime during
project execution, Project managers always take the first
option of having their labcur crews work overtime without
considering the effect on overall productivity. Adrian
(1987) indicates that scheduled overtime operations braing
about 1 sharp inicial drop in productivaity as workers repace
their output. Tt lowers work output and efficaiency through
physical fatigue and poor mental attitudes. This 1s usually
followed by a recovery of productivity after a week or two.
Productivity agaim draps substantially after a few more

weeks., The negative effect of overtime 1s greatest when a
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crew is required to work overtime for a substantial period.
OVERTIME, the KB on the impacts of overtime contains rules

teo utilize the information shown in Table 4.2 and also the

percentage of productivity loss for different adverse site

conditions.

4.5.2 CONGESTION

Site congestion may result from the physical features of the
project or from the high density of tradesmen workaing in one
area. 5Several concurrent activities may be scheduled withan
a confined area in the preparation of the initial schedule.
As the project pragresses, different activities are advanced
or delayed to meet the schedule changes. Consequently,
actaivaties under progress in a confined area may i1nterfere
with each other for work:.ng space requirement. This results
in congestion of personnel, imabilaty to locate tools
conveniently,increased loss of tools,additional safety
hazards and increased vasitors (Amon, 1976). Usually
productivity loss due to congestion, not being part of
estimating activity duration, is generally not accounted for
in schedule computation (Ahuja and Nandakumar, 1983). In
ESCHEDULER, expected productivity loss due to congestion
which may be predictable at the inception is accounted for
in the calculation of realistic activity durations.
Different productivity levels are assumed depending on the
expected site conditions and are incorporated in the KB,

CONGESTION.,
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4,%5.3 RE~-ASSIGNMENT

Re—-assignment of labour is inevitable on any project and
becomes unavoidable on projects when different phases
overlap (Ahuja and Nandakumar, 1985). Factors such as errors
and omissions in original desaign and incorporation of latest
improvements neccessitate changes, resulting i1n extended
duration for certain activities. Loss of production occurs
with move-on, move-off of men because of unexpected changes,
excessive changes, or demand made to expedite or reschedule
completion of certain work phases (Anon, 1976). Manipulation

1n RE-ASSIGNMENT 15 saimilar to the above KB.

4.5.4 LEARNING CURVE
It 1s known that productivity rate of a job i1ncreases with
experience and practice. The length of time required to

orientate workers is a matter of continuous study (Gates &

Scarpa, 1972). Advances in product design, methods of
construction, tools and equipment have resulted 1n changed
experience curves, It 1s obvious that the orientation time

for any worker of a particular labour category depends on
the type of operataion, motivation and learning environment.
It 1is found that whemever the routine~-acguiring process 1s

interrupted for even a short time some of the experience

curve effect 15 lost, although upon resumption of the
actaivity, the routine—acquiring process resumes at the same
decremented rate (Gates and Scarpa, 1972). The expected

conditions at the site are referred in the system to extract
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different rates of production.

4.%5.5 WEATHER

Weather is one of the most difficult and unknown factors
that influence construction projects (Baldwin et al, 1971).
Because of the nature of the industry, almost 50% of the
activities involved are affected by weather (Benjamin and
Greenwald, 1973). Although weather conditions cannot be
controlled, more accurate knowledge about anticipated
weather can clearly contribute to lessening the effects of
weather upon construction progress. The weather, an activity
faces, 1is dependent upon the times of the year the activity
is performed. For this reason, uncertainty due to weather
related to activity duration is dependent on calendar date.
Modifying duration of weather sensitive activities must

recognize the following relationships:

1) Weather affecting one activity duration on a saite
also affects cancurrent activities because activitaes
progressing simul taneously share the same weather, and

2) weather affecting one activity duration also affects
durations of following activities because their start times
are changed and the seasonal weather they face 15 also

changed.

ESCHEDULER simulates the daily progress of all weather
sensitive activities in a construction project. The progress

of an activity 15 sensitive to the occurance of a weather 1if
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its progress under that weather is expected to be different
from 1its progress under standard weather. This sensitivity
of any activity to weather has been determined from
empirical equations (Koehn and Brown, 1985). Based on the
start and finish dates of the activity, the weather it
faces, and 1ts progress under the weather, the duration is
changed to a realistic one. See Fig. 4.6 for proygram flow 1in

this module.

4.5.6 Combined Effect or Site Conditions

Productivity levels associated with different conditions on
site may or may not be correlated. Determination of the
productivity 1level considering the combined impact of more
than one of these factors requires careful study cf whether
they are mutually exclusive or not. For the purpose of this
study a saimple yet reasonable method is used. Incorporating
the impact of the uncertainty factore is similar to the
model suggested by Ahwja & Nandakumar (1985) which has also
been considered by other researchers (Carr, 19793 Stevens,
1988, Stevens, 1990). The expression for combining the

effect of the various factors is as follows.

Combined Productivity Level (P.L.)

= P.L. due to Variable 1 x P.L.due to variable 2 X .....

It is considered that the impact of the different
uncertainty variables 1s indepenrndent and, hence the above

multiplicative model 1s used to obtain their combined
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impact.

ESCHEDULER consults the above sub—-modules to modify duration
of an activity. Even though there are advantages 1in
modularity such as ease of modification, the weakness of
such approach of pure-mecssage passing 1s the inability in
tracing the rules fired in different modules to provide
complete explanation. Automated explanation behaviour of
production rules is lost in such systems. However,
ESCHEDULER provides reasoning for its final calculation of
the revised duration by providing the rate of productivaty

due to factors chosen.

4,6 Summary

This chapter presented the development environment for
ESCHEDULER, including the reasons for choosing GURU as the
ESBT. It should be mentioned that GURU is not an easy-to-
master tool due to the complexity of 1ts documentation and
1t does not use other forms of knowledge representation
techniques, such as frames. The various components of
ESCHEDULER and their functions are described and the
manipulation of knowledge bases in developing and wpdatang
schedules 1s explained. The las ‘'ction briefly presents
the contents of the sub-modules and their aimportance an
determining realistic activity durations. The following
chapter presents an example application to 1i1llustrate the
essential features of the system and i*ts potential

application to other problem domains.
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Define Goal Variable

Enter Initialization Commands
Enter Rulec

Define Variables

Enter Completion Commands
Save and Compile

Review and Debug

L Validate Knowliedge

_/

Table 4.1 Building ES with Gurg™
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write “Prim3-

Enter Project
informatton

write 2rimi1”

Enter
Holldays

Select
Activity

Enter Activity
Description

L

Change workday to
holiday in CALENDAR

Consult Pulebase

Description
Exists?

Compatible

Display new
description

write
ACTLIST TXT

Fig. 4.2 Program Flow in ACTIVITY TRANSLATOR
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ACTLIST TXT
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Days/Week Hours/Day Productivity (%)
5 9 95
S 10 a2
) 11 89
S 12 86
6 8 97
6 9 88
6 10 82
& 11 78
6 12 75
7 8 92
7 9 83
7 19 78
7 11 75
7 12 72

Table 4.2 Productivity due to overtime
(Bureau of Labour Standards, Electrical Contracter, Jan 1970)
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Mark record No J
for Start Date

Mark record No K
for Finish Date

‘ Productivity= Avep=/gur
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|

Calculate rate of
Proguctivity (Pr)

|
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Fig 4.6 Program Flow in Sub-Module WEATHER
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CHAPTER 3

APPLICATIONS

9.1 Introduction

In this chapter example applications are presented to
illustrate the operation and the essential features of
ESCHEDULER. System features are presented with particular
emphasis on the benefits of the hybrid approach. The
system’'s hybrid environment supports a higher level of
automation. Unlike in similar developments reported in the
literature where validation of the system is not addressed,
efforts are made to validate ESCHEDULER. Issues in
validating an expert system are briefly discussed. Use of
the system in other areas of construction management are

ocutlined.

5.2 An Example Application

In this illustration, the application of ESCHEDULER in
preparing an ‘as possible’ schedule is described. The system
progresses through consultation as the user responds to
questions posed by the system. In many cases, a simple
yvyes/no (Y/N) response allows progression through
consultation. Having received the answer to a question from
the user or by accessaing a database, the system locates the
applicable rules by comparing the answer with the knaowledge

base and produces a decision or executes a function.

In real situation, while consulting, the wuser would

generally want to discuss some points in detail with the
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expert. Unfartunately the system is not yet fully developed
to facilitate wide ranging communication and therefore at
present only reports can be included to explain the reasons
behind the consultation by tracing and presenting the rules
it fired along with the relevant reason stored in the system

while rules were generated.

An example of a buildaing project is presented here as a
proof of the concept presented in this study and to

illustrate the operation of ESCHEDULER.

9.2.1 Project Description

A sample project 1is chosen with the dual purpose of
illustrating the essential features and the operation of
ESCHEDULER and to validate the system. It 1 an actual
project of a multi-storey building with "as planned’ and ’'as
built’ schedule prepared by the project management
consultants who handled the claims defence originated from

the execution of this project.

The project, a commercial plaza, was built in the outskarts
of the City of Greenville in the state of Socuth Caroclina. It
consisted of ten storeys and housed underground parking
facilities, two floors of shopping mall and eight floors of
office space, in the initial design. Sub-surface
investigation showed sandy silty material. Construction was

to begin in April 1982 and to be completed at the end of

September 1983. For the purpose of this 1i1llustration, the
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year of commencing construction has been taken as 1988, due
to the limitation in the database CALENDAR. This database
can be increased to cover any period. As database WEATHER
simulates annual average climatic pattern for any year, this
change in the period of construction would not affect the

results, obtained by this system.

3.2.2 Activity Break-down

The input to the system, i.e. activity break-down and
durations are taken from the ‘as planned’ schedule, prepared
by the consultants. These were found to be suited to the
illustration intended for this chapter, and hence no changes
are made. Fig. 5.1 provides the time-scaled network prepared
by the consul tants. Table 5.1 shows the activity
descriptions and thear durataions. The activity codes

required for consultation are also shown 1n this table.

9.2.,3 User~Input

The user begins the consultation by simply typing
escheduler. The system, after displaying the header,
requests the wuser to insert a floppy diskette in draive A.
Most of the data required to be transferred between
different modules are temporarily stored in this disk to
make it easier to be accessed by these modules. The user is
requested to enter project information (Fig.5.2). If any

holidays are to be entered, the system requests the user

for calendar dates. Necessary changes are made in the
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database CALENDAR to be later used for adjusting the
duration of weather sensitive activities. The same holiday
data are automatically input to Primaveratm for schedule
preparation. At this stage of consultation the system
prepares two batch files for Primaveratm. ‘Priml’ contains
project information and ‘pram3° contains ainstruction to

perform network analysis. These two files are stored in the

floppy diskette in drive A, as stated before.

After all the holidays are entered, the user 1s requested to
choose the method he/she wants to use to enter the basic
information about actaivities (F19.5.3). If the user chooses
to select activaty description from a 1list of common
activities i1nvoked on the screen, the activities chosen are
immediately written to the disk. If the user wishes to enter
his/her own descraiption, the module ACTIVITY TRANSLATOR

checks them for system compataibility, and if found to be

different, the user is informed of the change in
descraption. In this method, if an activity description
entered by the user 1s not in the system, the system

requests the user to select a synonymous description from a
list as described in the earlier method (Fig. 4.3). After
all the activities are entered, the module to determine

precedence relationship goes into operation.

83.2.4 Determination of Job Logic
The module JOBLOGIC HELPER checks with the user whether the

duration or the activity code needs to be changed in the
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already input data on activities. This module creates a
database, LISTACT and stores all the data entered by the
user. It checks with the database LOGILIST for the existence
of dependency between any two activities in LISTACT. During
precedence setting, the user is asked if hes/she wishes to
consider partial or conventional relationship between any
two interdependent activities (Fiq.5.4) displayed on screen.
1f partial is chosen, the user will have to input the lag in
number of days. Explanation for the determination of
precedence between any two activities can be requested from
the system (Fig. 5.5). Information on actaivities with
activity description, duration and precedence record are
written to the batch file 'prim2’ in the floppy and are

tm
later processed by Primavera (Fig. 4.4).

5.2.% Baseline Schedule

Once precedence setting is completed ESCHEDULER exits GURUtm
and loads Prlmaveratm and processes the files
‘priml’, 'prim2’ and ‘prim3°. Schedule preparation is
automated, using ‘prim3’. The user 15 requested to prepare a
schedule renort i1n ASCII format (Table 5.2) and to store the
file 1n PROJREC.PRN, interactively. The fields of this
output file are activity code, activity description,
duration, early start and early finish. Once the user has
prepared the report, saved it and exited Prlmaveratm, the

tm
system again enters GURU to modify the duration of

activities expected to be affected by conditions at Job
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site.

5.2.6 Realistic Activity Duration

DURATION MODIFIER uses a FORTRAN program (TARGET1) to format
the ASCII output from Primaveratm (PROJREC.PRN) to an input
file to attach to PROJREC table in GURUtm which stores
project record pertaining to each activity in the project.
In modifying the duration of activaties, the conditions
prevailed at the time of construction and described in the
report prepared by the consultants are applied. But normally
the wuser will have to enter the condition, expected to
prevail at site 1n order to prepare an ‘as possible’
schedule. Project history provides following i1nformation
(Table 5.3). Even though delay due to adverse weather 1s
attraibuted to only one actavity, wvaiz., Piling-Pilecapping,

all weather sensitive activities are considered in thas

exercise.

Before considering the activities for the adjyustment of
durataion, the system displays a list of factors which are
accounted for by ESCHEDULER (Fag. 5.6). If the user can
quantify the delays due to any other factors, facilaity 1s
provided in this system to incorporate them, later 1n the
calculation of revised duration. Fi1g 5.7 shows the "request
form’ which appears for each time consuming activaty. The
user is requested to select the factor(s) he/she wishes to
consider for the activity displayed. The particular sub-

modules containing knowledge on the factors chosen are
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accessed for consultation. System Qqueries are about
overtime, site congestion, re-assignment of labor and
learning curve. Durations of weather sensitive activities
are modified based on their calendar early start and early
finish dates. Fig. 5.8 shows the list of possible responses,
t>z wuser has to choose to enter to most of the queries on
site condition. DURATION MODIFIER queries the user on site
conditions, particular to the factor(s) chosen (Fig.5.%9) and
modifies activity duration in accordance with the
appropriate productivity related factor(s) contained in the
system. For weather sensitive activities, probable average
temperature and humidaty for each day ot the activity
duration are first extracted from database WEATHER and then
used to arrive at a productivity level for that actavaity,

based on previously described equations.

Whenever an activity 1s chosen for the calculation of
revised duration with respect to overtaime, the theoretaical
reduction on the duration is performed by the system, 1f the
user chooses to input the total number (normal + overtime)
of work hours. Based on this new duration, the impact of
other factors are then considered. When a weather sensitive
activity is identified by the user, the system exits GURUtm,
loads Primaveratm and updates the schedule with the revaised
duration of the activities, to determine the revised start
date of that activity. The system again enters DURATION

MODIFIER with new activity records, and modifies duration

for that particular activity, based on the factors chosen.
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After the required number of iterations are performed for
weather sensitive activities by the scheduling software and
the relevant consultation by DURATION MODIFIER, the
scheduling software prepares the ‘'as possible’ schedule

(Table.5.4).

5.3 Validation of ESCHEDULER

3.3.1 Issues in JValidation

Validation of an ES refers to a formal test to determine how
well it makes decisions for which it 1s designed. Ildeally,
it 1s carried out under authentic consulting conditions, and
the test cases cover a wide and typical range of anput
situations. A library of test cases of expert decisions 1is
extremely valuable during the iterative expert system

building stage.

Expert system validation 1s often difficult since there are
no wuniversally accepted or unbiased formal specaifications
against which the system can be Jjudged. This should be
evident from the purpose of developing an expert system, It
could be expected that the legal i1ssues surrounding expert
systems may arise from the creation of the knowledge base
itself. Whoever defines the rule becomes responsible for
subsequent failure (ENR, 1988a). The biggest drawback to
rule—-based systems 1s the problem of system verification and
validation. Because pattern matching 1s the criteria by
which processing 1s performed, exhaustive testing 1s the

only way to perform a complete verification and wvalidation
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of the system.

Some attempts are made in this study to commence the
validation process of ESCHEDULER. The important dimension in
validation 1is to test the performance of the system,
completeness and i1ts accuracy. A critical performance and
validation check would be to execute several test scenarios
to see if the expert system produces the correct results. [t
is important to note that such validation requires
completeness of the knowledge base and availability of
documented test cases. For the purpose of the study, one

documented test case is utilized.

9.3.2 Validity of Knowledge and Knowledge Processing

As ES are designed to impart knowledge, it 1s very important
to determine the accuracy of the knowledge and the
correctness of the system execution. Hence validity check on
ESCHEDULER 1s performed to test the accuracy of the

knowledge bases, database and the program execution.

Accuracy of KBt Knowledge modules in ESCHEDULER consist of
information on different descraiptions used for a particular
work task, construction methods and on productivity levels
assoclated with different site conditions. Knowledge on
different descriptions and construction methods were
accumulated by comparing construction schedules prepared by
contractors and from various text books referenced in this
thesis. Information on productivity levels were extracted

from refereed jJournals and bulletins. The equations employed
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to determine the productivity level due to weather
conditions were checked for their applicability. Fig. 5.10
shows the productivity levels under different temperatures
at 60% relative humidity. This curve matches with similar

graphs found in many text books.

Accuracy oY Database: ESCHEDULF?? accesses the database,

WEATHER to simulate the dai.y weather conditions. The
weather pattern stored (Fig. 5.11) 1is compared for
verification with similar data on clamatac behaviour

published in "The Climate of Montreal" by Environment Canada
(Fig. 5.12). It shouvld be noted that the vieather pattern
obtained is based on day time (7 am - 5 pm) climatic data

and Fig. 5.12 shows the pattern based on a 24-hour day.

Correctness of Execution: A sample network with five
arFtivaties 15 deEpd to cheer whother the edecution af  the
program matches the program flow i1ntended. Fi1g. 5.13 shows
the sample petwork. Impact of each factor on task “Activaty
B’ and the combined impact of all five factors on the same
task were derived using ESCHEDULER and checked against the
knowledge base and the database. The schedules i1n Table 5.9
were prepared for each execution with Prlmaveratm.

After establishing the validity of the system, performance
of ESCHEDULER on an actual project was evaluated. The

schedules prepared with ESCHEDULER are compared with the

actual project schedule. The results are reported below.
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9:.3.3 Comparison with the As-Built Schedule
The same input used in the illustration are utilized with

the actual start date of construction to prepare the revised

. ’

as possible schedule. The impact of the factors are
considered on activities whose scope of work and job 1logic
remained the same to make a realistic comparison. For
activities with change of Jjob logic, the respective actual
start dates and planned durations are used for this purpose.
The revised durations obtained after consultation with
ESCHEDULER are compared with the actual durations shown in

the ‘as built’ schedule prepared by the consul tants

(Fig.5.14).

The following activities are chosen for comparison: Clear
Site, Excavation, Piling-Pilecapping, Erection of Steel in
all three levels and Rnofing. As the job logic for actavity

Roofing has been changed, its actual start date is used for

comparison. Table 5.6 shows the resultse obtained, by
applying the conditions prevailed at the site during
constructaion. Some similarities and discrepancies can be

noticed between Table 5.6 and Fig. 5.14.

Even though the activities taken for comparison are weather
sensitive, consultation shows that all of them are not
impacted by the climatic <conditions. Hence, durations of
activities Clear Site and Zxcavation are the same in both
cases. Piling-Pilecapping 1s reported to have been affected

by an unusual raainfall. The same duration is obtained for
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this activity after adding this delay. Erection of Steel for
Level-1 and Level-2 had taken 60 days. The consultation with
ESCHEDULER shows that these activities would take 67 days.
The discrepancy may be attributed to various other factors
in weather. It should be noted that weather record was
limited to temperature and humidity and to a particular
location, Montreal. In addition, the various activities are
given different amounts of protection from weather, etc. and
their raw durations can be based upon different standards,
used by the consultants who prepared the initial schedule.
Other weather variables, such as precipitation amd snowfall,

are also important.

The ‘as built’ schedule prepared by the consultants shows a
change 1n the precedence logic. Due to the delay and the
change in the scope of work in Steel Erection - Lev 3,
Concretaing for all levels, which was to commence after the
completion of steel erection was done concurrently. Many
other activities planned for lanear job logic hawve also been
done concurrently (Fig.5.14). The reasons of change 2n the
scope and job logic can be attributed to the discrepancy in

the duration for Erect Steel-Lev 3.

It is interesting to note that the duration derived for
activity Roofing 1is the same, as shown i1n the ‘as built’
schedule. The impact of three factors: overtime, re-—
assignment of labour and weather, are consicered for this

activity.
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Even though it may be too early to commence validation on
ESCHEDULER, the attempt on this task will definitelv help in

gradual refinement of the system.

5.4 Use of ESCHEDULER

The application of ESCHEDULER can be easily extended to
other problem domains in construction management. It can
also be used to train field engineers for further
assignments. Its possible application in three areas of

construction management are briefly mentioned below.

3.4.1 Claim Analysis
A great potential in the application of ESCHEDULER can be
seen for claims analysis and defence. In delay claims, the

analysis method requires the identification of the events

that caused the delays. Each delay~causing event 1s
analyzed individually and the times/delay involved is
quantified accordingly. Later, the schedule incorporating

the delays 1s compared with the schedule prepared prior to
incorporation of the delays and the difference is
calculated as the delay to the project caused by the event

under consideration.

A refined and properly validated ESCHEDULER can be used in
claims defence by inputting the delay~causing events during
modifying the duration of an activity to arrive at a legally
accepted, Qquantifiable delay period for the activity under

consideration. This task 1is similar to preparing an ’'as
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possible’ schedule, but entering the actual site conditions.

5.4.2 Schedule Update

ESCHEDULER may be used for schedule updating during the
progress of a building project. It can be used to forecast
the duration of activities and by inputting the prevailing
site conditions, the possible project completion time. This
replaces i1ntuitive reviews of duration estimates and permits
less experienced personnel to forecast activity duration
with a degree of accuracy and consastency. It will make the
management aware of the need to revise the original schedule

and its network topology.

5.4.3 ‘What - If° Analysis

An analysis of the schedule at the tactical plan level can
be more valuable and meaningful to a contractor and/or an
owner. If changes in the project emvironment can at best be
predicted prior to construction and their effects are
known, it will bring more bemnefits to the parties concerned.
It will also help in making a realistic estimate of

con*tingency time allowance for the project.

The application of ESCHEDULER can be extended to schedule
arnalysis, prior to or during construction of the project as
mentioned in the above section to study the impact of
changing the project environment on the completion date and
the project cost. A simple example can be shown from the

illustration used in this chapter. Table 5.7 shows a
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comparison of 'as possible’ schedules with different project

start dates. Even though the same site conditions are
applied in the preparation of these schedules, the
differences in activity durations can easily be noticed.
This is due to the difference in the period when the
activities will be worked on. Further, effects of
accelerating a project can also be studied by choosing the
factors which are generated by this action, such as
overtime, congestion, re-assignment of labour, or recruiting

more workers.

5.6 Summary

An example application is presented in this chapter to
iliustrate the essential features of ESCHEDULER. Performance
of ESCHEDULER is measured by comparing the example with the
fas built’ schedule., The extension of the application of the
prototype in other areas of construction management is also
briefly described. It is not an easy task to validate a
system without its completeness. This can be seen by the
absence of this topic in papers published on similar
developments. But it was deemed important to make an attempt

on validation to establish the reliability of the system.
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CODE ACTIVITY DESCRIPTION

DURATION (days)

ES010 Award Contract
ES020 Mobilization

ES030 Clear Site

ES040 Excavation

ES050 Piling and Pilecapping
ES060 Erect Steel - Lev 1
ES070 Erect Steel - Lev 2
ES080 Erect Steel - Lev3
ES090 Install Cladding
ES100 Roofing

ES110 Concrete - Lev 1
ES120 Concrete - Lev 2
ES130 Concrete - Lev 3
ES140 UG Services

ES150 ME Roughiin - Lev 1
ES160 ME Roughin - Lev 2
ES170 ME Roughin-Lev3
ES180 Int Finishes - Lev 2
ES190 Int Finishes - Lev 3
ES200 Painting

ES210 Cleanup

0

5

10

15

20

30

25

40

20

20

20

20

40

75

20

60

75

60

80

20

20

TABLE 5.1 Activity Break-down
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Please answer the Following

Name of The Project 'VALIDATION OF ESCHEDULER
Name of the Client CENTRE FOR BUILDING STUDIES

Name of your Company ‘CONCORDIA UNI VERSITY

Project File Name (4 chars) TesT
Project Start Date (e.qg., 01JANB8B) (0]APR8BS
Project Data Date (e.g.,, 01JANB8) (1APR8S

. o S O0RANEON0000: A AONAENRO00
R e

Fig 5.2 Project Information

ESCHEDULER provides two methods to input activities:

A) Enter activity description, assigned by the user,
(This wiil be changed to system compatible description)

B) Choose from a list, provided by the system

Enter your choice :B
Please enter the number of activities: 2!

Fig 5.3 Method of Entexing Activity Description
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Erect Steel-Lev 3
precedes
Install Cladding

Do you want to consider Partial or Conventional
relationship between the two activities (P/C)? p

install Cladding can commence before completing Erection of Steel. N
How long do you need to erect adequate part of steel to start cladding?s ; 3

Do you want to know the Line of Reasoning? Y

Fig 5.4 System Query to Determine Link and Lag

Rule RIS (Fired)

Cladding requires frame work. Steel should be erected first, 1n
order to commence cladding.

1) an activity Erect Steel-Lev 3

2) another activity Install Cladding

3) preceding activity Erect Steel-Lev 3
4) succeding activity install Cladding
5) relationship between them SS

6) lag between them 15

7) precedence established true

oo

Fig. 5.5 Explanation for Precedence Setting
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ESOQ10 Award Contract 0 1APRBB 1APR88S

ES020 Mobilization 5 1APR88 7APR88S
E£S030 Clear Site 10 BAPRBB 21APRBS
ES040 Excavation 15 22APRBS 12MAY8S8
ESO50 Piling-Pilecapping 20 13MAYB8  9JUNBSB
ESO060 Erect Steel-Lev 1 30 10JUNBB 21JULBB
ESO70 Erect Steel-Lev 2 25 22JUL88 25AUGB8
ESOB0 Erect Steel-Lev 3 40 26AUGBB 200CT88
ESCS0 Install Cladding 20 210CT88 17HOVEE
ES100 Roofing 20 210CT88 17HOVES
ES110 Concrete-Lev 1 20 210CTRS 17HOVESB
ES120 Concrate-Lev 2 20 18NOVB8 15DECS8S8
ES130 Concrete-Lev 3 40 16DECBB 9FEBBY
ES140 UG Services 75 210CT88 2FEB8Y
ES150 ME Rough in-Lev 1 20 18NOVBA 15DECS8S8
ES160 ME Rough in-Lev 2 80 16DECSS 9MARES
ES170 ME Rough in-Lev 3 75 10MAR89 22JUNBY
ESt180 Int Finishes-Lev 2 60 16DEC88  9MARBS
ESt190 Int Finigshes-Lev 3 80 10MARBY 29JUNBS
ES200 Painting 20 30JUNBY 27JULBS
ES210 Clean up 20 28JULBY 24AUGBY

- - = 2 = " = = = - A = e A o T e = " e 4 e = -

Table 5.2 ASCII Report of 'AS Planned’ Schedule
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Factors Affecting Productivity
=~
. [
iy . 2 2 2212
Activity Description g ‘% %g £ § é @ Comments Delay
§3085|2 |5
Award Contract - - - - - X Delay in securing additional funding 3 mnths
Mobilization - - - - - - No dslay reported
Clear Sits - - - |- X|- No delay reported
Excavation - - - - X1 x Permit to relocate gas main, relocate gas 25 days
main and rock removal.
Piling & Pilecapping - - S X1- Rainfall (12 days requested) 10 days
Erect Steel - Lev 1 - - - - X1. No delay reported
Erect Steel - Lev 2 - - - - X |- No delay reported
Erect Siee! - Lev 3 . . |sev| - X | x Change orders, additional work, period of | 20 days
indecision, design & material delay
Install Cladding X |ave. | Ave.| - X|- Out of sequence, acceleration, 6-10 hr
work schedule.
Roofing X |Ave. |Ave] - Xt - Out of sequence, acceleration, 6-10 hr
work schedule.
Concrete - Lev 1 - - Ave | - X1- Out of sequence
Concrete - Lev 2 - - Ave.| - X]. Out of sequence
Concrete - Lev 3 - - {Ave] - X |- Out of sequence
UG Services X | Ave. | Ave.| - - 1. Out of sequence, acceleration, 6-10 hr
work schedule.
ME Roughin - Lev 1 X lAve. |Ave| - | - |- Out of sequence, acceleration, 6-10 hr
. work schedule.
ME Roughin - Lev 2 X |ave. |Ave| - | - |- Out of sequence, acceleration, 6-10 hr
) work schedule.
ME Roughin - Lev 3 X |Ave. |Ave} - o Out of sequence, acceleration, 6-10 hr
. work schedule.
int Finishes - Lev 2 X jAve. |Ave - o Out of sequence, acceleration, 6-10 hr
N work schedule.
ini Finishes - Lev 3 X |Ave. |Ave| - o Out of sequence, acceleration, 6-10 hr
- work schedule
Painting X |ave. | Ave] - - }- Out of sequence, acceleration, 6-10 hr
work schedule.
Clean up X - -1 - - |- No delay reported

X - Affected, - Not Affected, Ave. - Average,Sev. - Severe
Table 5.3 Project History
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This system deals with productivity factors related to the following:

A) overtime

B) congestion

C) learning curve

D) reassigning labour
E) weather

if you need explanation to any of the above, please select :
(if not enter N)

AR
e
AT ' o5

Fig. 5.6 Factors Considered in ESCHEDULER
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Activity under consideration :Piling=-Pilecapping

Please answer the following
overtime
congestion at site

Are vou concerned about |reassignment of labour

mob111zing new workers
weather

‘N\ SRR
X o
-

Fig 5.7 Factor(s) to be Considered

Choose one of the following to describe
condition at site:

M Minor
A Average
S Severe

Fig 5.8 Condition at Site
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L

CONGESTION
Activity under consideration :Erect Steel ~Lev 3

Y/N (M/A/S)
Please answer the following Conditio

will operations take place within physically 1hmited
space with other contractors? (ST ACKING OF TRADES) A

will operations be added to already planned
sequence of work? (CONCURRENT OPERATIONS)

Will operations be performed over, around or close
proximity to owner's personnel or production equipment?
(BENEFICIAL OCCUPANCY)

Will operations be performed, while site occupied by other
trades, due to 1ssuance of change orders?
(JOINT OCCUPANCY)

Are \nterferences with convenient access to work areas,

expected at site? (SITE ACCESS) )

R
SR

Fig 5.9 Input to KBES sub-module, CONGESTION
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REPORT DATE SJULBS RUM NO. 4

PRIMAVERA PROJECT PLANNER

CONCORDIA UNIVERSITY

OPERATION OF ESCHEDULER

1APR88 FIN DATE 14DEC89

CLASSIC SCHEDULE REPORT - SORTED BY ES, TF PAGE NO. 1
;;;\-rx;\-'" ;;;; ;;).4- o ACTIVITY DESCRIPTION o SCHEDULED

10 DUR DUR PCT CODE START FINISH
;;;;; o ";- “; -;- o Award Contract 1APR88  1APRES
£3020 5 5 Mobi1ization 1APR88  7APR8S
£3030 0 10 0 Clear Site 8APRSS 21APRSS
ESC40 -2 3 2 Excavation 22APR88 16JUNBS
ES050 30 30 o Piling-Pilecapping 17JUNBS  28JULBS
ESO80 20 30 O Erect Steel-Lev 1 29JUL88  BSEPAS
ESO70 25 25 o Erect Steel-Lev 2 93EPBS 130CTBS8
ES080 47 47 O Erect Steel-Lev 3 140CT88 13DECSS
£3050 31 31 o Install Cladding 20D0EC88 31JANBY
ES100 k3 31 0 Roofing 20DEC88 31JANBS
ES110 3t 3 0 Concrete-Lev 1 200EC88 31JANBYS
ES120 30 30 0 Concrete-Lev 2 {FEBEY 14MARAESY
£S130 46 48 O Concrete-Lev 3 1SMARBY  17MAYBS
E3140 85 85 o UG Services 200EC88 17APRBS
ES150 23 23 O ME Rough in-Lev 1 ‘FEBBY 3MARBS
ES160 g8 68 O ME Rough in-Lev 2 15MARS3  18JUNSS
ES170 85 8% 0 ME Rough in-Lev 3 19JUNBS  130CT8S
ES180 68 68 0 Int Finishes-Lev 2 15MARBS  18JUNBS
ES190 9% 90 o Int Tinishes-Lev 3 19JUNBS  200CTBS
ES200 23 23 0 Painting 230CT89  22NOVEY
EsS210 1¢ 168 0 Clean up 23novas  14DECBY
Table 5.4 as-Possible s:ma;;;“
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Productivity Factor

1.1

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

.1
-20 -10 0 10 20 30 40 S50 60 70 80 90 100 110 120

Relative Humidity - 60%

Temperature (deg. F)

Fig. 5.10 Productivity Factors (Koehn's Model)
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10

80

70

€0

50

20

18

16

14

12

% Temperature

1 1 1 1 1 1 Il L

(deg C)

Jan Feb Mar Apr May dJun Jul Aug Sep Oct

Nov Dec

4> Rel. Humidity

(%)

1 1 1 1 1 1 1 1 =1 | 1 L.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
| <& Wind Speed (Kmph)
L
. | 1 M | 1 L. 1 ——al 1 1 ] L 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig 5.11 Data on Weather in ESCHEDULER
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: ACTIVITY ORIG ACTIVITY SCHEDULED ¢ ACTIVITY ORIG ACTIVITY SCHEDULED

: ID DUR  DESCRIPTION START FINISH : ID DUR  DESCRIPTION START  FINISH
: ABOO1 5 Activity A 1JULB8  7JULBE : ABOD1 5 Activity A 1JuLes  7JuLBe
. AB0D2 10 Activity B 8JULBE 21JULBE : ABOO2 12 Activity 8 sJuLes 2s5JuLes
: ABDO3 10 Activity C 8JULBB 21JULBE : ABOO3 10 Activity C aJuLse 21JuLee
: ABOO4 5 Activity D 22JUL8BE 28JULBE : ABOO4 5 Activity D 26JuL88 1AUGES
1 ABOOS 5 Activity £ 28JULBE  4AULGBB : ABOOS 5 Activity E 2AUGBS  BAUGEB

: Initial Schedule

: Factor: Learning Curve

»

& e e

: ACTIVITY ORIG ACTIVITY SCHEDULED : ACTIVITY ORIG ACTIVITY SCHEDULED :
: ID DUR  DESCRIPTIODN START FINISH : 1D DUR  DESCRIPTION START FINISH :
: AB0O1 5 Activity A 1JULS8  7JuLBeB : ABODO1! 5 Activity A 1JuLse 7JULBE
. ABOO2 12 Activity B 8JULBE 25JUL8B : ABOO2 11 Activity B sJuLes 22JUL88
: ABOO3 10 Activity C 8JULBS 21JULBB : ABOO3 10 Activity C 8JULBE 21JULBS
. ABOO4 5 Activity D 26JULBE  1AUGBE : ABOO4 5 Activity D 25JUL88 2%JULE8
: ABOOS 5 Activity E 2AUGBE 8AUGBB : ABOOS S Activity E 1AUGES 5AUGSS :
. Factor: Overtime : Factor: Re-zssignment of Labour H
: ACTIVITY ORIG ACTIVITY SCHEDULED : ACTIVITY ORIG ACTIVITY SCHEDULED :
: ID DUR DESCRIPTION START FINISH : 1D DUR DESCRIPTION START FINISH:
: ABDO1 5 Activity A 1JuLss 7JUL8B  : ABOO1 5 Activity A 1JuLss 7JuUL88
: ABOO2 13 Activity B 8JULBB 26JULBB : ABOO2 10 Activity B BJULEBB 21JULBE :
. ABOO3 10  Activity C BJULBBE 21JULBB : ABOO3 10 Activity C BJULBE 21JuULBE :
. ABOO4 5 Activity D 27JUuL88  2AUG3E : ABOO4 § Activity D 223UL8E 28JULEB
: ABOOS 5 Activity E 3AUGBE  SAUGBB : ABOOS 5 Activity E 28JULBS 4AUGESE

. Factor: Congestion

. Factor: Weather (Productivity:100 %)

: ACTIVITY ORIG ACTIVITY SCHEDULED

: ID DUR  DESCRIPTION START  FINISH
: ABOO1 5 Activity A 1JULB8 7JuLes
. ABOO2 18 Activity B 8JULBB  3AUGEB
. ABDO3 10 Activity C 8JuLes 21JuLBs
: ABOO4 5 Activity D 4AUGBE 10AUGBS
: ABOOS 5 Activity E 11AUG88 17AUGS8
: Fastor: Al

trmmemne—- ———

¢ Information in ESCHEDULER

.
.

Severe Average Minor:

. Learning Curve 75 X 85 % 85 X

: Congestion 70 x 80 X% 80 %X ¢
: Re~assigneent of Labour A3 % 20 x 85 x
;. Overtime 80x 85x% 80 x
. Weather (Koehn's Model)

. Method of Combining lspacts: Multiplicative

Mode)

Tably 5.5 Accuracy of Execution
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Activity Data

¢ Activities with same

: Scope and Job Logic

; Activity with change in
¢ Job Logic (As Planned)

. Activity with change in :

¢ Job Logic (As Possible)

+* L g * * + + >
. ACTIVITY: ACTIVITY DESCRIPTION : ORIG : SCHEDULED . ORIG SCHEDULED . ORIG : SCHEDULED
¢ ID : : DUR START FINISH : DUR START FINISH : DUR : START  FINISH
. * + —etommeaa D et —m————t
E9010 : Award Contract : [ 1JuLss 1JuLes - 0 tJuLss 1JuULes ] 1JuLes 1JuL88
+ +- + : :
ESO20 Mobilizaczion 5 . 1iulas TJuLes . 5 tsuLes TJuLses L 1JuLes TJuLss
ES030 . Clear Site 10 © 8sJuLss 21JuUL8S8 10 sJuLss ltjuLss 10 aJuLss 2wjuLee
€8040 - Excavat-on 40 J24UL88  °SSEP8S . 40 22JULss  15SEPAS 40 : 22JuLBB 15SEPSS
ES050 : Piling-Pilecapping 30 16SEPSS 270CT8S8 . 30 : 16SEPB8 270CTa8 30 169EPBS 270CTE8
ESOB0 - Erect Steel-Lev 1 B 33 . 280CT88 13DECEs . 33 . 280CT88 13DECBS8 a3 280CT38 13DECSS
ESO70 : Erect Steel-Lev 2 34 ' 14DECBB 30JANBY . 34 14DEC88 30JANBS 34 : 14DECB8 3QJUANBY
. ESOBOC . Erect Steel-Lev 3 : 57 © 3J1JANAY 19APR8Y 57 . 31JANB® 19APREY 57 . 31JAN8BY 13APRBY
ES09C . Install Cladding 20 * 20APR8S 17MAY89 - 20 1NOVES 2aNOV89 20 : 7HOVA9 4DECB9 .
. . S L 2o - - comdmmmmmccrcere e ———— +
ES100 : Roofing 20 : 20APR8S 17MAYBY 20 : 1NOvVages 23NOVA9 24 tNOvVB3e J4DECSBS
bomm—— B L TS TS Yomm——— demmmecccmccmmcacmaea -
€3110 . Concrete-Lev 1 20 20APRBY  1TMAYSY 20 . JDAPRBY 17MAYSBS 20 COAPRBY 17MAYBS
E3120 : Concrete-Lev 2 20 18MAYB9  14JUNBS 20 18MAYBS  14JUNBY 20 18MAYBS 144UHBY
ES130 . Concrete-Lev 3 40 15JUNBS 9AUGES 40 15JUNBY 9AUGES 40 15J4Un89 9AUGBS
ES140 UG Sarvices 75 20APRBY 2AUGSS 78 20APREY 2AUGBS 78 20APREBY 2AUGHBS
ES150 . ME Rough i1n-Lev 1 20 18MAYBS  14JUNBY 20 18MAY89 14JUNB9 20 18MAYBY  *4JUNAY
ES180 . ME Rough n-Lev 2 60 . 1SJUNBY GSEPBS 60 15JUNBS 6SEPB9 80 15JUNBS  6SEPBY
ES170 : ME Rough in-Lev 3 . 75 79EPBS 20DECRSY 75 7SEP8S 20DECB9 75 7SEP83 20DEC89
ES180 : Int Finishes-Lev 2 60 15JUNBY 63SEP2Y 80 15JUNBY S6SEPBY 80 : 15JunB? 6SEPBY
ES130 : Int Finishes-Lev 3 80 7SEP8S 27DECE9 80 7SEPBS 27DEC8BY a0 7SEP8S 27DECBS
ES200 : Painting 20 ' 28DECB9 24JANSO : 20 . 28DECB9 24JAN9O 20 : 28BDECBY 24JANSO
: ES210 : Clean uo : 20 . 25JAN9O 21FEBSO : 20 . 25JAN9S0 21FEB90 : 20 - 25JAN90 21FEBYSO
Table 5.8 Validation of ESCHEDULER
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L R L - —~— D e e mcemamcwm e ———————— +
i Activity Data z Start Date: 1 July, 88 ; Start Date: 1 April, 88 ;
L L L Y et 4mcmmn- L ettt L L e DL L] +
¢ ACTIVITY : ACTIVITY DESCRIPTION : ORIG : SCHEDULED : ORIG : BSCHEDULED
: ID : : DUR ¢ START FINISH : DUR : START FINISH :
e s R e s B ettt T 4mmmmme I L L Pt +
¢ ES010 i Award Contract : 0 : 1JuL88 1JuLae ¢ 0 : 1APRS8 1APRSS
ESQ20 Mobilization 5 fJuLes  7JuLEB ] 1APRB8  7APR8S
ES030 ; Clear Site ; 10 : 8JuLes 21JuULB8 ; 10 ; 8APR88 21APRSS ;
ES040 Excavation 40 22JUL88 15SEPSE8 40 : 22APRBS 16JUNSS :
ESO50 ; Piling-Pilecapping ; 30 ; 16SEPBB 270CT88 ; 30 : 17JUNBS8 28JULSS :
ESO60 Erect Steei-Lev 1 33 280CT88 13DECS8 30 29JULBB  BSEPB8
ES070 ; Erect Stesi-Lev 2 ; 34 : 14DEC88 30JANBS ; 25 ; 9SEPB8 130CTAE .
ES080 Erect Steel-Lev 3 57 31JANE9 13APREY 47 140CT88 19DECSS
ES090 ; Install Cladding ; 23 ; 20APRBY  22MAYEY ; 3 ; 20DEC88 31JANBY
ES100 Roofing 23 20APR8Y 22MAYS89 31 20DEC88 31JANBS
ES110 Concrete-Lev 1 24 20APRBS 23MAYEY 31 20DECB8 31JANBY
£S120 Concrete-lLev 2 22 24MAY89 22JUNES : 30 1FEBBY  14MARBS :
ES130 Concrete-Lev 3 44 23JUNBS 23AUGSES 46 15MARB9 17MAY89
ES140 UG Services 85 20APRBS 16AUGED 85 20DEC88 17APR8Y
ES150 ME Rough in-Lev 1 23 24MAYES 23JUNES 23 1FEBB9  3MARBY
ES160 ME Rough in-Lev 2 68 26JUNBS 27SEP89 68 15MAR89 16JUNBY
ES170 ME Rough in-Lev 3 85 28SEPBS 24JANS0 85 19JUNBS 130CT8S9
ES180 Int Finishes-Lev 2 68 23JUNBY 26SEP8Y : 68 : 15MARB9 16JUNBSY :
ES190 Int Finishes-Lev 3 90 27SEP8S  30JANSO 90 19JUNBS 200CT8O
: ES200 Painting 23 31JAN9C  2ZMARS0 23 230CT89 22NOV8S
ES210 Clean up 16 5MAR90 26MARSO 16 23NOV8Y 14DECSS
L e T R ana bl b et $omm———- e mmr e ——————— tomm———— L e L L +

Table 5.7 'What-If' Analysis
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CHAPTER 6

CONCLUSION
6.1 Conclusion
ESCHEDULER 1is developed to assist project managers 1in
planning and scheduling construction projects. It is only a
prototype system. There are several notable features in this
system such as the ES for precedence setting. What is to be
noted more is the basic architecture which allows flexible
expansion of the system. In such a system, which has been
developed in a modular and flexible manner, changes can be
carried out quickly and easily without impacting the rest of
the system and new modules can be integrated. Unlike other
expert systems developed in this domain, ESCHEDULER
integrates, builds on, and makes full use of current
industry practice and its available traditional software

such as the one used for project scheduling.

The potential benefits of this system are substantial as 1i1ts
application can be extended to other problem areas 1n
construction management. Analysis of construction claims
involves the preparation of 'as planned plus delays’ which
ies comparable to the revised ‘'as possible’ schedule output
by ESCHEDULER, as shown i1n the preceding chapter. Hence thas
system can be successfully utilized to assist in preparing
construction claims and claims defence and in analysing the
‘cause—effect’ relationships associated with changes
resulting from unforeseeable conditions on site or as

initiated by owners or contractors. As KBES provides a way
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for valuable project management experience to be captured
and passed along, ESCHEDULER can be used in teaching and
training inm this domain. It can be considered as an
intelligent decision support tool for resident engineers at

site.

This prototype was developed to provide a frame work for a
feasible KBES in the area of construction management. It can
be clearly seen that ESCHEDULER proves the feasibility of
an integrated KBES. KBES with more industrial heurastics
may be developed to make them more applicable to
construction aindustry. This may not be an easy task.
Development of such an expert system requires substantial
resources. Expert knowledge relating to construction is held
personally by experienced practitioners and therefore is
accessible only piecemeal. An expert system is an attempt to
counter this disadvantage by bringing together as many
strands of expertise as possible, structured i1n a manner
that helps a user to steer a step-by-step course in learning
and solving problems that are largely Judgement dependent.
Hence knowledge elicitation is perhaps the most ambitious,
important, time—-consuming, laborious, 1ll-structured,
challenging and complex task. If successfully achieved and
superimposed on to a well-designed computer program, an
expert system can simulate a consultation as though the
computer were the tutor and the user the pupil (Alkass and
Harris 1988). The potentials of the system for generating

schedules are clearly manifold, but most importantly,
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results of trials with the system indicate that the concept
provides a disciplined method of transferring knowledge and

expertise to young and untrained construction engineers.

The study also indicates that pure rule based systems are
only useful for small problems where all the knowledge can
be represented in several hundred rules. One benefit of the
rules approach is the ease of modification and extension of
the system; rules can be added independently at any taime. In
addition, an explanation of how the system arrived at a
particular conclusion 1s available for the user by tracing
the rules that were used 1n the process (Golden et al,
1986). The problem with the rule based system is that theair
effeciency degrades exponentially with knowledge base size
(Niwa et al, 1984). Checking for applicable rules also takes
longer as the knowledge base size increases. Since the
system is desagned to be integrated with other systems, this
form of knowledge representation may not be efficient. The
frame based structure may provide an effective tool for
planning paradigms. Scenarios of conditions, actions, and
their effectiveness can be stored as an historical knowledge
base. Validation and maintenance of the system will become
easier because rule based systems require exhaustive test of

all rules, directly or indirectly concerned with the change.

Natural Ilanguage translation 15 obviously a technology
closely linked to all applications. Its use is for more

natural, user—-friendly communication w.th these systems to
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provide knowledge capture, data input, and processing
control. Natural language interface provided in the ESBT,
GURU should be enhanced to serve the construction personnel

who are not skillful enough in programming.

It should be also noted that the set of criteria
established for the selection of the tool, even though for a
particular domain, can be further expanded and applied 1in
other domains. With regard to the ESBT utilized for the
development of the system, more knowledge reptresentation and
inferencing techniques are required to readily represent the
nature of construction knowledge and its related experience
in addation to processing of this knowledge. The technical
problem involved in the i1mplementation of expert systems as
undoubtedly reduced by the advent of such sophisticated
commercially available ESBTs (Moselhi amd Naicholas, 1988).
This situataion, together with optimistic accounts in the
popular press (ENR, 19688a) gives the impression that the
construction of new expert systems has become a routine
activity, well within the reach of current technology.
Despite a number of impressive and wadely publicized
successes, reports on large scale application of expert

systems are conspicuously absent from the literature.

While the feasibility of an integrated hybrid system is
demonstrated here, more research is required to enhance this

system and to bring it up to operational level.
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6.2 Future Research

The objective of this research is to automate some of the
network generation task. In order to achieve complete
automation more necessary modules have to be attached. The
architecture of ESCHEDULER allows for additional software
such as those used for cost estimation to be integrated for
further application in costing and resource allocation. Many
front-end systems can be suggested for further integration
to ESCHEDULER. An activity generator is one of them.
Activity generation may be performed from a computerized 3-D
graphic model of a building which has already been reviewed
for its constructability by another KBES. The same 3-D
model can be used to prepare the necessary i1nput to a cost
estimation software which may later require experience-based
modification or analysis performed by a KBES. Storage of the
necessary information in a CAD file will allow electronaic
tramnsmission of input data which is being done manually 1in
ESCHEDULER. Interfacaing expert systems with desagn
databases in integrated CAD systems is now becoming an

important issue (Rehak and Howard, 198Y).

The frame representation reduces the number of rules in the
system by elaminating rules required for expressing the
relationship between objects/variables. Transferrang
ESCHEDULER to a frame based tool may help in easy expansion
of the system. It will also help in representing multiple
activities of the same type. As planning is dominated by a

large number of constraints, frame-based systems will be a
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feasible option (Milne, 19895).

ACTIVITY TRANSLATOR may be further enhanced to employ
generic parsing tool, and could be used to interpret a great
rfeal of information contained or implied in the activity
description. The technique of recognizing the word(s)in the
activity description will be basically an attempt to
categorize the word by searching through a tree structred KB
to match it with a word about which the system has some
knowledge. This should be an interactive process, because

one word can have more than one interpretation.

The model which is used to combine the impact of different

site conditions on an activity to arrive at a realistic

duration needs further study. It assumesz that wvarious
factors that affect an activity are independ=r.. o7 each
other. However, some factors are correlated and a suitabae

model which could embody the real world situation may be

adopted irn ESCHEDULER.

There has been a significant problem with the expert system
technology and research. It 1is 1its inability to
characterize the nature of the problems for which it has
solutions (Chandrasekaran, 1985). Some seem to thinmk that
expert systems are yet another solution to a problem that
doesrn’t exist in the construction industry. Based on the
inquiries the firm Stone & Webster Engineeraing Corp. had

over the last two years, it i1s noted that the construction
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firms are definitely developing the attitudes that expert
systems are a very rgal part of solving engineering problems
({ENR 1988). It was mentioned as a counterpoint that while
good thinking by a human expert sees the whole forest,
expert system makes its way through the thicket by hopping
from tree to tree. But one should remember that trees make

a forest.

It should be noted that, because the development of an ES is
usually an interactive process between knowledge engineer
and expert, the function and performance of an ES evolves
over time. It 1s only through use that the needed reinement
of knowledge base .s discovered and added interactively. It
should be remembered that developing an expert system wall
change the process and product, and thereby will create more

opportunity.

Although this work has been on a prototype and thus canm only
be seen as a "proof of concept", the demonstrated potentaial

suggests that a continued development i1s Justified.
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Rt

IF: A ="DIG FOUNDATION" OR A="EXCAVATE FOUNDATION" OR
A ="EXCAVATION" OR A="EXCAVATE"

THEN: activity = "Excavation”

R2

IF: A="CLEAR SITE" OR A="GROUND CLEARING" OR A="SITE CLEARING"
OR A="SITE PREPARATION" OR A="PREPARE SITE™

THEN: activity="Clear Site"

R3

IF: A="FOUNDATION LAYOUT" OR A="LAYOUT FOUNDATION" OR
A="SITE SETOUT" OR A="JOB LAYOUT"

THEN: activity= “Job Layout”

R4

IF: A="AFC DRAWINGS" OR A="APPROVAL FOR CONSTRUCTION DWGS" OR
A="CITY APPROVED DWGS" OR A="AFC DWGS"

THEN: activity= “AFC Dwgs"

R5

IF: A="PREPARE SHOP DWGS'" OR A="SHOP DWGS PREPARATION" OR
A="SHOP DRAWINGS" OR A="DETAIL DRAWINGS" OR A="SHOP DWGS"

THEN: activity= “Shop Dwgs"

R6

IF: A="SHOP DWGS APPROYAL" OR A="DETAIL DRAWINGS APPROVAL" OR
A="APPROVE DRAWINGS" OR A="SHOP DWGS-APPROVAL"

THEN: activity= "Shop Dwgs~Approval”

R7

IF: A="FABRICATE REINFORCEMENT" OR A="BEND STEEL" OR
A="FABRICATE STEEL" OR A="FAB & DELIVER STEEL"

THEN: activity= "Fab & Deliver Steel”

R8

IF: A="FABRICATE FORMWORK" OR A="FAB & DELIVER FORMWORK" OR
A="FABRICATE FORMS" OR A="FAB & DELIVER FORMS"

THEN: activity= “Fab & Deliver Foras"
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IF: A="MOBILIZATION" OR A="MOBILIZE" OR A="MOVE IN"

THEN: activity=

R10

"Mobilization”

IF: A="FORMWORK PREPARATION" OR A=" PREPARE FORMWORK"

THEN: activity=

R11

"Formwork Preparation”

IF: A="DELIVER REINFORCEMENT" OR A="SUPPLY REINFORCEMENT"

THEN: activity=
R12

IF: A="REBAR"
THEN: activity=

R13

"Deliver Reinforcement”

OR A=" PLACE REINFORCEMENT"
"Rebar"

IF: A="CONCRETING" OR A="POUR CONCRETE" OP
A="PLACE CONCRETE"

THEN: activity=

R14

"Concreting”

IF: A="STRIKE FORM" OR A="REMOVE FORMWORK" OR
A="STRIKE FORMWORK"

THEN: activity=

R15

“Strike form"

IF: A="CURING” OR A="CURING TIME" OR
A="CURE CONCRETE"

THEN: activity=

R16

“Curing”

IF: A="FRP FTGS & PERIM.WALLS" OR A="BUILD FOUNDATION"

THEN: activity=

R17

"FRP Ftgs & Perim.Walis"

IF: ="AWARD CONTRACT" OR A="CONTRACT AWARD"

THEN: activity=

R18
IF: A="CURTAIN
THEN: activity:

R19
IF: A="COMPACT
THEN: activity=

“Award Contract”

WALL" OR A="INSTALL CLADDING"
“Install Cladding”

SOIL" OR A=" BACKFILL"
“Compact 8Soil"
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R20

IF: A="PILING-PILECAPPING" OR A=" PILING"” OR A="DRIVE PILES"
OR A="PILE DRIVING"

THEN: activity= “"Pi1ing-Pilecapping”

R21
1IF: ="INT FINISHES" OR A="FINISH INTERIOR" OR A="FINISHES"
THEN: activity= “Int Finishes"

Re2
IF: A="ROOFING" OR A="ROOF™ OR A="INSTALL ROOF"
THEN: activity= "Roofing”

R23

IF: A="UQG SERVICES" OR A="UNDERGROUND SERVICES"
THEN: activity= "UG Services"”

R24

IF: As"ME ROUGH-IN" OR A="MECH/ELEC ROUGHIN"
THEN: activitys "ME Rough-in"

R25
IF: Az"FRP COLUMNS"™ OR A="COLUMNS"™ OR A="POUR COLUMNS"
THEN: activity= "FRP Columns"”

R26
IF: A="FRP FLOOR" OR A=“ FLOOR" OR A="POUR FLOOR"
THEN: activity= "FRP Floor™

R27

IF: A="SLAB ON GRADE" OR A=“UNDERGROUND SLAB" A="SO0G"
OR A="8.0.G."

THEN: activity=s “Slab on Grade"

/28

IF: A="EXT MASONRY™ OR A="EXTERIOR MASONRY" OR A="MASONRY-EXTEPF.OR"
THEN: activity= "Ext Masonry"

R29
IF: A="STAIRS" OR A="STEPS" OR A="STAIRCASE"
THEN: activity= "Stairs"”

R30
IF: ="INT MASONRY" OR A="INTERIOR MASONRY" OR A="MASONRY~INTERIOR"
THEN: activity= "Int Masonry"”
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VARIABLES:

Al1: an activity A2: another activity

LAG: lag betwesn the two LINK: relationship between them
PRECEDACT: preceding activvty SUCCEDACT: succeding activity

PREC: Partial or Conventional relationship (quary)

R1

IF:

At1z{"Award Contract”,"Mobilization"} & A2={"Award Contract","Mcbilization"}

THEN: precedact="Award Contract”

R2

IF:

succedact="Mobi1ization"

if prec="P" then

@ 14,2 ? "Mobilization can begin, only after contract is signed."
8 15,2 ? “Conventiona) relationship is assumed.”

1ag=0;1inkz"C*"

endif

At={"Mobilization","Clear Site"} & A2={"Mobilization“,"Clear Site")

THEN: precsdact="Mobi  zation"

R3

IF:

succedact="Clear Site"

if prec="C" then 1ag=0;1ink="C"; endif

if precz="P" then

@ 14,2 ? "Site can bes :learsd before complsting mobilization.”

@ 15,2 input lag int with "How many days of mobilization is required to begin
site clearance?”

1ink="8"

endit

A1={"Clear Site","Excavation”} & A2={"Clear Site","Excavation”}

THEN: precedact="Clear Site"

R4

IF:

succedact="Excavation”
if precz"C" then 1ag=0;1ink="C" endif

if precz="F" then

@ 14,2 ? "Excavation can be done while site is being cleared.”

@ 15,2 input lag int with "How many days of site clearance is required to
begin excavation?"

1ink="8"

ond

A1={"Excavation”,"Piling-Pilecapping”} & A2z{“Excavation” ,"Piling-
Pilecapping"}

THEN: precedact="Excavation”

succedact="Piling-Pilecapping”
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RS
IF:

if prec="C" then 1ag=0;1ink="C";endif

if prec="P" then

® 14,2 ? "Piling can be done while excavating the site."”

8 15,2 input Jag int with "How many days of site excavation
begin piling?”

Tink="8"

ondif

A1={"Pi1ing-Pilecapping”, Erect Stesl-Lev 1"y &
Pilecapping”,“Erect Steel-Lev 1"}

THEN: precedact="Piling-Pilecapping”

R6

succedact="Erect steel-Lev 1"

if prec="C" then 1ag=0;1ink="C";endif

if prec="P" then

@ 14,2 ? "Conventional relationship is assumed."”
Tink="C": lag=0

endif

is required to

A2={"Piling-

IF: A1z{"Erect Steel-Lev 1","Ersct Steel-Lev 2"} & A2={"Erect Steel-lLev 1","Erect

Steel-Lev 2"}

THEN: precedact="Ercct Steel-Lev 1"

R7

IF:

succedact="Erect Steel-Lev 2"

if prec="C" then lag=0;1inkz="C",endif

if prec="P" then

@ 15,2 7 "Conventional relationship is assumed."”
1a9=0;1ink="C"

endif

A1={"Erect Steel-Lev 2","Erect Steel-lLev 3"} & A2={"Erect Steel-Lev 2","Erect

Steel-Lev 3"}

THEN: precedact="Erect Steel-Lev 2"

IF:

succedact="Erect Steel-Lev 3"

if prec="C" then lag=0;link="C";endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed.”
1ag=0;link="C"

endif

A1={"Erect Steel-Lev 3" ,"Install Cladding"} & A2={"Erect
3","Install Cladding™}

THEN: precedact="Erect Steel-Lesv 3"

R9

succedact="1Insi:al11 Cladding”

if prec="C" then 1ag=0;link="C" ;endif

if prec="P" then

@ 15,2 ? “Conventional relationship is assumed."”
lag=0;1ink="C"

endif

Steei-Lev

IF: A1={"Erect Steel-Lev 3","Roofing”} & A2={"Erect Steel-Lev 3","Roofing"}
THEN: precedact="Erect Steel-Lev 3"
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succedact="Roofing"

if prec="C" then 1ag=0;1ink="C";endif

it prec="P" then

@ 15,2 ? “Conventional relationship is assumed.”
1ag=0; 1ink="C"

endif

R10
IF: A1=z{"Erect Steel-Lev 3" ,"Concrete-Lev 1"} & A2={"Erect Steel-Lev
3","Concrete-Lev 1"}
THEN: precedact="Erect Steel-Lev 3"
succedact="Concrete-Lev 1"
if prec="C" then lag=0;1ink="L";endif
if prec="P" then
6 15,2 7 "Conventional relationship is assumed.”
1ag=0;1ink="C"
endif

R11
IF: Atz{"Concrete-Lev 1" ,"Concrete-Lev 2"} & A2z{"Concrete-Lev 1" ,“Concrste-Lev
2"}
THEN: precedact="Concrete-Lev 1"
succedact="Concretes-Lev 2"
if prec="C" then 1ag=0;link="C",endif
if prec="P" then
@ 14,2 ? "Conventional relationship is assumed.”
1ink="C";lag=0
oendif

R12

IF: A1z={"Concrete-Lev 3","Concrete-Lev 2"} & A2={"Concrete-Lev 3","Concrete-Lev 2"}

THEN: precedact="Concrete-tev 2"
succedact="Concrete-Lev 3"
if prec="C" then lag=0;link="C";endif
if prec="P" then
@ 14,2 ? "Conventional relationship is assumed."”
Tink="C"; tag=0
endif

R13
IF: Ai={"Concrete-Lev 1","ME Rough {n-Lev 1"} & A2={"Concrete-lLev 1","ME
jn-Lev 1"}
THEN: precedact="Concrete-Lev 1"
succedact="ME Rough in-Lev 1"
if prec="C"” then lag=0;link="C";endif
if prec="P" then
® 15,2 ? "Conventional relationship is assumed."
tag=0;1ink="C"
endif

R14
IF: A1={"Concrete-Lev 1","UG Services"} & A2={"Concrete-Lev 1","UQ Services"}
THEN: precedact="Concrete~Lev 1"

succedact="UG Services"

if prec="C" then 1ag=0;link="C" endif
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R1S
IF:

if prec="P" then

® 15,2 ? "These two activitiss can start at the same time.*
lag=0;1ink="8"

endif

At={"Concrete-Lev 2","ME Rough in-Lev 2"} & A2z{"Concrete-Lev
in-lLev 2"}

THEN: precedact="Concrete-~Lev 2"

R16
iF:

succedact="ME Rough in-Lev 2"

if prec="C" then lag=0;1ink="C";endif

if prec="P" then

@ 15,2 ? “Conventional relationship is assumed.”
1a9=0; 1ink="C"

endif

A1={"Concrete-Lev 3","ME Rough in-Lev 3"} & A2={"Concrete-Lev
in-Lev 3"}

THEN: precesdact="Concrete-Lev 3"

R17
IF:

succedact="ME Rough in-Lev 3"

if prec="C" then lag=0;1ink="C";endif

if precz="P" then

8 15,2 ? "Conventional relationship is assumed."”
lag=0;1ink="C"

endif

2","ME Rough

3","ME Rough

Afz{"Concrete-Lev 2","Int Finishes-Lev 2"} & A2={"Concrete-Lev 2","Int

Finishes-Lev 2"}

THEN: precedact="Concrete-Lev 2"

R18
IF:

succedact="Int Finishes-Lev 2"

if prec="C" then lag=0;1ink="C",endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed.”
1ag=0; 1ink="C"

endif

Alz{"Concrete-Lev 3","Int Finishes-Liv 3") & A2={"Concrete-lLev 3","Int

Finishes-Lev 3"}

THEN: precedact="Concrete-Lev 3"

succedact="Int Finishes-Lev 3"

if prec="C" then lag=0;link="C";endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed."
lag=0;1ink="C"

endif

R19

IF: A1={"Int Finishes~Lev 3","Painting”} & A2={"Int Finishes-Lev 3","Painting”}
THEN: precedact="'Int Finishes~-Lev 3"

succsdact="Painting"
if prec="C"” then lag=0;1ink="C";endif

148



R20
IF:

if prec="P" then

¢ 15,2 input lag int with "After how msany days of Int Finishes Painting can
begin?”

1ink="8"

endif

A1={"ME Rough in-Lev 3","Painting”} & A2={"ME Rough in-Lev 3","Painting"}

THEN: precedact="ME Rough in-Lev 3"

R21
IF:

succedact="Painting"

if prec="C" then 1ag=0;l1ink="C" ;endif

if prec="P" then

@ 15,2 input lag int with "After how many days of Int Finishes Painting can
begin?"

1ink="8*

endif

A1=z{"Clean up","Painting"} & A2={"Clean up”,"Painting"}

THEN: precedact="Painting"

R22
IF:

succedact="Clean up”

if prec="C" then lag=0;1ink="C";endif

if prec="P" then

@ 14,2 ? "These two activities can be completed simultansousty."
1ink="F";lag=0

endif

A1={"Roofing™,"Install Cladding"} & A2={"Roofing”,"Install Cladding"}

THEN: precedact="Roofing"

R23
IF:

succedact="Inatall Cladding”

if prec="C" then lag=0;link="C",;endif

if prec="P" then

@ 15,2 ? "These two activities can finish simultanecusly.”
1a9=0;1ink="F"

endif

A1={"ME Rough in-Lev 1","ME Rough in-Lev 2"} & A2z{"ME Rough in-Lev 1" ,"ME
Rough in-Lev 2"}

THEN: precedact="ME Rough in-Lev 1"

R24
IF:

succedact="ME Rough in-Lev 2"

if prec="C" then lag=0;link="C";endif

if prec="P" then

@ 15,2 input lag int with "After how many days of work in Lev-1 can
you begin rough in Lev-2?"

1ink="8"

oendif

A1={"ME Rough in-lLev 2","ME Rough in-Lev 3"} & A2={"ME Rough {in-Lev 2" ,"ME
Rough in-Lev 3"}

THEN: precedact="ME Rough in-Lev 2"

succedact="ME Rough in-lLev 3"

149




if prec="C” then lag=0;1ink="C";endif

if precz="P" then

8 13,2 input 1ag int with "After how many days of work in Lev-1 can
you begin rough in Lev-27"

1ink="8"

endif

R25
IF:A1={"Int Finishes-Lev 2","Int Finishes-Lev 3"} & A2={"Int Finishes-Lev 2“,"Int
Finishes-Lev 3"}
THEN: precedact="Int Finishes-Lev 2"
succedact="Int Finishes-Lev 3"
if prec="C" then 1ag=0;1ink="C";endif
if prec="P" then
® 15,2 input lag int with "After how many days working in lev 2 can you start
on lev 37"
Tink="8"
endif

R28
IF: A1={"Award Contract”,"”AFC Dwgs"} & A2={"Award Contract"”,"AFC Dwgs"}
THEN: precedact="Award Contract"”
succedact="AFC Dwgs"
if prec="C"” then lag=0;1ink="C";endif
if prec="P" then
@ 14,2 ? "Drawings approved for construction are handed over after contract
is signed."”
@ 15,2 ? "Conventional relationship is assumed.”
1ag=0; 1ink="C"
endif

R27
IF: At={"Mobilization","Site Installation”} & A2z{"Mobilization","Site
Installation"}
THEN: precedact="Mobilization"
succedact="Site Installation”
if prec="C"” then 1ag=0;1ink="C" ,endif
if prec="P" then
® 14,2 ? “Construction site can be equipped while mobilization i{s carried

out."”
® 15,2 input lag int with "How many days of mobilization is required, before
equipping the site?”
1ink="8"
ondif
R28

IF: At={"AFC Dwgs","Mobilization"} & A2={"AFC Dwgs",”Mobilization"}
THEN: precedact="AFC Dwgs"

succedact="Mobilization™

if prec="C" then 1ag=0,;1ink="C";endif

if prec="P" then

@ 14,2 ? “Conventional relationship is assumed."”

1ag=0;1ink="C"

endif
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R29
IF:

A1={“AFC Dwgs","Shop Dwgs-Approval"} & A2={"AFC Dwgs","Shop Dwgs-Approval”}

THEN: precodact="AFC Dwgs"

R30
IF:

succedact="8Shop Dwgs~Appruoval"

if prec="C" then 1ag=0;1ink="C" ;endif

i? prec="P" then

¢ 14,2 ? “Drawings can bs sent to A/E for approval as and when they are
compieted.”

® 15,2 input lag int with "How many days do you require to send the first set
of drawings?"”

14nk="8"

endif

A1={"Site Installation”,”Clear Site"} & A2={"Site Installation","Clear Site"}

THEN: precedact="Site Installation”

R31
IF:

succedact="Clear Site"

if prec="C" then 1ag=0;1ink="C" ;endif

if prec="P" then

8 8,2 ? "Site may be cleared before completing equipping the site.”

@ 10,2 input lag int with "Number of days required to adequately equip the
site to start site clearance?"

Yink="8"

endif

A1={"Mobilization","Job Layout”} & A2={“"Mobilization","Job Layout"}

THEN: precedact="Mobilization"

R32
IF:

succedact="Job Layout"

if prec="C" then lag=0;link="C";endif

if prec="P" then

8 14,2 ? "Foundation can be be laid out while mobilizing resources."

@ 15,2 input lag int with "How many days of mobilization are required to
start laying out the foundation?”

Tink="8"

endif

A1={"Site Installation”,"Job Layout"} & A2={"Site Installation","Job Layout"}

THEN: precedact="Site Installation"

R33
IF:

succedact="Job Layout"

if prec="C" then lag=0;1ink="C";endif

if prec="P" then

@ 14,2 ? "Foundation layout can begin before completing equipping the site."
@ 15,2 input lag int with “Number of days required to adequately equip the
site to start foundation layout:"

1ink="8"

endif

A1={"Job Layout","Excavation”} & A2={"Job Layout","Excavation"}

THEN: precedact="Job Layout"

succedact="Excavation”
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R34
IF:

if prec="C" then lag=0;1ink="C";endif

if prec="P" then

@ 14,2 ? “Excavation can begin before completing foundation layout."

® 15,2 input lag int with “Number of days required to layout adequate
foundation to start excavatioc.:”

T1ink="8"

endif

At={"Shop Dwgs-Approval",”Fab,Deliver Steel"} & A2={"Shop Dwgs-
Approval” ,"Fab,Deliver Steel")}

THEN: precedact="Shop Dwgs-Approvail"

R35
IF:

succedact="Fab,Deliver Stee1l"”

if precz"C" then lag=0;1ink="C" endif

if prec="P" then

@ 14,2 ? "Shop drawings should be completed before placing orders for steel."
® 15,2 ? "Conventional relationship is assumed."

1ink="C"; 1ag=0

endif

A1={"Shop Dwgs-Approval”,”Fab,Deliver Forms"} & A2={"Shop ODwgs-Approvatl"
,"Fab,Deliver Forms"

THEN: precedact="Shop Dwgs-Approval"

R36

succedact="Fab,Deliver Formas"

if prec="P" then

@ 14,2 ? "Shop drawings should be completed before placing order for forms."
@ 15,2 7 "Conventional relationship is assumed.”

1ink="C"; lag=0

endif

IF:A1={"Shop Dwgs-Approval”,“Fab,Deliver Cladding”} & A2={"Shop Dwgs-

Approval”, “Fab,Deliver Cladding’}

THEN: precedact="Shop Dwge-Approval”

R37

succedact="Fab,Deliver Cladding”

if prec="C" then l1ag=0;link="C";endif

if prec="P" then

8 14,2 ? "Shop drawings should be completed before placing orders.”
9 15,2 ? "Conventional relationship is assumed."

1ink="C"; lag=0

endif

IF:A1= {"Fab,Deliver Forma" ,"FRP Ftgs,Perim wWalis“} & A2={"Fab,Deliver

Formg' ,"FRP Ftgs,Perim Walls")

THEN: precedact="Fab,Deliver Forms"

succedact="FRP Ftgs,Perim Walls"

if prec=z"C" then 1ag=0;1ink="C";endif

if procz"P" then

® 14,2 ? "Form-Reinforce-Pour for footings and perimeter walls"

@9 15,2 7 "can be done only after forms are ready at the site.*”

@ 16,2 input lag int with "After placing the order, how long do you need to
wait to receive the forms?”

1ink="8"
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R38
IF:

endif

A1={"Fab,Deliver Forms","FRP Columns-Lev 1"} & A2={"Fab,Deliver Forms"
Columns~Lev 1"}

THEN: precedact="Fab,Deliver Forms"

R30
IF:

succedact="FRP Columns~-Lav 1"

if prec="C" then 1ag=0;1ink="C";endif

if prec="P" then

® 14,2 ? "Form~Reinforce-Pour for ground floor columns”

¢ 15,2 ? "can be done only after forms are ready at the site.”

) “FRP

@ 16,2 fnput lag int with "After placing the order, how long do you need to

wait to receive the foras?”
Tink="8"
endif

Ai={"Fab,Deliver Forms","FRP Columns-Lev 2") & A2={"Fab,Deliver Forms","FRP

Columns~Lev 2"}

THEN: precedact="Fab,Deliver Forms"

R40
IF:

succedact="FRP Columng-Lev 2"

if prec="C" then 1ag=0,1ink="C" ;endif

if prec="P" then

8 14,2 ? "Form-Reinforce-Pour for first floor columns"

® 15,2 7 "can be done only after forms are ready at the site.”

@ 16,2 input lag int with "After placing the order, how long do you need to

wait to receive the forms?"
link="8"
endif

A1={"Fab,Deliver Forms","FRP Floor-Lev 1"} & A2=("Fab,Deliver Forms","FRP

Floor-Lev 1"}

THEN:precedact="Fab,Deliver Forms"

R41
IF:

guccedact="FRP Floor-Lev 1"

if prec="C" then lag=0;link="C",endif

if prec="P" then

8 14,2 7 "Form-Reinforce-Pour for ground floor"

@ 15,2 ? “can be done only after forms are resady at the site."

@ 16,2 input lag int with "After placing the order, how long do you nesd to

Wait to receive the forms?"
Tink="8"
endif

A1={"Fab,Deliver Forms","FRP Floor-Lev 2"} & A2={"Fab,Deliver Forms","FRP

Floor-Lev 2"}

THEN: precedact="Fab,Deliver Forms"

succedact="FRP Floor-Lev 2"

if prec="C" then 1lag=0;link="C" endif

if prec="P" then

@ 14,2 ? “"Form-Reinforce~Pour for first fioor"

8 15,2 ? "can be done only after forms are ready at the site."

@ 16,2 input lag int with "After placing the order, how long do you
wait to receive the forme?"
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Ré2

IF:

1ink="8"

endif

Al={"Fab,Deliver Steel","FRP Ftgs,Perim wWalls"} & A2=!"Fab,Deliver
Steel1" ,"FRP Ftgs,Perim Walls"}

THEN: precedact="Fab,Deliver Steel"

R43
IF:

succedact="FRP Ftgs,Perim Walls"

if prec="C" then ag=0;1ink="C" ;endif

if precz="P" then

8 14,2 ? "Form-Reinforce~-Pour for footings and perimeter walls"

9 15,2 7 "can be done only after stesl is ready at the site.”

® 16,2 input 125 int with “After placing the order, how long do you need to
wait to recei'ir steel?”

Tink="8"

ndif

A1={"Fab,Deliver Steel1”,"FRP Columns~-Lev 1"} & A2=({"Fab,Deliver Steel","FRP
Columns-Lev 1"}

THEN: precedact="Fab,Deliver Steel"

R44
IF:

succedact="FRP Columns-Lev 1"

if prec="C" then lag=0;"ink="C" ;endif

if prec="P" then

@ 14,2 ? "Form-Reinforce-Pour for ground floor columns”

@ 15,2 ? "can be done only after steel is ready at the site.”

8 16,2 input 1ag int with "After placing the order, how long do you need to
wait to receive steel?"

link="8"

endif

A1={"Fab,Deliver Steel"”,"FRP Columns-Lev 2"} & A2={"Fab,Deliver Steel","FRP

Columng~Lev 2"}
THEN: precedact="Fab,Deliver Steel”

R45
IF:

succedact="FRP Columng-Lev 2"

if prec="C" then 1ag=0;1ink="C" ;endif

if prec="P" then

@ 14,2 ? "Form-Reinforce~Pour for first floor columns"

8 15,2 ? "can be dons only after steel is ready at the site.”

8 16,2 input lag int with “After placing the order, how long do you nesd to
wait to receive steel?”

1ink="8"

endif

A1={"Fab,Deliver Steel","FRP Floor-Lev 1"} & A2z{"Fab,Deliver Steel","FRP
Floor-Lev 1"}

THEN: precedact="Fab,Deliver Steel"

siccodact="FRP Floor-Lev 1"

if prec="C" then 1ag9=0;1ink="C";endif

if prec="P" then

9 14,2 7 "Form-Reinforce-Pour for ground floor"

@ 15,2 ? "can be done only after steel is ready at the site.”

8 16,2 input 1ag int with "After placing thes order, hovw long do you need to
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wait to receive steel?"
1ink="8"
endif

R46
IF: A1={"Fab,Deliver S8teel","FRP Floor-Lev 2"} & A2={"Fab,Deliver Steel"," FRP
Floor-Lev 2"}
THEN: precedact="Fab,Deliver Stee1l"
su cedact="FRP Floor-Lev 2"
if prec="C" then lag=0;1ink="C" endif
if prec="P" then
® 14,2 ? "Form-Reinforce-Pour for first flioor"
@ 15,2 ? "can be done only after stee! is ready at the site."
@ 16,2 input 1ag int with "After placing the order, how long do you need to
wait to receive stesi?”
1ink="8"
endif

R47
IF: At={"Fab,Deliver Steel"”,"Slab on Grade"} & A2={"Fab,Deliver Steel1","Slab on
Grade"}
THEN: precedact="Fab,Deliver Steel"
succedact="Slab on Grade"
putform plogic;getform plogic
if precs="C" then
lag=0,;1ink="C"
endif
if prec="P" then
9 14,2 ? "Basement floor can be concreted after steel is ready at the site”
@ 15,2 input Jag int with "After placing the order, how long do you nesd to
wait to receive steel1?”
1ink="8"
endif

R48
IF: At1={"Excavation”,"FRP Ftgs,Peri:= Wallg"} & A2={"Excavation","FRP Ftgs,Perim
Walls"})
THEN: precedact="Excavation”
guccedact="FRP Ftgs,Perim Walls"
if prec="C" then 1ag=0;1ink="C";endif
if precz"P" then
@ 14,2 ? “Foundation should be excavatei. to pour concrete for footings and
perimeter walls."”
@ 15,2 input lag int with "How Tong do you nesd to excavate adequate part of
the site?”
1ink="8"
endif

R49
IF: At1={"FRP Ftgs,Perim Walls",”"FRP Columns-Lev 1“} & A2={"FRP Ftgs,Perim
Walig”,"FRP Columns-Lev 1"}
THEN: precedact="FRP Ftgs,Perim Walls"
succedact="FRP Columna-Lev 1"
if prec="C" then 1ag=0;link="C";endif
if prec="P" then




R50
IF:

@ 15,2 ? "Conventional relationship is assumed.”
Yug=0; 1¥nk="C"
endif

A1={"FRP Ftgs,Perim Walis","FRP Floor-Lev 2"} & A2={"Fa/P Ftgs,Perim
Walls”,”"FRP Floor-~-Lev 2"}

THEN: precedact="FRP Figs,Perim Wallis"

R51
IF:

succedact="FRP Floor-Lev 2"

it prec="C" then 1ag=0;1ink="C" endif

if prec="P" then

8 15,2 ? "Conventional relationship is assumed."
1ag=0;1ink="C"

endif

At={"FRP Columns-iev 2","FRP Floor~Lev 2"} & A2={"FRP Columns-Lev 2" ,"FRP
Floor-Lev 2"}

THEN: precedact="FRP Columns-Lev 2"

R52
IF:

succedact="FRP Floor-Lev 2"

it prec="C" then l1ag=0;1ink="C";endif

if prec="P" then

9 15,2 7 "Conventional relationship is assumed."”
1ag=0; 1ink="C"

endif

A1={"FRP Floor-Lev 2","UG Services"} & A2={"FRP Floor-Lev 2","UG Services"}

THEN: precedact="FRP Floor-Lev 2*

R53
IF:

succedact="UG Services”

if prec="C" then lag=0;1link="C";endif

it precz="P" then

@ 14,2 7 " It is better to start laying UG pipes after setruts are removed for
Gr.Fir."

¢ 15,2 ? "Conventional relationship is assumed.”

1ag=0; 1ink="C"

endif

A1z{"FRP Floor-Lev 2","81ab on Grade"} & A2={"FRP Floor-Lev 2","S7ab on
Grade™}

THEN: precedact="FRP Floor-Lev 2"

R54
IF:

succedact="Slab on Grade"

if prec="C" then 1ag=0;1link="C";endif

if prec="P" then

8 14,2 72 " It is better to pour for Slab on grade after struts are removed
for Gr.Flr."

¢ 15,2 ? “Conventional relationship is assumed.”

lag=0;1ink="C"

ondif

A1={"UG Services”,"S81ab on Grade"} & A2={"UG Services"”,"S1ab on Grade"}

THEN: precedact="UG Services"

succedact="%1ab on Grade"
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RSS5
IF:

if prec="C" then 1ag=0;1ink="C":endif

if prec="P"” then

e 15,2 ? "Conventional relationship is assumed."”
1a9=0;1ink="C"

ondiy

A1={"8lab on Grade","ME Rough in"} & A2={"Slab on Grade","ME Rough in"}

THEN: precedact="Slab on Grade”

R56
IF:

succedact="ME Rough in"

if prec="C" then lag=0;1ink="C";endif

if prec="P" then

8 15,2 ? "Conventional relationship is assumec *
1ag=0;1ink="C"

endif

A1={"FRP Columns-Lev 1","Roofing~Lev 1"} &k A2={"FRP Columns~Lev 1","Roofing-
Lev 1"}

THEN: precec ct="FRP Columns-Lev 1"

R57
IF:

succedact="Roofing-Lev 1"

if prec="C" then 1ag=0;1ink="C" ;endif

if prec="P" then

@ 15,2 ? "Conventionsl relationship is assumed.”
1a9=0; 1ink="C"

endif

A1={"FRP Columng-Lev 2","Roofing~Lev 2"} & A2={"FRP Columns-Lev 2","Roofing-
Lev 2"}

THEN: precedact=z"FRP Columns-Lev 2"

R58
IF:

succedact="Roof ng-Lev 2"

if prec="C" then lag=0;1ink="C";endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed."”
1ag=0; 1ink="C"

endif

Al={"Roofing-Lev 1","Ext Masonry"} & A2={"Roofing-Lev 1" ,"Ext Meaonry”}

{HEN: precedact="Roofing-Lev 1"

R59
IF:

succedact="Ext Masonry"

it prec="C" then 1ag=0;1link="C";endif

if prec="P" then

@ 15,2 7 "Conventional relationship is assvxed.®
1ag=0; 1ink="C"

endif

At={"Roofing-Lev 2","Staire"} & A2={"Roofing-Lev 2","Stairs"}

THEN: precedact="Roofin3-Lev 2"

succedact="Stairs"

it prec="C" then lag=0;1ink="C";endif

if prec="P" then

@ 15,2 7 "Conventional relationship is assumed."”
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1ag=0;1ink="C"
endif

RGO
IF: A1={"ME Rough in","ME Finish"} & A2={"ME Rough in","ME Finish"}
THEN: precedact="ME Rough in"

succedact="ME Finish"

if prec="C" then lag=0;1ink="C";endif

if precz"P" then

# 15,2 ? "Conventional relationship is assumed."”

1ag=0; 1ink="C"

endif

R61
IF: At1={"ME Rough in","Int Masonry"} & A2={"ME Rough in",”Int Masonry"}
THEN: precedact="ME Rough in"
succeaact="Int Masonry"”
if prec="C" then 1ag=0;1ink="C" ;endif
i? prec=z="P" then
9 14,2 ? "ME Rough in should be done before interior masonry work"
8 15,2 input lag int with "How long do you need to Rough in adequate part of
the floor:"
link="8"
endif

R62
IF: A1={"ME Rough in","Dry Walls"} & A2={"ME Rough in","Dry Walls"}
THEN: precedact="ME Rough in"
succedact="Dry Walls"
if prec="C" then 1a9=0;1ink="C";endif
if prec="P" then
@ 14,2 ? "ME Rough in should be done before dry walls can be put up”
? 15,2 input lag int with “How long do you need to Rough in adequate part of
the floor:"”
1ink="8"
endif

R83
IF: A1={"ME Rough in","Piping,Fixtures”} & A2={"¥" Rough in","Piping,Fixtures”}
THEN: precedact="ME Rough in"
succedact="Piping,Fixtures”
if prec="C" then 1ag=0;1inkz"C";endif
it prec="P" then
@ 14,2 ? "ME Rough in should be done before piping & fixtures can be
installed."”
® 15,2 input lag int with "How long do you nsed to Rough in adequate part of
the floor:"
Tink="388"
endif

RG4
IF: A1={"ME Finish","Wall,Floor Finish"} & A2={"ME Finish","Wal11,Floor Finish"}
THEN: precedact="ME Finish"

succedact="Wall1,Floor Finish"

if prec="C" then lag=0;link="C" ;endif
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RES
IF:

{f prec="P" then

® 14,2 ? "ME and Wal1,Floor can be finished in parallel.”

¢ 15,2 input 1ag int with "How long do you need to finish adequate part of ME."
Tink="8"

endif

A1={"Fab,Deliver Cladding”,"Install Cladding”} & A2z{"Fab,Deliver
Cladding","Install Cladding”}

THEN: precedact="Fab,Deliver Cladding”

R66
IF:

¢’ - sdact="Install Cladding”

if prec="C" then lag=0;1ink="C";endif

if prec="P" then

@ 14,2 ? "Exterior cladding can be done only after cladding is ready at the
site. "

@ 15,2 inpui 1ag int with “"After placing the order, how long do you need to
wait to receive cladding: ™

1ink="8"

endif

A1z{"Install Cladding","ME Finish"} & A2={"Install Cladding”,"ME Finish"}

THEN: precedact="Install Cladding”

R67
IF:

succedact="ME Finish"

if prec="C" then lag=0;1ink="C",endif

if prec="P" then

@ 14,2 ? "Thess two activities may be finished one after the other.”

@ 15,2 input lag int with "How long do you need to finish ME after installing
cladding?"

Tink="F"

endif

A1={"Piping,Fixtures","ME Finish"} & A2=({"Piping,Fixtures”,"ME Finish"}

THEN: precedact="Piping,Fixtures"”

RE8
IF.

succedactz="ME Finish"

if prec="C" then 1agz=0;1ink="“C";endif

if precz"P" then

@8 15,2 ? “"Conventional relationship is assumed."”
1ag=0; 1ink="C"

endif

A1={"Piping,Fixtures”,"Ceiling”} & A2={"Piping,Fixtures”,"Ceiling"}

THEN: precedact="Piping,fFixtures"”

RES

succedact="Ceiling"

if prec="C" then 1ag=0;1ink="C";endif

if prec="P" then

¢ 14,2 ? "Piping & Fixtures should be in place before installing ceiling."”

e 15,2 dinput lag int with “How long do you nesd to install fixtures to
commence ceiling?"”

1ink="8"

endif
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IF: A1={"Ext Masonry","Install Cladding”)} & A2={"Ext Masonry",”Install Cladding"}
THEN: precedact="Ext Masonry"

succedact="Install Cladding”

if prec="C" then 1ag=0;1ink="C";endif

it prec="P" then

¢ 14,2 ? "Exterior cladding can be done once the exterior masonry is done."

8 15,2 input lag int with "How Tong do you need to complete ext.msasonry on

one side of thees b1dg.?"

Tink="8"

endif

R70
IF: A={"Ext Masonry","Windows,Ext 0Doors”} & A2={"Ext Masonry","Windows,Ext
Doors"}
THEN: precedact="Ext Masonry*
succedact="Windows,Ext Doors"
if prec="C" then 1a9=0;1 <="C";endif
if prec="P" then
8 14,2 ? "Conventional relationship is assumed. “
1ag=0; 1ink="C"
endif

R71
IF: At={"Windows , Ext Doovs” ,"Install Cladding"} & A2={"Windows ,Ext
Doors","Install Cladding"}
THEN: precedact="Windows,Ext Doors"
succedact:="Install Cladding”
if prec="C" then lag=0;1ink="C" endif
if prec="P" then
8 14,2 7?7 “Cladding,Ext door and windows should be completed at the same
time. "
¢ 11,2 2 “ Finish-Finish assumed. "
1ag=0; 1ink="F"
endif

R72
IF: At={"Int Masonry","ME Finish"} & A2={"Int Masonry","ME Finish"}
THEN: precedact="Int Masonry"

succedact="ME Finizh"

it prec="C" then 1ag=0;1inkz="C",endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed "

1ag=0; 1ink="C"

endif

R73
IF: A1 = {"Int Masonry","Carpentry,Millwork"} & A2={"Int Masonry",
“Carpentry ,Millwork"}
THEN: precedact="Int Masonry"
succadact="Carpentry ,Milliwork"
i prec="C" then 1ag=0;1ink="C" ;endif
it prec="P" then
8 14,2 ? "Carpentry,.millwork can begin after masonry has started *
0 15,2 input lag int with "How long do you need to complete adeguate part on
masonry?”
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Tink="8"
endif

R74
IF: Ai={"Stairs”,"Floor,Wall Finish"} & A2={"Stairs”,"Floor,Wall Finish"}
THEN: precedact="Stairs"

succedact="Floor,wWall Finish"

if prec="C" then 1lag=0;1ink="C";endif

if prec="P“ then

8 15,2 ? “Conventional relationship is assumea."”

1a9=0; 1ink="C"

endif

R75
IF: Al={"Carpentry,Millwork","Fioor,¥all Finish"} &
A2={"Carpentryv,.Millwork”,"Floor,Hall Finish"}
THEN: precedact="Carpentry,Miliwork”
succedact="Floor,wall Finish"
if prec="C" then 1ag=0;1ink="C",endif
if precz"P" then
€ 15,2 ? "Conventional relationship is assumed.”
Tag=0
1ink="C"
endif

R76
IF: At={"Dry Walls","ME Finish"} & A2={"Dry Walls","ME Finish"}
THEN: precedact="0ry Walls"

succedact="ME Finish"

if prec="C" then 128=0;1ink="C" endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed.”

1ag=0; Yink="C"

endif

R77
IF: A1z{"Dry Walls",“Carpentry,Millwork"} & A2={"Dry Wallg",“Carpentry,Miliwork"}
THEN: precedact=""ry Walils”

succedact="Carpentry,Mi1lwork"”

if prec="C" then 189=0;1ink="C";endif

if prec="P" than

@ 14,2 ? “Carpentry,millsork can begin after dry walls has started.”

@ 15,2 input Tag int with “"How long do you need to complete adegquate part of

dry walls?”

1inkz"8"

endif

R78
IF: At1={"Ceiling"”,"Painting") & A2={"Ceiling","Painting”}

THEN: precedact="Ceiling"
succedact="Painting"
if prec="C"” then 1ag=0;1ink="C" ,endif
if prec="P" then
€ 15,2 ? “Conventional relationship is assumed.”
lag=0; 1ink="C"
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endif

R79
IF: A1={"Wal11,Floor Finish",“Painting”) & A2={"Wall,Fioor Finish","Painting"}
THEN: precedact="Wall,Floor Finish”

succedact="Painting"

if prec="C" then 1ag=0;1ink="C";endif

if prec="P" then

@ 14,2 ? “These two activities should be completed at the same time."

@ 15,2 ? * Finish-Finish assumed."”

1ag=0;1ink="F"

endif

R8O
IF: A1={"Painting"”,”"lLandscape”} & A2={"Painting"”,"Landscape"}
THEN: precedact="Painting”
succedact="Landscape"
if prec="C" then 1ag=0;1ink="C" ;endif
if prec="P" then
@ 14,2 ? "Thwse two activities can be done in paraliel.”
@ 15,2 ? " Finish-Finish assumed."
1ag=0; Tink="F"
endif

RB1
IF: Al1z{"Landscape”,"Demobilization”} & A2={"Landscape”,"Demcoilization"}
THEN: precedact="Landscape"

succedact="Demobilization”

if prec="C" then 1ag=0;1ink="C" ;endif

if precz="P" then

@ 14,2 7 “These two activities can be done in parallel.™

@ 15,2 idnput Jag int with "How long do you need to demobilze after

landscaping is done?"
1ink="F"
endif

RB2
IF: A1={"Roofing-Lev 2","Ext Masonry"} & A2={"Roofing-Lev 2" ,"Ext Masonry"}
THEN: precedact="Roofing-Lev 2"

succedact="Ext Masonry"”

if prec="C"” then 1ag8=0;1ink="C" ;endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed."

lag=0;link="C"

endif

R83
IF: A1={"Roofing-Lev 1","Stairs"} & A2={"Roofing-Lev 1’ ,"Stairs"}
THEN: precedact="Roofing-Lev 1"

succedact="Stairs"

if prec="C"” then lag=0;1ink="C" ;endif

if prec="P" then

@ 15,2 ? “Conventional relationship is assumed."”

Tag=0; ¥tink="C"

endif
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Re4
IF: A1z({"Mobilization”,"Demolition”} & A2={"Mobilization","Demolition"}
THEN: precedact="Mobilization"
succedact="Demolition"
i prec="C" then lag=0;7ink="C" endif
if prec="P" then
¢ 14,2 ? "These two activities can be done in parallel.”
¢ 15,2 input 1lag int with "How long do you need to mobilze to demolish
existings bldgs?”
Tink="8"
endif

R85
IF: At={"Demolition","Clear Site"} & A2={"Demolition","Clear Site"}
THEN: precedact="Demolition"
succedact="Clear Site"
{f prec="C" then 1ag=0;1ink="C";endif
if prec="P" then
¢ 14,2 ? "These two activities can be done in parallel.”
¢ 15,2 input 1lag int with “"How long do you need to demolish to commence
clearing the site?”
1ink="8"
endit

R86
IF: Atz{"Cisar Site","Surveying”} & A2z{"Clear Site","Surveying"}
THEN: precedact="Clear Site"
succedact="Surveying”
it prec="C" then lag=0;1ink="C"endif
if prec="P" then
@ 14,2 ? "Conventional relationship is assumed"
1ink="C";lag=0
endif

R87
IF: A1=z{"Surveying"”,"Job Layout"} & A2={"Surveying","Job Layout"}
THEN: >recedact="Surveying”
succedact="Job Layout”
clear;putform loginfo;tally loginfo
putform plogic;getform plogic
if prec="C" then lag=0;linkz="C";endif
if prec="P" then
@ 14,2 ? "Conventional rslationship is assumed."
1ink="C"; 1ag=0
endif

R8s
IF: Al={"Job Layout"”,"Piling-Pilecapping”} & A2={"Job Layout"”,"Piling-
Pilecapping”}
THEN: precsdact="Job Layout"
succedact="Piling-Pilscapping”
if prec="C" then lag=0;link="C";endif
if prec="P" then
® 14,2 7 “Conventional relationship is assumed."”
1ink="C"; Jag=0
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R89
IF: A1={"ME Finish","ME Commission”} & A2={"ME Finish","ME Commission"}
THEN: precedact="ME Finish"

succedact="ME Commission"

if prec="C"” then 1ag=0;1ink="C" ;endif

it prec="P" then

¢ 14,2 ? "Conventional relationship is assumed."”

1ink="C"; lag=0

ondif

RS0
IF: A1={"ME Commission”,"Wall,Floor Finish"}) & A2={"ME Commission","Wall,Floor
Finish"}
THEN: precedact="ME Finish"
succedact="Wall,Flioor Finish"
if prec="C" then lag=0;1ink="C",endif
if prec="P" then
9 14,2 ? "Conventional relationship is assumed."”
1ink="C"; 1ag=0
endit

IF: At={"Carpentry,Millwork"”,"Int Doors"} & A2={"Carpentry,Miliwork”,”Int Doors"}
THEN: precedact="Carpentry,Miliwork"”

succedact="Int Doors"

if precz="C" then l1ag=0;1ink="C";endif

it precz="P" then

@ 14,2 7 "Conventional relationship i8 assumed.”

1ink="C";1ag=0

oendif

R92
I%:. A1={"Int Doors”,"Clean up"} & A2={"Int Doors”,"Cliean up}
THEN: precedact="Int Doors"
succedact="Clean up"
if prec="C" then 1ag=0;1ink="C" endif
if prec="P" then
9 14,2 7 "Conventional relationship is assumed."”
1ink="C"; ag=0
endif

R93
IF: At={"Wall,Floor Finish","Int Doors”} & A2={"Wall,Floor Finish","Int Doora"}

THEN: precedact="Wall,Flioor Finish"
succudact="1Int Doors"”
if prec="C" then 1ag=0;1ink="C";endif
i7 prec="P" then
§ 14,2 ? "Conventional relationship is assumed."”
1ink="C";1ag=0
endif

R94
IF: At={"Wall,Floor Finish"”,"Clean up”} & A2={"wWall,Floor Finish","Clean up"}
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THEN: precedact="wWa1l,Floor Finish"
succadact="Clean up"
if prec="C" then 1lag=0;link="C" ;endif
if prec="P“ then
ondif
8 15,2 input lag int with “How long do you need to finish adequate part to
commence clen up?”
Tink="8"

R95
IF: A1=({"Clean up","Democbilization"} & A2={"Clean up","Demobilization"}
THEN: precedact="Clean up"
succedact="Demcbi1ization"
if prec="C" then ag=0;1linkz"C";endif
if prec="P" then
8 14,2 2 "These two activities can be completeda simultansousiy.”
Tink="F" ; 1ag=0
endif

R98
IF: A1={"FRP Ftgs,Perim Wallg","Erect Steel-Lev 1"} & A2:=("FRP Ftgs,Perim
Walis”,"Erect Stewu, Lev 1")
THEN: precedact="FRP Ftgs,Perim Walls"
succedact="Erect Steel-Lev t"
¢ prec="C" then lag=0;link="C";endif
if prec="P" then
8 15,2 ? "Conventional relationship is assumed."
1a9=0;1ink="C"
endif

R97
IF: At1={"Erect Stesl-Lev 1","Roofing~Lev 1"} & A2={"Ersct Steel-Lev 1","Roofing-
Lev 2"}
THEN: precedact="Erect Steel-Lev 1"
succedact="Roofing-Lev 1"
if prec="C"” then 1ag=0;link="C",endif
if prec="P" then
@ 15,2 7 "Conventional relationship is assumed."”
1ag=0;1ink="C"
endif

RS98
IF: A1z{"Erect Steel-Lev 2","Roofing-Lev 2"} & A2={"Erect Steel-Lev 2","Roofing-
Lev 2"}
THEN: precedact="Erect Steei-Lev 2“
succedact="Roofing~Lev 2"
if prec="C" then lag=0;1ink="C";endif
if prec="P" then
@ 15,2 ? "Conventional relationship is assumed."
Tag=0;1ink="C"

endif
RS9
IF: A1z={"Erect Stesl-Lev 3",”"Roofing-Lev 3"} & A2={"Erect Steel-Lev 3“,"Roofing-Lev
3")
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THEN: precedact="Erect Steel-Lev 3"
succedact="Roofing~Le’ 3"
it prec="C" then lag=J;link="C";endif
if prec="P" then
9 15,2 7 "Conventional relationship is assumed."”
1ag=0; Tink="C"
endif

R100
IF: Al={"Erect Steel-Lev 1","Conc Panels-Lev 1"} & A2={"Erect Steel-Lev 1“,“Conc
Panals-Lev 1"}
THEN: precedact="Erect Steel-Lev 1"
succedact="Conc Panels-Lev 1"
if prec="C" then lag=0;1ink="'C";endif
if* prec="P" then
8 15,2 7 "Conventiona?l relationship is assumed "
1a9=0; 1ink="C"
endif

R101
IF: A1={"Erect Steel-Lev 2","Conc Panels-Lev 2"} & A2={"Erect Steel-Lev 2","Conc
Panels-Lev 2"}
THEN: precedact="Erect Steel-Lev 2"
succedact="Conc Panels-Lev 2"
if prec="C" then lag=0;1ink="C";endif
if prec="P" then
8 15,2 7 "Conventional relationship is assumed "
1ag=0;1ink="C"
endif

R102
IF: A1={"Erect Steel-Lev 3","Conc Panels-Lev 3"} & A2=("Erect Steel-Lev 3","Conc
Panels-Lev 3"}
THEN: precedact="Erect Stesi-Lev 3"
succedact="Conc Panels-Lev 3"
if prec="C" then 1ag=0;link="C";endif
if prec="P" then
8 15,2 ? "Conventional relationship is assumed "
lag=0; 1ink="C"
endif

R103
IF: A1=z{"Erect Steel-Lev 2" ,"Concrete-Lev 2") & A2={"Erect Steel-Lev
2" ,"Concrete-Lev 2"}
THEN: precedact="Ersct Steel-Lev 2"
succedact="Concrete-Lev 2"
if prec="C" then lag=0;1ink="C" ,endif
if prec="P" then
9 15,2 ? "Conventional relationship is assumed "
1ag=0; 1ink="¢C"
endif

R104

IF: A1={"Erect Steel-Lev 3","Concrete-Lev 3"} & A2={"Ersct Steel-Lev
3" ,"Concrate-Lev 3"}
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THEN: precedactz"Erect Stesl-Lev 3"
succedact="Concrete-Lev 3"
if prec="C" then 1ag=0;1ink="C" endif
if prec="P" then
8 15,2 ? "Conventional relationship is assumed "
1ag=0; link="C"
endif

R105
IF: A1={"ME Rough in-Lev 1","Int Finishes-Lev 1"} & A2={"ME Rough in-tev 1","Int
Finig'as-Lev 1"}
THEN: precedact="ME Rough in-Lev t*"
succedactz"Int Finishes-Lev 1"
if prec="C" then 1ag=0;1link="C" ;endif
it prec="P" then
@ 15,2 ? "Conventional relationship is assumed "
1ag=0; link="C"
endif

R106
IF: A1=z{"Int Finishes-Lev 1","Painting”} & A2:={"Int Finishes-Lev 1" ,"Painting"}
THEN: precedact="Int Finishes-Lev 1"

succedact="Painting”

if prec="C" then 1a9=0;1ink="C";endif

if prec="P" then

@ 15,2 ? “Conventional relationship is assumed “

1ag=0; 1ink="C"

endif

R107
IF: At={"Int Finishes-Lev 2","Painting“} & A2={"Int Finishes-Lev 2","Painting"}
THEN: precedact="Int Finighes-Lev 2"

succedact="Painting"

if prec="C" then 1ag=0;1ink="C";endif

if prec="P" then

@ 15,2 ? "Conventional relationship is assumed "

1ag=0;1links"C"

endif

R108
IF: A1={"Fab,Deliver Forms","FRP Columns-Lev 3"} & A2:=("Fab,Deliver Forms","FRP
Columng~Lev 3"}
THEN: precedact="Fab,Deliver Forms"
succedact="FRP Columns-tav 3“
if prec="C" then lagzu:link="C" endif
if prec="P" then
@ 14,2 ? "Form-Reinforca-Pour for second floor columns"
@ 15,2 ? “can be done only after forms are ready at the site
® 18,2 input 123 int with "After placing the order, how long do you need to
wait to receive the forms?”
1ink="8"
endif

R109
IF: Af={"Clear Site"”,"Job Layout”} & A2={"Clear Site”,"Job Layout"}
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THEN: precedact="Clear Site"
succedact="Job Layout"
if prec="C" then lag=0;1ink="C";endif
if prec="P" then
9 14,2 7 "Convontional relationship is assumed"
1ink="C"; 1ag=0
endif

R110
IF: A1={"Erect Stesl-Lev 2","Concrete-Lev 1"} & A2={"Eract Steel-Lev 2", “"Concrete-Lev
1}
THEN: precedact="Erect Steel-Lev 2"
succedact="Concrete-Lev 1"
if crec="C" then lag=0;1ink="C";endif
if prec="P" then
@ 15,2 ? "Conventional relationship is assumed "
1ag=0;link="C"
endif

R111
IF: A1={"UG Services”,"”Erect Steel-Lev 3"} & A2={"UG Services","Erect Steel-Lev
3"}
THEN: precedact="Erect Steel-Lev 3"
succedact="UG Services"
if prec="C"” then lag=0;1ink="C";endif
if prec="P" then
8 15,2 ? "Conventional relationship is assumed."”
lag=0; link="C"
endif
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¢ Knowledge Base In Sub-modules of DURATION MODIFIER ¢
OSSR SR S48 200 08 ® $8884800088886008

Congestion: Operations take place within physically
Timited space with other contractors. Results in congestion
of personnel, {nability to 1locate toclis conveniently,
increased 1loss of tools, additional safety hazards and

increased vigitors. Optimum crew size cannot be utilized.

Reassigneent of Labour: Loss occurs with move-on, move-off
mon because of unexpected changes, excessive changes, or
demand made to expedite or reschedule completion of certain

work phases. Preparation not posgible for orderly change.

Learning Curve: Period of orientation in order to become
familiar with changed condition. If new men are added to
projsct, effects more severe as they learn tool Jocation,

work procedures, etc. Turnover of crew.

Overtime:.Lowers work output and efficiency through physical

fatigue and poor mental attitude.

Eactor Bercent of joma  if
Condition
Minor Average Savere
Congestion 10% 20% 30%x
Reassignment of Labour 5% 10X 15%
Learning Curve 5% 15% 30%
Overtine 10% 15% 20%
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Weather Data in ESCHEDULER
sessssses MONTREAL sesesss

Ne Month Date Wind speed Temperature Humidity
(kmphr) (deg C) (%)

1 1 1 17 -7 78
2 1 2 14 -8 73
3 1 3 14 -7 73
4 b} 4 20 -7 73
- 1 5 18 -9 1.}
8 1 ] 17 ~-11 85
7 1 7 21 -7 78
8 1 8 19 =-12 6s
9 1 9 18 =11 T
10 1 10 20 =11 09
11 1 11 26 -8 72
12 1 12 23 -12 62
13 1 13 16 =-11 g4
14 1 14 24 -8 768
18 1 15 17 -10 (1]
16 1 16 21 -13 87
17 1 17 L -15 81
18 1 18 21 ~-12 69
18 1 19 21 ~8 72
20 1 20 20 -11 83
21 1 21 19 -9 70
22 1 22 23 -9 1)
23 1 23 24 -7 78
24 1 24 18 -8 70
25 1 25 23 -5 78
26 1 28 27 -3 75
27 1 27 28 -8 73
28 1 28 21 -8 74
29 1 29 22 -9 78
30 1 30 24 =10 87
31 i Q1 18 -13 64
Mnthly Aver, 1 20.3 -9.2 70.0
32 2 1 22 -12 84
33 2 2 26 -5 80
34 2 3 21 -12 64
33 2 4 18 -12 (L]
38 2 5 23 -12 86
37 2 ] 21 -11 83
38 2 7 18 =10 ([}
39 2 8 17 -8 71
40 2 9 17 =-11 8s
41 2 10 1 -11 84
42 2 11 18 -10 ]
43 2 12 11 -9 a7
44 2 13 20 -8 (1]
43 2 14 20 -9 as
40 2 18 168 -8 62
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Weather Data in EL. ~IDULER
asssesse MONTREAL sesssss

No Monti. Date Wind speed Temperature Humidity
(kmphr) (deg C) (%)

47 2 18 14 ~-10 57
48 2 17 20 -11 82
49 2 18 17 -8 a8
50 2 19 23 -4 74
51 2 20 20 -4 14
52 2 21 16 -4 a7
53 2 22 18 -4 72
54 2 23 22 -7 68
58 2 24 18 -3 78
56 2 28 12 -6 72
57 2 28 21 -5 70
58 2 27 22 -4 67
59 2 28 21 -4 67
Mrithly Aver, 2 19.3 -8.5 68.4
80 3 1 22 -8 85
81 3 2 20 -8 86
82 3 3 19 -5 [}
83 3 4 21 -2 75
84 3 5 20 -1 76
[.}-] 3 (-] 24 -3 n
-1} 3 7 21 [} T4
87 3 8 23 -2 7
1.} 3 9 18 -4 57
1} 3 10 18 -1 1]
70 3 11 18 -2 (.7}
71 3 12 18 -2 82
72 3 13 21 -2 84
73 3 14 22 -1 (1]
74 3 13 22 -1 es
78 3 16 2° -2 70
76 3 17 <« -1 89
77 3 18 23 -2 61
78 3 19 20 0 64
79 3 20 14 0 82
ao 3 21 20 (4] 70
81 3 22 26 -1 (]]
82 3 23 20 1 a7
a3 3 24 23 0 1]
84 3 28 18 0 67
8s 3 28 22 0 8o
a8 3 27 21 -1 59
87 3 28 18 0 50
(1] 3 29 14 2 L]
89 3 3o 19 4 70
80 3 3t 18 4 66
Hnthly Aver. 3 20.0 -1.2 8.1
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Weather Data in ESCHEDULER
sessssens NONTREAL sesssss

No Month Date Wind speed Temperature Humidity
(kmphr) (deg C) (x)

91 4 1 17 3 83
92 4 2 19 2 74
93 4 3 21 3 1]
94 4 4 19 1 70
95 4 5 23 2 73
90 4 -] 22 [+] 3]
97 4 7 20 1 58
98 4 8 22 0 58
99 4 9 20 1 54
100 4 1c 18 3 81
101 4 11 21 3 81
102 4 12 18 4 54
108 4 13 21 8 84
104 4 14 19 [] 82
108 4 15 23 7 81
108 4 18 15 8 (1}
107 4 17 19 9 54
108 4 18 14 11 48
109 4 19 18 10 50
110 4 20 20 11 49
11 4 21 18 10 50
112 4 22 20 11 682
113 4 23 24 9 80
114 4 24 15 9 81
118 4 25 14 8 57
116 4 28 15 9 59
117 4 27 18 1 57
118 4 28 17 11 34
119 4 23 20 10 L[}
120 4 30 18 11 53
Mnthly Aver. 4 18.9 8.3 58.1
121 5 1 23 12 50
122 ] 2 18 1 82
123 5 3 18 11 (3}
124 5 4 19 9 59
125 5 5 17 10 -1
120 5 8 16 12 1]
127 5 7 18 11 50
128 5 8 17 13 45
129 5 9 20 14 59
130 5 10 14 14 58
13 5 11 19 16 51
132 5 12 18 15 57
133 3 13 22 14 L1]
134 5 14 18 15 31
138 5 18 15 17 51
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Weather Oata in ESCHEDULER
sessssess NONTREAL sssssss

No Month Date Wind speed Temperature Humigtity

(kmphr) (deg C) (%)

138 5 16 20 17 57
137 5 17 14 14 61
138 5 18 14 18 82
139 5 19 18 17 82
140 5 20 12 19 54
141 4 21 1?7 18 to
142 5 22 17 18 5
143 5 23 14 18 1]
144 5 24 14 17 52
148 5 28 23 16 1]
146 5 28 15 13 80
147 5 27 14 17 58
148 5 28 17 17 59
149 5 29 13 18 58
150 ) 30 12 19 81
151 5 31 15 20 .1
Mnthly Aver. 5 16.0 14.8 54.9
152 8 1 16 17 64
153 8 2 14 18 58
154 -} 3 15 17 63
188 8 4 13 19 59
156 8 5 16 19 59
157 8 8 14 18 58
158 8 ? 18 20 83
159 L} 8 18 18 72
160 ] 9 15 18 82
161 [ 10 18 18 58
162 [ 11 22 ] 60
163 8 12 18 17 63
1064 8 13 17 19 54
169 8 14 17 20 56
16L 6 15 21 21 L1
167 [} 18 19 20 64
168 [} 17 15 <0 82
189 ] 18 1¢ 20 83
170 L} 19 14 21 88
171 8 20 17 21 L1}
172 8 21 14 21 89
173 (] 22 L] 21 85
174 -] 23 17 21 L1
175 8 24 18 21 (]}
178 [} 25 17 20 62
177 8 28 14 21 63
178 € 27 18 22 63
179 8 28 13 a3 57
130 (] 29 13 23 1]
181 6 30 19 21 s8
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¥sather Data in ESCNEDULER
e8880048 MONTREAL "99sses

NO Month Dats Wind speed Temperature Humiaity
(kmpr ) (ageg C) (%)

Mnthly Aver. ] 16.3 19.8 82.4
182 7 1 17 22 62
183 7 2 18 20 67
184 7 3 18 21 81
188 7 4 16 21 57
188 7 L} 15 22 60
187 7 ] 17 22 11
188 7 7 17 24 sS4
189 7 8 10 23 .1}
w 7 9 18 23 81
191 7 10 15 22 81
192 7 1 16 21 60
193 7 12 18 21 60
194 7 13 16 23 ss
198 7 14 17 23 85
198 7 15 18 24 1.}
197 7 16 12 23 61
198 7 17 15 22 85
198 7 18 15 23 57
200 7 19 18 24 61
201 7 20 17 24 62
7.2 7 21 14 23 63
203 7 22 14 23 54
204 7 23 14 23 60
205 7 24 14 23 87
208 7 25 15 23 59
207 7 268 14 21 88
208 7 27 15 22 87
209 7 28 16 a3 59
210 7 29 14 21 67
21 7 30 12 22 85
212 7 31 13 23 1]
Mnthly Aver. 7 14.8 21,7 59.9
213 8 1 15 24 64
214 8 2 12 23 87
218 a 3 10 23 74
218 8 4 18 22 64
217 8 5 16 22 83
218 8 () 14 21 62
219 8 7 14 22 81
220 8 8 11 22 71
221 8 J 18 22 64
222 8 10 18 21 1]
223 8 11 12 22 82
224 8 12 18 21 8s
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Weather Dats in ESCHEDULER
ssssensse MONTREAL sssesss

No Month Date Wind speed Temperature Humidity
(kmphr) (deg C) %)

2258 8 13 13 21 8s
228 8 14 15 21 87
227 [} 13 12 20 83
228 [} 18 12 21 8a
229 8 17 13 21 87
230 8 18 13 21 84
2 8 19 1 21 82
232 8 20 13 21 83
233 8 21 11 22 61
234 8 22 15 21 84
235 8 23 13 21 62
238 8 24 14 19 87
237 -] 25 12 21 ]
238 8 26 10 21 85
239 8 27 13 21 72
240 8 28 14 21 7
241 [} 29 15 22 87
242 8 30 18 20 87
243 8 31 12 20 83
Mathly Aver. 8 13.0 20.5 3.1
244 9 1 13 21 -]]
245 9 2 12 20 87
248 9 3 14 19 71
247 9 4 12 18 68
248 ] 5 13 20 85
249 9 (] 14 18 69
250 9 7 13 17 58
251 9 8 14 17 81
252 9 9 17 18 58
253 9 10 18 18 63
’ 254 ] 1" 17 17 68
255 9 12 12 15 87
258 9 13 13 17 89
87 9 14 15 18 72
158 9 15 15 17 85
259 9 16 14 1e 84
260 9 17 17 17 87
261 9 18 13 15 1]
2682 8 19 15 15 1]
263 9 20 18 14 78
264 9 21 13 14 kA
285 9 22 16 13 70
268 8 23 13 12 63
287 9 24 14 12 62
288 9 25 18 13 es
269 9 28 14 14 75
270 9 27 15 15 oa
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Weather Data in ESCHEDULER
2988808808 MONTREAL *8sssss

No Month Date Wind speed Temperature Humtdity
(kmphr) (deg C) (%)

271 9 28 15 13 87
272 9 29 19 15 71
273 9 30 17 14 6s
Mnthly Aver. 9 14,6 15.9 87.1
274 10 1 9 13 72
ars 10 2 13 12 78
278 10 3 14 12 68
277 10 4 15 12 89
278 10 L 13 18 (1}
279 10 (-] 18 14 (1]
280 10 7 17 9 89
281 10 8 19 8 85
282 10 9 18 8 L1}
283 10 10 18 a L]}
284 10 11 13 9 69
285 10 12 18 10 74
288 10 13 14 9 70
287 10 14 23 8 72
288 10 15 19 7 "
289 10 16 19 7 L1
290 10 1?7 16 8 L]
281 10 18 18 7 63
292 10 19 15 ] 83
293 10 20 13 7 72
294 10 21 17 10 88
295 10 22 19 11 [-1]
296 10 23 19 10 81
297 10 24 13 7 83
298 10 28 18 9 70
299 10 26 20 8 A
300 10 27 13 7 81
301 10 28 15 7 1
302 10 29 14 8 80
303 10 30 16 -] 1]
304 10 31 15 7 70
Mnthly Aver. 10 18.7 a.5% 85.4
305 1 1 15 7 a8
308 1 2 16 7 as
307 11 3 14 8 89
308 11 4 19 7 70
309 1 5 14 5 a3
310 11 [ 15 H [ 1]
3N 11 7 14 ] 74
312 11 8 18 3 78
313 1 9 12 3 (1]
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Weather Data in ESCHEDULER
ssasassss NONTREAL #eessss

No Month Oates Wind speed Tesperature Humidity
(kmphr) (deg C) (%)

314 11 10 18 4 78
318 1 11 18 2 71
318 11 12 14 2 70
317 11 13 14 2 78
318 11 14 19 2 76
319 11 15 18 0 n
320 1" 18 16 1 (]}
321 11 17 18 2 74
322 11 18 18 3 73
323 1 19 17 2 70
324 11 20 16 ] 70
328 1 21 18 o 76
328 11 22 14 -1 70
327 11 23 15 0 1]
328 11 24 14 1 82
329 11 25 15 0 73
330 11 26 18 [} 73
3N 1 27 24 -1 75
332 n 28 14 1] 83
333 11 29 18 -2 72
334 11 30 19 0 73
Mnthly Aver, 11 i8.1 2.2 72.1
335 12 1 17 -2 bl
338 12 2 18 -4 89
337 12 3 20 -5 72
338 12 4 12 -5 70
339 12 L) 15 -5 78
340 12 [ 16 [} 79
341 12 7 11 -3 70
342 12 8 15 -5 78
343 12 9 18 -4 74
344 12 10 16 -7 74
3458 12 11 19 -7 1]
348 12 12 8 -5 73
347 12 13 24 -8 70
348 12 14 15 -5 75
349 12 15 17 -8 78
350 12 18 19 -4 78
351 12 17 18 -9 73
352 12 18 25 -9 71
353 12 19 18 -1" 65
354 12 20 17 -1 73
358 12 21 18 -8 79
358 12 22 18 -9 13
357 12 23 13 -5 7%
358 12 24 11 -5 81
58 12 25 23 -10 71
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Weather Data in ESCHEDULER
$98888988 MONTREAL ssassss

No Month Date Wind speed Tempeirature Humidity

(kmphr) (dog C) (%)

380 12 28 18 -8 81

381 12 27 21 -8 74

3682 12 28 17 -8 73

383 12 29 13 -7 78

364 12 30 22 ~9 70

368 12 N 14 -9 74

Mnthly Aver, 12 16.3 -8.4 71.3
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