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ABSTRACT

The key to the successful "factory of the future” will be 
the effective coordination of managerial functions and pro
duction operations. The research presented in this disser
tation addresses this "coordination" issue, especially in 
terms of understanding the impact and possibilities which 
exist in an information-rich environment. Such an environ
ment is often referred to in the literature as being a 
computer-integrated manufacturing (CIM) environment. An 
interactive simulation modeling program, MOSES (Manufactur
ing Organization Simulation and Evaluation System), was 
developed for the purpose of describing, analyzing, and 
understanding such manufacturing systems.

MOSES is a copyrighted computer program, a menu-driven, 
interactive, simulation modeling tool. MOSES users are able 
to define the manufacturing environment to be simulated by 
keying in data values (e.g., products, bills of material, 
and production rates) which describe the organization. 
MOSES then uses these data values to "build the manufactur
ing simulation model." That is, once the manufacturing 
parameters have been defined, MOSES can simulate the manu
facturing organization (from orders through distribution) 
without the user having to write any computer code or having



to understand the principles of simulation modeling. MOSES 
users are then able to interact with the manufacturing 
organization as "managers" in the dynamic simulation, envir
onment. This interactive capability allows MOSES users to 
test various manufacturing scenarios, watch the model's 
progress from the perspectives of different organizational 
functions (e.g., from marketing or from production), over
ride model-generated decisions (e.g., by changing the demand 
forecast), and view the results.

The MOSES approach to simulation modeling differs from 
traditional approaches. In short, MOSES uses both mathe
matical and logical modeling principles, employs traditional 
simulation modeling techniques but in combination with data
base technology, and includes the user as an integral compo
nent in the simulation process.



Chapter I 
INTRODUCTION

The key to the successful "factory of the future” will be 
the effective coordination of managerial functions and pro
duction operations. To accomplish this, it will be necessary 
to develop management tools which provide insight and under
standing of the complex interrelationships inherent in the 
manufacturing organization. The effective application of 
this concept on a widespread basis throughout modern indus
try will depend on an understanding of the impact and possi
bilities of this type of arrangement.

A great deal of effort is currently being expended to 
integrate computer-aided design and computer-aided manu
facturing techniques into the workplace. Both the potential 
and the obstacles related to this implementation process are 
tremendous. Before such concepts can become commonplace, 
however, a clear understanding of the complex data and 
material interactions which must take place in such an 
environment is required.

1.1 STAIB. QF THE “FACTORY OF THE FUTURE'L
While remarkable amounts of progress have been made in 
specific areas of the CAD/CAM environment (e.g., computer

1
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graphics, computer-aided production planning and control, 
robotics, and computer numerically controlled machines), it 
is only in a few isolated situations that these and other 
similar concepts have been implemented into anything even 
resembling an integrated, organizational whole. Numerous 
applications of computerized automation have been imple
mented in production facilities around the nation. However, 
most of these facilities have been automated through the 
integration of a few pieces of programmable equipment, some
times referred to as "islands of automation," into the 
manufacturing process. While these "islands of automation" 
certainly represent the beginning of the "factory of the 
future,” their implementation in no way indicates that the 
other pieces of the puzzle are ready for placement.

1.2 ISSUES IH ACHIEVING THE "FACTORY OF THE FUTURE"
It is sometimes implied that the reason we do not yet have 
true computer-integrated manufacturing (CIM) is that we 
somehow lack the full contingent of software and hardware to 
make CIM possible. In some ways that is true, since not 
everything can be connected to everything else. But scien
tists, scholars and engineers are working diligently to per
fect the necessary software and hardware and to establish 
the protocols that will allow the various factory floor 
components to talk to one another. Thus, the required tech
nology is either here or will be available in the near
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future.
Then what is missing in making CIM a reality? What is 

keeping us from implementing the idea of CIM? The answer 
lies in the fact that the technology is not the key issue. 
The key issue is our view of the "factory of the future.“ 
We think about the brick-mortar factories of today and of 
transplanting them into the future by using the newly devel
oped technologies. Our vision of the factory of the future 
is the factory of today with more gadgetry, with the same 
functions being performed at faster speeds and with higher 
efficiency resulting from the increased automation. Because 
this "new" system is much more than better hardware and 
software, this view is inappropriate. What we should be 
thinking about are ways to solve manufacturing-related prob
lems, ways to organize and define the new roles of the major 
functional groups within the organization, and of better 
ways to manage a dynamic factory within a dynamic environ
ment . In short, the major challenge in implementing the 
"factory of the future" is management, not technology 
[1,2,3]. Problem solving, organizing, and managing are not 
technology issues.

Regarding the "factory of the future," Tompkins and White 
[4] have said : "In many situations, the missing ingredients 
are not hardware components; rather, what is lacking is an 
economic environment (a combination of value, volume, and 
variety) making it cost effective to automate all factory



4

operations." Our contention is that the issue is more com
plicated than "simply” one of economics; that having the 
monetary incentive and necessary resources serves only to 
move the central issue - the matter of new and uncertain 
interrelationships - one step closer to reality. In fact, we 
believe that many of the interrelationship issues should and 
can be addressed in advance. Further, by addressing and 
understanding these interrelationships in advance, we can 
more rationally choose the ways we implement and use the new 
technologies. That is, before we can have widespread, suc
cessful implementations of "factories of the future,” there 
must be understanding of the impact of computer-integrated 
manufacturing as a part of the organizational whole, as well 
as understand ing of the interactions between its subsystems.

This is not meant to imply that economic consequences are 
not important. Successful manufacturing organizations must 
maintain a competitive edge in the market place. The market 
is the place where an organization survives or dies and, 
obviously, no manufacturing organization can thrive while 
ignoring the realities of the market place. Customers have 
certain expectations of product quality, cost, and avail
ability. What rudimentary or sophisticated manufacturing 
systems are at work behind the scenes to provide products 
which meet those expectations is not a customer concern. 
Thus, it is mandatory for all implementations of "factories 
of the future" to constantly keep the realities of the
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market place in perspective such that organizational plans 
for automation are evaluated continuously within the context 
of their business environment.

As such, there is an impending need to study the basic 
nature of manufacturing (i.e., the "science'' of manufac
turing) within its natural environment - the organization - 
and to identify its functions and their interrelationships. 
There is a need to devise a framework that enables us to 
understand how to reconfigure the various components of the 
manufacturing process (design, production, distribution, 
management) to most efficiently and effectively integrate 
the computing resources available [5]. This includes devel
oping computer-based models to simulate the manufacturing 
environment and the accompanying information flow. Such 
models may then be used as testing grounds, as management 
laboratories, for experimentation, analysis and, ultimately, 
understanding. Understanding, as it is used here, implies 
the manufacturing organization as a whole. Only through this 
type of controlled modeling environment will managers of 
manufacturing be able to understand larger pieces of the 
manufacturing organization puzzle and, eventually, be better 
able to manage the manufacturing-related functions.

1.3 M M UFACTURIHG Q M M I Z m G B L  S.1MHLAH0.H. MEL EVALUATION
s y s t e m  c m o s e s i

In order to address some of the concerns surrounding the
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“factory of the future," a computer simulation model named 
HOSES (Manufacturing Organization Simulation and Evaluation 
System) has been developed. There are three potential uses 
of the model: in instruction, in research, and for decision
making in actual manufacturing environments. The instruc
tional and research aspects of the model will take place 
through the inclusion of HOSES users as “managers" in the 
simulated manufacturing environment. Each manager will 
interact with the model by assuming responsibility for a 
function (such as marketing, inventory, or production) and 
will be provided with specific operational goals consistent 
with that function. The manager will then sit at a micro
computer and use a series of screens which allow him to 
interact with - and to some degree control - the manufactur
i n g  environment as a decision-maker. He will also be able 
to track the results of his actions through a series of 
interim reports - all from the perspective and inherent 
limitations of that function.

MOSES has obvious application as an instructional tool - 
both for students and for professionals. For example, sup
pose the HOSES user first takes the perspective of a produc
tion planner. He could examine sales forecasts, current 
resource levels, and the organization's short-term and long
term objectives before setting up a production plan. Then, 
as time passes and events occur in the simulated environ
ment, the manager could view the impact of his plan on other



7

parts of the organization. How has inventory been affected? 
What affect has the plan had on the company's cash flow 
situation? How has the marketing function been affected? By 
serving at different times as the manager of various func
tions throughout the manufacturing organization, the MOSES 
user has the opportunity to gain experience and under
standing - from several key perspectives - in different 
parts of a realistic computer-integrated manufacturing orga
nization . The long-term benefit of these multi-functional 
views is invariably a clearer understanding of each func
tion 's place in the organization as a whole. (Note: Manage
ment training programs in large companies have for years 
assigned trainees to spend time in each of several parts of 
their organization in order for the trainees to better 
understand each function.)

MOSES is an unprecedented research tool. Turner, et al. 
[6] have said "A professor of industrial and systems engi
neering cannot bring a production system into a laboratory. 
It is too big, too complex. Furthermore, it involves human 
beings who are not only unpredictable and difficult to 
measure, but who wouId also be unwilling to be part of a 
laboratory experiment." MOSES allows both the complexity 
issue and, to a significant degree, the people issue to be 
addressed in a laboratory environment. For example, if an 
organization completely loses all orders it cannot fill 
immediately (i.e., no backorders), what is the affect on the
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organization? Or, suppose that the manufacturing organiza
tion is considering implementing a Just-In-Time inventory 
policy. How much of each type of inventory should the organ
ization keep on hand? Or, what are the organizational 
effects of long-term overtime production? Without a tool 
such as MOSES, issues like these can only be answered 
subjectively.

The same model is applicable to an actual production 
organization. Managers typically view success or failure 
from sub-optimal, local perspectives (i.e., how "my" part of 
the organization is fairing). In terms of the overall organ
ization, these managers are often placed in contention with 
one another - responsible only for their piece of the 
puzzle. A super-manager (i.e., section chief or department 
head), who often has only partial understand ing of the 
individual process components, is responsible for arbitra
ting among them (i.e., managing) - "for the good of the 
organization." The theory is that this local-view conten
tious approach to management leads to optimal or near- 
optimal organizational results.

The problem with the contentious approach described above 
is that its structure is by design the opposite of teamwork 
(even though words of that nature are often inappropriately 
associated with the approach). Rather than leading to open
ness and cooperation between organizational subunits (typi
cal characteristics of a team environment), it more likely
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leads to secrecy, self-serving decisions, and antagonism.
The value of a "total view," organizational-success- 

oriented model in such an environment may now be apparent. 
Actual managers would have the opportunity to view the 
results of their potential decisions on parts of the organi
zation other than their own. For example, the manager of 
production planning could see the impact of certain deci
sions he might make from the varied perspectives of the 
managers of inventory, sales, distribution, and finance, 
forcing (at least, potentially) the manager to abandon his 
localized view of organizational success.

1.4 QBJBCmBS.
It is apparent that the task of developing such a compre
hensive model is extremely complex and could have become 
unachievable (especially within the scope of this disserta
tion research) if some realistic limits had not been set. In 
order to achieve tangible and significant results during 
this research effort, the main objective was set for the 
completed research to include a computer-based manufacturing 
organization model composed of a realistic subset of manu
facturing system components. More specifically, the research 
had the following objectives:

1. Study the nature of the generic manufacturing 
system and identify its key functions and their
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interrelationships with one another.
2. Develop a computer-integrated manufacturing organ

ization simulation model which incorporates the 
following unique, yet interrelated, characteris
tics:

a. The model should be able to display the 
immediate effect of a multitude of actions 
and events which take place in a manu
facturing environment.

b. The model should utilize the multi-disci
plinary approach by integrating concepts 
of numerical simulation, intelligent simu
lation, information systems, database 
management, structured analysis and other 
suitable techniques.

c. The model should allow a novice, a non
expert, a manager-in-training, a student, 
or a seasoned manager to interact in a 
meaningful manner with the various 
functions of the computer-integrated manu
facturing model and to understand the 
relationships between the functions of the 
manufacturing organization.
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1.5 DISSERTATION OVERVIEW
This dissertation is divided into eight chapters. Chapter 1, 
INTRODUCTION, introduces the subject of the "factory of the 
future" and discusses the issues which are key to the imple
mentation of the “factory of the future." MOSES is described 
in this chapter as a tool capable of addressing some of 
those issues. Finally, the objectives of this dissertation 
research are presented.

Chapter 2, BACKGROUND AND NEED, investigates the back
ground and need for the dissertation research. The need for 

%

increased manufacturing productivity is established and the 
shift in emphasis regarding various manufacturing cost 
components is discussed. In this context, the meaning of CIM 
is presented and current implementations of CIM are 
explored, leading to the basis for the research presented in 
this dissertation. Also, prior research efforts in the same 
general area are discussed.

Chapter 3, HYBRID MODELING APPROACH, discusses the hybrid 
systems approach taken in developing MOSES. Three distinct 
methodologies of computer-based simulation, database manage
ment concepts and intelligent simulation are presented. The 
integration of computer-based simulation with database 
concepts is discussed, along with a discussion of the 
appropriateness of combining intelligent simulation with 
this modeling approach.

Chapter 4, HOSES: CONCEPTUAL DESIGN, presents the phil-
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osophy behind the conceptual design of MOSES. The simulation 
structure of MOSES is discussed vis-a-vis the traditional
simulation structure and concepts behind the MOSES-user
interaction are presented.

Chapter 5, MOSES: FUNCTIONAL OVERVIEW, presents MOSES at 
the functional level. The MOSES design is discussed from the 
perspective of the four basic functional areas of a manufac
turing organization (i.e., marketing, inventory, production, 
and accounting). Various subfunctions are also discussed.

Chapter 6, MOSES: PHYSICAL DESIGN, discusses the physical
details of MOSES. Several important program design
considerations are presented along with some of the model's 
unique interactive features. The criteria applied during the 
selection process for MOSES' hardware and software are 
discussed. Finally the issues of program verification and 
validation are addressed.

Chapter 7, MOSES: IN ACTION, includes a short MOSES
simulation session. Its purpose is to provide a brief look 
at how users might interact with MOSES to analyze a manufac
turing organization.

Finally, Chapter 8, CONCLUSIONS AND FURTHER RESEARCH, 
summarizes the contribution of this research effort and 
presents conclusions and recommendations for the future 
research and improvements.



Chapter II 
BACKGROUND AND NEED

There is a strong push for increased productivity within the 
manufacturing industry in this country. This has been accel
erated by fierce competition in world markets. Evidence of 
this national need for higher productivity is seen in the 
increasing amounts of research, development, and application 
being carried out with advanced technology, aided by high 
productivity hardware and software [7,8]. Rapid developments 
in electronics and computer systems with their unique and 
powerful capabilities are serving as catalysts in this 
process.

2.1 NEED EQR INCREASED MANUFACTURING PRODUCTIVITY 
The country's service sector, the non-wealth-producing com
ponent of the economy, is necessary for a high standard of 
living and quality of life. In fact, the service sector 
accounts for 66 percent of the United States' Gross National 
Product (GNP). Nevertheless, the service sector must depend 
on the wealth-producing components of the national economy, 
such as manufacturing, as its base. In simple terms, not 
everyone can be in the business of selling shoes; someone 
must make the shoes.

13
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The Society of Manufacturing Engineers has emphasized the 
continuing need to reduce the cost of creating real wealth
[9]. In fact, manufacturing accounts for 68 percent of the 
direct, real-wealth producing activity in the United States. 
Hence, a decrease in the cost of wealth production would 
directly increase the standard of living, quality of life, 
level of employment and general economic well-being of our 
nation. As such, it is important for the industrialized 
nations like the United States to seek out ways for reducing 
manufacturing costs.

In light of the above facts, it is interesting to note 
that manufacturing productivity data does not show a signif
icant growth over the past 35 years. The data shown in Table
2.1 was published in 1985 by the U.S. Bureau of Labor Sta
tistics. The statistics indicate only small improvement in 
United States manufacturing output between 1950 and 1983
[10]. In fact, productivity improvement has been especially

Period Average Annual Change

1950 - 1973 4.0%
1973 - 1983 0.9%
1950 - 1983 3.1%

Table 2.1: Changes in U.S. Manufacturing Output [10].
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poor during the decade between 1973 and 1983, a tine of 
generally high inflation.

Figure 2.1 represents a breakdown of nanufacturing costs 
as they were in the 1920's and as they are now. In the 
1920's, direct labor costs, material costs, and overhead 
costs were all about equal. Engineering and engineering 
management efforts over several decades have resulted in 
reduced labor costs, but on a comparative scale, material 
costs and overhead costs have either remained the same or 
increased.

DIRECT LABOR

OVERHEADMATERIALS

OVERHEAD
408MATERIALS

508

1 0 8 \
DIRECT
LABOR

PRESENT DAY

Figure 2.1: Breakdown of Manufacturing Costs

Further, the following statistics concerning batch manu
facturing in the United States [1,11,12,13,14] strongly 
underline the need for a shift in emphasis from the tradi
tional areas of productivity concerns, such as labor and
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materials, to management and production control - and to the 
communication interfaces between these subsystems.

1. The cost of a typical manufactured product is 10% 
direct labor, 50% direct material, and 40% over
head (inventory storage, equipment utilization, 
and manufacturing management).

2. Fully 30% of a work day is lost through scheduling 
problems, unclear communication of assignments, 
improper staffing and poor discipline. This is 
true throughout both labor and management ranks.

3. About 85% of total batch manufacturing costs are 
incurred during the manufacturing process. The 
other 15% occur during the design phase.

4. An in-process unit of work is idle 95% of the 
time; that is, in-process product units are 
actively worked on only 5% of the time.

5. Of the above mentioned 5% active time, only about 
30% (or 1.5% overall) is productive time, for 
example, time spent in the actual cutting of metal 
which adds value to the product.

6. Machines sit idle over 60% of the time because of 
equipment failure, fixturing, tool change, 
loading/unloading, and incomplete use of second 
and third shifts, material outages, and the over 
abundance of certain types of equipment.
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7. The botton line is that “value adding operations" 
account for only 8% of a typical workpiece's total 
time in manufacturing (Figure 2.2).

PRODUCTIVE CUTTING

/  408
f LOSSES FROM 
SECOND AND 
THIRD SHIFT A

/ 288
PLANT 

SHUT 
\  DOWN

EQUIPMENT FAILURE
LOAD/UNLOAD

TOOL CHANGESETUPS, GAGING, ETC.

Figure 2.2: Distribution of Time Spent in Batch 
Manufacturing

Solutions to all the above problems are being sought 
through computer-integrated manufacturing (CIM) systems, 
which are often billed as the panacea for all manufacturing 
ills. In fact, the needs have become so crucial in some 
industries that slogans like "automate, emigrate, or evapo
rate" have begun to surface. Some industries are hoping to 
stay competitive by cutting down on their direct labor costs
through the employment of "cheap foreign labor." But, as is
*apparent from the above list of statistics, placing too much
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emphasis on labor costs is inappropriate. Ingersoll Engi
neers have determined that "even if we eliminate every man 
and woman in our direct labor force, we would only reduce 
from 40% to 30% the cost advantage that some overseas com
petitors enjoy" [15].

2.2 COMPUTBR-IMTEGRATBD MANUFACTURING ICHQ. 
Computer-Integrated Manufacturing (CIM) is an over used term 
having a myriad of meanings to different people and in 
different industrial settings. In some of the recent litera
ture, CIM is loudly proclaimed to be “the answer” to all the 
woes facing a manufacturing company. But it is not necessar
ily clear "what questions" CIM actually answers [16].

Ironically, there is no one commonly accepted definition 
of computer-integrated manufacturing. The term "CIM" is not 
defined in the first definitive book on CIM by Harrington 
[17], written in 1973. Although the author provides a tho
rough explanation of the new concept of computer-integrated 
manufacturing, there is no formal, explicit definition of 
CIM. (Note: The author even refused to coin the acronym CIM 
as he felt that the world was "already burdened with acro
nyms .") Interestingly, CIM is also not def ined in the "Com
puter Integrated Manufacturing Glossary" [18]. Still, a 
variety nf definitions exist [19] and the viewpoints covered 
range from ”integrated CAD/CAM systems" to "management of 
the manufacturing organization as part of a total business
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system." A few of the definitions given for CIM are listed 
below:

CIM is designed to fill the gap between high-produc
tion transfer lines and low-production HC machines. [20]
CIM is a truly integrated CAD/CAM system encompassing 
all the activities from the planning and design of a 
product through to its manufacture and shipping. [21]
CIM works on the premise that management should work 
to optimize the whole business process rather than 
individual functions or elements. [22]
CIM is the integration of computer-aided design, com
puter-aided manufacturing and production management. 
[23]
CIM is the link between corporate management and all 
engineering and manufacturing planning and opera
tions...a specialized form of information and image 
management in a computer environment. It builds on the 
principles of management information systems and ties 
together the use of different databases, process con
trols, management of logistics, schedules, and re
source utilization. [24]

Although, it is apparent that there cannot be a single, 
simple, correct definition for a complex concept like com
puter-integrated manufacturing, most of the existing defini
tions take a narrow, single-faceted view of CIM. Most common 
definitions view CIM as an "integrated CAD/CAM system," or 
as a system which uses the most advanced manufacturing 
technology. Other frequently used definitions regard CIM as 
something which affects whole organizations by computerizing 
the major organizational functions or by viewing the manu
facturing component as part of a total business unit. Most
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written descriptions of CIM do not consider the influences 
external to the manufacturing portion of the organization, 
but researchers and practitioners have apparently begun to 
realize that the most important part of CIM is integration. 
Complete integration must encompass all aspects of the busi
ness - and must focus on cooperative management of the 
organization [19].

CIM is definitely not a single technology, but is instead 
a broad, integrated concept. Ideally, CIM incorporates inno
vative manufacturing technologies, such as computer-aided 
design <CAD), computer-aided manufacturing (CAM), computer- 
aided engineering (CAE), computer-aided process planning 
(CAPP), computer-aided production control, source data auto
mation, numerical control of machine tools, robotics, auto
mated material handling, computer-controlled flexible ma
chining or processing systems, and manufacturing databases, 
in an integrated fashion within the structure of a manufac
turing organization.

Regardless of the confusion regarding the definition of 
CIM, the concept is certain to gain momentum simply because 
of its potential benefits. Several of these potential bene
fits are listed below:

1. reduced manufacturing costs,
2. increased overall productivity,
3. improved product quality,
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4. increased competitive edge and profitability,
5. significantly reduced inventories,
6. increased ability to respond to product mix 

changes,
7. increased market share, and
8. shortened order turnaround time.

To date, the CIM concept has only in isolated cases been 
fully applied. Instead, computerized bits and pieces of the 
CIM jigsaw puzzle are found here and there - often in
correctly touted as being total integration. Table 2.2 shows 
some of the manufacturing areas commonly computerized and 
often misrepresented as "full" CIM systems by their vendors.

2.3 CimREHT. IMPLEMENTATION Q£ GUI
Computer-aided design, computer-aided manufacturing, com
puter-aided engineering, or any of the many other computer- 
aided advances of the recent past are examples of this 
piece-by-piece enhancement to manufacturing technology [7]. 
Each is a computerized application of an improvement in some 
particular portion of the total process. Each individual 
improvement, though real and important, is essentially a 
local fix and may or may not mesh productively with neigh
boring bits of technology. More often than not, it is one of 
the "atoms" which is upgraded, but without significantly 
improving the total "molecular structure."
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ElfflCIIQH.
Product Design 
Process Planning 
Methods/Standards

Facilities Management 
Maintenance

COMPUTERIZATION.
CAD/CAE, Group Technology
Group Technology, CAPP
Automated Work Measurement, 
Computerized Cost Estimating
Computer-Aided Layout
Computer-Aided Preventive 
Maintenance, Automated Machine 
Diagnostics

Production NC/CNC/DNC, AS/RS, AGV, 
Robotics, Machine Vision, 
Programmable Controllers, 
Factory Networks

Quality Control Automated Inspection, 
Statistical Process Control

Production Management MRP/MRPII, Inventory Control,
On-Line Inquiry

Table 2.2: Locally Computerized Functions in
Manufacturing [16].

Typically, a human-powered or human-controlled task is 
replaced by a machine-powered or data-controlled mechanism. 
The task productivity improvement is both obvious and imme
diate. Unfortunately, the improvement to the overall manu
facturing process is often negligible. For example, suppose 
the time required for packaging is reduced from one minute 
per unit to ten seconds per unit, a six-fold improvement. 
However, if the product arrives at the improved packaging
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workstation behind schedule and is distributed (after pack
aging) in the same, pre-automation, less-than-efficient 
manner, little - if anything - has been gained. That is, 
because modernization is often confined to a small part of 
the total manufacturing operation, the net positive effect 
of the improvement is often minimized.

In order to have a broader, wider-reaching impact, the 
new mechanism must be coordinated with adjacent manufactur
ing areas insofar as input, output, speed, and performance 
are concerned. Unfortunately, such coordination is uncommon. 
The main reason for the coordination failure is that indi
vidual manufacturing units have not typically been designed 
to communicate outside themselves. Communication still takes 
place across the same borders that were originally establi
shed by "people-to-people data exchange modes" [25]. With 
the new systems, new information needs are apparent, and 
real-time information and powerful decision-support tools 
are available. The old methods speeded up are simply inap
propriate .

Deere & Company's J.F. Lardner [26] described tremendous 
growth in the indirect labor and salary costs per unit of 
output over the past 15 to 18 years at Deere's production 
facilities. The increase in indirect labor costs at first 
appeared to result from large increases in the complexity of 
manufacturing, but further analysis indicated that the com
plexity had been unintentionally compounded by the use of a
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"divide and optimize” theory. Lardner reported that a re
orientation toward a "total systems” viewpoint paid off with 
a 50% reduction in tooling costs, 10-15% reduction in total 
manufacturing costs, 15% increase in equipment availability, 
and 40% reduction in defective work and material. Lardner 
stated that a solution to the total manufacturing problem 
for Deere was found by "pulling together the pieces that 
have been so carefully separated over the past forty years."

All of these ideas point to the major problem facing the 
American manufacturing community of today, its failure to 
understand the new nature of manufacturing in the modern 
world. The strength of American manufacturing was at one 
time its thorough understanding of the manufacturing process 
and its ability to blend its pieces successfully. Those 
successes occurred when coordinating manufacturing processes 
depended almost wholly on "people-to-people data exchange 
modes." At present, much of American industry is still 
trying to operate in that same old person-to-person data 
exchange manner - but at a higher rate of speed, superimpos
ing bits-and-pieces of modern manufacturing related computer 
technology on top of it. The net result is often something 
other than increased production.

According to Harrington [25], the structure of the sci
ence of manufacturing is the same, whether one is making 
airplanes, carpets, computers, paper clips, newspapers, or 
television sets. The same functions are performed and the
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sane managerial controls must be exercised. These functions 
and controls are invariant over time, so that regardless of 
when or in what stage of technological development one is 
working, the same principles apply. If this structure of 
manufacturing can be understood, it can be subjected to 
well-known methods of analysis and its parameters can be 
predicted, measured, and controlled.

The intent of the above discussion is to emphasize the 
crucial and growing importance of understanding and dealing 
with the whole of the manufacturing process - the continuum 
of manufacturing and all its interrelationships - not just 
its individual pieces, no matter how important they may b e . 
Research programs in some of the other industrialized coun
tries, such as the United Kingdom, have already recognized 
that the main goal of their manufacturing-related research 
endeavors should be to "examine manufacturing as a systems 
concept” [27]. Thus, it is becoming increasingly important 
to understand the relationships between manufacturing sub
systems, as well as understanding the intricacies within 
these subsystems. For example, the research required to 
determine the components and interrelationships necessary to 
implement a successful scheduling system in a computer- 
integrated manufacturing environment should be of equal - or 
greater - concern to researchers as the development of a new 
scheduling algorithm.
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2.4 EMflR MflflK
The idea of applying modeling and simulation to the manufac
turing environment is not new. Since the development of 
simulation methodology, numerous models have been con
structed to simulate various aspects of the manufacturing 
system. In fact, there may be so many that it is impossible 
to provide a complete list of all the attempts made so far.

During the literature review for this dissertation, one 
thing became clear; that almost all attempts made so far 
have fallen short of modeling and simulating the entire 
manufacturing environment at any level of detail. Almost all 
simulation programs reported were restricted to some aspect 
of production within the manufacturing environment (i.e., 
production planning and control or process planning). In 
some cases, inventory control functions were also included, 
but most of the manufacturing modeling efforts do not go 
beyond that [28,29,30,31,32].

Another fact which became apparent is that there are a 
variety of approaches applied to simulating the manufactur
ing system. Some of the earlier manufacturing modeling 
efforts were performed using batch computing approaches 
[33], but more recent model developments tend to rely on 
interactive computing methods. Recent efforts also include 
the use of graphical approaches in modeling [34]. The use of 
an expert systems approach to manufacturing subsystems 
modeling [35] is another clearly identifiable trend.
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Still, at least to-date, no modeling effort has been 
completed which includes a comprehensive manufacturing 
organization's environment, even at a simplistic level. 
Almost all the models developed so far have taken a narrow, 
somewhat limited view of the manufacturing system. Many of 
these models contain significant complexity in one particu
lar area of the manufacturing environment and often com
pletely exclude other areas.

Some major simulation efforts, however, have come close 
to the idea of modeling the entire manufacturing system 
environment. One of the earliest simulation works relating 
to the manufacturing environment was presented by Krajewski, 
et al. through their Manufacturing System Simulator (MASS) 
[33], but its view is limited to the production/inventory 
system. MASS was developed to function in a batch processing 
environment.

Engelke, et al. built a generic software package for 
manufacturing modeling called Integrated Manufacturing 
Modeling System (IMMS) [34]. Input to IMMS is performed by 
placing predefined function symbols on a graph-like screen 
and by filling in screen-generated blanks to specify 
parameter values. IMMS uses a queueing network approach to 
modeling the manufacturing system. Although IMMS is a useful 
interactive simulation tool, it ignores all manufacturing 
organization functions other than production.

In 1986, IBM announced a simulation model for simulating
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manufacturing scenarios using the GPSS language [36]. But 
the emphasis of this modeling effort was also placed on the 
details of production processing.

Crookall reported the development of a computer- 
integrated factory system combining the concepts of simula
tion and database [37]. But the Crookall model is limited to 
only two primary work areas (machine shop and assembly shop) 
and two secondary areas (raw materials storage and finished 
parts storage). This model represents an innovative approach 
to modeling and recognizes the importance of concurrent 
information flow in modeling the manufacturing environment, 
but it is apparent that the scope of the model is very 
limited.

Pruett initiated an effort to develop a comprehensive 
computer-integrated simulation model to provide engineering 
students with broader understanding of the manufacturing 
environment [38]. The current dissertation research which 
led to the development of MOSES was actually begun with this 
particular effort.

Recently, Lindeque and Kruger reported development of a 
training simulator for production management [39]. Although 
not touted as a computer-integrated manufacturing model, it 
takes a systems approach in developing the simulator and is 
a valuable step in the direction of developing a compre
hensive model of the manufacturing environment.

As mentioned above, numerous expert systems approaches
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have resulted in new models of the manufacturing environ
ment. Some noteworthy effort in this area are Nof's "An 
Expert System for Planning/Replanning Programmable Facili
ties" [40], "Job-Shop Scheduling: An Investigation in Con
straint-Directed Reasoning" by Fox, et al. [41], Lee and 
Tse's "An Integrated Approach to Manufacturing Enterprise" 
[35], Ben-Arieh's "Manufacturing System Application of a 
Knowledge Based Simulation" [42], and "Expert System for 
Industrial Facilities Layout Planning and Analysis" by 
Kumara, et al. [43].

It is apparent that all of the above are addressing 
specific parts of the manufacturing environment and are 
mainly efforts to apply artificial intelligence/expert sys
tem related techniques to an area of manufacturing. Lee and 
Tse's approach [35] seems to emphasize the total manufactur
ing enterprise and includes the information flow and deci
sion support for various organizational components. But the 
work is still in the research stage such that no specific 
details are available.

There are several other "manufacturing simulators" which 
have been commercialized. Some recent ones in this category 
are XCELL+ [44], MAP/1 [45], and SIMFACTORY [46]. All three 
concentrate on simulating manufacturing processes at the 
shop floor level in varying degrees of detail, however, and 
ignore the effects which their actions might have on other 
areas of the manufacturing organization.
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The research concern addressed by this dissertation 
focuses on the nanufacturing environnent as a whole. This 
research is concerned with modeling and analyzing the entire 
manufacturing organization in order to improve understanding 
of the total system and to make the contributions and inter
actions between the subsystems more evident. The development 
is completely modern, including a combination of computer- 
based simulation, information systems, database systems and 
concepts of intelligent simulation applied to the manufac
turing cycle.

The result of the research development effort is an 
interactive, manufacturing organization decision-support 
tool. It may be readily applied by managers, decision
makers, researchers, and students since its use requires no 
programming, modeling, or simulation skills. Only an 
interest in working with a simulated manufacturing organiza
tion and the ability to use a standard computer keyboard is 
required.
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Chapter III 
HYBRID MODELING APPROACH

Traditional approaches of modeling the manufacturing system 
and its subsystems have been through the application of 
mathematical modeling techniques, typically referred to as 
operations research methods. These techniques have generally 
been applied to individual manufacturing system components, 
such as production scheduling and inventory control. It is 
now being recognized, however, that a broad, multi-function
al view of the manufacturing system, one encompassing the 
whole enterprise, is probably more appropriate [27].

Another series of trends in modeling, which have only 
recently become apparent, are movement away from strict 
reliance on calculation and movements toward more defini
tion, away from purely mathematical models and toward formal 
descriptive models, away from oversimplified, haphazard 
approaches to system development and toward the use of 
structured analysis and design techniques. The trend results 
from a recognition that the former, mathematical-only view 
of modeling is too restrictive for application to all sys
tems. This is not meant to imply that mathematical models 
are somehow "bad," but that they are sometimes inappropri
ately narrow, and that another type of model must be used.

31
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The approach which was taken in this research effort to 
develop a computer-integrated manufacturing model incorpo
rates a combination of the more traditional mathematical 
modeling methods and a simplified variety of the more 
recently developed expert system-like techniques, with both 
approaches coupled with information system and database 
concepts.

3.1 CQMEUXERrBlSEH MQBSUlM  M R  SIMULATION
Computer simulation has long been recognized as a powerful 
tool to study the behavior of complex systems which are 
mathematically intractable. Simulation is the process of 
designing a logical model of a real world system and con
ducting experiments with this model for the purpose of 
understanding the behavior of the system or of evaluating 
various strategies for the operation of the system [47].

Computer-based simulation typically utilizes digital 
computers in the above process. The system components: 
attributes, events, activities, and relations are described 
by a high-level programming language acceptable to a digital 
computer, as shown in Figure 3.1.

3.1.1 Modeling and Simulation EE.0-0.esa
The flow chart in Figure 3.2 shows the systematic nature of 
a simulation study for a planned or existing system. Start
ing with the problem definition, the simulation objectives
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SIMULATION MODEL

Figure 3.1: Conputer-based Simulation

are determined. The steps of model construction and imple
mentation, program verification, and model validation 
follow. A valid model is one in which the behavior of the 
model agrees with the behavior of the real system. In the 
case of a planned system, true validation is possible only 
if the results from a similar system are available. If not, 
a comprehesive test of all model functions and the logical 
verification of the results may be the next best alterna
tive. After completion of the model development process, 
simulation experiments can be planned and carried out. The 
implications obtained from the analyzed simulation results 
are then applied to the real system.
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Figure 3.2: Modeling and Simulation Procedure
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3.1.2 Modeling: and Slumlation in. Manufacturing 
Computer simulation is a frequently employed tool in various 
stages of manufacturing systems analysis. It has been used 
to provide additional understanding on such topics as ma
chine loading and utilization, material handling, tooling 
management, total systems reliability management, and cell 
production control. An international survey [48] of the uses 
of computer simulation in the design of manufacturing sys
tems showed the following aims:

1. to demonstrate feasibility of manufacturing plans, 
including layout, parts handling, tooling, and 
operations planning,

2. to minimize risks and learning time in actual
manufacturing,

3. to optimize use of all resources and controls,
particularly the establishment of production con
trol logic and structure, and

4. to train key personnel and assist management in
optimizing the system.

More specifically, computer simulation has been used to 
model various aspects of the manufacturing system at a num
ber of levels [37].

Level 1, Corporate Level - including such aspects as 
factory demand, including market and corpo
rate plans,

Level 2, Department Level - including such aspects as 
division, shop, or cell control, including 
loading, shift policies, reliability and 
systems management,

Level 3, Workplace Level - including such aspects as
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machine and process cycle, including NC/DNC 
download, CAD/CAM, tooling, fixtures, palle
tizing, robot handling and loading transfer, 
and

Level 4, Operations Level - including such aspects as 
manufacturing technology, including quality 
assurance, adaptive control, process plann
ing, and tool design.

Levels 1, 2, and 3 are generally simulated using "event-
based" simulation and models. These are developed both as 
planning tools and as potential "program generator" for 
computer integration. Level 4 software is more process 
specif ic.

Still, one of the most valuable potential contributions 
of computer simulation lies in its capability to model the 
total manufacturing system [49]. A simplistic view of MOSES 
is that it is a computer-based, discrete-event simulation 
model of a complete computer-integrated manufacturing organ
ization. Concepts of abstraction and simplification have 
been employed in building the model at a basic level of 
realism.

3.1.3 User-interaction in Computer Simulation 
Current simulation technology involves the use of high-level 
computer languages designed to mimic the performance of the 
various actual operations by representing typical system 
elements, such as machines, queues, and servers with single, 
definitive statements [50]. Unfortunately, the present level
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of simulation technology still involves the use of rather 
complex simulation packages. To use the simulation software 
correctly, an individual must have several specific prior 
abilities [51]:

1. an understanding of the technique of simulation,
2. strong computer programming skills, and
3. complete knowledge of the capabilities and limita

tions of the simulation software.

For the typical person needing to model a manufacturing 
system, the first of the above requirements is appropriate. 
One must understand what simulation is all about to effec
tively use the technique. Requirements two and three, how
ever, are unnecessarily restrictive. Why must a person in
terested in analyzing the manufacturing system be a pro
grammer? And, if his responsibilities are in manufacturing, 
why should he be forced to learn the intricacies of a simu
lation language?

MOSES was designed from this perspective. While MOSES 
users are expected to understand the principles of simula
tion, they need not have any simulation modeling experience, 
any computer programming skills or any knowledge of simula
tion software. MOSES is completely interactive, from model 
construction through system analysis, and while the MOSES 
user is in a real sense the developer of the model, no 
programming effort is required.
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In a sense, HOSES represents a "spreadsheet approach" to 
simulation modeling. Like currently available computer 
spreadsheet packages, such as LOTUS 1-2-3, HOSES eliminates 
the programming details for the user and lets him concen
trate on the analysis aspects of the situation. For example, 
the HOSES user can request that a sales forecast be prepared 
on all of the organization products using a three-period 
moving average. After viewing (and printing, if he chooses) 
the results of the new forecast, he can then request that 
another forecast be prepared using either different numbers 
of data periods for individual products and the same moving 
average technique or a completely different forecasting 
technique. This pattern of change, calculate, and view can 
be repeated indefinitely. While the HOSES user may even
tually be satisfied with the results of a numeric forecast, 
he also has the ability to override the computed forecast 
values by typing in his experienced-based figures. All of 
these activities are much the same as those which are per
missible via general-purpose spreadsheet software.

3.2 IMTEGRAXIQM Q£ DATABASE CONCEPTS
The total system view of manufacturing requires an informa
tion systems orientation, but with technological, tactical, 
and logistical control. The data must be available in suit
able form for a variety of purposes within the integrated 
factory. Fast access and immediate information update are
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required. In fact, the most important component necessary 
for the development of an effective computer-integrated 
manufacturing system is probably database management system 
(DBMS) software. A model which revolves around a central 
database architecture allows a range of related functions to 
be integrated into a timely, decision-oriented structure. 
Britton and Hammer [52] have emphasized the following advan
tages of database use in the manufacturing environment:

1. A DBMS simplifies and standardizes access to an
organization's data.

2. One objective of a manufacturing system DBMS is to 
integrate the corporate database (by structuring 
formats, access techniques, and data relation
ships) .

3. Use of a DBMS should reduce data redundancy.
4. A DBMS allows systems to be built in an evolu

tionary manner.
5. The data independence provided by a DBMS means 

that programs using it can access only the data 
items they require.

6. The concentration of file access logic in a DBMS
offers significant benefits with regard to migra
ting to new computer hardware or operating sys
tems .

The need to utilize some type of orderly data handling 
methods in performing computer-based modeling and simulation 
is fundamental. Since database technology is central to the 
implementation of CIM, it is logical to use the same data
base technology in the implementation of a CIM simulation 
model.
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Historically, simulation languages have relied on arrays 
and pointer-driven lists for storing and manipulating data, 
but it is obvious that a DBMS can provide a powerful and 
flexible means of managing the wealth and diversity of data 
that must be generated and maintained in the life cycle of a 
simulation project [53]. This idea is not new. It was first 
proposed and used by Standridge and Pritsker [54] in the 
design of SDL/1, which integrated a conventional database 
management system with a state-of-the-art simulation soft
ware system.

A DBMS removes the burden of data administration from the 
simulation modeler. No longer does he have to worry about 
where or how data values are stored. Instead, the modeler 
simply calls for the data as it is needed and the DBMS 
provides it.

Another potential advantage of using a DBMS integrated 
with the simulation model lies in its capability to more 
efficiently handle data from a real organization, especially 
for storage and retrieval of data on-line. Figure 3.3 illus
trates this on-line, real-time use of an integrated data- 
base/simulation system which is simultaneously available to 
many users.

MOSES is an interactive, manufacturing organization simu
lation model which includes a complex and sophisticated data 
storage, retrieval, and manipulation system. Given that its 
use requires no programming skills and no simulation lan-
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Figure 3.3: Integrated Database and Simulation

guage knowledge, it is indeed an unusual simulation software 
package. But there is more.

3.3 INTELLIGENT SIMULATION.
While many important results and insights into the working 
of manufacturing subsystems have been obtained with the aid
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of mathematical models, the literature of manufacturing 
research also contains numerous references to heuristical 
methods, or more formally, heuristics programming 
[55,56,57,58]. Researchers have found many situations which 
defy the approaches of mathematical modeling, but which can 
be readily modeled by heuristics or descriptive techniques.

The use of heuristics in modeling a system or subsystem 
leads to a related approach known as know1edge-based pro
gramming or intelligent simulation. Intelligent simulation, 
as opposed to numerical simulation, represents the logical 
structure of the environment being modeled through a series 
of facts and rules. Such an approach is well suited to 
modeling the logical connectedness and relationships which 
exist among the components of manufacturing subsystems. Such
approaches are expected to open up broad new areas for
simulation which to-date have been very difficult to model.

Because much of the knowledge we possess is based on
experience, intelligent simulation techniques are frequently 
more appropriate than the more traditional numerical tech
niques . In fact, it is not surprising that researchers have 
found it difficult (if not impossible) to model the entire 
manufacturing system using only conventional modeling tech
niques . Intelligent simulation, which leans on the rather 
recently developed principles of expert systems, inherently 
provides explanations for its actions and decisions, a fea
ture which would seemingly be a tremendous aid in the devel
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opment of a realistic manufacturing model as an interactive 
management deeision-support tool.

One obvious problem with intelligent simulation is that 
it is a relatively new and still evolving concept, lacking 
both a formal definition and a standardized approach 
[59,60,61]. A few of the published efforts in the area of 
manufacturing systems are: "An Expert Manufacturing Simula
tion System" by Ford, et al. [62], "A Prototype Knowledge- 
Based Simulation Support System" by Hill, et al. [63],
Moser's "Integration of Artificial Intelligence and Simula
tion in a Comprehensive Decision-Support System" [64], and 
Ben-Arieh's “Manufacturing System Application of Knowledge 
Based Simulation" [42].

As mentioned above, the concept of intelligent simulation 
is based on the knowledge-based/expert system approach. 
Michie defines an expert system as an attempt to "embody in 
a computer the knowledge-based component of an expert skill 
in such a form that the system can offer intelligent advice, 
and on demand justify its own line of reasoning" [65].

Most knowledge-based systems are designed to reason ac
cording to some logical rules and facts, and to eventually 
arrive at a conclusion or recommendation. In most cases, 
analysis is time-neutral; that is, it is conducted at a 
fixed point in time, and the variables are not allowed to 
fluctuate in value during the time of analysis. This is not 
a serious shortcoming in a knowledge-based system designed
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to perform a medical diagnosis, but it becomes important if 
the system is used for making business decisions, where time 
is typically a crucial variable. For example, simply because 
of the effect of time, a dollar today is not the same as a 
dollar tomorrow. But even this simple concept is difficult 
to capture in most expert systems.

Along the same lines, expert systems are not generally 
able to look into the future before reasoning their way to 
conclusions to be applied today. Keeping this shortcoming in 
mind, the reasoning ability of a knowledge-based system can 
be combined with the capabilities of computer simulation to 
predict the values of complex sets of variables over time, 
analyze the simulation output, draw appropriate conclusions, 
and suggest necessary actions - in essence, to serve as 
management decision-support tools.

In terms of the manufacturing environment, knowledge- 
based systems can be envisioned, for example, as enabling 
the computer to assist manufacturing managers in their 
judgemental and stretegic roles, as well as with routine 
matters (e.g., record keeping and preprogrammed responses to 
a predictable range of input). Because the knowledge base 
used is derived from the expert or experts who have 
"programmed" the system with their experience and know-how, 
control strategies based on these “expert" thought patterns 
should follow we11-understood or preferred approaches.

There is no intent here to imply that it is absolutely
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necessary to model manufacturing systems through the tech
niques of knowledge-based simulation only. However, it is 
apparent that some of the tasks inherent in a computer- 
integrated manufacturing environment, such as production 
planning and scheduling, can be modeled using a knowledge- 
based system combined with traditional simulation modeling 
techniques. Such a use of knowledge-based simulation allows 
the decision maker to explore alternatives, make changes to 
the existing schedule, and to search for the "best" schedule 
given current conditions [60].

As such, MOSES was developed as a hybrid system which 
utilizes, when appropriate, either traditional quantitative 
modeling tools or more recently developed knowledge-based 
techniques. More specifically, MOSES is composed of heuris- 
tical algorithms as well as the more traditional mathemati
cal algorithms.

In addition, MOSES utilizes to a limited extent the 
expert system-like concept of reasoning based on facts and 
rules. In particular, this approach is used to make recom
mendations concerning possible changes in a computer- 
prepared production schedule. MOSES presents before-the-fact 
results and alternatives for action. Managers then have the 
option of modifying the schedule and/or the resources. This 
general approach will also be useful in future enhancements 
to the model. In fact, it may be that true expert systems 
will be incorporated within MOSES as the model evolves.



Chapter IV 
MOSES: CONCEPTUAL DESIGN

This chapter presents the conceptual design of MOSES. The 
tern "conceptual design" is at least partially a nisnoner. A 
nore descriptive tern night be "conceptual philosophy." 
Either way, it neans the ideas behind the creation of a 
particular system - why it was designed the way it was 
designed. The conceptual design serves as the foundation of 
any simulation model.

The breadth of functions and complexity and dynamics of 
the structure make understanding the modern manufacturing 
organization difficult. This complexity has been both 
simplified and further compounded by the rapid development 
of computer technology which has had a major influence on 
the manufacturing environment. This computer-based tech
nology has resulted in the era of management information 
systems within the manufacturing environment. To model the 
total manufacturing environment is a complex task. There are 
several reasons for this.

1. The functions of production equipment, supporting 
activities, and workers are dynamic and diverse 
and interact in complicated ways which are often 
not readily apparent.

46
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2. The subdivision of a manufacturing organization's 
functions promotes localized, self-serving views 
of success. That is, functional areas (e.g., 
marketing) may be more concerned with local suc
cess than with overall organizational success. 
Also, system views may be distorted by the fact 
that not all functional areas are equally well 
defined. For example, the activities of shop floor
production may easily be observed, whereas deci
sions leading to marketing strategies may be 
noticed only if the consequences are negative.

3. Knowledge about a given manufacturing-related 
system may become suddenly obsolete as the result 
of fast-changing product and production technolo
gies. This makes thorough understanding of the 
system difficult simply because of a lack of 
"familiarity time."

In order to develop a manufacturing simulation model 
which makes sense in this type of environment, it is impor
tant that some valid assumptions are made which will simpli
fy the system interrelationships without destroying the
nature and logical structure of the system. A manufacturing
environment, though a complex entity, can be visualized as 
being composed of four main functions:
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1. Marketing
2. Inventory
3. Production
4. Accounting

The presence of these four functions in varying degrees 
of prominence is basic to all manufacturing organizations. 
While the names and functional subgroupings chosen for use 
in MOS£S may be argued, the functions placed within these 
four areas are not arguable. They are simply the functions 
which must be performed within a manufacturing organization. 
Figure 4.1 shows the logical structure of MOSES. Part of 
this chapter describes the individual functions which make 
up the four functional areas.*

Another of the important aspects of the conceptual foun
dation of MOSES is that it recognizes the right-to-override 
of the manager/user as a key element in the modeling pro
cess. That is, a MOSES user can change or override the 
parameter values computed within MOSES using mathematical or 
heuristic algorithms whenever he chooses to do so. This

* The functions of design and engineering, which affect the 
bills of material and production processes, have been 
excluded from direct inclusion in this first generation 
version of MOSES - as a matter of simplification. Bills of 
material can be changed manually and production processes 
have been included at a level of detail such that changes 
at the machine level of the production process are handled 
by modifying production parameters (e.g., production rate 
per hour), which does not affect the model structure.
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rationale is introduced with the argument that managers in a 
manufacturing environment should utilize all of the tools 
at their disposal (e.g., mathematical models for forecasting 
and inventory control), but that these modeling techniques 
are limited by their narrow views of the system. For exam
ple, all mathematical sales forecasting approaches use data 
from past sales periods. However, none of the approaches can 
measure the impact that a new piece of legislation might 
have on actual sales. Only a knowledgeable, intelligent, 
involved manager should have the opportunity to modify 
values set by such an automated decision process.

Shown below are three of the most important general 
assumptions made in conceptualizing the first version of 
HOSES. (Note: A complete list of assumptions is provided in 
Appendix A):

1. The model should work with any number of indepen
dent products within a manufacturing environment 
having limited production capacity and limited 
levels of raw materials. (Note: The number of 
products which MOSES can handle is limited only by 
the disk storage space available.)

2. Each product should have its own bill of 
materials. Each bill of materials may be composed 
of purchased parts, fabricated parts, and sub- 
assemblies. The fabricated parts (which may be
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included within one or more subassemblies) are
manufactured within the organization's production 
facility using raw materials purchased from
external vendors. Therefore, fabricated parts
have, in effect, their own bills of material.
Subassemblies may be purchased in an already- 
assembled form (e.g., the ballpoint/tube/ink 
assembly in a ballpoint pen) or may be made up of 
a combination of purchased and fabricated parts. 
Purchased parts are obtained from external 
vendors.

3. Production processes consist of parallel or 
grouped manufacturing facilities and assembly 
lines. These groups manufacture and assemble both 
finished products and fabricated component parts. 
This means that HOSES is not concerned with the 
problems associated with product mix.

Simulation models have traditionally been composed of 
three parts: (1) an input section, (2) a modeling section,
and (3) an output section. The input section includes a few 
global (i.e., housekeeping) values, such as the simulation 
start and stop dates and the values of one or more random 
number seeds, as well as the process-related input parameter 
values. The modeling section contains the simulation model
ing logic. The output section includes statistics in table
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and chart form which allow the modeler to evaluate and 
analyze the particular situation in question. The conceptual 
design of MOSES uses an extension of the traditional simula
tion structure, including each of the three standard simula
tion program parts. The conceptual view of each of the three 
sections is discussed next.

4.1 THU 1HPUT SBCTIOH
As a result of the breadth of the system being modeled 
(i.e., the manufacturing organization), the input portion is 
quite extensive. Because of this fact, the main MOSES menu 
is really a file manager, allowing users to define new 
manufacturing organizations and able to retrieve previously 
defined manufacturing organization environments. Although 
the physical aspects of the model are described in detail in 
Chapter 6, a look at the model's first two menus is helpful 
in understanding the conceptual design.

Figure 4.2 shows the layout of the Main MOSES Menu. As is 
apparent when viewing the menu, besides having the capabili
ties of working with "Existing" (i.e., previously defined) 
organizations and the ability to "Add" new organizations, 
users also have the option of working with an "Example" 
organization and of "Deleting" previously defined organiza
tions. The menu is mentioned at this point because it is an 
integral part of the model's input process.

Figure 4.3 shows the layout of the Manufacturing Model
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Menu. This menu follows the Main MOSES Menu once an organ
ization's structure is selected (via the "Example" or
”Existing" options). The first three options on this menu - 
Global, Background, and Input - are all in some way a part 
of the simulation input process. Global parameters include 
the simulation's start and stop dates, the random number
seed for this simulation run, and a parameter indicating how
often the user wants to examine the simulation's results 
(e.g., daily or weekly or monthly). The Background option is 
strictly a window providing a view (i.e., no input or 
changes are allowed in this section) into the parameters 
defined on the Main HOSES Menu. Fifteen separate reports are 
presented, including such topics as Finished Products 
Inventory and Finished Products Bills of Material. By
selecting the Input option, the user is really viewing a 
third-level menu which includes the manufacturing organiza
tion 's four functional areas - Marketing, Inventory, Produc
tion, and Accounting.

Figure 4.3 presents an overlaid view of the Manufacturing 
Model Menu. The figure shows the suboptions for each of the 
first three menu choices. Selection of any one of the four 
Input options takes the user to a submenu for that particu
lar function. Within the limits set for the particular 
function chosen, the user can view the current setup, enter 
new values and make changes to parameters whose values have 
already been specified.
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If the modeling section can be referred to as the heart 
of the simulation model, the Input section of the Manufac
turing Model Menu must surely be the brain and the hands. It 
is through this section that the user's managerial expertise 
and preferences are entered into the model.

The basis of the modeling approach is that once the 
required subset of input values has been defined, a simula
tion of the manufacturing environment can be performed. 
There is nothing new about this approach to simulation 
modeling (although this particular manufacturing simulation 
model is, of course, new). However, the essence of the MOSES 
approach may be understood at this point. Before beginning 
the simulation process (or during the simulation process), 
the user has the opportunity to play "what if" in a variety 
of currently defined situations in an effort to* determine 
the values he wishes to use or to fine-tune those values.

For example, when the manufacturing organization's data 
is loaded, a sales forecast is automatically computed for 
each product using historical sales data for those products. 
The default forecasting technique used by the model is the 
moving average method with the number of periods equal to 
one. Through the Forecast option of the Marketing section 
under Input, users can employ a "spreadsheet like" approach 
to perform sales forecasting using the moving average method 
with other numbers of periods and can also choose different 
mathematical forecasting tools to produce a forecast. A
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measure of how "good" each forecast happens to be is shown 
by the "Root Mean Squared Error"* for the data provided. 
This approach means that the user has the opportunity - for 
this particular situation - to use any one of several mathe
matical approaches to prepare individual product forecasts.

But there is more. The user then has the opportunity to 
override any or all of the numerically prepared forecast 
values. That is, because the user (as manager) may have 
knowledge and insight which the mathematical model lacks 
(e.g., what happened recently in the stock market), he may 
choose to override the computed values, preferring instead 
to trust his own judgement.

If the user decides to run the simulation at this point, 
a production plan based on the forecasted sales is automat
ically computed. The model then tries to prepare a produc
tion schedule based on the desired "planned" quantities but 
restricted by the production capacity of the manufacturing 
facility and the availability of the raw materials and 
component parts. In fact, it often occurs that because of 
part or material shortages or facility limitations, it is 
not possible to schedule the exact number of units requested 
by the production plan. If this determination is made auto-

R o o t  M ean  S q u a re  E r r o r I  (a c tu a l s a le s  -  fo r e c a s t e d  s a le s )
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matically during the running of the simulation, a Shortage 
Report which lists the reasons is produced. For example, the 
Shortage Report might say that part number 1005, used in the 
production of product number 3, was 250 short of the number 
required and that a lesser number of products were actually 
manufactured. This is standard simulation methodology - 
using the simulation process to find out what would happen 
under a certain set of conditions.

However, the conceptual design of HOSES provides the user 
with another earlier option. Instead of finding out about 
the problem after the model has been run, the user can find 
out before. After setting up a group of product forecasts, 
the user can then (through the Production option of Input) 
ask MOSES to compute a production plan and schedule. After 
the schedule has been computed, the user may then examine 
the schedule and the Shortage Reports and, before the fact, 
take appropriate action - which may or may not mean quickly 
obtaining the parts on the Shortage Report. For example, if 
the user learns that he will not be able to produce product 
number 3 because he is out of stock of required component 
part number 1005, he could - before beginning the simulation 
- "buy" (i.e., increase) the number of parts needed, add 
those parts to inventory, and then begin the simulation. He 
might make this decision after determining the price of the 
components, checking on their availability, and finding out 
how soon the components can be delivered.
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The parts acquisition process would be performed manually 
(i.e., number of parts in inventory increased) - and the 
expenses incurred by that purchase would have to be entered 
manually through the Payables option of the Accounting sec
tion, but the realities of managing in a real-time computer 
information system environment would have been preserved. 
That is, some decisions must be made by managers and some 
actions must be performed manually, regardless of the degree 
of manufacturing automation.

4.2 THE MODELING SECTION
The modeling section contains the simulation modeling logic. 
MOSES is different from standard simulation modeling lan
guages (such as GPSS, SLAM, SIMAH, and SIMSCRIPT) in that it 
uses a database management system to handle the model's data 
rather then other types of data storage methods. There are 
several advantages to this approach. One, the program state
ments which perform the data retrieval and storage functions 
are quite simple. Two, the fact that the data - input data, 
in-process data, and output data - is stored in database 
files allows it to be accessed readily. (Mote: More on this 
benefit in the section on output.) Three, the database files 
permit the same set of data to be arranged in various ways 
and viewed in entirety or in part as is appropriate.

The model is also unusual in that it allows manual inter
vention. Both before and during the running of the Simula
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tion model, MOSES users have the opportunity to modify the 
course of the simulation, if they wish, or to let the simu
lation run to completion using a more nearly standard simu
lation methodology.

MOSES simulates any manufacturing environment, requiring 
only that the organization be defined through a series of 
input values. As such, the "development" of the model re
quires no programming and no simulation modeling ability. 
MOSES is certainly unusual in this regard.

In combination, the above described simulation features 
which MOSES possesses make it unique - especially when 
applied to the entire manufacturing organization. Still, 
there is an additional feature of MOSES which is distinctly 
different from other simulation approaches. That feature is 
the hybrid nature of the MOSES system.

Traditionally, simulation models have been applied in 
situations that could not be described by mathematical mod
els or to verify the accuracy of mathematical models. For 
example, while mathematical models have been developed for a 
variety of inventory situations. Only simulation models have 
been developed to analyze the more complicated inventory 
systems. The reason, of course, is that the complexity and 
stochastic nature of the arrangement made the development of 
the mathematical model either extremely difficult or im
possible . MOSES is based on the idea that mathematical 
models should be included within the simulation system when
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ever possible, but that the lack of a mathematical model 
does not prevent the situation from being addressed. In such 
cases, heuristic (often non-optimal) problem solving tech
niques are employed. And, as was discussed at some length in 
the previous section, the HOSES user (prior to the simula
tion 's beginning and at intervals within the simulation 
process) has the right to override values calculated by any 
of the methods.

It is also important to keep in mind that MOSES is 
intended to simulate an information-rich environment. Such 
an environment may be differentiated from an information- 
poor environment primarily by the time required to find out 
what is going on throughout the manufacturing organization. 
For example, traditional inventory models are based on some 
estimate of future product demand (either deterministic or 
probabilistic), order cost, carrying cost, and possibly 
backorder cost. A mathematical statement including these 
parameters is optimized with the results including a reorder 
point and reorder quantity. Such an approach made sense when 
it took days or weeks to determine what the actual demand 
figures really were, at which time adjustments could be 
made. This view typifies the approach taken in an informa
tion-poor environment.

However, a different approach is appropriate in an infor
mation-rich environment. Using the same inventory-based 
situation described in the previous paragraph, suppose that
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the organization knows instantaneously each time a product 
is ordered, rather than finding out about it a week later. 
This "early warning" allows the organization to make fre
quent adjustments, place orders when supplies are needed, 
and increase or decrease production in a timely, responsive 
manner, depending on what "input signals” it receives. In 
other words, the eeonomic-order-quantity-approach of the 
past loses its appeal (at least to some extent) in an 
information-rich environment.

On the other hand, if for some reason the instantaneous 
information system is out of commission, the previous model
ing approach will produce an orderly, if not optimal, exist
ence in the interim period.

Possibly the most important contribution made by MOSES is 
its ability to provide multiple views of the manufacturing 
environment both before and during simulation processing. 
(Note: In fact, the desire for multiple views was the origi
nal basis for the development of MOSES.) Since departments 
within an organization are often placed in contention with 
each other, it is simply not logical to expect them to truly 
cooperate. For example, if the goal for the organization's 
inventory function is to keep minimum inventory levels (no 
doubt, a worthy objective) and if the organization's produc
tion function goal is to maintain a steady production work 
load (also a worthy objective), there is a potential built- 
in conflict which is sure to surface if the product mix
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changes suddenly because of a changing market. In other 
words, inventory might justifiably, even “optimally," have 
zero raw materials and zero component parts on hand of the
types necessary to produce the product which marketing wants
production to manufacture.

The structure of HOSES is such that it allows the current 
situation, even during the simulation run, to be viewed from 
each of four perspectives - marketing, inventory, produc
tion, and accounting.

While MOSES does not solve the problem of a contentious 
environment, the information it provides is a necessary 
first step in addressing the problem. That is, MOSES pro
vides the opportunity for the manager in charge of one
function (e.g., inventory) to see the impact of his policies
on the organization's other major functions (e.g.,
marketing, production, accounting).

4.3 THE. Q.UIEUX SBCJXQH
The purpose of a simulation model's output is to provide an 
appropriate measure of the organization's performance so 
that the user can evaluate and analyze the particular situa
tion in question. The approach taken in the conceptual
design of the MOSES output system is much broader than that 
taken by traditional simulation modelers. This section des
cribes the approach taken by MOSES.

First, because of the fact that MOSES users can examine
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the simulation program's output during the running of the 
simulation as well as at its end, at least part of the MOSES 
view regarding output is somewhat different from the norm. 
Traditionally, simulation modelers examine the results of 
the simulation run after the completion of that run.

Second, the MOSES view regarding output includes the 
user's right to examine the situation, as well as the re
sults . For example, at the end of the seventh day of a 30 
day simulation run, the MOSES user might be as interested - 
maybe even more interested - in knowing how well the 
inventory and production functions have been able to coordi
nate their activities as he is in the profit made on a 
particular product. The reason for this view is that good 
managers know that if you take care of the process, the 
results tend to take care of themselves. Our concern with 
"rewards," even in the seemingly legitimate form of concern 
regarding prof its, is a symptom of an unhealthy, short-term 
view of success. As such, MOSES users should examine status 
indicators both through the standard output section of MOSES 
and by viewing the situation through each of the function 
areas.

Third, the by-functional-area view of the current situa
tion is particularly important. But, it might be argued, 
would it not be better to locate all of the output in one 
place? That would certainly make viewing simpler. The output 
section in a sense does show all the "output" in one place.
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The point being made here, however, is that MOSES users need
to "stand in the shoes" of each of the functional area
managers, to see the situation through the limited, less- 
than-objeetive window which results from being responsible 
for a particular function. After that has been done, MOSES 
users can then better understand the statistics provided in 
the standard output section. (Note: The fact is that each of 
the functional-area managers are actually seeing restricted 
views of the same database files. The ability to provide 
restricted access, to show or not show individual fields, is
one of the primary advantages of using a DBMS in conjunction
with a simulation model.)

Four, the information provided in the output section is 
both standard and non-standard. It is standard in that it 
provides output categories which measure performance, both 
in terms of dollars and otherwise. It is non-standard in 
that the reports are separated from one another and may be 
viewed and printed individually.

In summary, the MOSES view of the output needs of a 
simulation modeler is different from most similar situa
tions, but the reasons for these differences are both 
logical and positive.



Chapter V 
MOSES: FUNCTIONAL OVERVIEW

This chapter discusses many of the important details in the 
functional design of MOSES. In fact, the bulk of the details 
are a part of the Input section of the MOSES Manufacturing 
Model Menu, although they are used throughout the simulation 
process, not just in the beginning. The comments are organ
ized around the four functional areas: Marketing, Inventory, 
Production, and Accounting.

5.1 MARKETING FUNCTION
The marketing function is the driving force behind the 
success of a manufacturing organization. Its primary func
tion is to create and stimulate demand for the organiza
tion's finished products, sell the products to customers, 
and provide after-sales service. Input from marketing serves 
as a source of information used by production in preparing 
the production plan and the master production schedule. In 
simplest terms, marketing consists of two subfunctions 
forecasting and sales. Figure 5.1 presents the marketing 
function and the associated databases. All the assumptions 
which have been made in conceptualizing this function are 
included in Appendix B.
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5.1.1 Sales Fpgg-eaatinit
Sales forecasting is essentially a prediction about a pro
duct's future sales based on the product's sales history. A 
complete sales forecast includes estimates of the quantities 
of each finished product that will be demanded by customer 
in some future time period. As such, it is the starting 
point for planning production resource needs (men and 
machines), operating budgets, and material needs. The fore
cast, however, is not in itself a commitment to produce any
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specific number of products.
A forecast that is too low is likely to result in delayed 

shipments, lost sales, overloaded production facilities, and 
unnecessary extra costs (e.g., for such items as overtime 
and expediting). A forecast that is too high can be just as 
bad, leading to a pile-up of finished goods inventory,
unnecessary production expenses, and underused facilities.

There are several numeric methods that are commonly em
ployed in sales forecasting, but the objective is always the 
same - to be as accurate as possible regarding future pro
duct demand. There are two forecasting methods which have
been included in the initial version of MOSES, but there are
plans to include more in future versions.

The first method is known as the n-period Moving Average 
method. With this method the only variable which can be 
changed by the user is the number of moving periods of data 
used to find the average. A one-period moving average is the 
method's default period length. It uses the last period's 
actual demand as the forecasted value for next period's 
demand.

The second method is known as the Single Exponential 
Smoothing method. Single Exponential Smoothing includes two 
parameters whose values can be changed by the user. The 
parameters are the weighting factor (alpha) and the trend 
factor (beta). Output from both of these two methods is 
produced in the form of a sales forecast for each product
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the next forecasting period. Each forecasting calculation 
also includes an associated "root mean squared error," which 
represents a measure of the accuracy of the forecast. The 
Root Mean Squared Error is calculated by applying the fore
casting method chosen to the product's sales history data.

The user can interactively and selectively employ each 
method. By changing forecasting methods and parameter 
values, the user can try to minimize the forecasting error. 
The sales demand forecasting goal, which is the same■regard
less of method employed, is to generate forecasts which will 
accurately predict future finished product demand.

The product history database stores the actual past sales 
figures for each individual product over a specified period 
of time. These histories are used to prepare subsequent 
sales forecasts for each product for the next forecasting 
period. The length of the forecasting period is, by defini
tion, the same as the length of the data period in the 
product history file. For example, if data is stored in 30- 
day data periods, subsequent forecasts will be for 30-day 
periods. Forecasting parameters (e.g., number of moving 
periods) for each individual product are stored in the 
product database.

5.1.2 Sales and Customer Orders
Sales (customer orders) of finished products drive the manu
facturing organization. Without sales, the manufacturing
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organization will cease to exist. Customers judge an organ
ization not only on the quality and price of its products, 
but on how well their orders are handled, how responsive the 
organization is to their orders and after-sales service.

Customer orders can arrive in many different ways 
directly from the customer by mail or phone, or indirectly 
through salesmen, distributors, or manufacturer's represen
tatives . But regardless of how the order arrives, the organ
ization should be ready to fill the order as soon as pos
sible without losing the customer's current or future busi
ness . MOSES is designed based on the philosophy that through 
the integrated computer-based information flow, incoming 
orders are conveyed to order processing immediately and 
customers expect to have their orders filled immediately. 
Thus, MOSES tries to fill an order as soon as it is 
received, but if it cannot fill a particular order, it makes 
note of that fact and backorders for future delivery.

The sales patterns are stored in the order profile data
base. A typical order profile for a product consists of two 
types of parameters, those which describe the time between 
order arrivals and those which describe the order quantity 
for any given order, plus the distributional forms which 
describe each type. The marketing manager has control over 
the order profile specifications for each individual pro
duct. These figures reflect the MOSES user's judgement about 
the product's future sales pattern. Of course, part of the
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judgement factor depends on the confidence he has in the 
organization's strategy of advertising.

5.1.3 Backorder. Policy
Marketing is responsible for making sure that all customer 
orders are filled to the customer's satisfaction. There can 
be many complex measures of marketing's performance in this 
regard, but one of the most important effects marketing can 
have on the operating performance of the organization is the 
servicing of customer orders when there is an insufficient 
quantity of finished products on hand. Although marketing is 
not necessarily responsible when an order cannot be filled 
immediately, the marketing function probably has the best 
understanding of customer behavior under such circumstances. 
As such, the MOSES marketing manager has the prerogative to 
set the organization's backorder policy.

The backorder policy results from the less-than-situation 
in which an order arrives but cannot be completely filled. 
When this occurs, one of four options follow:

1. The entire order is backordered for delivery to 
the customer when the products have been manufac
tured.

2. The product available is provided to the customer 
immediately and the remainder of the order is 
backordered, to be delivered when the products are
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manufactured.
3. The product available is provided to the customer 

immediately, but the remainder of the order is 
lost. That is, the customer goes elsewhere for the 
remainder of his order.

4. The entire order is lost.

Setting the backorder policy means that the manager must 
specify the probabilities associated with each of the four 
options - for each product. For example, suppose that in an 
intensely competitive environment all orders for a particu
lar product that cannot be filled immediately are completely 
lost. The associated probabilities, which comprise the 
organization's backorder policy for the product, are 0.00,
0.00, 0.00, and 1.00.

5.1.4 Forecast Modification
A marketing manager may have a significant amount of exper
ience in the actual marketplace. As such his experience may 
allow him to prepare a sales forecast based on "market 
feel,” as well as sales history data. For this reason, MOSES 
allows the marketing manager to change or override the 
forecast prepared by a particular mathematical forecasting 
method. This may be accomplished through the "Modify" option 
of the Marketing Menu.
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5.2 IHVBHTORY FUHCTIOH
Inventory is one of the primary assets of a manufacturing 
organization. It represents money in "hard good” form, since 
it cannot be used in any other venture. From the investment 
(i.e., liquidity) point of view, the ideal situation would
be to carry no inventory. This point of view is the basis of 
what is known as the “Just-In-Time” (JIT) production and 
inventory policy. In fact, one of the advantages expected to 
accrue from the implementation of a CIM system is a reduc
tion in all types of inventory. But some level of most types
of inventory is an absolute necessity, since it must provide 
a cushion against sudden changes in customer demand or late 
deliveries from vendors.

The inventory function has basically two objectives,
namely inventory accounting and inventory planning. Inven
tory accounting is the record keeping aspect of the inven
tory function. It is essentially responsible for keeping 
track of such parameters as available stock, quantity on 
order, and quantity in process. Inventory planning deals 
with decisions such as when to order, what to order, and how 
much to order.

The MOSES Inventory Menu has several subfunctions: pro
duct, materials, shipping, purchasing, and receiving. Figure
5.2 presents the inventory function and its associated data
bases. All the assumptions which have been made in concep
tualizing this function are included in Appendix C.
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Figure 5.2: Inventory Function in MOSES

5.2.1 Material Stgckft
There are basically four different types of inventory mater
ials:

1. finished product inventory,
2. fabricated component parts inventory,
3. purchased component parts inventory, and
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4. raw materials inventory.

Finished products are sold to customers. A finished pro
duct may be made up of two different types of components, 
namely fabricated component parts and purchased component 
parts. Purchased component parts are purchased directly from 
vendors. They can be subassemblies or purchased components, 
such as nuts and bolts. Fabricated components are manufac
tured within the manufacturing organization. They use raw 
materials which are bought from vendors in raw form, such as 
aluminum tubing, plastics resin, etc.

The bills of material and the raw materials usage file 
establish the relationship between all the materials used in 
the organization. For example, the finished product bills of 
material contain all the part numbers, whether the part is 
purchased or fabricated, and the quantity required of that 
part per unit of finished product. MOSES users can set the 
stock levels of all types of material.

5.2.1 Purchasing vA
The cliche regarding purchasing is that it is responsible 
for procuring the right materials of the right quality in 
the right quantity at the right time and at the right price. 
Cliche or not, without materials, it is impossible to carry 
out the manufacturing activity.

MOSES views purchasing as a function which closely maps
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the production scheduling process. The ain of inventory is 
to have enough naterial in stock to supply the production 
process during the present production period. The aim of 
purchasing is to supply the proper mix of materials by the 
time the next production scheduling activity takes place. 
The MOSES purchasing system computes the demand for each 
material and component based on the forecasted demand for 
the finished products in the next scheduling period. Then, 
after reviewing each material inventory level, MOSES places 
orders for the materials needed with the goal of acquiring 
the material before the next scheduling event takes place.

The MOSES user (in Purchasing) has the option of ordering 
materials based on "economic order quantity" considerations 
or by overriding the computed order quantity and specifying 
a different figure based on his own knowledge or intuition. 
The user can add new vendors to the database or delete 
existing ones as he establishes new sources of supply or 
discards old ones. The user can also establish new prices 
and new delivery dates for particular parts and materials 
and individual vendors.

5.2.2 Shipping
The shipping function involves collecting all the filled 
orders and planning the delivery of the finished products to 
the customer. Shipping is also responsible for invoicing the 
would ship all filled orders immediately. Conceptually,
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shipping sends out finished products after aggregating the 
quantities to be shipped and making sure that the quantities 
shipped for each product are greater than some minimum load 
amount and less than some maximum load amount. If a filled 
order cannot be shipped during a particular working day, the 
order is carried forward to the next day.

Shipping parameters (i.e., minimum and maximum load 
amounts) are specified individually for each product and are 
stored in the product database file.

5.2.3 Receiving
Receiving is the function which is responsible for receiving 
and stocking raw materials and purchased component parts. 
Materials are received on their specified expected receipt 
dates. In most instances, the arrival of materials on a 
specific purchase order is to some degree a random process. 
There is usually an approximate delivery date. Materials may 
be late, on-time, or early. The delivery period for a pur
chase order has been assumed to be a normally distributed 
random variable.

Material receiving involves inspection of purchased 
materials against specifications. Various policies can be 
adopted with regard to inspection. Every item in some lots 
may be inspected, while other lots may be only spot-checked. 
In any case the effect of inspection results in rejecting
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sone of the received materials. The MOSES user can specify 
this rate of rejection.

5.3 EJRQmiQTSPH FUNCTION
The production function is central to the manufacturing 
organization. It is here that the raw materials and pur
chased materials are transformed to finished products using 
the organization's resources (i.e., men, machines, and 
materials). The main managerial component of the production 
function is production planning and scheduling. Figure 5.3 
presents the production function and associated databases. 
All the assumptions which have been made in conceptualizing 
this function are included in Appendix D. The sections 
within the MOSES production function are described in the 
following paragraphs.

5.3.1 Production Parameters
Production parameters describe the production process. The 
parameters included are such things as the production rates 
for individual products, the production priority, and the 
probability of hourly production down time.

5.3.1.1 Production Priority
Production priority refers to the rules for allocating 
limited resources to different entities. For example, as it 
is used in MOSES, priority is set by the MOSES user to
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Figure 5.3: Production Function in MOSES

decide which product will be planned or scheduled for pro
duction. If the sane resources are required by several 
products and the resources are United, a higher priority 
neans that a product will be considered for scheduling 
before the other products. Of course, if resources are 
sufficient for all the products conpeting for the sane 
resources, there is no problen. When resources are plenti
ful, the user has the option of producing nore or less of a
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desired product. As a default, the scheduling priorities 
for all the products and fabricated component parts are 
equal.

5.3.1.2 Production Ratfe
The production rate represents the manufacturing facility's 
hourly production capacity for that particular product or 
part. There are two parameter values, maximum and minimum 
production rates. The idea is that while the hourly produc
tion rates cannot be greater than some number - no matter 
how many products are needed, there is also a minimum pro
duction rate below which it makes no sense costwise to 
produce any products at all.

The present scheduling algorithm schedules production of 
particular items based on the production plan quantities, 
but always between the maximum and minimum rates. Both 
maximum and minimum rates are adjustable by the user and 
reflect the user's ability to change the production capacity 
as better equipment or processes are added.

5.3.1.3 Quality Control
As it is incorporated within MOSES, quality control repre
sents the process of inspection. Its function is to deter
mine whether or not the product or part produced meets the 
design specifications. In MOSES, the concept of quality 
control is applied by specifying a mean percentage of pro
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ducts or fabricated parts which are rejected because they do 
not meet specifications. Reject amounts fpr individual pro
ducts are determined by sampling from a normal distribution 
with the specified mean. As such, the HOSES user may also 
specify an associated standard deviation. Of course, if 
perfect products are produced, both the mean and standard 
deviation values are set to zero.

5.3.1.4 Productxon
Machines, assembly lines, and conveyor belts are subject to 
breakdown. In MOSES, this failure or non-failure process is 
assumed to be random. Via a set of probability parameters, 
MOSES users can specify the frequency of this type of 
failure. In the current version of MOSES, the user can 
specify the probabilities of downtimes of 0 minutes, 30 
minutes and 1 hour per hour of production operation, with 
the sum of probabilities equaling one.

5.3.2 Scheduling
Probably the main managerial function performed by produc
tion managers is the process of scheduling production 
according to the production plan, which is based on the 
marketing forecast. MOSES performs several steps in setting 
up the production schedule.
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5.3.2.1 Aggregate Demand Elaa
The demand for individual products is established by market
ing in the form of a product-by-product forecast. The fore
cast demands for individual products are increased by cons
idering product backorders and any quantities of products or 
fabricated parts desired by the inventory controller at the 
end of the production period. The last quantity mentioned 
represents the production concept of build-to-stock. If the 
MOSES user wants to operate in response to orders only then 
this quantity can be set to zero. Thus, the sum of these 
three quantities yields an aggregate demand plan which is 
further increased in consideration of the expected scrap 
rate for each production item. This then provides the amount 
the production function is expected to schedule and produce 
during the next production period.

5.3.2.2 Material Requirements
The production scheduling process first compares individual 
material availabilities to the aggregate planned production 
quantities. The checking is done with respect to currently 
available materials in stock. No currently-on-order mater
ials are considered. Materials are allocated to products and 
component parts according to their individual production 
priorities. Material shortages are recorded for later pre
sentation in a Shortage Report. Of course, levels of 
individual materials and purchased parts available limit the
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numbers of actual finished products and fabricated parts 
that can be produced in the coming production period.

5.3.2.3 Capacity Requirements
After checking for the availability of individual materials, 
the production scheduling algorithm next compares the 
requested production level against the product's available 
production capacity in terms of its upper and lower limits. 
The HOSES production scheduler then schedules the planned 
production quantities, provided that the quantities are 
within the production limits. Given that the production 
capacity is adequate, the production scheduler spreads the 
total production quantities uniformly over the entire pro
duction period. If the production capacity is inadequate 
(i.e., production plan is greater than production capacity), 
the algorithm schedules production to the maximum allowable 
level and reports the production capacity deficiency on the 
Shortage Report.

Once production has been scheduled, the HOSES production 
function "produces" the finished products and fabricated 
parts and reports its status to various databases.

5.4 ACCOUNTING FUNCTION
The accounting function is really a simplification of all 
the financial functions present within an organization. In 
reality, the "financial function" includes finance, as well
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as accounting. The initial version of MOSES, however, 
includes only the accounting function. Considerations 
regarding such items as investment alternatives and interest 
rates are not included. This simplification is necessary 
because of the complexity involved in financial decisions 
and because of their tendency to be influenced by the 
dynamic business climate (e.g., prime lending rate, stock 
market swings). On the other hand, the accounting aspects 
which have been included are logical and directly related to 
the manufacturing organization. For example, increased sales 
lead to increased revenues and high inventories lead to high 
costs. As such, the accounting functions included provide 
opportunities for managers to interject meaningful money- 
related decisions into the overall process. Figure 5.4 pre
sents the accounting function and associated databases. All 
the assumptions which have been made in conceptualizing this 
function are included in Appendix E.

5.4.1 C.os.t. Control
This cost control function provides an opportunity for the 
user to supply various costs related to functions within 
MOSES. The costs include production-related costs (such as 
labor costs, including overtime costs), maintenance-related 
costs (such as production repair costs), and sales-related 
costs (such as advertising costs).
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Figure 5.4: Accounting Function in MOSES

5.4.2 Pricing
Through this function, changes to individual finished pro
duct prices can be made. Also, modification to each pro
duct's ordering patterns may be carried out. The specifica
tion of a product's order policy is done in the form of a 
distribution and the accompanying parameter values. For 
example, suppose that orders for product number 1 are said 
to follow a uniform distribution. The MOSES user would first
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select the uniform distribution option and would then supply 
the upper and lower bounds for the distribution in terms of 
time between orders. During the simulation, the effect of 
various order pricing policies and order arrival patterns on 
the organizational cash flow can then be observed.

5.4.3 Accounts Payable
Accounts payable represents the indebtedness of an organiza
tion to its creditors, primarily suppliers in this case. How 
soon an organization pays its bills makes a difference in 
its cash flow. In the business world, there is a norm of 
paying bills within 30 days. That is, vendors typically 
expect payment within 30 days. Organizations naturally 
prefer to hold on to its money as long possible. The MOSES 
user can only specify the length of the payment period, not 
whether or not payment will be made. But, by changing the 
length of the payment period the MOSES user can observe the 
effect on the organizational cash flow.

5.4.4 Accounts Receivable
Accounts receivable represents the amount an organization's 
customers owe to the organization. As was implied in the 
above discussion regarding accounts payable, the frequency 
of the receipt of payments is random following some distri
bution. MOSES assumes that payments from customers are re
ceived according to a normal distribution. As such, the
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HOSES user nay specify the distribution's mean and standard 
deviation.



Chapter VI 
MOSES: PHYSICAL DESIGN

MOSES has been transformed from concept to reality by physi
cally implementing the ideas on a computer system. Suc
cessful implementation begins with the appropriate selection 
of computer hardware and software systems coupled with an 
effective software design process.

MOSES is a highly portable software system which will run 
on any IBM PC XT/AT or clone. MOSES users can effectively 
work with the model without having any computer-related 
skills except an ability to use the computer keyboard. The 
design of MOSES takes advantage of the inherently inter
active nature of microcomputers, providing a completely 
menu-driven interface for users. Through this interface, 
students, researchers, practitioners, and decision-makers 
interested in manufacturing systems can build and work with 
a simulated manufacturing organization without having any 
knowledge of computer programming or any skill in simulation 
model building.

MOSES has been designed for ease of use, which is espe
cially important in view of its potential users. This chap
ter describes the physical design of MOSES in terms of 
hardware, software, and user interface.

87
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6.1 EfiQflRAH M S I M
It is a well-known fact that "inspecting quality into a 
product" is not possible. While inspection is essential, the 
only place that product quality can be created is during the 
production process. The sane is true of computer programs. 
Testing and debugging are inefficient, after-the-fact, and 
uncertain processes which cannot substitute for writing a 
program correctly in the first place. Dijkstra [66] clearly 
showed that, in general, it is impossible within a finite 
span of time to test every possible case and, hence, that 
"program testing can be used to show the presence of bugs, 
but never to show their absence."

6.1.1 Structured Programming
With the above aspects of computer programming in mind, it 
makes good sense to adopt proven programming techniques from 
the project's beginning to make program development easier, 
more nearly free from errors, and easily testable. In the 
design of HOSES, the concepts of structured programming were 
used throughout to make the program logic clearly visible 
and closely related to the conceptual structure of the 
manufacturing system model.

The following important points suggested by Hill [67] 
were kept in view while developing MOSES:

1. No tricks or "clever" programming using any com
plicated constructs were employed.
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2. No meaningless jumps were used (i.e., to avoid 
"logical spaghetti" that arises from thoughtless 
jumping around).

3. The if-then-else construct was frequently used. 
This direct program structure helps to keep the 
flow of control simple and clear without any 
possibility of a jump into the structure from 
anywhere else.

4. Only simple loop structures were employed.
5. In a lengthy program like MOSES (approximately 500 

K bytes), even the judicious use of if-then-else 
and simple loop constructs could result in a pro
gram that is unreadable and incomprehensible. Such 
a situation was effectively avoided by logically 
dividing the program into a series of modules or 
procedures (subroutines and functions) designed 
such that each does a clearly defined task, as far 
as possible using only its own locally defined 
variables.

6. Meaningful identifiers were used as variable 
names. This makes the program to a significant 
degree self-documenting, so that subsequent pro
gram modification is easier because of the degree 
of understanding provided within the code.

6.1.2 Us££. Interaction
A high quality user interface is one of the strengths of 
MOSES, a crucial component because of its intended use as an 
interactive analysis and learning tool for a variety of 
user-types. It has a simple, logical, color-coordinated user 
interface which simplifies use of the model. It has both 
horizontal (LOTUS 1-2-3 like) and vertical (Macintosh like) 
menus which are extremely easy to use. The programming 
languages used to develop the user interfaces (dBASE III 
PLUS [68,69] and Turbo Pascal [70]) are totally transparent
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to the user.
MOSES represents a "spreadsheet approach" to manufactur

ing modeling and simulation. The beauty of using a spread
sheet is that changes to parameter values are immediately 
reflected in related parts of the spreadsheet. MOSES pos
sesses similar capabilities, although it is not a spread
sheet .

MOSES reduces the typical user-modeling effort by several 
orders of magnitude, allowing non-programmers to model the 
manufacturing system of any manufacturing organization. As 
was the case with spreadsheet software packages, such as 
LOTUS 1-2-3, this simplified approach to building a manufac
turing model is expected to result in a large number of 
people interested in using the tool.

User-friendly is probably the most overworked of all the 
terms applied to computing activities. It is a desired 
virtue which people generally think they understand, but one 
that is difficult to define in practice. Users of computer 
programs are often only able to offer a qualitative judge
ment about a program's "friendliness," by either liking it 
or not. While human factors researchers are currently add
ressing this situation, the variety of situations is such 
that there are no ironclad rules for writing easy-to-use 
software. As such, it is an evolving art. A great deal of 
effort has been put into MOSES to make it attractive, func
tional, logical, and easy to use.
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Ideally, a user's manual would be unnecessary. That is, 
in the best case, all the information that a user needs to 
use a particular piece of software should be implied, clear
ly shown, or contained within the program. For an inter
active program, this implies the need for an on-screen 
"help” facility capable of providing the user with readily 
accessible information about the range of possible actions, 
what is expected of him, what his options are, and what 
results he can expect from the selection of a particular 
option.

Of course, different situations require different levels 
of assistance. As such an interactive program should possess 
at least two "help" levels: (1) on-screen help and (2)
quickly retrievable help. On-screen help should show impor
tant keys and their functions. For example, might mean
"select" or "select the option specified by the cursor's 
position.” This does not mean that every useable key must be 
described, but that there are frequent occasions in which 
certain keys should be defined. On-screen help messages 
should be easily distinguishable from other on-screen infor
mation and should be accompanied by simple, one or two word 
explanations. Quickly-retrievable helps should be readily 
available on request, immediately viewable on the user's 
screen when called for, but should not force their way into 
the user's attention field unless requested. Help messages 
of this type should provide more detailed information about
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a particular option or particular section of a program. 
MOSES includes both types of user assistance, with important 
keys clearly labeled near the bottom of the screen. The more 
extensive quickly-retrievable helps are both functional and 
attractive and are described in detail later in this 
chapter.

MOSES is a completely menu-driven, self-contained pro
gram. Unlike many simulation models, no special subroutines 
or procedures need to be added before MOSES is executed. The 
process of describing a specific manufacturing organization 
does, of course, require some input. However, the input 
process is completely interactive, has simultaneous error 
checking and provides an opportunity for users to instan
taneously correct their input errors.

6.2 CHOICE. QE HARDWARE
Choosing the appropriate hardware on which to implement 
MOSES was an instructive exercise, a sort of mini-project in 
itself. The search f~r "the right hardware" started at the 
mainframe computer system level, namely with LSU's IBM 
system/370. A prototype system development effort using 
FORTRAN 77 in conjunction with ORACLE (a popular database 
software package) on the IBM VM system proved to be an 
inappropriate choice. (Note: The LSU MVS system was ruled
out because of its batch orientation.) Although powerful 
computationally, the LSU VM system environment had several
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disadvantages sone of which were severe: (1) lack of rapid
system responsiveness (due to frequent equipment overload 
and distance/network-type criteria), (2) lack of general- 
access color terminals, (3) lack of portability, (4) cumber
some "bootstrap" process (when compared to a microcomputer), 
and (5) lack of ful1-compliment of DBMS modules (screen 
generation software was not yet available).

The primary disadvantage for this project among those 
listed was the system's lack of responsiveness. While the 
LSU VM system is intended to be an interactive computer 
system, in actuality it is not (at least not sufficiently 
interactive for a program like MOSES). It was also thought 
that a microcomputer-based system would have a potentially 
broader user base.

The next logical option was to consider possible micro
computer systems. Microcomputers are available as stand
alone, desktop, and lap-top systems and can be linked to 
other microcomputers or mainframe systems through appropri
ate communication interfaces. Microcomputers have made re
markable progress in a single decade. Early microcomputers 
lacked the speed, memory capacity, and on-line auxiliary 
storage capacity for a project such as this one. But the 
situation has changed, such that 16-bit microcomputers are 
widely used and the newer 32-bit microcomputers are readily 
available.

Along with the developments in hardware capabilities of
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microcomputers, there have been major advances in micro
computer software capabilities as well. Operating system 
software, such as MS-DOS, has become nearly standardized and 
almost all the current high-level languages, including 
FORTRAN 77, PASCAL, C, LISP, PROLOG, ADA, and so forth, are 
generally available on microcomputers. Also, powerful micro
based application development software, such as the dBASE 
series, LOTUS 1-2-3, and Word Perfect, is universally accep
ted and widely used.

MOSES was developed to run under MS-DOS on an IBM PC 
XT/AT or any of the numerous compatibles. Since their arri
val on the market in August, 1981, IBM personal computers 
have become commonly used in business. In fact, their popu
larity has prompted hundreds of other computer manufacturers 
to bring out special-purpose systems which are compatible 
with and which somehow enhances the software developed on 
IBM personal computers. Over time, hardware such as this 
will facilitate the use of MOSES and will aid in further 
refinements of the software. A list of MOSES' hardware 
requirements is presented in Table 6.1, Table 6.2 summarizes 
some of the important hardware characteristics of an IBM PC 
AT.

6.3 CHOICE OF SOFTWARE
At one time, software choices were limited to a handful of 
general-purpose languages. Fortunately, those days are gone.
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Operating System: MS-DQS/PC-DOS 3.1 or later
Hain Memory: 512 K Bytes
Auxilliary Storage: 
(dBASE III PLUS)

774 K Bytes

Auxilliary Storage: 
(MOSES)

500 K Bytes

Hardware System: IBM PC XT/AT or clones with at 
least 512K Bytes RAM memory and 
at least a 10 M Bytes hard disk 
with a color monitor (optional)

Table 6.1: MOSES' Hardware Requirements

However, today's software has a variety of characteristics. 
As such, the choice of software has a profound effect on 
some of the above-mentioned characteristics considered de
sirable in a computer program. MOSES was developed using two 
of the most popular software packages available for use on 
microcomputer systems. The simulation model, the input and 
output screens, and all computations were programmed using 
the database management application development software 
known as dBASE III PLUS from Ashton-Tate. The extensive 
module menus were developed using the high-level language 
known as Pascal (sold under the trade name of Turbo Pascal 
by Borland, Inc.).

dBASE III PLUS is a flexible database management soft
ware package which has several attractive features (e.g., a
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Processor: Intel 80286
Processor Speed: 8 Mega hertz
Main Memory: 640 K Bytes
Auxilliary Storage: 20 M Bytes
Peripherals: One Parallel Port 

One RS-232 Serial Port

Table 6.2: Characteristics of IBM PC AT

database structure may be easily redefined) which makes it 
an appropriate choice for both database applications and for 
simulation modeling. As was described in previous chapters, 
one of the important characteristics of MOSES is its inte
gration of database concepts with simulation modeling tech
niques. dBASE III PLUS provides facilities for easily creat
ing, maintaining, and manipulating databases, as well as 
providing a structured, high-level programming language. 
Data definition and data manipulation commands, such as 
CREATE database, UPDATE database, DISPLAY database, and 
LOCATE a record in the database, are embedded within the 
constructs of the high-level language.

The dBASE III PLUS programming language possesses many of 
the structured programming characteristics which allow the 
programmer to follow the previously-mentioned criteria for 
good program design. dBASE III PLUS has a relatively small
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number of constructs, but the language is quite powerful 
because these constructs can be combined in many ways. 
Programs written in dBASE III PLUS are easy to read and 
understand. Without exception, the logic contained in the 
language control structures is easy to verify. Modular pro
gram development is readily accomplished in dBASE III PLUS, 
an advantage which will simplify future MOSES modifications 
and enhancements. In addition to the above advantages, dBASE 
III PLUS programs are easily debugged since the language 
executes in interpretative mode and provides useful debugg
ing features, such as an interactive debugging device.

As stated above, the MOSES interactive menus were devel
oped using Turbo Pascal. The menu-generation program created 
is a general-purpose software subsystem which accepts menu 
names as data and creates a menu of the form used throughout 
MOSES. Turbo Pascal also includes structured programming 
constructs which allows modular, easy-to-follow program 
development. MOSES' software specifications are shown in 
Table 6.3.

6.4 MBHU-DRIVEH IHPUT/OUTPUT
As mentioned previously, one of the most important features 
of MOSES is that it is completely menu-driven. Menus are 
generated by a program written in Turbo Pascal. The options 
selected are returned to the calling programs written in 
dBASE III PLUS. Figures 6.1, 6.2, and 6.3 are typical exam-
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Simulation Approach:

Access to Model:
Number of Program 

Modules:
Number of Database 

Files:
Operating System:
Languages Used:

Interactive
(batch processing allowed) 
Menu-Driven;
horizontal and vertical menus 
170

13
MS-DOS/PC-DOS 3.1 or later
dBASE III PLUS version 1.1 
Turbo Pascal version 3.1

Table 6.3: MOSES' Software Specifications

pies of menu screens used throughout this menu-driven 
program.

Note that there are only a few keys which respond to the 
options. The definitions of these keys are always displayed 
on the screen. Note also that more extensive help is 
available.

6.5 INTERAC.T.IYE SCREENS
Users work with MOSES through a series of interactive 
screens. These screens are used to provide the user on-line 
help, opportunities to view, change, and print the model 
input and the capability of viewing and printing the model 
output.
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X¥Z Penmanship, Inc., Baton Rouge, LA
Option 1 of Z

- - - - - - - - - - - - - - - - - - - - - - - - - ^EXPLANATIONS- - - - - - - - - - - -
Work with a Previously D ef ined Manufact urin g Org aniza tion

Select
4-1

UerticalHelp
<Fi>

Horizontal

l A B CPenc il Co., Shreveport, LA

Select ABC "Pencil Co. ,• S h r e v e p o r t , LA

Example
4MAIN MOSES MENUS

Add Delete Quit

Figure 6.1: Main MOSES Menu

Inventory List, Finished Product 
Inventory List, F ab ricat ed Parts 
Inventory List, P u r chase d Parts 
Inventory List, Raw Materials

Option 5 of 15

- - - - - - - - - - - - - - - - - - - - - - - - - -tEXPLANAT IONS- - - - - - - - - - - - - - - - - - - - -
Display Background Information for the Sel ected Org anizational Model

Help
<F1>

Horizontal Uertical Select

B i 1Is :of M a t e r i a l , Single-Level

l.iew"and/or print single-level bills of material (for all products)

Global
^MANUFACTURING M OD EL MENUS

Input Output Quit

Figure 6.2: Manufacturing Model Menu
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- - - - - - - - - - - - - - - - - - - - - - - ^INUENTOfW MENU>- - - - - - - - - - - - - - - - - - - - - - - -
Product Shi pping Materials I H l S l i S I  Receivin g Quit

 ----------
Fab Parts Shortage List, Uiew
Rau Materials; Purchasing,' Change-
Raw Materials Uendors, Change 
Rau Materials Uendors, Uiew 
Conponent Parts Purchasing, Change

Option 4 of 9

- - - - - - - - - - - - - - - - - - - - - - - - - - -4EXPLANAT10N»- - - - - - - - - - - - - - - -
Set Materials P u r c h a s i n g  Paraneter Ualues
Set raw materials inventory paraneter value

Help Horizontal Uertical Select
<Fi> <--> U 4-J

Figure 6.3: Inventory Menu

6.5.1 Hale. Screens
On menus which indicate the availability of function key 
<F1>, more extensive on-line help is available. This level 
of assistance, referred to earlier as quickly-retrievable 
help, is initially stored on disk. However, the help screens 
are buffered and stored in main memory during their display. 
This means that once their content is stored in memory, it 
is instantly retrievable. This program structure allows the 
on-line helps to be quickly available on request. Help 
screens can be composed of one, two, three, or four pages. 
Although only one page at a time can be read, parts of all 
the screens can be displayed simultaneously. This alerts the
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user to the availability of additional help. Figures 6.4, 
6.5, and 6.6 show help screens in the multi-page format. 
Users can "turn the pages" back and forth by using dedicated 
keys whose definitions displayed on the screen.

6.5.2 XifiH Screens
View screens are used for viewing and possibly printing the 
various model parameter values shown. They are used to 
display both input parameter values and simulation output 
results.

In a manner similar to the help screens, they are 
buffered so that up to four screens of data can be stored in 
main memory simultaneously. Storing consecutive data-filled

| r =  — ' -  ^-^MANUFACTURING MODELS - - . — . Z Z Z H Z 7
Date: 04/Z1/BB

- - - - - - - - - - - - - - - - -4Raw Materials Inventory^-- - - - - - - - - - - - - - - -
i— - - - - - - - - - - - - - - - -^Fabricated Parts Inventory^- - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - -^Purchased Parts Inventory^- - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - ^Finished Product Inventory^-- - - - - - - - - - -

Finished Product Inventory includes the entire product line 
produced by the Manufacturing organization, For each product, 
the product nunber, product description, selling price, cur
rent nuMber in stock, and desired end-of-production period 
stock level values are shoun.

The values can only be viewed in the BACKGROUND section, but 
—  can be changed through the INPUT section of the MANUFACTURING

HODEL MENU.

<PgUp> - next <Q) - quit

Figure 6.4: Multi-page Format Help Screen
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;    MANUFACTURING H 0 D E L » - = =   =
Date: 04/21/88

 -fflaw Materials Inventory^-- - - - - - - - - - - - - - - -
- - - - - - - - - - - - ^Fabricated Parts Inventory^- - - - - - - - - - - - - 1
- - - - - - - - - ^Purchased Parts Inventory^- - - - - - - - - - - - - - - - - - -
The Purchased Parts Inventory includes the names, nunbersi 
and other values for all of the organization's purchased 
parts. The order cost and annual carrying cost per unit val
ues are included in the file along with the current number in 
stocki average daily denand for the part, the quantity cur
rently on orderi and the reorder quantity.
The values can only be viewed in the BACKGROUND section, but 
can be changed through the INPUT section of the MANUFACTURING 
MODEL MENU.

(PgUp) - next (PgDn) - previous (Q> - quit

Figure 6.5: Help Screen Showing the Second Page

- J MAKl l i r Ar T i i n T k i r '  u n n t > i k _  -  m n i i u t  n w x u n i i i u  IfVULiLir—

Date: 04/Z1/88
-■fflaw Materials Inventoryk-

--^Fabricated Parts Inventoryk-
Fabricated parts are products manufactured within the organi
zation’s facilities which are used in finished products (such 
as the ballpoint writing assembly used in a ballpoint pen). 
The Fabricated Components Part Inventory file includes the 
daily demand, the annual per unit carrying cost of each fab 
part, and the in stock, in process, and desired inventory 
levels for each fabricated part.
The values can only be viewed in the BACKGROUND section, but 
can be changed through the INPUT section of the MANUFACTURING 
MODEL MENU.

(PgUp) - next (PgDn) - previous (Q) - quit

Figure 6.6: Help Screen Showing the Third Page
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screens in memory makes the process of screen recall 
extremely efficient. A single key stroke will cause MOSES to 
print a report consisting of the parameter values being 
viewed on the screen. Figures 6.7 and 6.8 show examples of 
MOSES view screens. Notice that the key definitions at the 
bottom of the screen always display the range of possible 
user options.

6.5.3 Change SgzggJig.
Change screens are used in MOSES to provide the user with 
opportunities to change the parameter values. These screens 
are designed and function in a manner that is similar to 
view screens described above, but change screens also allow

— - =̂ - -  - -  = = 4 M A R K E T I N G  - FORECASTS. . . . — -  =  ■ ■■ =
ABC Pencil Co., Shreveport, LA Date: 04/21/88
Page: 2 of 3

PRODUCT SALES HISTORY AND FORECAST 
FOR PERIOD 04/21/88 - 04/27/88

Period Length of Past Sales Data: 7 days 
Method of Preparing Forecast: Moving Average

Total — Prior Period- - - - - - - Next Period- - - - -
Product Product Data Sales Sales Sales R.M.S. Moving
Nurtber Description Periods Actual Forecast Forecast Error Periods

4 Ball Point Pen Type 11 4333
5 Fountain Pen Type B 7 3556
6 Mechanical Pencil Ty 8 4222

* Quantity Modified by the Manager

3444 * 5000 935.62 1
2367 3556 1004.16 1
5222 * 3000 909.86 1

Continued...
Prev Page Next Page Print Exit
<PgUp> < PgDn) P (Esc)

Figure 6.7: View Screen Showing Current Sales Forecast
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m n n u r  t i u i u n m u  riuu&ij Dtiuftunuumjr ■■
ABC Pencil Co., Shreveport, LA Date: 04/Z1/B8
Page: 3 of 9

UHERE-USED BILL OF MATERIALS

Part Part Fabricated/ Product Product Qty
Nunher Description Purchased Nunber Description Used
1006 SPRING Purchased 1 Ball Point Pen Type A 1

4 Ball Point Pen Type B 1
1007 INK CARTRIDGE Purchased 1 Ball Point Pen Type A 1

4 Ball Point Pen Type B 1
7 Ball Point Pen Type C 1

1008 BODV Fabricated Z Fountain Pen Type A 1
1009 CAP Fabricated Z Fountain Pen Type A 1

Continued.. ,
Prev Page Next Page Print Exit
(PgUp) (PgDn) P (Esc)

Figure 6.8: View Screen Showing Where-Used Bill of Material

the user to make changes in predefined areas of the screen. 
This is accomplished by moving the cursor to those desired 
places and then using the standard keyboard editing keys to 
enter new values.

There are essentially two types of change screens. Type 
one only allows changes in the predefined fields. No provi
sions are made to add or delete rows of data shown on the 
screen. Figure 6.9 provides an example of this type of 
change screen. The second type of change screen allows both 
changes in the parameter values as well as providing the 
capability to add or delete entire rows of data. Figure 6.10 
shows an example of this type of change screen.
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M A R K E T I N G  - M O D I F V M
ABC Pencil Co., Shreveport, LA 
Page: 1 of Z

PRODUCT SALES FORECAST 
FOR THE PERIOD 04/21/88 - 04/27/88

Date: 04/21/88

Period Length al Past Sales Data: 7 
(Used in Preparing Forecast)

days

Product Product 
Nunber Description

Sales Forecast 
(Conputed)

Sales Forecast 
(Modified)

1 Ball Point Pen Type A 3424 mm
2 Fountain Pen Type A 2902 m
3 Mechanical Pencil Type A 324S Imm
4 Ball Point Pen Type B 4333 MContinued...

Cursor Movement 
(Hone) (End)

Prev Page 
(PgUp)

Next Page 
(PgDn)

End Save 
(Ctrl)U

Exit
(Esc)

Figure 6.9: Change Screen Showing Forecast Modification

MINUENTORV - PUR CHASI NGS
ABC Pencil Co., Shreveport, LA 
Page: 3 of 7

PURCHASED COMPONENT PARTS UENDORS
Date: 04/21/88

ExpectedPart
lunber

Uendor
Nunber Uendor Nane

Uendor
Ref

Unit Price 
($/unit)

Delivery
Period(days)

1012 102 Silver Stick Conpany ERF0 0.39 5
1012 106 Mississippi Pens, Inc. USE3 0.43 4
1013 m n w o w m m S i m
1013 104 Rust Bowl, Inc. QUE3 0.24 7
1013 107 Hot Shot Conpany T7E3 0.56 4

Continued.
Insert Delete Prev Page Next Page End Save Exit
(FI) (CtrD(Hone) (PgUp) (PgDn) (Ctrl)U (Esc)

Figure 6.10: Change Screen Showing Component Parts Vendors
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6.6 PROGRAM MODULES
The design of MOSES is completely modular. Every option on 
every MOSES menu represents a separate program module. Each 
program module consists of dBASE III PLUS programming lan
guage statements with data definition and data manipulation 
commands embedded within them. A module may call other 
modules during its execution. Thus, program nesting is per
mitted during module execution. (Mote: dBASE III PLUS allows 
nesting up to 16 levels deep.)

Since program modules are stored in computer files and 
since MS-DOS files can have names only eight characters (or 
less) in length, a consistent and systematic naming scheme 
was developed to label the modules so that their functions 
could be determined easily. Otherwise, with so many modules 
(approximately 170) it would be extremely difficult to keep 
track of the code capabilities within individual modules. 
For example, file names ending in "view" (e.g., 
prodview.prg) contain the view screen modules. File names 
ending in "chng" (e.g., prodchng. prg) contain the change 
screen modules. Similarly, file names starting with “help" 
(e.g., helpglob.prg) contain the help screen modules.

6.7 PROGRAM DATABASE FILES
Database files are central to the structure of MOSES. They 
store data which define the structure for individual manu
facturing organizations. Database files are also used to
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store the intermediate and final results of a simulation 
run. Thus, there are essentially two types of database files 
employed in HOSES. The first type of database files contains 
the parameter which define the organization being modeled. 
HOSES users do not operate on these files directly. Rather, 
the files are copied into identically structured working 
files when a particular model is selected.

The second type of file is used to store intermediate and 
final results from the simulation. These files are automa
tically initialized at the beginning of each simulation run 
and may be initialized during the run, if the user so 
desires.

6.8 RANDOM SAMPLING FROM DISTRIBUTIONS. IN. MOSES 
Almost all simulation models have components which are sto
chastic in nature. HOSES is no exception. Therefore, there 
is a frequent need for the model to make random samples and 
assign values to probabilistic variables (e.g., time until 
the next order arrival, order quantity, and production down
time). HOSES includes a pseudo random number generator and 
allows the user to sample from well-known probability dis
tributions, such as the exponential, normal, and uniform, as 
well as from user-defined probability distributions. The 
MOSES design structure makes it possible for users to easily 
add additional probability distributions in the future.
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6.9 VERIFICATION
Verification is concerned with determining whether or not
the simulation program is working as intended; that is,
whether or not it is debugged. Initial verification efforts 
have included the following steps:

1. The model was coded and debugged in steps.
2. The interactive debugger was used to check the

correctness of each program path.
3. Model results were checked for reasonableness.
4. Model statistics for input probability distribu

tions were compared to tabulated data values.

While these actions do not guarantee a completely veri
fied model, they do represent a serious initial effort. 
Verification will continue as the model is used and conti
nues to evolve.

6.10 VALIDATION
Validation of such a complex manufacturing organization 
model, although admittedly important, is extremely difficult 
to perform. Model validation usually includes an attempt to 
reproduce during some period of time the performance of the 
actual system. This approach involves the validator in both 
full-scale modeling and real-data collection. Thus, in order 
to conclusively declare that the model has been validated, 
it is necessary to develop a model containing all the con-
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plexities of the real system and to run the model at full- 
scale to generate realistic output. Since such a complicated 
development project would probably never be completed, we 
are right back to square one. Thus, it should be recognized 
that this objective of proving the simulation correct can 
only be approached, not achieved [71,72].

The real purpose of a simulation model is to point the 
users in the right direction. That is, a "valid" simulation 
model should indicate correctly that if certain levels of 
changes are made, productivity or profitability will either 
get better or worse. No one can claim that simulation model 
results are precise. Nevertheless, simulation models can 
often be used successfully if they can lead users to the 
discovery of new insights about the system being modeled and 
help users foresee the types of results which are likely to 
occur under a variety of prespecified conditions. In other 
words, while complex simulation models cannot be completely 
validated, their thoughtful use over time - coupled with 
model alteration when appropriate - serves as a reasonable 
substitute.

Each time MOSES is run, a single set of simulation 
results is generated. By changing only the random number 
seed, a different set of simulation results will be created. 
This means that users have the capability of "playing the 
same hand" repeatedly and of analyzing and evaluating the 
changing results. By doing this repeatedly, one gets a sense
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of the shape of the response surface of system performance 
and some idea of how sharp the peaks and precipices are in 
that surface [44].



Chapter VII 
MOSES: IN ACTION

Both the process and the results of a sample MOSES run are
presented in this chapter. The purpose of the run is to 
briefly illustrate the use of MOSES. While demonstrating all 
of the capabilities of MOSES would require several volumes, 
this chapter is intended to provide a glimpse at how a MOSES 
user might interact with the modeling system. (Note: The
MOSES User's Guide, which is at this writing in the process
of being completed, contains numerous sample runs.)

A hypothetical manufacturing organization, ABC Pencil
Company of Shreveport, Louisiana, manufactures seven dist
inct products. These products are shown in the product list 
given in Figure 7.1. All seven products are manufactured 
using two types of parts, fabricated and purchased. Fabri
cated parts are manufactured within the organization from 
raw materials purchased from suppliers, while purchased 
parts are bought from vendors and become part of assembled 
finished products. A typical bill of materials for product 
number 3, Mechanical Pencil Type A, is shown in Figure 7.2. 
A total of 35 different component parts are required to 
manufacture the seven finished products. Production para
meters which specify the details of the ABC Pencil Company's

1 1 1
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ABC Pencil Co., Shreveport, LA Date: 05/01/88
P&^6 “ J„

PRODUCT INVENTORY LIST

Selling Carrying Current Desired 
Product Product Price Cost Number End of Prodn
Number Description ($/unit) ($/unit) in Stock Period Stock

1 Ball Point Pen Type A 5.99 0.10 4 200
2 Fountain Pen Type A 7.99 0.10 20 40
3 Mechanical Pencil Type A 4.95 0.10 42 100
4 Ball Point Pen Type B 10.99 0.10 3 200
5 Fountain Pen Type B 15.00 0.10 19 40
6 Mechanical Pencil Type B 5.95 0.10 16 100
7 Ball Point Pen Type C 12.99 0.10 8 200

Figure 7.1: Product Inventory List

ABC Pencil Co., Shreveport, LA 
Page: 1

SINGLE-LEVEL BILL OF MATERIALS
Date: 05/01/88

Product Number: 3
Description: Mechanical Pencil Type A
Part

Number
Part

Description Fabricated/Purcha
1004 CLIP Fabricated
1015 BODY Fabricated
1016 LEAD CASSETTE Purchased
1017 ERASURE ASSEMBLY Purchased
1018 LEAD GUIDE Purchased
1019 SPRING Purchased
1020 COLLETTE ASSEMBLY Purchased

Quan ity

Figure 7.2: Bill of Materials
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production processes are shown in Figure 7.3 and the pro
jected ordering patterns for each individual product are 
given in Figure 7.4. Several other parameters are required 
to completely describe the manufacturing organization for 
inclusion in MOSES. These parameters are stored in files 
similar to those described above and include the following: 
product sales history, backorder policy, information about 
purchased and fabricated parts, raw materials, vendor 
information, and production parameters for fabricated parts.

All of the above information is defined and added to 
MOSES databases through MOSES' interactive model building 
process. The model building task is managed by a portion of 
MOSES called the Model Manager, which allows users to define

ABC Pencil Co., Shreveport, LA Date: 05/01/88
Page: 1

PRODUCTION PLANNING & CONTROL PARAMETERS (PRODUCT!
Length of Production Period: 7 days 
Daily Shift Hours: 8 hours

----------  Production   Prob. of Hourly
Item Iten Prio- Rate (Hourly) Scrap Rate(X) Prodn. Down Tine

Nunber Description rity Min Max Mean StDv OH in 30Min lHr
1 Ball Point Pen 1 26 65 5.00 1.50 0.93 0.05 0.02
2 Fountain Pen Ty 1 33 56 4.50 1.20 0.95 0.02 0.03
3 Mechanical Penc 1 30 50 6.30 1.70 0.92 0.04 0.04
4 Ball Point Pen 1 28 70 5.00 1.20 0.93 0.05 0.02
5 Fountain Pen Ty 1 30 60 4.50 1.80 0.95 0.02 0.03
6 Mechanical Penc 1 30 50 6.30 1.00 0.92 0.04 0.04
7 Ball Point Pen 1 20 45 5.00 1.40 0.93 0.05 0.02

Figure 7.3: Production Planning and Control Parameters
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ABC Pencil Co., Shreveport, LA 
Page: 1

Date: 05/01/88

Time Between
iduct Product 
iber Description

---Order Arrivals---
Dist (Minutes) Dist

Order Size----
(Units)

1 Ball Point Pen Type A UNI Min = 5 .0 0  
Max = 6 0 .00

EXP Mean = 37

2 Fountain Pen Type A NOR Mean = 34 .00  
StDv = 5 .0 0

UNI Min = 
Max =

25
100

3 Mechanical Pencil Type UNI Min = 5 .00  
Max = 60 .00

EXP Mean = 67

4 Ball Point Pen Type B EXP Mean = 27 .00 UNI Min = 
Max =

5
60

5 Fountain Pen Type B EXP Mean = 4 6 .00 NOR Mean = 
StDv =

45
5.50

6 Mechanical Pencil Type UNI Min = 5 .0 0  
Max = 6 0 .00

UNI Min = 
Max =

25
100

7 Ball Point Pen Type C UNI Min = 10.00  
Max = 7 0 .00

EXP Mean = 40

Figure 7.4: Product Order Profile

new organizations, delete existing organizations, and select 
particular organizations with which to work.

Provided that the above described background information 
has already been entered, the ABC Pencil Company may be 
selected for analysis at the model manager level of the Main 
MOSES Menu (Figure 7.5). Once selected, all the information 
related to this organization is copied from disk into 
working-area files. When the loading process is complete, 
the user is presented the MOSES Manufacturing Model Menu 
(Figure 7.6). The user has several options from which to 
choose. If the user selects the Go option, the simulation 
will begin using the parameter values described previously
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- - - - - - - - - - - - - - - - - - - - - M A I N  HOSES M EN US- - - - - - - - - - - - - - - - - - - - - -
Exanple E p j p tff  Add Delete Quit

ABC Pencil Co.; Shreveport,- LA
XVZ Pennanship, Inc., Baton Rouge, LA 

Opt ion 1 of Z

- - - - - - - - - - - - - - - - - - - - - - - - - ^EXPLANATIONS- - - - - - - - - - - -
Uork with a Previously) Defined Manufact urin g Org aniza tion

Help Horizontal Uertical Select
<F1> <~+ H 4-1

Figure 7.5: Main MOSES Menu

- - - - - - - - - - - - - - - - - - - M A N U F A C T U R I N G  MODEL MENUS- - - - - - - - - - - - - - - - - - - -
Background Input Go Out put Quit

Simulation Dates
Randon Nunber Seed 
R eporting Interval

Option 1 of 3

- - - - - - - - - - - - - - - - - - - - - - - - - ^EXPLANATIONS-
Global Sinulation Paraneters
Set today's date and simulation's start and stop dates

Help Horizontal Uertical Select
<F1> M  U 4-J

Figure 7.6: Manufacturing Model Menu
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in conjunction with a number of MOSES default parameters 
values (e.g., the default simulation period is one day). In 
most cases, however, the user will not want to begin the 
simulation process so quickly. Instead, he will select one 
of the other menu options which allow him to view, change, 
or print parameter values.

If he selects the Global option, the user can work with 
such parameters as the random number seed, the simulation 
start and stop dates, and the simulation results reporting 
interval. These values may be viewed and changed.

The Background option allows the user to view the para
meter values which completely define the manufacturing 
organization. Recall that no changes can be made to para
meters through the Background option,* only viewing is 
permitted.

The Input option is where most of the "action" is 
located. One of the MOSES premises is that users are only 
allowed to make changes to the organization's parameters 
through those functional areas which control the particular 
parameters. For example, if the user wishes to make changes 
in a product's ordering pattern, he must first select 
Marketing under the Input option. MOSES is arranged in this 
fashion in an attempt to force users to realistically part
icipate in the management of the organization (and, hence, 
in the simulation process).

For this initial sample run, only two parameter values
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are changed. First, the run length is set to two days by 
selecting Simulation Dates under the Global option on the 
Manufacturing Model Menu. Second, the reporting interval is 
also changed to two days. These two changes instruct MOSES 
to simulate for two working days before stopping and report
ing the simulation results only at the termination of the 
simulation run. The first sample run (i.e., simulation run) 
is made for the current product ordering parameters. The 
ordering pattern is shown in Figure 7.4.

The simulation-run process is started by selecting Run 
under the Go option on the Manufacturing Model Menu. Once 
the Run option is chosen, MOSES simulates the activities of 
the ABC Pencil Company by performing a variety of tasks 
including forecasting, scheduling, order servicing, mater
ials purchasing, materials receiving, production updating, 
and payment receiving. After simulating two days' activi
ties, MOSES returns control to the Manufacturing Model Menu 
so that the user can view the results. Figure 7.7 shows the 
finished product inventory and order servicing situation 
which resulted from simulating the current ordering pattern 
for two days. Inspection of the tables leads to the conclu
sion that inadequate numbers of component parts and raw 
materials are on hand for this level of demand. Of course, 
dozens of other conclusions could also be made from other 
available reports.

For the second sample run, changes are made in the order-
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ABC Pencil Co., Shreveport, LA Date: 05/01/88
Page: 1

PRODUCT INVENTORY SUMMARY 
PERIOD 05/01/88 - 05/02/88

■Orders During Period--------------------  Current
Product
Nunber No.

Orders
Anount No.

Filled
Anount

Backorders 
No. Anount No.

Lost
Anount

Nunber 
in Stock

1 26 741 11 212 15 529 0 0 3
2 27 1814 1 42 26 1772 0 0 0
3 27 2083 4 42 23 2041 0 0 0
4 36 1025 1 23 35 1002 0 0 0
5 17 805 0 0 17 805 0 0 19
6 35 2302 0 0 35 2302 0 0 16
7 27 1090 8 137 19 953 0 0 7

Figure 7.7: Product Inventory Summary

ing patterns of products 2 and 4. No other parameters are 
changed. Figure 7.8 shows the parameters associated with the 
new ordering patterns for each one of the ABC Pencil 
Company's finished products. Changes are made to the pro
ducts' ordering patterns by first selecting Marketing
under the Input option on the Manufacturing Model Menu and 
then selecting Product Order Profile, Change under the 
Orders option on the Marketing Menu. Figures 7.9 and 7.10 
show this sequence. Figure 7.11 shows a change screen where 
the actual changes to the product ordering patterns are 
made. Figure 7.8 shows that the product ordering pattern 
parameters have been changed for products 2 and 4 to reflect
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ABC Pencil Co., Shreveport, LA 
Page: 1

PRODUCT ORDER PROFILE
Date: 05/01/88

Product
Nunber

Product
Description

Tine Between
 Order Arrivals---
Dist (Minutes)

 Order Size----
Dist (Units)

1 Ball Point Pen Type A UNI Min = 
Hax =

5.00
60.00

EXP Mean = 37

2 Fountain Pen Type A UNI Min = 
Max =

5.00
90.00

UNI Min = 
Max =

25
100

3 Mechanical Pencil Type UNI Min = 
Max =

5.00
60.00

EXP Mean = 67

4 Ball Point Pen Type B EXP Mean = 35.00 UNI Min = 
Max =

5
60

5 Fountain Pen Type B EXP Mean = 46.00 NOR Mean = 
StDv =

45
5

6 Mechanical Pencil Type UNI Min = 
Max =

5.00
60.00

UNI Min = 
Max =

25
100

7 Ball Point Pen Type C UNI Min = 10.00 EXP Mean = 40
Max = 70.00

Figure 7.8: Changed Product Order Profile

Inventory
Production
Accounting

- - - - - - - - - - - - - - - - - - - - - - - - - ^EXPLANATION^- - - - - - - - - - - - - - - -
Select Organizational Function For Data Entry and Mod ifica tion

Uertical SelectHorizontal
f-*Help

(Fl>

M ar k et i n g  -

IS e Lee t . * a rket mo. funct aon]

Global Background
■MANUFACTURING MOD EL MENUk-

Output Quit

Figure 7.9: Selection of Marketing Function
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Product Order Profile, Uiew 
Product Backorde r Policy, Change 
Product B a c korde r Policy, View

Opt ion 1 of 4

^EXPLANA TION S
Set Product Orders Paranete r Values

Vertical SelectHelp
< F 1 >

Horizontal

|Product Order P r o f i l e r  C h a n g e - ■ •

et tine-between-orders_-and order size paranetsr.values

Sales
^MARKETING M E N U K

Forecast Modify Quit

Figure 7.10: Product Order Profile Change Selection

^MARKETING - O R D E R S ^
ABC Pencil Co., Shreveport, LA

PRODUCT ORDER PROFILE
Product Nunber: Z 
Description! Fountain Pen Type A

Tine Between Order Arrivals (Minutes) 
Type of Distribution (UNI/EXP/NOR): j||g 

Mininun: Maxinun: ||||
Product Order Size (Units)

Type of Distribution (UNI/EXP/NOR): jj$f 
Mininun: j g j U  Maxinun: jflfgg

Date: 05/01/88

Insert Delete Prev Product Next Product Prev Page Next Page Save Exit 
<F1> (CtrlXHone) (Ct rlXPg Up) (Ct rlXPg Dn) (PgUp) (PgDn) (Ctrl)U (Esc)

Figure 7.11: Change Screen for Product Order Profile
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decline in ordering frequency.
The second sample run is initiated by first reseting the 

Simulation Dates under the Global option and then selecting 
Reinitialize under the Go option on the Manufacturing Model 
Menu. After the simulation has run for two working days, the 
results may be examined. Figure 7.12 shows the finished 
product inventory and order servicing situation resulting 
from the new ordering patterns. As is apparent, the ABC 
Pencil Company is better able to provide products at the 
reduced ordering levels.

ABC Pencil Co., Shreveport, LA Date: 05/01/88
Page: 1

PRODUCT INVENTORY SUMMARY 
PERIOD 05/01/88 - 05/02/88

------------------ Orders During Period--------------------  Current
Product
Number No.

Orders
Amount No.

Filled
Amount

Backorders 
No. Amount No.

Lost
Amount

Number 
in Stock

1 34 1178 8 54 26 1124 0 0 8
2 15 1261 5 405 10 856 0 0 2
3 30 1480 3 41 27 1439 0 0 1
4 25 792 3 213 22 579 0 0 ' ,r 0
5 18 817 0 0 18 817 0 0 19
6 30 1892 0 0 30 1892 0 0 16
7 29 1250 7 64 22 1186 0 0 0

Figure 7.12: Changed Product Inventory Summary



Chapter VIII
CONCLUSIONS AND FURTHER RESEARCH

In their 1975 ACM Turing Award lecture, Newell and Simon had 
this to say about the concept of research in the context of 
new evolving disciplines [73]:

Each new program that is built is an experiment. It 
poses a question to nature, and its behavior offers 
clues to an answer. Neither machines nor programs are 
black boxes; they are artifacts that have been 
designed, both hardware and software, and we can open 
them up and look inside. We can relate their structure 
to their behavior and draw many lessons from a single 
experiment.

As basic scientists we build machines and programs 
as a way of discovering new phenomena and analyzing 
phenomena we already know about.

In short, the objective of this research was to design 
and develop a computer-based simulation system capable of 
modeling a computer-integrated manufacturing environment. 
The model's purpose was to foster understanding of such an 
environment, to serve as an instructional and research tool 
for testing and analyzing organizational alternatives, and 
to provide an interactive, no-programming-necessary system 
for use by manufacturers. This dissertation discusses the 
need for such a model and describes the general-purpose, 
computer-integrated manufacturing simulation model, MOSES, 
which was developed to fulfill that need. (Note: MOSES is a
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copyrighted and registered computer program. Its code is not 
included in the dissertation because of its bulk and because 
of its potential marketability.)

The HOSES approach to simulation modeling is different 
from traditional approaches. While this dissertation 
discusses numerous HOSES innovations and characteristics, 
the primary contribution of HOSES is probably its conceptual 
design. In short, HOSES is simple to use and broad in scope, 
is based on mathematical and logical principles, employs 
simulation principles and database technology, and includes 
the user as a integral component of the simulation process. 
The synthesis of these factors makes HOSES a uniquely useful 
- and widely applicable - decision-support tool.

HOSES provides a vehicle for examining the manufacturing 
environment from a "total system" viewpoint. It models the 
basic functions of the manufacturing environment, simulates 
their relationships with each other, and shows the immediate 
effect of a multitude of decisions which are made with 
respect to those functions. This chapter presents the 
results of the research effort and describes the unusually 
large variety of further research possibilities.

8.1 CONCLUSIONS
This research is based on the premise that the key to the 
successful "factory of the future" lies in the thoughtful 
integration of management and technology - and that imme
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diate information interchange is a necessary condition for 
the success of such a system. For such a system to be suc
cessful, management needs appropriate tools for considering 
and checking various strategies and mechanisms and the capa
bility to alter these strategies both while the system is in 
operation and sometimes before the strategies are imple
mented.

This research investigated and determined the areas 
within the manufacturing environment where the need for 
immediate information is crucial and designed MOSES based on 
that philosophy. MOSES is not a simulation model of a tradi
tional manufacturing organization. It is a simulation system 
capable of modeling a manufacturing organization in which 
the computer is completely integrated throughout. Unlike 
traditional simulation approaches, MOSES includes mathemati
cal models throughout its structure. But the algorithms are 
applied from a new perspective. Rather than being depended 
upon, the mathematical models were included to provide 
default values which managers are allowed to override. 
Further, in some cases, multiple algorithms were provided. 
This arrangement provides the MOSES user with a management 
laboratory in which to play "spreadsheet-like,“ “what-if" 
games - both before and during the simulation process.

Another contribution of MOSES is that it takes a "total 
system" view of the manufacturing environment. Rather than 
modeling a specific part of the manufacturing system, MOSES
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takes a global view of the manufacturing organization. In 
particular, MOSES spans the organization from marketing and 
sales to accounting and shipping. The variety of additional 
research possibilities which are available as a result of 
such a model are described later in the chapter.

MOSES uses an innovative integration of database concepts 
with the more traditional computer-based simulation con
cepts. In the information-rich environment of the "factory 
of the future," all the static and dynamic information about 
the organization and organizational activities will be 
stored in databases. MOSES takes the view that the future is 
now and that the information flow between various functions 
of the manufacturing organization will be performed through 
databases. This approach of designing a simulation system 
includes the ability to provide the data in a variety of 
forms and perspectives which will someday be normally avail
able within the manufacturing organization. Only a DBMS- 
based simulation system could provide the breadth of views 
and rapid response contained within MOSES.

Another unique contribution of MOSES, which is only 
possible because of the DBMS-based structures, is its multi
function arrangement. Users of MOSES provide input to the 
system through the local, somewhat restricted views of mark
eting, inventory, production, and accounting. Viewing the 
manufacturing organization from these varied and limited 
vantage points is a psychological exercise intended to
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broaden the perspectives of HOSES users, to allow them to 
"walk in the other guy's shoes." While recognizing that 
cooperation between potentially "contentious" functions 
within an organization requires more than just understanding 
the other guy's needs, the developers of MOSES believe that 
information is a necessary first step.

This research also investigated the appropriateness of 
using techniques of intelligent simulation in developing a 
manufacturing organization model. While it is obvious that 
it is extremely difficult at this point in time to build 
such a model entirely through the use of the techniques of 
intelligent simulation, there is a great deal of promise in 
applying such techniques, especially when intelligent simu
lation concepts are coupled with traditional computer-based 
simulation methodology. Limited applications of intelligent 
simulation were incorporated into the design of MOSES. 
Investigations performed as a part of the research identi- 
fied areas where future advancements can be made.

MOSES is a completely menu-driven, interactive simulation 
modeling tool designed explicitly for the manufacturing 
environment. It removes the need of the burdensome task of 
programming in a specialized simulation language from 
managers and other potential users. Since manufacturing 
managers are often non-programmers and even more often non
simulation specialists, the structure of MOSES allows them 
to skip the program development step and to concentrate on
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the task of model building from the perspective of develop
ing accurate manufacturing environment parameter defini
tions. By using this approach, modelers can concentrate on 
the manufacturing organization and the analysis of the 
results. It is hoped that MOSES can do for the modeling of 
manufacturing systems what the spreadsheet did for financial 
planning and projection - provide a powerful and easy-to-use 
tool for end-users.

As discussed in Chapter 6, it is difficult - at least in 
short term - to validate the simulation results from such a 
broad modeling endeavor. The results have been checked 
extensively for reasonableness. In addition, the working 
model was demonstrated for several different groups of 
people - from business, from academics, and from the univer
sity's Office of Technology Transfer. In each case, the 
response was positive. While recognizing that full valida
tion is not possible, application - and modification - of 
MOSES over time will eventually result in implicit model 
validation.

8.2 FURTHER RESEARCH
MOSES is a solid beginning. It is a full circle/complete 
cycle system simulator capable of accepting orders on one 
end and shipping products on the other end. Besides provid
ing students, researchers, practitioners with a realistic 
tool for viewing the manufacturing system environment, it
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also serves as a tool for further research in the computer- 
integrated manufacturing environment.

HOSES' development is based on a new approach to simula
tion modeling. It combines computer-based intelligent simu
lation techniques with database concepts, operations 
research techniques, and heuristic methods. Its interactive 
design not only allows user interaction, but encourages it. 
That is, one of the basic premises of the model is that 
computer technology and mathematical modeling are intended 
to be servants of man, and not the other way around.

Earlier chapters showed how the current version of the 
model might be used. The next few sections of this chapter 
describe some of the potential for further research efforts 
using MOSES. These MOSES-based research projects may be 
grouped into at least three distinct, but related, 
categories.

8.2.1 Re.lationsMp Research
The first category may be referred to as "relationship 
research." A number of possibilities exist for the study and 
determination of indirect manufacturing environment rela
tionships. For example, the mathematical modeling literature 
describes numerous inventory models. The models include 
factors such as demand, carrying cost, holding cost, and 
shortage cost. Optimum order quantities (sometimes called 
"economic order quantities” or EOQ's) and optimal reorder
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points may be determined based on the modeling results. Such 
approaches, however, are not concerned with the effect of 
these inventory policies on other related and important 
aspects of the organization. For example, while demand is a 
prominent component in all inventory models, distribution 
policies which affect the length of time finished products 
remain in inventory are not. Computer-based, statistical 
experiments could be designed to determine the affect of 
various inventory policies on distribution and vice versa. 
Similar studies might be designed for many other manufactur
ing environment combinations.

8.2.2 Model Clarity Research
The second category might be called "model clarity" 
research. The development of MOSES required numerous simpli
fications to an actual manufacturing system. For example, 
the current version of MOSES includes production parameters 
which describe quantitatively the production capabilities of 
the organization being modeled. Variables such as products 
per hour and fraction of defective products must be defined. 
However, an approach such as the current one does not in
clude enough detail to study the minute-to-minute concerns 
of production scheduling, nor does it include the effects on 
other related manufacturing system functions. The need to 
add additional clarity and detail to MOSES is the second 
important MOSES-based research area.
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8.2.3 Computer-Based Enhancement Research
The third MOSES-related research category may be called 
"computer-based enhancements.” While earlier chapters 
describe the variety of capabilities of the complete, 
current version of MOSES, the system is by no means 
finished. For example, future versions of the model will
include real-time graphics that show the rise and fall of 
such key parameters as raw materials and component inventory 
levels, in-process quantities, "bottlenecks," and the organ
ization 's financial situation.

Another computer-based research opportunity is to combine 
intelligent simulation techniques with the current modeling 
approaches in at least two ways. One enhancement can be
achieved by including the manager's knowledge or perception 
about effects resulting from various decisions (e.g., the
functional relationship between the change in price levels 
and finished product ordering activities). Ideally, this 
aspect of the model should be incorporated in a way that 
makes it possible for the knowledge of the user/ manager to 
"teach" the model. A second way intelligent simulation can 
be employed within MOSES is by expanding the model's ability 
to explain. This will enhance the instructive capabilities 
of the MOSES program. When the technique is in place, a 
manager will be able to trace the levels and interactions 
between various factors which led to a particular outcome 
and may then better understand the significance of the
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parameter and its relationships with other input values.

This section describes a number of research projects which 
are direetly related to HOSES. Fortunately, there is no way 
to make the list complete. As MOSES users become more famil
iar with its capabilities and as more detail is added to the 
MOSES modeling environment, questions and research oppor
tunities will continue to surface. Still, this list is 
intended to serve as a starting point for MOSES-based,
manufacturing systems research.

8.3.1 Manufacturing Environment Relationship Research
1. The Effect of Inventory Policies on the Distribu

tion System (described earlier in this section).
2. The Effect of High Volume, Erratic Sales Orders on

the Manufacturing Environment.
3. The Effect of Forecasting Accuracy (and Inaccura

cy) on the Manufacturing Environment.
4. The Effect of Real-Time Management Overrides in a

Computer-Controlled Manufacturing Environment.

8.3.2 Model C larity Research
1. The Development of a MOSES-Based Generalized Pro

duction System (described earlier in this sec
tion ).
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2. Enhancing MOSES by Applying It.
The accuracy and usefulness of detail included in 
any computer-based, manufacturing model is depen
dent on the understanding and experience of the 
modelers. While no one can claim complete know
ledge with regard to a system such as the one 
modeled by MOSES, there is no doubt, however, that 
the experience and understanding of various users 
- if taken seriously - can further enhance the 
model. The MOSES model is founded on manufacturing 
system experience and research, but its applica
tion to real manufacturing situations not only has 
the potential to benefit the manufacturers but 
will also help to uncover possible inconsistencies 
within MOSES, as well as to point out appropriate 
additions.

8.3.3 Computer-Based Enhancement Research
1. Graphics Enhancements to the MOSES-Based Manu

facturing Simulation (described earlier in this 
chapter). Graphical displays in the form of 
graphs, charts, and plots are a much needed 
enhancement to the usefulness of MOSES as an ana
lytical tool.

2. MOSES-TEACH,' the Manufacturing Organization In
structor. The purpose of this research effort is
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to enhance the MOSES system in terms of instruc
tional usefulness. Because of its style, struc
ture, and content, MOSES could become a kind of 
"living book” on the manufacturing environment.
Currently existing HELPs describe the various
pieces of MOSES (e.g., "The Product Bill of Mate
rials is..."), but “teach" keys could be added 
throughout the system to describe possibilities 
for managers, point out key parameters to watch, 
and provide rules-of-thumb.

3. MOSES-EXPERT, Expert System Enhancements to the
Manufacturing Environment Simulator. The purpose
of this type of research is to enhance the
capabilities of MOSES by providing expert systems 
throughout. The inclusion of appropriate expert 
systems could enhance MOSES' "what if" capabili
ties and aid the heuristic decision-making 
capabilities of users.

8.4 IMMEDIATE IMP.RQgBMENTS
Viewed from still another perspective, the immediate
improvements that can be made to MOSES can be grouped into 
two, easy-to-understand categories: hardware improvements
and software improvements.
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8.4.1 Hardware Improvements
With respect to hardware, MOSES should be ported to a compu
ter system with a higher processor speed. This could dramat
ically increase the speed of individual simulation runs and 
could improve the user's analysis abilities. Few things 
annoy and disrupt users trying to analyze a situation like 
being forced to wait on a computer to respond. The typical 
result is that the user's train of thought is broken. This 
means that the net negative impact on work is much more than 
the loss of a few seconds spent "waiting for the screen." A 
thorough, well-planned study should be conducted on the 
model using a range of inputs and scenarios to assess the 
responsiveness and capabilities of MOSES.

Hardware improvements are primarily the result of the 
availability of money. New microcomputer systems based on 
the Intel 80386 microprocessor are already in the market, 
some possessing clock speeds of 20 Megahertz. Simply running 
MOSES on such a machine should provide at least a three fold 
improvement in its processing speed when compared to present 
implementations. Of course, another logical alternative is 
to rewrite the software for implementation on a distinctly 
different level of machine, such as the DEC VAX 8800 or a 
DEC MicroVAX.

8.4.2 Software Improvements
On the software side, an investigation should be conducted



into the feasibility of implementing the simulation portion 
of HOSES in a compiler-based high-level language. One of the 
features of dBASE 111 PLUS which makes it easy to debug is 
the fact that the language is interpretive. Unfortunately, 
the same feature is a disadvantage in terms of processing 
speed once the code is correctly in place. This potentially 
rather simple change has the possibility of a dramatic 
impact on the model's response time - without sacrificing 
the usefulness of the current implementation. In fact, a new 
version in the dBASE series called dBASE IV is already on 
the market. According to the literature, dBASE IV code can 
be compiled and will speed up program execution. Another 
slightly less direct strategy might be to write the simula
tion portion of the program in a completely different lan
guage (such as Turbo Pascal) and interface that language 
with the database definition manipulation commands of dBASE 
III PLUS.

In summary, HOSES is a potentially valuable tool for 
instruction, research, and industrial applications. In addi
tion, its potential for future growth is significant.
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APPENDIX A
GENERAL ASSUMPTIONS

1. The model should work with any number of independent
products within a manufacturing environment having 
limited production capacity and limited levels of raw 
materials. (Note: The number of products which MOSES
can handle is limited only by the disk storage space 
available.)

2. Each product should have its own bill of materials. 
Each bill of materials may be composed of purchased 
parts, fabricated parts, or subassemblies. The fabri
cated parts (which may be included within one or more 
subassemblies) are manufactured within the organiza
tion's production facility from raw materials pur
chased, from external vendors. Therefore, fabricated 
parts have, in effect, their own bills of material. 
Subassemblies may be purchased in an already-assembled 
form (e.g., the ballpoint/tube/ink assembly in a ball
point pen) or may be made up of a combination of pur
chased and fabricated parts. Purchased parts are 
obtained from external vendors.

3. Production processes consist of parallel or grouped 
manufacturing facilities and assembly lines. These
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groups manufacture and assemble both finished products 
and fabricated component parts. This means that MOSES 
is not concerned with the problems associated with 
product mix.



APPENDIX B
MARKETING FUNCTION ASSUMPTIONS

1. The default method of demand forecasting is a one- 
period moving average.

2. Orders may arrive at any time during the daily working 
hours. The time between orders for the individual pro
ducts and the quantity of product ordered are each 
distributed according to some standard distribution.

3. Orders are filled as soon as they are received if the 
entire order quantity is available. Once filled, the 
order is sent to shipping for distribution to the 
customer.

4. If the order cannot be filled completely from the 
stock on hand when the order arrives, it is back
ordered .
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APPENDIX C
INVENTORY FUNCTION ASSUMPTIONS

1. Purchased materials are ordered based on the purchase 
review which is done following the preparation of the 
current production schedule.

2. Purchased materials are received every day at the end 
of the day.

3. Payments for the purchased materials are made by the 
accounts payable function according to the accounts 
payable policy set in the accounting function.

4. Amount receivable for the orders filled becomes due 
according to the policy set by accounts receivable 
subfunction in the accounting function.

5. Order quantity for any purchased material is computed 
based on economic order quantity. The user can override 
this function any time.
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APPENDIX D
PRODUCTION FUNCTION ASSUMPTIONS

1. The periodic production planning is done based on the 
sales forecast, backorders, and desired quantity of 
stock-on-hand at the end of the period for production 
planning.

2. Provision is made in production planning for scrap 
during the production process.

3. Planning period can be set to any length in number of 
days and it can be different from the forecasting 
period.

4. Daily working hours are based on one shift of 8 hours 
(480 minutes). Work is planned for every day of the 
week without any holidays.

5. Weekly and daily capacity is fixed and consequently the 
hourly production rate determines the limit on the 
amount which can be produced every hour based on the 
production capacity. For now this cannot be changed.

6. Whenever there is a production update, first back
orders are filled before updating stock available.
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APPENDIX E
ACCOUNTING FUNCTION ASSUMPTIONS

1. Accounts Payable policy sets the number of days after
which payment is made for a particular account. This
time is deterministic in nature.

2. Number of days after which payment is received is
a random variable with a normal distribution.
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