AD-A246 813
AU IRAEN

AN EXPERT SYSTEM FOR
THE CIVIL ENGINEERING
IN-SERVICE WORK PLAN

THESIS g
Phillip W. Melancon, Captain, USAF

AFIT/GSS/DEV/91D-10

3 - Tt 92-04867
\ "";:,"' | DEPARTMENT OF THE AIR FORCE e
- AIR UNIVERSITY AR

AIR FORCE INSTITUTE OF TECHNOLOGY

Wright-Patterson Air Force Base, Ohio

92 2 25 134




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



AFIT/GSS/DEV/91D-10

AN EXPERT SYSTEM FOR
THE CIVIL ENGINEERING
IN-SERVICE WORK PLAN
THESIS
Phillip W. Melancon, Captain, USAF

AFIT/GSS/DEV/91D-10

Approved for public release; distribution unlimited




is thesis are those of

$ficial policy ox posi
S. Government.

The views expressed in th
and do not reflect the ©
Department of Defense or the U.

+he authors
«ion of the

/oo

v oapy
‘a

OABL «

Acvoessiop Por -
NTIS GRARL &

PYIC TAR 7
Unannewatod E]
Justiticatton,

) 2O

L Biataabot tun
Qvﬁfghbx:stw Coden

P

N R b s et

vail anufor” T




AFIT/GSS/DEV/91D-10

- AN EXPERT SYSTEM FOR THE

CIVIL ENGINEERING IN-SERVICE WORK PLAN

THESIS

Presented to the Faculty of the School of Systems and Logistics
of the Air Force Institute of Technology
Air University
In Partial Fulfillment of the
Requirements for the Degree of

Master of Science in Software Systems Management

Phillip W. Melancon, B.S.

Captain, USAF

December 1991

Approved for public release; distribution unlimited




Acknowledgements

This thesis could never have been completed without a
lot of help from several people. I would like to express my
sincere thanks to my thesis advisor, Lt Col James R Holt for
his guidance and suggestions throughout this thesis effort.
I especially appreciate the insight he shared with me in the
area of expert systems - a previously mysterious field to
me.

I would also like to thank the Civil Engineering
Production Control experts who shared their knowledge and
time to help me understand their craft. Special
appreciation to Mr John Foster, IWP scheduler at Dover AFB,
and Ms Cindy Lopez, Ms Ladonna Mangan and Mr Arlyn Johnson
in the Production Control Unit at Wright-Patter on AFB.

Finally, a very special thanks to my fiance Nita for

her patience, understanding and proof-reading.

ii




ST T T T T T T T R

able of Contents

3

Page

Acknowledgements . . . . . . . . . 0 o 00000 e ii

List of Figures . . . . ¢ ¢« ¢ ¢ v 4+ o « 4 4 e« e v e vi

: List of Tables . . . . . . . . + « ¢« v v v v v v o . . Vil

Abstract . . . . e e e e e e e e e e e e e e e e e e . ovidd

I. Introduction . . . . . .« ¢ ¢ ¢ ¢« v 0 v e e e e e e 1l
OVerVieWw . . v v v + v 4 o o« o o o« o v o o o o o 1
Purpose of Research . . . . . . . . . ¢« .+ « . . . 3

SCOPE . v v v i b e e e e e e e e e e e e e e 3

II. Literature Review ., . . . . . « « « « + ¢« « + « .« . 5

OVEerVIeW . . v v v v o o o o o o o e e 0 e e 5

What are Expert Systems? . . . . . . . « + + « .« 5

Development of Expert Systems . . . . . . . . . . €

Expert System Shells . . . . . . . . « + o + + 10

The IWP Concept . . . . + « « v « « + v v o « « . 12

. Job Orders. . . . . . « ¢ ¢ v ¢ v o v e e 12

Recurring Work. 12

-
.
-
-
.
.
-
-
-
-

Work Orders. . . .« ¢ v ¢ v« e v e e e w e 13
Planning. . . . . . + « « v o « v e 4 e 4. 14
Finances. . . .+ v v « v o o o« « o o e e e " 15

In-Service Work Plan. . . . . . . . . « ., . . 16




III.

Iv.

Previous Studies . . . . . . . . . . . .
Expert System Application Areas. . .
Work Prioritization Methods. . . . .
Expert System Work Approval Process.
Expert System for the IWP.

SUMMAYY + « « &+ o o o o o o

Research Method . . . . . . . . .
Overview . . . « & v v o 4 4 e e e e e
Step 1 - Domain Familiarization .
Step 2 - Expert Interview . . . . . . . .
Step 3 - Prototype Development . . . . . .
Step 4 ~ Test and Evaluation . . . . . . .

Results and Findings . . . . . . . . . . .
Overview . . . . . . « « + « .« .
Expert Selection .
Results of the Interview . . . . .
IWNP Scheduling Process . . .
Estimating Available Hours
Determining Work Requirement-:.
Expert System Design . . . . . . . .

Expert System Prototype Implementation and
Performance . . . . . . . . ¢ v 4 4 e .

System Implementation

Prototype Performance.

page
17
17
18
22
23

24

26
26
26
27
27
28

29
29
23
29
30
32
34

35

42
42

45




page

Known Weaknesses. . . . . . . . . . . . . . . 47

Summary of Prototype Performance. . . . . . . 49

V. Summary, Conclusions and Recommendations . . . . . . 51
Research Summary . . . . . « « ¢ « v « v v v W . 51
Conclusions . . . . . « ¢ v v ¢ v v 0w e e e 51

‘ Recommendations . . . . . +« + + v 4 4 e 4 4 e 53
" Appendix A: Shop Labor Availability Form . . . . . . . 55
Appendix B: System-Produced IWP Schedule . . . . . . . 56
Appendix C: Test Case Shop Availability e e e e e e 63
Appendix D: Test Case Shop Remaining Hours . . . . . . 65
Appendix E: VP-Expert Program Listing . . . . . . . . . 66
Bibliography . . . . . . « ¢« « v v v v v v e e e e 90

VITA . . . . . . . L - . . . . . . . . * L] . . . . . . 92




List of Figures

Figure Page
1. Example of Expert System Rules . . . . . . . 8
2. Expert System Development Process (9) . . . . 10
k} Components of an Expert System (10:49) . . . 11
4. Tasks in Work Order Decision Process (13:23) 19
5. General process of scheduling the IWP . . . . 31
6. Estimating available hours for IWP

work for each shop . . . . . . . . . . . .. 32
7. General System Design . . . . . . . . . . . . 36
8. Control Flow of IWP Scheduler Program . . . . 43

vi




List of Tables

Table Page

1. Reported Use of Each Work Order Priority System . 20

2. Priority Weighting Factor . . . . . . . . . . . . , 38
3. Command Interest Factor . . . . . . . . . . . . . 38
. 4. Weather Factor . . . . . . . . . . o . o . .. 39
5. Worksite Availability Factor . . . . . . . . . . 40
) 6. Fund Cite Factor . . . . . . . . . . . . . o . . 40
7. Time Material Complete Factor . . . . . . . . . . 41
8. Time in System Factor . . . . . « . ¢« « ¢« « « + & 41
9. Bottleneck Shops Factor . . . . « « « « ¢« « « « & 42

vii




_

AFIT/GSS/DEV/91D-10
Abstract

Z>~ Civil Engineering managers make many decisions each day
which could be aided using expert system technology. One of
the most important decision processes affecting CE
operations is the scheduling of work orders to be
accomplished each month. A good work order schedule, or In-
Service Work Plan (IWP), can ensure that material and
manpower resources are fully utilized, that base facilities
are properly maintained, and that customers are satisfied.

The purpose of this research was to build and test a
PC-based prototype expert system to schedule the IWP.
Expanding on previous research, a multiplicative weighting
technique was developed to provide relative scores for each
work order awaiting scheduling. Factors used in assigning
scores include work order priority, command interest,
weather dependency, bottleneck shop availability, and work
site availability. The expert system then scheduled work
orders against available shop hours, attempting to scheduled
the work orders with the highest scores first. .y

The prototype produced a three-month IWP schedule in
thirty minutes, compared to the four man-weeks required to
produce a one-month schedule at the test location. The
system ensured that high priority work was scheduled first

and that bottleneck shops were fully utilized.

viii
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AN EXPERT SYSTEM FOR THE CIVIL ENGINEERING

IN-SERVICE WORK PLAN

I. Introduction

Overview

Expert systems are computer programs that use some form
of specialized reasoning to solve difficult problems well,
in a narrow domain (1:195). Knowledge-based expert systems
employ human knowledge and experience to solve complex
problems electronically (2:11).

Although books now store the largest volume of
knowledge, they only retain it in passive forms (2:11).
"Before the knowledge stored in the books can be applied, a
human must retrieve it, interpret it, and decide how to
exploit it for problem-solving®” (2:1). Most computer
information systems today provide the same function: they
store information and provide a mechanism for retrieving,
displaying, and printing the information when requested.
Managers must apply the information to their particular
problem domains to make decisions.

Air Force Civil Engineering (CE) managers make many
important decisions based on retrievals from their Work

Information Management System (WIMS) computers. This system

was designed by Air Force Civil Engineering for tracking all




types of work, costs, material, labor, and other important
information within the CE organization. It is basically a
filing system. Information is put in and, through specific
queries, the same information is retrieved. WIMS provides
managers with the basic tools for decision-making, including
the information and some general summary statistics.
However, sorting th:rough the generated reports is a time-
consuming process. Inc.rporating expert systems into some
of the WIMS app.icaciens could help managers make faster,
more effective decisions.

Work schedulin- in the operations branch, which
contains m=3% CE r==< irces used for base maintenance, is one
of the rost critical ;roblems faced by CE squadrons. Work
schedu.er —=ust c¢ .- 3d.ni. e w.rk requirements with personnel
resovrces, material, am equipment. CE squadrons could see
a 15% increase in productivity if shop personnel were
scheduled more effectively (3). The Inservice Work Plan
(IWP) is used to time phase work to be completed by the
shops. The IWP is of great concern for CE managers because
estimated completion dates for projects are given to
customers based on the generated schedule. Unfortunately,
the current method for generating the IWP is not very
accurate and has led to many bad estimates, disappointed
customers, and poor decisions (3). Captain Chris Hazen's
thesis concluded that job order and work order management,

the key components of the IWP, have some of the greatest




potential for the application of an expert system in CE

(4:58).

Purpose of Research

The purpose of this study is to develop an expert
system to help Air Force Civil Engineering manage the base
Inservice Work Plan. The expert system should help improve
the IWP by projecting a schedule three months into the
future. A three-month schedule is highly desirable since it
helps CE managers provide realistic start and completion
dates to customers. To provide such a schedule, the expert
system will draw information from several databases which
would normally have to be reviewed separately by the IWP
programmer. Thus, the expert system should also provide a
schedule much more quickly than the IWP programmer can
currently provide with the assistance of WIMS. Finally, the
expert system should be flexible enough to show how
insertions of new work into the work order system will

impact the schedule.

Scope

Many potential areas exist within Civil Engineering for
applications of expert systems. This thesis concentrates on
the Inservice Work Plan.

This research describes the development of an expert
system for scheduling the IWP at a "typical" Air Force
installation. Strategic Air Command (SAC) and Tactical Air

Command (TAC) have shifted their CE Operations branches away




from centralized control through the implementation of
Readiness and Ownership Oriented Management (ROOM) and
Combat Oriented Results Engineering (CORE) respectively.
This study fccuses on the more standard structure of
organizations within Military Airlift Command (MAC) and RAir
Force Logistics Command (AFLC).

This research demonstrates the usefulness of an expert
system for the IWP, and shows how expert system tools could

be used in Civil Engineering.




I1. Literature Review

Qverview

This chapter reviews the current literature concerning
the development and application of expert systems (ES), in
particular, the potential for applying expert systems to the
IWP scheduling process. It defines expert systems,
describes several techniques for their development, and
outlines some successful applications in business and the
military. The IWP concept is described and previous efforts
to incorporate expert systems into the CE operations

decision process are discussed.

What are Expert Systems?

Knowledge~based expert systems employ human-like
heuristics to solve problems that ordinarily require human
intelligence. Expert system computer programs control the
application of the heuristics and known facts to create new
knowledge. Most computer programs today use algorithms to
transform and manipulate data in a structured format to
solve problems. These algorithms are sequential, repetitive
calculations designed to answer structured problems.

Because much human knowledge consists of elementary

fragments of know~-how, applving a significant amount of

knowledge requires new ways to organize decision-making
fragments into useful entities. Knowledge-based expert
systems collect these fragments in a knowledge base and

access the knowledge base to reason about specific
problems. (2:11)




Expert systems gather these fragments from the expert
in a field and assemble the information into heuristics.
The heuristics describe how information and facts can be
manipulated to solve a particular problem.

Berztiss believes that the primary function of ES is to
support routine decision making so managers have time for
the more important strategic planning (5:222). Often, top
management and specialist expertise are scarce, and the
expert's time is extremely valuable. Such shortages can be
overcome with the - of 73, which can quickly provide
expertise at av * lcsation (1:196-199).

Many potern.i sl benefits from expert systems have been
reported. These include improved decision making, more
consistent decision making, reduced design or decision
making time, improved training, operational cost savings,
better use of an expert's time, improved product quality or
service levels, and the capture of rare or dispersed

knowledge (6:41).

Devel opment of Expert Systems

As with most complex problems, the development of
knowledge-based expert systems is most successful with a
structured approach. Freiling and others recommend a step-
by step process for starting a knowledge engineering project
and developing a prototype (7:155). Their steps include:

1. PFamiliarization with the problem domain to

determine the scope and complexity of the task. This




involves gaining a working knowledge of the domain and
describing the general relationships relative to the
problem. A paper knowledge base can contain representative
expressions of the facts and rules the experts may use. The
expressions must be clear, unambiguous descriptions of
relevant knowledge.

2. Organizing knowledge in a compact format more
convenient for automation. Typically, statements follow the
format of rules in an IF-THEN structure. Figure 1 provides
an example of this rule-based structure.

3. Determining the representation method for the
knowledge acquired. The internal knowledge base formats
could include database files and spreadsheets.

4, Acquiring knowledge. This step is the actual
process of gathering information, facts, heuristics, and
other knowledge from the expert. The knowledge is
translated into a format ready to be processed by the expert
system under construction,

5. Determining the control mechanisms which guide the
computer program through the facts and heuristics to arrive
at a solution. The resulting strategy is controlled by the
expert system's inference engine.

6. Designing the interface. The interface is the link
between the expert system users and the expert system.
Therefore, it must be able to display or print the
information required by the user, such as the solution to

the problem and the steps taken to arrive at the solution.



The interface must be complete, yet easy for users to

understand. The resulting product of this stage is a

prototype interface (7:155-159).

Rules for Approving/Disapproving Checks

IF Has_Store_Credit_Card = Yes
AND Bad_Debt_Customer = No
AND Check_Amount <= 100

THEN Approval = Ok

iF Has_Other_Credit_Card = Yes
AND Bad_Debt Customer = No

AND Has_Local Drivers_License = Yes
AND Check_Amount < 50

THEN Approval = Ok
ELSE Approval = Not_Ok

Figure 1 Example of Expert System Rules

Captain Randy Eide recommends similar procedures which

focus on knowledge acquisition for expert systems for Air
Force Civil Engineering. His method involves the following
eight steps:

1. Become familiar with the domain of interest.

2. 8Select domain experts.

3. Interview domain experts to extract initial

knowledge base.

4, Display the knowledge gathered in the first

interview in IF/THEN rule format.

8




S. Interview domain experts a second time to verify
initial interpretation of knowledge rules.

6. Finalize knowledge base in procedural rule format.

7. Automate knowledge base through an expert system
shell.

8. Validate the expert system (8:28).

Eide recommends using instruction manuals, pertinent
regulations, journals, documentation, or other appropriate
sources to gain familiarity with the problem QOmain, as
required by step 1 (8:28~29). Domain experts, step 2,
should be selected from the most valuable experts in a
particular area (8:29). For steps three and five, Eide
suggests the interview take place in the expert's work area
so any references or visual representations used by the
expert can be readily available during the interview. He
also recommends an open-ended interview format if the
interviewer has sufficient understanding of the domain, thus
allowing a greater flow of information from the expert
(8:30).

The iterative nature of the development process is
shown in Figure 2. The knowledge engineer collects the
knowledge from the expert and develops a prototype system.
The prototype is then tested using several cases. The
results of these cases are then validated to determine if
the prototype made the same decisions as the expert. New

knowledge in the form of rules and facts are added to the




prototype until the results are satisfactorily consistent

with the decisions made by the expert (9).

NOWLEDGE
l CASES

EXPERT

PROTOTYPE;

VALIDATION

RESULTS

Figure 2 Expert System Development Process (9)

Expert System Shells

An expert system shell is a computer program that
simplifies the creation of rule-based applications. The
user can crate his own expert system just by providing the
knowledge and logic of the decision process. The shell
provides the user interface, the control structure, rules
structure, fact representation, and the inference engine, in

one package that allows specific applications to be created

10




{9). A few expert system shells are: VP-Expert, Knowledge
Pro, EXESYS, M1, LEVEL V, and Logic Tree. All are
commercially available and offer an easier method for
implementing an expert system than formal languages such as
Cobol, Fortran or Ada. The major components of expert

system shells are shown in Figure 3.

| Knowledge Base N
— eommmn. TYOTKING
Rules Facts
Inference Engine
Inference Control
fm‘m Explanaﬁon User
= Subsystem <+ Interf
— Subsystem beyst erace
Expert or 1
Knowledge Engineer User

Figure 3 Components of an Expert System (10:49)




The IWP Concept

CE shops spend available man-hours on several types of
work, including job orders, recurring maintenance, and work
orders.

Job Orders. According to AFR 85-2, Civil Engineering
Operations Management, a job order is work which does not
require detailed planning and can generally be completed
quickly (11:24). Job orders can be classified in one of
three ways: emergency, urgent, and routine. Any work
required to correct an emergency situation that is
detrimental to the mission or reduces operational
effectiveness is an emergency job order. Urgent job orders
include work that is not an emergency, but should be
accomplished within five workdays of receipt, or within five
workdays of receipt of material. This work typically
includes the elimination of fire, health or safety hazards.
Routine job orders identify work that is relatively small-
scale in nature and not qualified as emergency or urgent
work (11:24).

Recurring Work. Recurring work includes all preventive
maintenance needed to prevent breakdown of critical
facilities,
equipment, and utilities (11:49). This includes such tasks
as replacing air filters in air conditioning and heating
units, changing o0il in generators, and changing belts on

various types of equipment.

12




Work Orders. Work orders are typically more complex

than job orders, require work to be accomplished by several
shops, and require extensive planning and material control
(11:32). Work orders are assigned a priority based on the
impact of the work on the installation's mission, or safety
considerations. The following is the priority system
required by AFR 85-2:

1. Priority I ~ Mission. Work in direct support of the
overall mission of the base or tenant mission that
if not done would reduce operational effectiveness.

2. Priority II - Safeguard Life and Property. Work
needed to give adequate security to areas subject to
compromise; to eliminate health, fire, or safety
hazards; or to protect valuable property or
equipment.

3. Priority III - Support. Work which supports the
mission or prevents a breakdown of essential
operating or housekeeping functions.

4, Priority IV - Necessary. Not qualifying for higher
priority (11:20).

There are seven major steps in the life of a work
order. These steps include:

1. An organization submits a work request to CE
customer service.

2. The work request is approved as being a valid work
requirement, and becomes a work order. It is then put in
the queue .o be planned.

3. The work order is planned, then queued for material
order.

4. Materials are ordered for the work order. This

occurs when funds are allocated for the job.




5. Work order is material complete and awaiting
manhours from the necessary shops.

6. Shops are scheduled to accomplish the work.

7. When all work is complete, work order is closed
out.

Work requests are generally approved by the Chief of
Production Control or Chief of Resources and Requirements.
Depending on the cost of the work and regulations at a .
particular installation, a work order might require approval
from the Chief of Operations of the Base Civil Engiqeer.
Typical approval levels might be $50,000 for the Chief of
Production Control, $100,000 for the Chief of Resources and
Requirements, $150,000 for the Chief of Operations, and
$200,000 for the BCE.

Planning. Planners in Civil Engineering Operations are
typically craftspeople who have significant experience

working in the shops, but little formal engineering

training. Their job is to determine what materials will be
required for a work order, and how much labor will be
involved from each shop. Thus, it generally requires a
structural planner to work on the structural portion of a
work order, an electrical planner to work on the electrical
portion, etc. Therefore, the right type of planners must be
available to plan a particular work order.

Planners are aided in their task by several functions
included in WIMS. These include the Civil Engineering

Materials Acquisition System (CEMAS). Through CEMAS, a

14




planner can build a Bill of Materials for a work order,
estimate the costs and track the arrival of all materials.
There is also a book of standard labor estimates built into
WIMS which the planners use to estimate the manhours
required of each shop for a work order. The estimates
obtained by the planners for labor and materials are
generally fairly accurate.

Finances. Funding takes place for a work order in a
variety of ways. Some facilities on Air Force installations
have their own funding source for maintenance and repair.
These include the medical facilities, military family
housing, and the Airlift Support Fund (at MAC bases), which
is used for any facility directly supporting the airlift
mission. These "pots of money" are given separate
authorizations by Congress than the pot used for Operations
and Maintenance (0&M) on the rest of the base, and are
relatively unconstrained. Thus, it is easy to fund work
requirements for these types activities.

0&M funding must be split among base units to keep them
operating. PFlying squadrons, transportation squadrons,
aircraft maintenance, security police and CE all compete for
the same money. It is this type of money that CE uses to
buy materials required for work orders, and to pay for the
labor involved in accomplishing them. Therefore, CE
squadrons have had to become increasingly aware of funding

availability before beginning major projects, as 0&M funding

has been reduced.




Once materials have been received, a work order is
scheduleq against available hours for the necessary shops
during a particular month. The work is then accomplished as
described in the plan. Once all work is completed, costs
are totalled and the work order is closed out.

In-Service Work Plan. The Inservice Work Plan is

designed to enable CE squadrons to accomplish as much work
as possible by matching their resources against the vast
requirements. The two main objectives are to complete all
mission-critical work, and to keep customers, i.e. all base
cccupants, satisfied. A well-managed IWP can establish
credibility for a CE squadron by providing an accurate and
timely schedule of work (12:1).

From the point of view of the base community, the IWP
can help by allowing CE to specify dates when a project
should commence and when it should be completed. A CE
squadron quickly loses credibility among a base population
when these commitments are not met (12:1).

Within the CE unit, morale will remain high if
priorities and schedules remain firm. When priorities are
in flux, schedules have no meaning, workers are constantly
pulled from one job to another, and few jobs are completed
in an orderly fashion. A good IWP forces priorities and
schedules to be established and followed (12:1).

The IWP is prepared approximately two weeks before the

beginning of a particular month using the following steps:

16




l. Project the number of manhours available for each
shop for the month, .

2. Estimate the number of manhours reserved for job
orders, recurring work, and training.

3. Determine which in-progress work orders will
continue to require manhours during the month, and schedule
accordingly.

4, Based on priorities and remaining available

manhours, schedule new work to be started (12:2-3).

In order for the plan to be successful, new work
scheduled in Step 4 must be fully planned, with materials
projected for arrival by the scheduled start date. B2
schedule can go wrong if work is scheduled before a job is
fully planned, if work is scheduled before a job is
material-complete, if estimates for available manhours are
off, or if estimates for job orders or recurring work are

wrong (3).

Previous Studies

Several previous studies by AFIT students have explored
the application of expert systems in Civil Engineering.
These studies and their findings are summarized below.

Expert System Application Areas. Captain Hazen

conducted research to determine criteria for applying an

expert system to a problem. He also surveyed Civil




Engineering managers to determine in what areas they thought
an expert system would be beneficial.

Based on the responses given by the managers
interviewed, and through his own additional research, Hazen
concluded that job order/work order management was one of
five areas in Civil Engineering that had the greatest
potential for the application of an expert system.

On a thirty point scale, job order/work order
management ranked first of all areas included in the study,
scoring 26 points. This application was followed by design
schedule management (20 points), beddown of new aircraft
systems (19 points), and facility constraints on aircraft
design (18 points) (4:52). Hazen's study clearly shows that
CE managers would like to have a better method for
scheduling job orders and work orders, and that such an
application meets the criteria for the implementation of an
expert system.

Work Prioritization Methods. Captain Lillemon

conducted surveys to determine what methods were being used
to prioritize CE work. He developed a model of the tasks
included in the work order decision process. Figure 4 lists
these tasks, and shows where the bulk of his research was
focused, in relation to this study.

Capt Lillemon surveyed Civil Engineering managers at 84
major installations within the continental United States
(with a return rate of 71 percent) (13:51). His research

determined how CE organizations prioritize work orders.

18




Table 1 shows the methods for work order ranking used by the

respondents.

Identify criteria important o the
installation commander and his
staff to meet goals & objectives.

|

Receive and approve or dis-
approve work requests.

!

Evaluate the worth of work
orders using identified criteria.

Focus of
,l Liliemon's work
Rank grder work orders based
on their worth. Focus of this

| 9

Develop an Inservice Work Plan (IWP)

Figure 4 Tasks in Work Order Decision Process (13:23)
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TABLE 1

REPORTED USE OF EACH WORK ORDER PRIORITY SYSTEM (13:57)

Priority Number Relative Respondents'

System of Frequency Ranking of

Used Respondents (percent) Priority
System

Weighting 2 1.7 4

No System 2.5

Cmd Driven 13 11.2 6

Base Panel l6 13.8 2

BCE Panel 16 13.8 2

Engr 25 21.6 1l

Judgement

Checkbook 44 37.9 1

The Checkbook method was the most frequently used by
the respondents, and tied with engineering judgement as the
preferred method. 1In his thesis, Lillemon described the

Checkbook method as follows:

A block of manhours is allocated to each organization
monthly based on factors such as organization size and
total facility square footage occupied by the unit. As
with a checkbook, the unit is free to request and have
work accomplished up to the amount allocated to them
monthly. Typically, units are free to negotiate with
each other to make up deficits for desired work.
Variations of the checkbook method may allocate number
of work orders rather than manhours (13:67).

The Engineering Judgement method was reportedly used
with the second highest frequency, and was tied for first as

the most popular method among the respondents (13:57).

Lillemon described the Engineering Judgement method as follows:

20




The BCE combines prior experience and judgement to set
work order priorities using the four-category priority
system recommended by AFR 85-1. Typically, BCE uses
First-in-first-out (FIFO) and reacts to Commander's
special interest within each category. A variation of
this system permits the Chief of Operations or
Requirements to do most of the prioritizing, usually
using AFR 85-1 guidance, FIFO and professional
judgement (13:79).

Several of the respondents indicated using Engineering
Judgement in combination with another method in Table 1.

The other methods were used less frequently and were ranked
as less practical by the respondents.

Lillemon concluded that, while the Checkbook method was
the most useful, an analytical technigque would aid decision
makers no matter which method is used. He proposed the
Analytical Hierarchy Process (AHP), a model which performs a
pairwise analysis of competing work orders against a set of
quantifiable criteria. The result is a ranked list based on
the relative scores of each work order (13:33).

For bases using the Checkbook system, this technique
could be applied to each organizations list of valid work
orders. For bases using any of the other methods, the AHP
could help decision makers by providing a quantifiable means
for ranking work orders (13:131). 1If such a system could be
automated, it could provide visibility to customers, save
manhours, and permit a schedule to remain intact by
providing criteria to measure proposed insertions.

Lillemon suggests four primary criteria for measuring a

work order in the AHP. The first is Mission as defined in
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AFR 85-1 with Priority I, II, III and IV. The second is
Infrastructure, or type of work performed, either
maintenance, repair or construction. The third criteria is
Quality of Life, which can be equated to Command Interest.
The values can be set by the Wing Commander, Base Commander,
Directorate, or Other Commander. The fourth criteria is
Safety, and takes the value of the Risk Assessment Code
(RAC) assigned to a project (based on AFR 127-12). Each of
the values in each criteria has a corresponding weighting
scores. The sum of all weighting scores is then calculated
to determine the work order score (13:121-125).

‘ A scoring technique such as Lillemon's, when used in
conjunction with managem