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ABSTRACT

This thesis investigates the possibility of employing computer spreadsheets as a

sophisticated tool to resolve resource allocation dilemmas through simulation techniques.

Microsoft's Excel 4. 0 is used to analyzed three separate and unique resource allocation

problems. First, an inventory distribution system involving different distribution points to

illustrate the magnification of uncertainty as the distribution system is lengthened. Second,

queuing utilization problem faced by an emergency room of a hospital. The third scenario

looks at the uncertainty in financial budgeting situation as reflected in the Navy's

CHAMPUS budget. A spreadsheet macro using simu!ation techniques is created for each

scenario to illustrate that computer spreadsheets are fully capable of analyzing resource

allocation enigmas through simulation methodology.
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1. INTRODUCTION

Within the Department of Defense and business world, one facet of a manager's

success is his/her skill at formulating an appropriate balance among the scarce resources at

his/her disposal. Sagacious allocation of limited resources are paramount to the success of

a manager. Multiple methods exist and are at the disposal of a manager for guiding

him/her to the most feasible solution. One of the instruments available to the manager for

resolving a resource allocation dilemma is simulation. Simulation is a methodo' gy that

handles uncertainty and presents the manager with the best possible solution among

several feasible alternatives. The most simplistic simulation model involves elementary

mathematical equations and events that can be formulated and solved by hand. However,

most applications of simulation in a real world setting are too complex for hand

calculations and thus require the implementation of digital computers with simulation

specific software. The simulation method that is appropriate for each predicament is a

function of the complexity of the problem and the time constraints faced by the decision

maker. Hand simulation is time consuming and often impossible to solve Simulation

specific packages employing a digital computer will solve a majority of problems.

Unfortunately, simulation oriented software is not as widely applied as it can be due its

prohibitive cost or technical skill needed to develop a simulation program.

A. PURPOSE

The purpose of this thesis is to confront resource allocation through simulation

methodology by using a conglomeration of simplistic and complex methods. Digital

computer spreadsheets, which are available to virtually every manager, can be applied to

perform simulation. A link between computer spreadsheets and simulation will allow a
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broader application of simulation methodology by managers. This thesis will focus on the

methods for applying computer spreadsheet simulation for solving relatively complex

resource allocation predicaments. This study is structured to answer one primary

question: How applicable are off-the-shelf digital computer spreadsheets for resolving

resource allocation problems employing simulation methodology?

B. SCOPE

The focus of the study will be limited to discrete vice continuous simulation

techniques. The distinction between discrete and continuous systems is required because

of the entirely separate discipline existing concerning the study of continuous systems.

Models of continuous systems are an industrial process integrated over a period of time

resulting in the mathematical formulas containing differential equations. Discrete systems

involve product industries that can be quantified into discrete events thus requiring

simplistic mathematical equations. Problems requiring the application of differential

equations should be solved with simulation specific software. Thus, the analysis will be

conducted using the digital computer spreadsheet software Microsoft Excel 4. Ofor

Windows. Excel 4.0 is currently the most powerful off-the-shelf spreadsheet software

available and is compatible with other available spreadsheet software

C. OVERVIEW

In order to comprehend the simulation method, simulation philosophy will be

introduced in Chapter II. The chapter will also describe how simulation can be used as a

resource allocation tool. Chapter III introduces terms, builds upon the simulation

philosophy, and develops the methodology required for construction of simulation models.

Throughout the chapter, simulation methodology as it pertains to computer spreadsheets

will be discussed in order to develop guidelines for building models. Chapters IV, V, and

2



VI will illustrate the previous chapter's guidelines for computer spreadsheets. TI-,ce

different scenarios will be modeled and analyzed using simulation. Chapter VII presents

the conclusions of the research.
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IU. SIMULATION AS A RESOURCE ALLOCATION DECISION TOOL

Simulation methodology is one of several tools available to the manager for

providing feasible solutions to the enigma of allocating scarce resources. Before

discussing the many benefits of analyzing resource allocation problems through simulation

techniques, one must first become familiar with the alternative methods that are available

and practiced by managers. When presented with a predicament concerning the

apportionment of assets, how does a manager arrive at a decision?

A. TOOLS FOR RESOURCE ALLOCATION

A significant number of the decisions made by managecs when facing almost any

issue are founded upon his/her previous experience or intuition. A manager's experience

accumulates throughout his/her career and can originate from many sources. The acumen

of professional consultants, professional literature, and successes or failures both he/she

and his/her competitors have encounter in the past are just a few of the sources of

experience. Decisions arrived at by intuition are more difficult to rationalize. However, a

decision based on a "gut feel" has been encountered by almost everyone. Recurrently, a

manager encounters a decision that he/she has no experience to reflect upon for a solution.

What methods are available to a manger if he/she has no previous experience or no desire

to commit resources solely upon intuition?

One method a manager has at his/her disposal if he/she does not have any experience

to reflect upon is to create a knowledge base for his/her decision. Knowledge is

developed by performing experiments on the actual system that he/she lacks knowledge

and observing the responsive behavior. The system that is modeled can be any set of

interdependent elements that function within an organization to meet specific goals, i.e.,
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allocation of resources. Experiments consist of proposing and applying changes to

variables, policies, or scenarios that effect the system. The resultant consequences and

behavior of the system manipulation are analyzed and further changes are considered and

acted upon. Through these iterations of experiments, experience is developed and a final

decision or policy is settled upon.

This method, often called "trial and error," has its drawbacks. Trial and error on the

actual system can be expensive, time consuming, and even detrimental. Thus, one can

rarely perform experiments in the business world. Even if the opportunity exists, if the

system does not yet exist, experimentation is not a feasible alternative. A manager must

apply other methods to develop experience.

Analytical techniques are another method for decision analysis and involve the

application of mathematical equations that have been derived by management scientists.

The system in question is studied and a mathematical model is constructed that represents

the interactions of the system and environment. The relevant equations are solved using

simultaneous equations and calculus techniques resulting in an optimal solution. An

optimal solution is the best solution among several feasible solutions. The manager can

then institute his/her decision or policy. However, a few caveats must be considered when

a manager chooses the analytical approach. First, the system may be amenable to a

mathematical model but deriving the solution may be beyond the capabilities of the

manager or his/her staff. Second, as a model more closely simulates reality, i.e., becomes

increasingly more complex and mathematical techniques becomes incapable of fully

describing the system. Thus, another tool is required to resolve these dilemmas.

B, SIMULATION FOR RESOURCE ALLOCATION

To solve analytical enigmas, the next alternative available to managers is the world

of simulation. Simulation methodology is the development of a mathematical model or a

5



series of models that describes the behavior of a system over time. Thus, simulation is

heavily dependent upon analytical techniques and offers a method of solving analytical

problems that are beyond the manager's capabilities. Many other benefits exist with

simulation, but simulation is not an end in itself It is a vehicle from which data for further

analysis is collected and conclusion drawn. It does not replace the experience and

intuition of the manager but instead it is an augmentation to the information available to a

manager.

The two preeminent advantages of simulation in comparison to previously discussed

methods are imitation of reality and reduced expense. Imitation of reality is a key concept

and an advantage of simulation because it allows a manager to observe the behavior of a

system as he/she induces change without agitating the real system. Thus, the difficulties

encountered with actual experimentation are mitigated. The manager can now observe

behavior of a simulated system and will be able to determine the system's sensitivity to

changes in key variables, locate critical factors or problem areas, and evaluate the

effectiveness of his/her decisions. Thus, a manager can derive effective solution before the

actual implementation of an unproved policy or action. Also, during a simulation exercise,

he/she can control many features of a system that he/she would not usually control in a

real world setting. A manager can develop experience by relating known manipulation to

known results.

Concerning expense, simulation offers several economical benefits. By use of digital

computer simulation methods, a manager can evaluate alternative ways of meeting

objective in a fraction of the time that would normally be required for the long term effects

of a proposed decision to occur in time. Time is money and simulation methods allow the

manager to be in control of time. He/she can compress time so as not to wait for the

passage of time to produce results. Second, manipulation does not occur with an actual
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system in which costly mistakes and pitfalls could occur. He/she can gain experience at

the expense of a simulation model vice the organization's capital. Furthermore, if the

system is in the design stage and does not yet exist, simulation allows for cost benefit

analysis of hypothetical situations. The manger can derive an economical design founded

upon simulated results. Construction of a system need not be based upon an intuitive

guess or a faulty experience. Also, simulation produces data inexpensively which can be

used for further analysis.

Therefore, simulation is a viable and essential tool for approaching all but the most

simplistic of resource allocation problems. Simulation methodology provides the manager

with the best of all feasible alternatives without committing an organization's capital.

Additional consideration must be given to the low cost associated with simulation. The

next section discusses how a manager applies simulation as a tool.

C. SIMULATION THROUGH COMPUTERS

Assuming the manger understands the benefits of simulation methodology, how

does he/she most effectively implement simulation techniques? Simulation can range from

very simplistic methods involving the development of a solution by hand to the most

complex that require the application of digital computers and simulation specific

languages, i.e., GPSS and SIMSCRIPT to name a couple. Unfortunately, for a majority

of managers, the hand technique becomes either too complex and time consuming or the

computer oriented method is too expensive and beyond the manager's skills. Thus, he/she

must consult a simulation programming expert to solve his/her problems, if one is

available. Another approach would be the marriage of simple and complex techniques

through the application of off-the-shelf computer spreadsheets to solve all but the most

difficult simulation quandaries.
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Digital computer spreadsheets were first introduced with the development of

Visicalc by Dan Bricklen and Bob Franston in 1979 [Ref 1]. Visicalc did little more than

replace pencil and paper calculations with a computer. However, during the past decade,

computer oriented spreadsheets have grown exponentially in functionality and computing

power. Through spreadsheets, a manager has the ability to produce powerful simulation

models. All the manager needs is knowledge of simple spreadsheet procedures and an

understanding of basic principles of simulation methodology. Currently, the most popular

off-the-shelf spreadsheet software is Lotus 1-2-3, followed by Excel. Each provides

limited simulation ability by employing "what if' analysis. Thus, simple simulation is

available to anyone who owns a microcomputer and a spreadsheet package.

However, "what if' analysis is limited to a few variables and does not address time

or probabilistic issues that are essential criteria for simulation methods. These limitations

can be resolved through the purchase of inexpensive simulation "add-in" programs such as

Simulated Solution, @R!SK, or Crystal Ball, or by spreadsheet programming through

"macro" commands. Add-in programs are not widely available to most managers, but the

basic spreadsheet program is available to virtually all managers. Accordingly, Chapter III

will explore the applicability and development of computer spreadsheets for solving

moderately complex simulation problems using simulation methodology and spreadsheet

macros. In addition, guidelines for the development of computer spreadsheet simulation

models will be identified for application to other resource allocation problems.

8



MI. SIMULATION METHODOLOGY

This chapter outlines the methodology entailed when developing and applying

simulation models and digital computer spreadsheets to resolve resource allocation

predicaments. The chapter will begin by summarizing relevant simulation oriented

terminology followed by a discussion of an effective strategy for a manager who embarks

upon the creation of a simulation model. When appropriate, concepts, suggestions, and

command specific to Excel 4. 0 (adaptable to other off-the-shelf spreadsheets) will be

provided to assist a manager on his/her macro programming endeavors.

A. TERMINOLOGY

The following terms are employed throughout the course of this study and will be

defined here so as to avoid any confusion in terminology.

1. System: The system is any set of interdependent elements that function within
an organization to meet specific goals. A system may have subsystems.

2. Model: The model is an imitation of a system using formulas, logic statements,
etc., that when conglomerated represent how the system physically interacts
within reality.

3. Discrete: A discrete system has events that occur during a specific point in
time. Time is considered as a distinct unit vice continuous with events flowing
from one to the next.

4. Stochastic: A stochastic system entails estimates on the part of the decision
maker of events or variables that are random or probabilistic in nature.

5. Deterministic: When variables are assigned a single-valued estimate vice a
stochastic estimate, they are considered deterministic.

9



6. Exogenous Variable: Exogenous variables are entered into a model and are
not altered in value during the simulation exercise. An exogenous variable is
also referred to as an environmental variable.

7. Endogenous Variable: Endogenous variables that are dependent upon the
interactions within the simulation model. Their values are derived by the
model during the simulation and are often referred to as state variables.

8. Policy Variable: Policy variables are variables that obtain their value as a
direct result of the decision makers' intervention.

9. Flow Chart: A flow chart is a graphical representation using boxes and arrows
to represent events within a system as events progress through time.
Interactions between variables, environment, etc., are captured within a flow
chart.

10. Feedback: Feedback is the transferring of output back to the input so that
policy variables can be altered in an attempt to obtain a desired output.

11. Routine: A collection of computer commands that perform a function or
functions.

B. SIMULATION STRATEGY

Simulation philosophy is a methodology of approaching management allocation

predicaments. Unfortunately, there is no specific procedure that a manager can apply due

to simulation models being unique in application and must be designed anew with each

new kind of problem. However, there are commonalties between problems and models

that facilitate a strategy when a manager confronts the task of simulation. Thus, during

the construction of an effective simulation model, the person who develops the model will

proceed through a logical progression of steps. Some steps will be easier than others and

consume less time while others are more difficult and time consuming. However, all are

necessary as each step depends upon the preceding one. The remainder of the chapter will

lay out the steps required for an effective strategy when addressing all but the most

complex simulation scenarios.
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1. Define the Problem

Essential to the success of a simulation model is the definition of the problem

that the manager wishes to simulate. He/she must pose the question: "What is my

objective for the model?". The objectives must be clearly stated so that the manager or

programmer can assess the purpose of the model with its resultant desired output.

Initially, the definition may be broad, such as a plan to minimize cost with the system. As

the model progresses through the following steps, the objectives will become more

narrowly defined as different aspects and objectives are realized. However, with a defined

objective, a programmer can proceed to the next step of charting the interactions within

the system.

2. System Flow Charts

Capturing the essence of a system that is required to properly develop a

simulation model is best done through flow charts. Before describing flow charting

techniques, one must first understand basic system relationships. Figure 3. 1 illustrates the

Envirmnmen al Variable .

'aInput s PROCES

Figure 3.1: System Interactions
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interactions that exist within a system. Key to the success of the simulation model is the

proper identification of interactions shown in Figure 3. 1. The environment is beyond the

control of the decision maker but it interacts with all facets of the system and must be

understood. The decision maker controls the inpits, monitorsfeedback, and makes

decisions through policy variables. The process is the heart of the simulation model where

most of the functional interrelationships are understood and then programmed. With a

stated objective and a basic understanding of the system in terms similar to Figure 3.1, a

basic flow chart can be constructed. [Ref. 2:pp. 2-4]

The first flow chart will capture the essence and general interactions that are

involved in the system. It should be a relatively simple chart as it will become the

foundation from which all other interactions and flow charts are constructed. The first

flow chart will be the backbone of the simulation model and it is upon this that a master

control routine is created. Subroutines branch out from the master routine to perform

more specialized tasks or functions. This logic of breaking the system into one master

routine and several subroutines is ideal for "debugging" a model. The technique of

routines and subroutines is discussed later.

When developing flow charts, a manager should only consider key variables

and interactions. Once a working model is created, more complexity and realism can be

added as needed. The greater the number of endogenous, stochastic, and policy variables

included in a model, the more complex the model becomes. This results in an increase in

the time required to develop and run a simulation model. However, with an increase in

complexity the model becomes more accurate. The more accurately that the model

represents reality, the more accurate the results and the closer the simulation will be to

meeting the objectives. This trade-off between time and accuracy is partially determined

by the objectives and partially from the experience of the programmer. With the flow

12



charts drawn and thoroughly understood, the programmer continues to the next step of

simulation strategy.

3. Mathematical Modeling

Mathematical modeling often coincides with the creation of flow charts. This

occurs because mathematical models involve functional relationships where exogenous

variables (inputs) are transformed into values for endogenous variables (outputs). Also,

the functional relationships will be an integral part of the boxes within flow charts.

Mathematical modeling is also the point in the simulation process where the discipline of

spreadsheet modeling becomes a consideration. A programmer must be continuously

thinking about how he/she is going to program the spreadsheet to recreate the

mathematical and functional relationships.

During the mathematical modeling phase, a number of sources are referred to

for equations and relationships. Several equations will be used that have been created by

management scientists for analyzing a problem using analytical techniques. This is the

case for the inventory distribution and queuing models discussed in the next two chapters.

Other sources will be from the discipline from which the model is formulated such as

general accounting relationships. Other functional relationships are developed by

understanding the relationships inherent within the flow charts created for the system. The

purpose of mathematical and functional relationship modeling is to describe the system as

carefully as possible. Each equation or relationship describes a relationship between two

or more factors of interest in the system. When consolidated, they represent the flow

charts and eventually the complete system.

Critical to the mathematical modeling phase are the assumptions that are built

into the simulation model. What is considered to be generally understood and in what

situation will the simulation model be exercised? A caveat must be considered at this

13



point in the discussion. Anyone who deals with simulation must understand that the

model is only as genuine as the input and the assumptions inherent to the input. A poor

assumption will invalidate the model no matter how well the model is constructed. As the

saying goes, "Garbage in gives garbage out!" Therefore, the importance of this step in

model development cannot be over emphasized.

Another consideration that must be understood during simulation construction

is the unexpected. A model should take into account every conceivable value of the

system being considered. For simplistic models, it is easier to prevent values or place

limits within the model. For example, if the stock level in an inventory system achieves a

certain level, the simulation should perform a function or end simulation. The reasoning

behind this logic is the difficulties a programmer will encounter if a condition is forgotten

and is encountered during the simulation. Numerous hours of debugging can result from

an unaccounted value or a condition that results in misleading and invalid output.

4. Creating a Spreadsheet Simulation Macro

This step is the point of divergence from a typical approach to simulation

methodology. Instead of applying a spreadsheet to solve a simulation oriented problem,

the traditional approach is for a manager to choose hand simulation or simulation specific

computer languages to solve his/her resource allocation dilemma. If the problem under

consideration is a continuous situation vice discrete, simulation specific languages are the

optimal choice. However, the focus of this thesis is on moderately complex, discrete

scenarios that lend themselves to spreadsheet simulation. The remainder of this chapter

will be oriented towards the application of a spreadsheet for resolving of resource

allocation problems. In particular, techniques developed during this study will be

presented to the reader to augment his/her spreadsheet simulation endeavors.

14



However, before launching into the programming phase, the programmer

must become intimately familiar with the capabilities of the spreadsheet he/she intends to

employ. Spreadsheet- are not designed to be used for simulation tasks but are fully

capable to do so through macro programming. However, one must be creative in

programming the spreadsheet to perform simulation. The more that a programmer

understands the capabilities of his/her spreadsheet, the easier the task will be.

After constructing flow charts and mathematical relationships, the next task,

often the most time consuming, is the creation of the simulation macro(s) and worksheet

within a spreadsheet program such as Excel 4. 0. Careful preparation and forethought will

save the programmer several hours of debugging during the creation of the program.

However, debugging will be required no matter how efficient the programmer is. The

following paragraphs are te-hniques that will help the manager solve resource allocation

problems using Excel or other off-the-shelf digital computer spreadsheets.

a. Subroutines

To facilitate debugging, ease of understanding, and use of flow charts, a

"master" macro should be created. The master macro will control the entire simulation

process through a network of supportive subroutines. The master routine should be

constructed upon the basic or central flow chart. It should control time and its respective

iterations along with output and input of variables. The subroutines should be developed

to perform specific or several functions of the flow charts or separate blocks within flow

charts. The concept of "block-building" through subroutines facilitates debugging by

limiting the areas where a programmer must look for difficulties.

A subroutine does not have to be part of the same macro. It can be its

own separate macro that is initiated by the master or other subroutine macros. Separate

macros become a necessity with complex scenarios that require many fines of
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programming code. Otherwise, the program becomes too large, difficult to debug, and

some functions of Excel become limited or lost. Also, Excel's group editing abilities

allows the editing of several macros simultaneously, thus saving time.

b. Variables

Several techniques exist for assigning values to variables. Fo•

exogenous variables that are deterministic and not changed for different scenarios, the best

command to use is SET.VALUE(reference, values). For variables that need to be

updated during simulation and recorded in a separate location on the spreadsheet, the best

command to use is FORMULAOrormulatext, reference). Exogenous and deterministic

values that are changed by the user for different scenarios or assumptions are entered

through a function referred to as DlALOG.BOX(dialogreJ). This command •resents

the simulation user with an interaction box similar to Illustration 3.1. Dialog boxes can be

used for a number of other functions such as prompting the user for input needed for

policy variables.

..Ouly Ot.oM•,d

Delnar•l Fln•l•m'V:li*

0 2 •***
0 3 • •---.m,,• I:' •'• ............... I
0 • Ic'u•'•' I•'':: :"•'":::•:"::1
0 s •'•'•"•'• I• ....... •"•:•"1

lllustration 3.1: Sample DIALOG BOX

16

- " " • • . a l i i



Another function of Excel that is used for variable manipulation is the

IF(Iogical_test, value if true, value if alse) command. Using this command, variables

(i.e., cell reference to itself) can cumulate data when a condition is either true or false as

shown in Illustration 3.2. IF(..) is also used for stochastic events and Monte Carlo

A B C

name command comments

333 Total Type 1 =]F(Patient Type=l,Total Type l+lTotalType 1) Tally Patients

334 Total TMpe 2 =TF(Patient Type=2,Total Type_2+l,TotalType 2)

335 Total Type_3 =TF(Patient Type=3,Totail Tpe3+1,TotalType 3)

Illustration 3.2: Data Culmination

techniques. By using multiple IF(..)s, a stochastic variable that has been converted to a

cumulative relative frequency is coupled with a RAND() function to generate a random

number less that one. The MAX(numberl, number2,.) function then determines the

value. This process is depicted in Illustration 3.3.

A B C

name commands comments

67 =RAND() Determine I)aik Demand

68 =1F(BS67>,VLOOKUP(ODemand Table.4)),Demand IDemand 0)

69 =IF(BS67>(VLOOKUP( 1 ,Demand Table,4))TDemand 2,Demand 0)

70 =IF(BS67>(VLOOKUP(2,DemandTable,4)),Demand_3,Demand 0)

71 ---[F(B$67>( VLOOKUP(3,Demand Table,4)),Demand 4.Demand 0 )

72 DEMAND =MAX(B68:B71)

illustration 3.3: Stochastic Event

C Naming Variables and Locations

A powerful capability of spreadsheets is the ability to nmjnic cells or

blocks of cells. Thus, a cell that is being used as a variable can be assigned a name
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Naming should be used as much as possible to permit the programmer, debugger, and user

to better understand the program. Instead of trying to determine which cell a formula is

referenced to, a name is utilized. DEMAND and DemandTable are examples of using

names as shown in Illustration 3.3.

d Recording Data

Computer simulation involves the passage of simulated time in a

compressed format. The gathering of output statistics during simulation requires an ability

to record data either in computer memory or on the spreadsheet for further analysis. This

can be done through a couple of methods. The first is to collect data using IF(..),

MAX(..), etc., functions as shown in Illustration 3.3. The disadvantage of this method is

that the data for each particular iteration is lost. However, it is ideal for simplistic Monte

Carlo methods or for the summation of information.

The second method is to record the information in a spreadsheet matrix

format. Unlike simulation languages that support three-dimensional storage of

information in computer memory, a spreadsheet requires the recording of information after

each iteration onto the spreadsheet. This is the major difficulty that was encountered

when applying spreadsheets for simulation problems. It was not impossible but requires

some creative programming to resolve some of the perplexities encountered.

When using a matrix format to store data, one needs to have the ability

to reference a location on the spreadsheet. The OFFSET(reference, rows, cots, height,

width) command was used extensively for this function. For the reference, the comer cell

of the matrix was assigned a name for easy reference. Therefore, a two dimensional

matrix was accessible on the worksheet for data storage and manipulation.
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e. Manipulation of Time

The method by which time is controlled within the macro that controls

the spreadsheet simulation determines the foundation upon which all macros are

constructed. The idea is to move the model through time to see the dynamic behavior of

the system. The simulation begins at time zero where all parameters have their initial

values as provided by the user. As time progresses during simulation, various events

occur causing changes within the model. Thus, time is central to the simulation. Two

methods of time management were used in the examples in the following chapters.

The first method is to allot time into fixed units. Time is then iterated

using the FOR(counter text, startnum, endnum, step num) function with its

corresponding NEXTO until the user inputted time limit is reached. This was used for the

simulation of inventory distribution and financial management problems.

The second method is a "next event" technique [Ref 3]. Time is not

iterated in fixed units but instead is iterated by the time required until the occurrence of the

next event. Next event methods require more creativity in program design so that each

event can be traced with its respective information. The method employed in the queuing

examples was a two-dimensional pointer-matrix methodology Each event was assigned a

time and a pointer that maintained the location of relevant data.

f Logic Statements

For situations that require a separate set of actions based upon different

conditions, Excel offers several logic functions. For example IF(logical test),

ELSE.IF(logical test), and ELSE() allows the program to execute separate functions due

to three separate conditions. The function WHILE(logical test) with its corresponding

NEXTO permit localized iteration routines if required. Each of these functions lends

themselves to conditional requirements within flow charts.
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These above techniques are the major methods that were developed

during the creation of the models contained in the next three chapters. Other techniques

can be discovered in the program listing contained in Appendices A, B, and C.

5. Validation of the Model

Once a working spreadsheet model is created, the most difficult task for the

programmer is validation and debugging of the model. Essentially, given inputs with

corresponding known correct outputs (this can come from an organization's past data or

hand calculations) are entered into the model and the model's output is scrutinized. Other

methods of debugging also can be employed. Excel has a built-in add-in function for

debugging. This add-in permits the insertion of breaks within the macro or check points

where values of critical variables can be called up and their validity determined. Another

function that was found to be invaluable was the macro utility bar. Contained on this

utility bar is a function that allows an individual to "step" through each individual line of

the macro. Thus, a programmer can validate that every line of programming in the macro

is performing what it was designed to do. The utility bar also allows the pausing of a

macro. This facilitates repositioning of the computer display of the macro or worksheet to

check on other sections of the spreadsheet during simulation execution.

One who begins programming will learn that the validation phase is the most

difficult and rewarding. As he/she progresses through every conceivable scenario and

situation, a simulation model will be created. Often, at this point, further complexity is

added to the working model to enhance Zhe accuracy of the model until the final

simulation model is created.

6. Model Implementation

Once a model is created and validated, the model should be put to use and the

benefits of the simulation realized. Often the model is further modified to add more
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realism or to meet new objectives. One will find that the first model is the most difficult.

Fortunately, as time progresses and experience is gained, the process becomes much

easier.

The next three chapters present the application of simulation and computer

spreadsheets for analyzing resource allocation problems. Techniques discussed in these

chapters are used to create spreadsheet simulation models for three unique allocation

scenarios frequently confronted by managers. Each will demonstrate how "what if'

analysis through spreadsheet simulation can provide economical guidance to managers

when making crucial policy decisions. Spreadsheet simulation provides management with

the capability to analyze how a decision effects a dynamic system without the expense of

trial and error.

The simulation systems chosen for illustration and discussion are inventory

distribution management, queuing environment utilization, and afinancial budgeting

scenario. Before discussing each simulation model, an introduction is provided outlining

the dilemmas faced by managers and the apropos solutions provided by management

science theory concerning the aforementioned illustrations. With an understanding of the

traditional solution to each resource allocation problem, the alternative approach of

simulation will be introduced to illustrate how simulation can augment management

science theory. The logic behind each spreadsheet simulation model will be discussed

followed by scenarios demonstrating the power of each model. Each scenario's result will

be analyzed to conclude each section.
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IV. INVENTORY DISTRIBUTION MANAGEMENT

This chapter is the first of three chapters that present applications of simulation and

computer spreadsheets for analyzing resource allocation problems. The first resource

allocation to be discussed is a dilemma that often confronts managers. How to effectively

develop a set of rules and policies for managing inventory? Inventory can be best

summarized as the items that are maintained in storage to meet the immediate and future

demands within the organization or by customers. Almost all institutions possess some

form of inventory. Inventory can become extremely large and consume a majority of the

capital assets available to the manager. Therefore, the expertise of maintaining inventory

capital at a minimum while simultaneously ensuring that the demands of the organization

and its customers are satisfied is a crucial facet of a successful manager.

A. THEORY

Inventory management is an aspect of management science that has been analyzed

and documented in literature for decades Management scientists have developed several

analytical models to assist a manager in achieving a balanced and economical inventory

management system. The central thrust of these models is to apply analytical techniques

to achieve a theoretical balance between desirably low inventory levels with that of

sufficient stock to meet customer requirements. Ideally, the analytical results will allow a

sagacious manager to achieve positive customer relations and the lowest possible

commitment of assets. This requires few or no backorders with low inventory levels.

Unfortunately, analytical methods are formulated under the presumption of ideal

conditions such as predictable demand and lead time. With the introduction of reality, the

manager must augment an ideal solution with experience or other methods to obtain an
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efficient inventory system. It will be shown that spreadsheet simulation can be a valuable

tool in enhancing a manager's experience.

Before introducing inventory simulation, a manager must understand inventory

management theory. The overall objective of the analytical method is to achieve the

lowest commitment of assets. The commitments of capital in the form of costs are as

follows:

1. Holding or carrying costs that are essentially the expenses of physically having

an inventory within the organization. Examples of these costs are floor space,

insurance, and obsolescence. Holding costs do not include the actual value of

the inventory. [Ref. 2 :p. 56]

2. Ordering (or setup in a production environment) costs that are incurred with

each decision to order (or produce) more inventory. Examples of these costs

are clerical costs associated with processing an order, shipping cost, and

material handing costs once the order is received, or the costs of restarting the

production line after a temporary shut-down. [Ref. 2:p. 57]

3. Stockout cost that consists of forgone profit, lost sales, or the cost of an

emergency order associated with the inability to meet customer demand when

an item is not available. This cost is the most difficult to estimate and oflen is

the most expensive. [Ref. 2:p. 57]

Once a manager has assessed the costs involved in maintaining an inventory, an

understanding of how the costs interact is required to illustrate the purpose of analytical

techniques. The first interaction is that holding and order costs move in opposite

directions. Assuming ordering costs are greater than holding costs, a manager who makes

large orders will decrease the total cost of ordering. However, large orders result in

higher inventory level, thus increasing holding costs to the point that will eventually
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exceed the benefit of reduced ordering costs. The second interaction is that stockout

costs will decrease as order size increases but are more a function of the reorder point vice

quantity. If a manager maintains his/her inventory levels low to reduce holding costs, the

potential exists to order too late, resulting in items being out of stock with a

corresponding exponential increase in stockout costs. These conflicting interactions lead

the mangers to ask themselves two questions: How much should I order? and When

should I order?

The traditional method in management science for resolving the manager's questions

is to apply analytical techniques referred to as the Economic Order Quantity (EOQ)

model. This model, with algebra and differential calculus, will identify the most

economical balance between order quantity and reorder point. However, as previously

discussed, adding more realism and complexity to a scenario will result in the traditional

analytical methods of analysis becoming prohibitively difficult to apply, even for

professional mathematicians and statisticians. Thus, to cope with reality, managers rely

upon experience to determine a sufficient safety or buffer stock. However, a buffer stock

result in a higher reorder point and excess inventory. Determining the level of safety is not

an easy task because the best set of rules often cannot be established in advance. The

rules for determining an appropriate safety stock must often be arrived at through the

process of trial and error. However, by applying simulation and spreadsheet analysis, a

significant reduction in the costly methods of guess work and trial and error can be

achieved by the manager.

B. INVENTORY DISTRIBUTION SIMULATION

The inventory distribution system model that was developed using Excel 4.0 is

designed to simulate a typical factory to dealer distribution system with multiple levels of

warehouses. A discussion of the logic behind the model is included in this section. A full
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listing of the model's macros and comments are provided in Appendix A. The model is

designed for analysis of multiple scenarios. A relatively simplistic model consisting of one

dealer with non-probabilistic lead and demand times demonstrating EOQ theory can be

analyzed. Additionally, the model is capable of allowing the user to analyze extremely

complex scenarios with up to three warehouses, probabilistic demand and lead times, and

continuous involvement by the user. Complex scenarios illustrate the difficulty of applying

EOQ techniques for achieving optimal solutions. Many different aspects were considered

and included within the spreadsheet model. Furtn -noditications to the macros can be

performed to include any degree of realism within the simulation. However, the extent of

modifications to the model for further capturing the richness of a real-world situation

should not be so complex that the user cannot understand or appreciate the spreadsheet

simulation model for analyzing a managerial problem.

Before constructing the inventory distribution simulation, one must first determine

the obiectives of the model. What do we wish to examine? The following model was

designed to analyze inventory level, backorder and cost behavior that are the critical

aspects of inventory management system. A model that demonstrates these behaviors will

augment a manager's policy concerning when and how much to order under different

scenarios.

With the model's objectives in mind, a number of flow charts were created to build

and chart the sequence of events that were required to properly understand an inventory

distribution system. The first flow chart developed gives a broad summary of how orders

generated by the customer are received by the dealer and then progress down through the

distribution system to the factory. The result is merchandise being provided to the

customer. This progression of orders from the customer to the factory is illustrated in

Figure 4. 1. The flow of events is different if less than three warehouses are included in the
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simulation. Instead of the orders and inventory flowing between warehouse #3 and the

factory, this event may occur between warehouse #1, #2 or more, depending upon the

number of warehouses simulated.

--- 4 Deaer arehuse aftry

Eme L Lz z

Figure 4.1: Inventory Flowchart

The flow of events is a generic representation of inventory distribution systems

which can be found in the private sector or military logistic supply systems. For example,

the supply department on a ship performs the same function as a dealer in the private

sector. The shipboard supply department receives customer demand from the onboard

customers it was designed to serve, such as O-level maintenance facilities.

Key to the flow of events is the treatment of "time" within the model. For an

inventory system, time is a fixed unit. Thus, each iteration through Figure 4.1 is the

passage of one time unit and all other elements are treated as variables. On the other

hand, a queuing model, which follows this chapter, treats time as a variable with other

elements being fixed. Thus, time becomes the critical element in the development ,.,*

simulation model and will lead to vast differences between models.

To simulate an inventory distribution system with time as a fixed unit, one

worksheet and six macros were created within Excel 40. The worksheet is a place holder
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for the data and graphs created by the individual macros. The worksheet accesses the

macro by two macro command buttons. One button begins the simulation routine, while

the second transfers the data to the graphs for analysis. The six macros perform the actual

computational work of the simulation. Five of these six macros are for each of the

inventory management centers depicted in Figure 4.1 except that the customer is included

within the dealer macro. The sixth macro is the master macro that controls the process of

interactions among the five individual inventory management macros and is the first macro

to be executed when the user begins the simulation from the worksheet

As shown in Figure 4.2, the first action by the master macro is to display an initial

input dialog box requesting information on inventory status and policies such as reorder
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Figure 4.2: Master Macro Flow Chart

point, order quanity, holding costs, etc. This is the information required for performing a

simulation. Additionally, the number of warehouses desired and how much user

involvement is needed during the simulation is requested by the input dialog box. Options
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of involvement range from none, with the exception of initial data, to complete control

requiring every decision to be made by the user during the simulation. Once the master

macro has the information required to perform the simulation, it begins an iterative

process of progressing through each macro as shown in Figure 4.2.

If startup iterations are desired, the master macro will iterate without any user

involvement thus producing random inventory and backorder levels. This option is useful

for the full involvement scenario as it adds another level of complexity to the problem.

Once the initial data and startup segments are performed, the macro begins an iterative

process for the number of days requested by the user. The master macro's first step in the

iteration is to call upon the dealer macro that initiates the inventory distribution process.

When the dealer macro returns control to the master macro, an iteration is complete and

time is incremented by one unit. The process then repeats and continues until the number

of iteration days is complete. The last function of the master macro is the transferring of

data back to the worksheet.

The dealer macro initiates the inventory distribution system. It, along with each of

the warehouses, has virtually the same flow chart of events occurring as illustrated in

Figure 4.3. The first calculation that is performed by the dealer but not the warehouse

macros is to calculate customer demand that is either probabilistic or deterministic. With

demand known, the macro will then fill any backorders if inventory is present. What is left

of current inventory is applied to the customer's order and if insufficient, a backorder log

is developed. With the remaining inventory, the macro makes the determination if

inventory is below the reorder point. If this is the case, an order is placed at the

warehouse. The order will be received by the first warehouse depending upon the lead

time that is probabilistic or deterministic. Even if there is no order placed, the dealer

macro calls upon the warehouse macro at this point to permit updates of the warehouse
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and factory inventory levels. The last function of the macro is to determine if a previous

order has arrived. If so, it is the added to the inventory.

The warehouse macro differs from the dealer macro in that it does not calculate

customer demand but instead receives its orders from the dealer. Furthermore, each

warehouse will call upon the next warehouse in the distribution chain or the factory,

depending upon the number of warehouses in the simulation.
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the decision to place an order, the factory macro makes the decision to either startup or

shutdown production. The same logic as reorder point is applied. Production will begin

when inventory level depletes below a certain level and production stops when inventory

exceeds a certain level.

Common to the entire macro chain is the concept of macro nesting. This means that

customer's order precedes through the inventory management system in a linked like
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manner. The order starts at the dealer on Day I and continues through the warehouses

reaching the factory at an unpredictable date. This time-delay effect on each inventory

management point amplifies the uncertainty in customer dem, ." and illustrates the need to

use simulation models to examine the effect of different inventory policies at different

management points. Once at the factory, the order reverses direction back to the dealer as

illustrated in Figure 4.1. Another element of the system is that each successive iteration

within the model is the passage of one time unit that equates to a single day. However,

the user can assume any length of period as long as input data regarding demand rates,

lead time, cost parameters, and so forth are appropriately scaled. The output will then

reflect the time unit chosen by the user.
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Figure 4.4: Factory Macro Flow Chart

C. SCENARIOS

With an understanding of the logical progression of events and how functions of

each macro, four different scenarios will be analyzed to demonstrate how the simulation
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spreadsheet model can be used to augment the manager's expertise concerning inventory

management. Each scenario could be solved using analytical and hand simulation

techniques. However, as the level of complexity increases, it becomes apparent how a

computer spreadsheet facilitates multiple "what if' analysis in a fraction of the time

required to obtain one analytical answer. Each simulation will be a dynamic system

showing the interactions and oscillatory behavior typical of a dealer to factory inventory

distribution system over a sixty day period. Sixty days with initially low levels of

inventory are chosen to force an oscillatory behavior to occur early within the simulation.

The purpost of each scenario is to demonstrate how the spreadsheet simulation technique

can be applied to illustrate oscillatory behavior and derive possible optimal solutions vice

gathering reams of data.

The oscillatory behavior may be transparent to a manager involved with only one

aspect of the distribution system. He/she may not appreciate how small changes in retail

demand often create large swings in factory production and warehouse inventory that far

exceeds the fluctuation of retail demand. These fluctuations can be quite costly due to

employment instability, over capacity, and high inventory levels. Through simulation, a

manager can manipulate variables without experimenting on the actual inventory levels

He/she will see how simple changes in variables and policies can have dramatic effects

upon the system as a whole. The three scenarios chosen manipulate variables only

slightly, yet each has its corresponding oscillation.

The first three scenarios will begin with the same initial data but will have varying

levels of complexity. The first two will involve no user involvement with the exception of

entering initial data. The first scenario will have only one warehouse between the dealer

and the factory while the second will have three warehouses. The third scenario will also

have three warehouses but will demonstrate the maximum complexity capable of the
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simulation model. There will be ten startup iterations to allow for random levels of

inventory and backorders. Additionally, all orders and factory production decisions will

be decided upon by the user during each iteration. The fourth scenario will be similar to

the second but instead lead times will be significantly reduced. This reduction in lead

times will demonstrate a Just-In-Time (TIT) inventory distribution system. The results of

each simulation scenario are discussed in each section and complete output graphs are

provided in Appendix A.

1. One Warehouse, No User Involvement

For each of the four scenarios, the same initial input data was used as shown

in Table 4.1. The initial reorder points and quantities are chosen to be large and late so

that an initial oscillatory behavior is demonstrated early within the model. Furthermore,

the factory's inventory level is twice that of the others to absorb the initial surge in

demand. The factory's production rate is sufficient to exceed demand, therefore providing

an illustration of startup and shutdown events at the factory.

TABLE 4.1: INITIAL INPUT DATA

Dealer Warehouses Factorv

Beginning fnventory 50 50 I00
Reorder Level 25 25 *

Begin Production Level * 35

Stop Production Level 100

Amount of Order 25 25 25

Rate of Production 30

Holding Cost $.10 $.10 S.10
Order Cost S20 S20 *

Setup Cost SIMO
Shortage Cost S50 SSO S50

Having only one warehouse between the dealer and the factory is the simplest

of the four scenarios, thus one would expect very little oscillations. This would be the
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case if demand and lead time were not probabilistic. A simple EOQ calculation would

allow the dealer and the managers of the warehouse to determine economic order point

and level resulting in relatively stable inventory patterns. However, all four scenarios have

both demand and lead time being probabilistic as provided in Table 4.2. The latter column

of relative frequency lead times was used in the final scenario to represent a JIT

environment.

Having probabilistic demand and lead times without user input results in

multiple orders being placed before receiving any shipments from previous orders. This is

the primary reason that large oscillations in inventory levels occur as illustrated in Figure

4.5.

TABLE 4.2: DEMAND AND LEAD TIME FREQUENCY

Demand Relative Frequency Lead Time Relative Frequency
4 20 1 20/90
5 20 2 20110:
6 20 3 20/0
7 20 4 2":
8 20 5 20/0

Additionally, even after achieving large inventories by day twenty, strong

demand with corresponding late ordering again results in a depletion of the dealer and

warehouse inventory by day thirty. Consequently, the dealer and especially the warehouse

develops significant and expensive backorders. By altering the reorder point and levels, an

optimal solution can be obtained. However, by adding levels of warehouses to the

scenario, the difficulty in predicting demand and oscillatory behavior make obtaining a

solution even more illusive.
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Figure 4.5: Scenario I--Inventory Level with Probabilistic Demand and Lead Time

2. Three Warehouses, No User Involvement

By adding more warehouses to the scenario, the oscillations in inventory

levels permeate throughout the inventory management system and are significantly more

pronounced as illustrated in Figure 4.6. The fluctuations are similar to a one warehouse

scenario. However, with three warehouses, the increased interdependence compounded

with probabilistic lead time result in inventory level rapidly depleting to zero. These low

inventory levels cause several 1: ackorders and a corresponding increase in overall cost for

this inventory distribution scenario. So, how should the managers reduce costs?

The complexity of Figure 4.6 fully demonstrates the difficulty of applying

traditional analytical techniques to derive an economical solution. By understanding the

behavior of the system through simulation with graphical outputs, the manager can

develop and test policies in an attempt to reduce cost. The display of inventory levels in

Figure 4.6 reveals some inventory patterns. First, all three warehouses rapidly deplete
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inventory to zero as the dealer and warehouses quickly order to increase inventory. A

policy to resolve this dilemma would be for each warehouse to have a higher reorder

point. Another apparent pattern is that the factory's inventory is decimated as all three

warehouse order simultaneously. Additionally, the factory rapidly cycles through the

phases of production. Solutions to these difficulties range from producing larger

quantities with corresponding long shutdown periods or by decreasing production rate.
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Figure 4.6: Scenario 2--1nventory Levels with Probabilistic Demand and Lead Time

To test these possible remedies, many "what if' analysis can be performed to

find the most economical policy for each warehouse, the dealer, and the factory. These

particular scenarios assume that order and order points were set and did not change during

the simulation. The next scenario will demonstrate the increased complexity involved

when each manager attempts to maintain an inventory at a level that mitigates backorders

when faced with random demand.
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3. Three Warehouses, Full User Involvement

With the exception often startup iterations, this scenario differs from the

previous scenarios in that the program does not automatically reorder for the dealer or

warehouses nor does it automatically start or stop production at the factory. As the

simulation iterates through each successive day, the user must make the decision to order

or alter factory production based upon inventory level and demand. The dealer and

warehouse managers will try to keep their inventories at a sufficient level considering

average demand. If inventory levels begin to fall below a desired level the manager will

order extra units above his/her sales rate to rebuild the inventory. Conversely, he/she will

reduce his/her order rate if inventory level becomes too high. Accurate prediction is

limited due to probabilistic demand and lead time. The dealer can estimate demand to stay

within a certain range. However, the warehouse managers will find it difficult to predict

how much the previous person up the chain will order and when. Additionally, whenever

an order is placed it can arrive up to five days later thus giving the potential of zero

inventories with corresponding backorders.

The resultant inventory behavior of the three warehouse scenario with user

involvement is illustrated in Figure 4.7. Oscillatory behavior is still present but the initial

fluctuations are due to the beginning inventories being artificially low for the

corresponding demand. Furthermore, the ten startup iterations developed random

inventory levels and backorder and do not allow user intervention. The first twenty days

demonstrate low to zero inventory levels as the dealer and the warehouses build inventory

to approximately one hundred units. Furthermore, inventories do not increase until

factory production is sufficient and inventory arrives according to probabilistic lead times.

Once inventory levels are stable, the demand upon the warehouses diminishes.

The managers then begin reducing inventory to a more optimum level of approximately
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eighty. However, warehouse #2 and #3 waited too long and allowed inventory to

depleted to zero and incurred momentary backorders. The practice of reducing inventory

levels to reduce holding cost without continuous orders leads to the oscillatory behavior.

Running this simulation for a greater period would allow each manager to determine an

appropriate reorder point and quantity at the least cost.
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Figure 4.7: Scenario 3--Inventory Levels with Probabilistic Demand and Lead Time

In this scenario, it is cheaper to have an abundant inventory to minimize cost.

However, scenarios with increased holding costs will make it more difficult to predict

which policies will give the optimal solution. Additionally, a JIT model will illustrate that

reduced inventory are more economical. The benefit of the simulation model is to

demonstrate the difficulties involved with maintaining an inventory distribution system but

allows the managers to experiment with different decision options and evaluate the

potential consequences. The three-dimensional graphs illustrate the oscillatory behavior of
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a distribution system and give the manager an appreciation of the dynamics and

interactions involved between each of the individual units.

4. Three Warehouse, JIT Environment

When a JIT environment is simulated, the difficulty in predicting lead time by

the manager is mitigated, allowing for more stable inventory levels. An examination of

Figure 4.8 reveals that inventory levels remain relatively constant. The occasional jump

shown by
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Figure 4.8: Scenario 4: Inventory Level Under ,lT

the dealer and warehouse #3 are a result of lead time being two days vice one. Therefore,

inventory level is below the reorder point two days in a row and subsequently two orders

are made. The resultant double order by the dealer causes warehouse #1 to face a

backorder with its high penalty cost.

A drawback of the depicted JIT scenario is that the multiple orders cause the

overall cost of the system to gradually rise. This could be solved by varying order points
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and levels to achieve a more economical solution. However, the point of this scenario is

to have the same initial data as the other scenarios for comparison. Furthermore, the

predictable behavior of Figure 4.8 is the crucial aspect of JIT that should be understood by

a manager. The predictability allows a inventory distribution manager to derive a superior

inventory policy. This is one of the reasons that many organizations, including Navy

Depots, are converting to a JIT inventory distribution system. This is especially the case if

holding costs far exceed ordering costs.

Each of the above scenarios illustrate the benefits a manager can derive from

spreadsheet simulation modeling of an inventory distribution system. The next chapter

will demonstrate how spreadsheet simulation can augment a manger's ability to analyze

resource allocation within a queuing environment.
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V. QUEUING ENVIRONMENT UTILIZATION

As with inventory management, effective allocation of resources within a queuing

environment is another challenge often faced by managers. A queue, or waiting line, is the

accumulation of customers, products, etc., at a holding station that are awaiting service or

processing within a system. Any institution that provides services or engages in

manufacturing and faces the possibility of an item waiting in line deals with some form of

queuing utilization. Inventory, for example, is provided to the customer by a server. If a

sufficient number of attendants are not available to the customer for delivery of

merchandise, excessive queues develop and the customer will seek service elsewhere. The

manager may have determined the optimum stock levels required to prevent stockout but

his/her analysis would be incomplete if the queue consists of people. If the queue is too

long, customers waiting in line would become dissatisfied with the system. The result is

lost sales that are the equivalent of stockout costs in an inventory environment. Thus,

another facet of a successful manager is the ability to make crucial decisions in the realm of

queuing theory.

A. THEORY

Queuing discipline can be approached in many ways with as many corresponding

solutions as demonstrated in the previous chapter on inventory management theory. The

most rudimentary approach for determining the number of servers or processing stations

required for the expected demand is to use trial and error methods. By changing a few

parameters and observing the results, a manager can determine the most economical

balance between desired service capability and customer waiting time. As the system

increases in complexity, it often becomes impossible to achieve an optimal solution through
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trial and error techniques. Furthermore, if one is designing a new system, such as the

number of registers to install in a grocery store, it is not economical to render a guess as to

an optimal solution. Therefore, other methods are required such as analytical and

simulation techniques for solving more complex scenarios. However, one first must

understand some basic aspects of queuing theory as developed by management scientists.

In discussing queues, several common terms are used. A queue is that part of the

system where units are waiting service. The server is the person or device that performs a

service to the units waiting in the queue. The system itself consists of all queues and

servers. Channels are the lines within a system that can be simple in nature with a single

line or more complex with multiple channels. The number of servers contained within a

channel are referred to as phases. As with channels, a simple system will have a single

phase while more complex systems contain layers of servers or multiple phases. Another

term common to queuing systems is balking. Balking occurs when queues become too

long and the customer chooses not to wait in line. He/she either seeks service elsewhere or

comes back at another time. To determine when balking occurs is often difficult to

estimate but critical to the design of a queuing system. [Ref. 2:pp. 172-174]

With a knowledge of queuing phraseology, one must also understand queuing

discipline. What is the sequence of events within a queue and how are these events

distributed with respect to time? Common to most queues is the design of the system that

provides service to the first item within the queue or sometimes defined as "first come, first

served." Other service philosophies can be used in the design of a system such as assigning

categories to items in the queue and serving some categories above others regardless of

when they entered the queue. Given a service philosophy, one can assign the proper

distribution of events in relation to time. The best approach is to observe the actual system

in operation over the period of time that analysis is desired and simulate arrivals to fit the
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observed pattern. If this option is not available or it is a new system, other models are used

within queuing simulations. For arrival rates, a Poisson distribution with its corresponding

negative exponential probability of arrival has been found to fit a majority of arrival

patterns. If a Poisson arrival distribution is not appropriate, another approach is to model

arrivals through a normal or uniform distribution. For service times, observation is the best

choice. r-owever, a normal distribution is often used if an observation is unavailable. If a

more appropriate distribution function exists, it can be used to model service time.

In choosing the number of servers in a model, one must be careful not to allow

arrival rate to approach service rate. As arrival rate nears service rate, an exponential

relationship occurs resulting in chaos and the queuing system collapsing upon itself This

potential exponential growth in the queue often does not occur in the real world due to the

onset of balking significantly before model failure.

Once the parameters are chosen and the system is properly modeled, the approach

offered by management scientists for developing an optimal solution is the application of

analytical techniques. As with inventory management, analytical techniques consist of

several formulas that provide an understanding of the behavior of the queuing system.

Through the behavior of a system, the cost involved in providing the services can be

minimized. The costs that must be considered are:

1. Service costs. These are the expenses a manager must consider in providing the

desired service. These costs include the cost of the material required for

providing the service as well as the salary of the employee.

2. Wailing costs. These expenses are faced by the manager when units are forced

to queue as they await service. These costs include opportunity costs as well as

balking costs.
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Service costs are often easy to calculate but waiting costs can be much more illusive.

Furthermore, waiting costs can sometimes ba inappropriate such as with a hospital

environment. Instead of placing a value on human life that would occur with balking and

possible death, a minimum service level is determined and used to obtain an optimal

solution. However, even with a thorough understanding of the queuing formulas, many

queuing systems are too complex to be solved using traditional analytical techniques.

Thus, one must pursue simulation methods to derive an optimal solution.

B. QUEUING SYSTEM SIMULATION

The queuing system that was simulated using Excel 4. 0 is a highly complex analysis

of a hospital emergency room. The hospital emergency room that was modeled includes

multiple phases and multiple channels. The complexity is further compounded by using a

modified "first in, first serviced" philosophy by accounting for patients who need immediate

care. The arrival rate of patients employes a Poisson distribution that varies over time.

The number of nurses and doctors in the emergency room for treating patients varies

during time to deal with changing levels of staff workload during a day. Additionally, five

different patient types are considered to model varying levels of treatment and service rates

by the nurses and doctors.

To solve this queuing problem and multiple "what if' scenarios, one could use

analytical techniques. However, deriving an analytical solution would consume vast

amounts of time. An analysis of a one week scenario using the model developed took

approximately thirty minutes on a high speed personal computer. Performing several "what

if' scenarios consumed several hoirs and illustrates the benefit of computer simulation.

Furthermore, as with the inventory model, several parameters can be manipulated within

the model to simulate different scenarios. A full listing of the program with comments is

provided in Appendix B.
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The primary challenge in the design of a spreadsheet queuing model is how to

account for the sequence of events in relation to time. Unlike the inventory model, time is

not a fixed event to which all other events are linked. With a queuing system, time is a

variable that is controlled by all other events and is governed by a "next event" discipline.

For each iteration, the model does not increment time to determine what happened during

the fixed time unit but instead asks the question, "What happens next?". To use the

technique of "next event" timing, the model iterates time backward instead of forward.

Each event is assigned a completion time that is incremented to zero by another event's

completion. The event whose time is closest to zero is the next event to which action

occurs and triggers all other events.

To catalog events and their times of action, events are classified as either primary or

secondary. A primary event causes action to occur in the model such as arrival of a unit or

the completion of service. Secondary events, such as entering or leaving a queue, are a

direct result of primary events. Additionally, the occurrences of primary and secondary

events result in the scheduling of other primary and secondary events in a chain-like

manner. To fully understand this concept requires the use of a flow chart that depicts the

passage of a patient through the emergency room as illustrated in Figure 5 1 Flow charts

PtetDetermine 23. Registe (____lrrive- P - Queue PReatiite
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Figure 5.1: Chain of Events for a Patient
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are also provided for each primary event with its corresponding chain of secondary events.

Rounded rectangles within Figure 5.1 contain the three primary events that occurr within

the the hospital emergency room. The three primary events that can occur with each

patient are the arrival to the emergency room, the completion of registration by a nurse and

the completion of treatment by a doctor. Several secondary events occur as a result of

these primary events but first a discussion of Figure 5.1.

Figure 5.1 shows the chain of events that occur for each individual patient within the

hospital emergency room. The first primary event to occur is his/her arrival. The chain of

events for the primary event of a patient arrival is illustrated in Figure 5.2. A Poisson

arrival distribution was used to simulate arrival rate. Other arrival distributions could be

modeled through the altering of a few programming lines in the spreadsheet macro. For
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Assig __________ ______Assign~7Docto • 4[Norse

Figure 5.2: Primary Event-Patient Arrival
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"next event" time philosophy, a secondary event is to calculate the arrival of the next

patient. Each arrival to the emergency room was calculated using a negative exponential

distribution. The parameters for the calculation are time of day and mean arrival rate. This

calculated arrival time is used as a count down time for the next patient's arrival. Another

secondary event is the determination of the patient medical classification or type. This

value determines if the patient goes straight to the bed queue (open wounds, i.e., type 1) or

to the registration queue (less sever cases, i.e., types 2 - 5). Within each respective queue,

a determination is made as to whether a nurse or doctor is available respectfully. If either is

available, the patient is removed from the queue and is assigned to a server. The nurse or

doctor is then assigned a normal distribution treatment time based upon patient type.

The next primary event to occur is that of a nurse completing registration of a patient

with its corresponding secondary events as illustrated in Figure 5.3. The first secondary
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Figure 5.3: Primary Event-Nurse Completion
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event is to collect data on the nurse's service (i.e., time spent with patient, etc.) followed

by a freeing of the nurse for further patients. The registered patient is sent to the bed

queue and is assigned a doctor if one is available. The free nurse is assigned to another

patient if one exists in the registration queue. If assigned, a service time is determined as

previously discussed. The service time is used for the next event analysis.

The final primary event within the model is the completion of service to the patient

by the doctor. The secondary events are shown in Figure 5.4 with the first event being the

Tally
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Figure 5.4: Primary Event-Doctor Completion

tallying of doctor statistics. The doctor is then freed for treating further patients. The

information on the treated patient is transferred to a location of the spreadsheet for later

analysis. The final event is to check if another patient is in bed who needs treatment. If so,
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the doctor is assigned a completion time as previously discussed with the time being used

for next event analysis.

By understanding the primary and secondary events within the hospital emergency

room, a spreadsheet simulation model can be developed. Similar to the inventory model,

one must first establish the objectives of the simulation. The primary objective of the

model is to collect a number of statistics that can be analyzed by the user to determine the

behavior of the system and facilitate human resource (i.e., doctors and nurses) allocated

and assignment decission. Another objective is to provide a number of options to the user

to accommodate "what if' analysis. The spreadsheet model that was developed allows a

number of different choices for optimization of hospital queuing problems. Choices vary

from the number of nurses and doctors available (up to four each) with their respective

shifts to the number of beds available (up to ten). With the provided statistics and by

varying the available parameters, an optimal solution can be obtained.

Some of the aspects of queuing discipline are not built into this model but could if so

desired by changing a few lines within the macro. Balking was not addressed since few

people have the choice of multiple hospitals or the ability to leave. Additionally, since this

is a service scenario where lost sales are not the concern but instead adequate services is,

costs were not analyzed. The purpose of the model is to determine the appropriate service

time taking into consideration the patient load by varying the number of beds, nurses, and

doctors.

Before demonstrating the capabilities of the queuing simulation model, a few key

differences exist between the queuing model and the inventory distribution model and

should be understood. The first key difference is how time was managed as previously

discussed. Second, since the queuing problem does not contain separate levels of

management (i.e., factory, warehouse, and dealer), the spreadsheet model did not initially
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lend itself to the creation of completely separate macros. Instead, one large macro was

programmed with several subroutines nested within the one macro. If desired, each

subroutine could be developed into a separate macro. However, during the initial

development it was found easier to work within one macro. As the complexity of the

model was increased, the size of the individual macro grew. Towards the completion of

the model, some of the advantages to a single macro were lost such as the inability to

further name cells or use Excel's macro debug add-in. Therefore, if designing a more

complex model or modifying this one, it would be advantageous to separate the macro into

smaller macros.

To begin all scenarios, the user integrates with the queuing macro through a master

worksheet in the same fashion as the inventory model. Dialog boxes will ask for initial

input and the model will begin simulation. All pertinent data is transferred to the

worksheet at the completion of the simulation.

C. SCENARIOS

With an understanding of queuing philosophy and "next event" time management,

two scenarios will be simulated to demonstrate the fuill capability of the spreadsheet

simulation model that was developed using Excel 4. 0. Each will illustrate the benefits of

using simulation for determining an optimal solution in a complex queuing environment in a

hospital emergency room. Even if an optimal solution is not desired, a manager can pose

"what if' scenarios and study the behavior of the queuing system. He/she can than make

changes to the system to meet his/her desired objectives.

Without using simulation, a manager or director of a hospital emergency room would

have few options for determining how many nurses, doctors, and beds are required to meet

the anticipated patients' arrival rate. One option would be trial and error. His/her first

iteration would be to compensate: the demand by over-staffing the emergency room with
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doctors and nurses for several weeks. After several weeks sufficient data would

accumulate allowing the manager to make further iterations by reducing staff size. His/her

primary goal is the providing of adequate service with minimum patient waiting over a

twenty-four hour period. After several months, the manager will achieve the service he/she

desires. Unfortunately, with a changing environment and the practice of fluctuating staff

size being economically unfeasible, the manager will view trial and error methods as a less

than optimal approach. The following scenarios will illustrate how simulation is a far

superior method than trial and error.

The first scenario will analyze the aforementioned trial and error method in that the

manager approaches the problem by over-staffing the emergency room. During a one week

period, ten beds, four nurses, and four doctors will be available full time to treat the

patients in the emergency room. This simulation will show a gross under-utilization of the

facilities. However, the simulation will provide the best service available and can be used

as a point for other simulations. The second simulation will be a compilation of several one

week simulations. Many "what if' scenarios will be simulated by varying the number of

servers and beds available. Each change will be based upon the utilization and queuing

results of previous scenarios. The goal of the second set of simulations is to obtain an

optimal balance between adequate service and server utilization in a hospital emergency

room. Also, another criterion will be to ensure that few patients wait for the use of a bed.

For all scenarios, the patient arrival rate was based upon a Poisson distribution with

mean arrival rate varying during the day as shown in Figure 5.5. Treatment time was the

same for each nurse and doctor and modeled upon a uniform distribution. The distribution

of time varied by patient's category with a lower, upper, and standard deviation as shown

in Table 5.1. Within the spreadsheet model, all of these values are inputted by the user and
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can be changed to reflect actual data. To allow comparability between scenarios, only the

numbers of beds, nurses, and doctors are altered.

Mean Time
Betweenl 0.3.

Arrivals in
Hours 0.2

0.1'

02

Time of Day in Hours 24

Figure 5.5: Patient Arrival Distribution

TABLE 5.1: PATIENT CATAGORIES AND TIME DISTRIBUTIONS

Patient Description % of Total Lower Upper Standard
Category Deviation

1 Open Wounds 8 0.25 0.35 1.0

2 Closed Injuries 13 0.20 0.30 1.0

3 Multiple Trauma 33 0.15 0.25 1.0

4 Visceral Complaints 20 0.10 0.20 1.0

5 Chronic Complaints 26 0.05 0.15 1.0

1. Full Services with No Optimization

As one would expect, under a full service environment with the given patient

arrival rate as depicted in Figure 5.5, an under-utilization of the emergency room's

facilities occurs as shown in Table 5.2. To understand the utilization rate of the emergency
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room facilities, one must understand the simulation model. The model is designed to seek

the nurse or doctor who has been without a patient for the longest amount of time resulting

in the patient load being relatively evenly distributed among the staff. Having staff only

TABLE 5.2: SCENARIO 1-SERVER UTILIZATION

Nurse Utilization Doctor Utilization Bed Utilization

1 17.65% 1 14.79% 1 38.37%

2 7.03% 2 12.96% 2 19.07%

3 11.75% 3 10.66% 3 5.88%

4 11.49% 4 13.39% 4 0.82%

5 0.13%

6,7,8.9,10 0.00%

utilized less the 19% of the time is not economical to the hospital. For bed utilization, the

model tries to fill whichever bed in not in use starting with the first bed and progressing to

the tenth bed. Therefore, from Table 5.2, one can observe that only five beds are required

with the fourth and fifth being used less than 1%. Table 5.3 provides other pertinent

statistics of the full service queuing model. All show gross under-utilization of facilities.

TABLE 5.3: SCENARIO I-SYSTEM UTILIZATION

Average Patients in System 1.125 Patients

Maximum Time in System 28.53 Minutes

Average Registration Oueue Length 0.00 Patients

Average Time in Registration Queue 0.00 Minutes

Maximum Time in Registration Queue 0.00 Minutes

Percent Who Wait for Registration 0.00 %

Average Bed Queue Length 0.00 Patients

Average Time in Bed Queue 0.00 Minutes

Maximum Time in Bed Queue 0.00 Minutes

Percent Who Wait for a Bed 0.00 %
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From this simulation, the manager can understand much about the behavior of

the system that will be used in further simulations. First, reduce the number of beds

available from ten to at least five. One must be careful though because as the number of

servers is reduced, the bed usage will correspondingly increase. The second behavior is the

utilization of nurses and doctors. From this simulation, a manager can reduce the available

resources by at least one nurse and one doctor. Ideally, he/she can reduce the staff to one

nurse and doctor during off hours with augmentation of two or three of each during peak

hours. All of these "what ifs" will be analyzed in the next section.

2. Limited Service with Optimization

The following scenario is a product of several "what if' scenarios. This

process took several hours of computer time but it is still significantly more economical

than trial and error methods over several months. The final values of utilization for nurses,

doctors, and beds are based upon the author's judgment of what is believed to be an

optimal solution. A professional hospital administrator would be able to apply this model

to an actual hospital emergency room to which he/she could achieve an optimal solution

based upon his/her expertise.

The final number of nurses, doctors, and beds that were modeled was two, two

and five respectively. A nurse and doctor were available twenty-four hours a day while a

second nurse and doctor were assigned during peak hours from 0800 to 1600. The five

beds were available during the entire twenty-four hours. Table 5.4 presents the utilization

of the emergency room facilities. The nurse's and doctor's utilization increases

significantly from the first scenario but they are not over-utilized. Table 5.5 presents the

statistics for the queuing environment. The length of time in the system along with the

number of patients in the system increased but not to unreasonable values. Additionally,

nobody had to wait for a bed and that was one of the criterion of the system.
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TABLE 5.4: SCENARIO 2-SERVER UTILIZATION

Nurse Utilization Doctor Utilization Bed Utilization

1 38.62% 1 40.35% 1 42.78%

2 30.70% 2 33.89% 2 23.31%

3 6.71%

4 1.14%

5 0.36%

TABLE 5.5: SCENARIO 2-SYSTEM UTILIZATION

Average Patients in System 1.354 Patients

Maximum Time in System 72.05 Minutes

Average Registration Queue Length 0.106 Patients

Average Time in Registration Queue 1.992 Minutes

Maximum Time in Registration Queue 35.800 Minutes

Percent Who Wait for Registration 31.21%

Average Bed Queue Length 0.00 Patients

Average Time in Bed Queue 0.00 Minutes

Maximum Time in Bed Queue 0.00 Minutes

Percent Who Wait for a Bed 0.00 %

Even with the above results, a manager must understand how those results are

derived. These values are based upon a one week scenario derived from probabilistic data.

Therefore, there is a range of randomness that exists which can cause some values to

fluctuate. In Figure 5.6, the number of total patients in the system is illustrated. A number

of peaks exist which do not necessarily correspond to the patient arrival rate as illustrated

in Figure 5.5 or the number of nurses and doctors available. With probabilistic scenarios,

patients will sometimes arrive only a few minutes apart leading to a temporary overload of

the servers resulting in queues. This is the cause for a number of the peaks shown above
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Therefore, like an inventory management system, a hospital manager can include safety

buffers within his/her ideal solution. Extra beds could be positioned in the emergency room

and nurses and doctors can be put on call to handle unexpected increased workloads.

Even with an understanding that simulation methods do not produce a perfect

answer, simulation does provide guidelines and an understanding of the behavior of a
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Figure 5.6: Patients in the Hospital Emergency Room

queuing system. Instead of the expensive approach of trial and error, a manager using a

queuing system can apply simple modeling techniques to understand the behavior of a

system and arrive at a plausible solution. Juxtaposing the solution with the manager's

professional expertise will result in the optimal policy for a queuing environment. The next

chapter will demonstrate how a manager can not only use spreadsheet simulation for

inventory and queuing problems but also for approaching complex financial dilemmas.
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VI. FINANCIAL BUDGETING

The previous two chapters focused on how spreadsheet simulation can be employed

to resolve two very specific resource allocation predicaments: inventory distribution and

queuing utilization. Not all managers will be confronted with either of these unique

management dilemmas. However, virtually every manager is faced with the prospect of

justifying his/her need for financial resources in the future. In corporate America and the

Department of Defense, financial capital is a scarce resource that must be pleaded for and

then allocated within an organization. The allocation justification process is an estimate,

often itemized, of expected income and expense for a given period in the future or more

succinctly known as financial budgeting. Estimation is the relevant term in the definition

of budgeting that lends financial budgeting as an apropos subject for the discipline of

simulation. Thus, this chapter will focus on resource allocation as it pertains to financial

budgeting which is another facet of a successful manager's prowess.

A. THEORY

The creation of a financial budget is an integral part of any organization that will be

confronted by every manager who is responsible for financial capital. The manager's

performance is frequently judged upon his/her ability to submit a budget to management

and then stay within its limits. Therefore, the methods employed by a manager when

designing his/her segment of the budget is crucial to his/her viability as well as to the

organization. Unfortunately, many aspects of budget formulation are not easily quantified.

Interrelationships among cash flow items are not always clear, the operating environment

is often turbulent, and predicting the future based upon historical data, trends, and

managerial judgment are just a few of the factors that must be considered when a manager
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takes on the task of budget formulation. So how does a manager create a budget and how

can spreadsheet simulation simplify his/her quandary?

This chapter will assume that the reader understands basic budgeting methodology

as only a few budgeting concepts that are relevant to the discussion will be introduced.

There are essentially three levels of budgeting complexity [Ref 2:p. 80]. The first is the

most simplistic and is the foundation for the other two levels. This foundation level of

budgeting is applicable to situations that entail little uncertainty in quantifying income or

expense and in predicting the future. The manager will often employ a spreadsheet to

develop the budget. He/she will categorize income and expenses onto the spreadsheet and

project into the future. The summation or bottom line for the year constitutes the

manager's budget. Therefore, the manager is using simple deterministic estimates to

create a budget. This is called line item budgeting in the L. ,siness world. This method is

frequently appropriate for many situations within a business. However, with more factors

considered or a larger fraction of the business included in the budget, the line item budget

becomes too inaccurate. Management will then cross into tne second level of budgeting.

The second level of budgeting increases in complexity because it employs

mathematical relationships to quantify interactions between variables. By identifying

casual relationships, the manager accounts for important functional relationships among

variables and significantly incr,'ases the accuracy of his/her budget. Mathematical

relationships between different aspects ,•ra business vary but are often segmented into

fixed and variable costs. Fixed costs are similar to values used in line item budgeting.

They are those that are part of the production expense that will occur even if no products

are produced such as equipment depreciation. Thus, fixed costs do not vary during the

year and are easily quantified. However, with variable costs, the manager's experience

becomes a factor. An example of a variable cost is the expense of producing one product
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such as the materials within the item. The manager's experience is required for variable

costs because he/she must predict how many products will be produced. However, similar

to line item budgeting the values that are included in formulation of the budget are still

deterministic. Thus, the prediction about the future fails to quantify the uncertainty

relating to the future. This is the key weakness of this method of budgeting. To resolve

this dilemma, a manager will evoke the third level of budgeting.

The third level of budgeting is the most complex and is the point where spreadsheet

simulation becomes essential to the solution. The third level employs probabilistic

techniques to quantify uncertainty associated with future events. The remainder of this

chapter will focus on how a second level spreadsheet budget can be augmented by

simulation for a more realistic budget. However, there will never be a 100% correct

answer because one can never fully predict the future.

To understand how simulation can be of benefit to the manager in the budgeting

process, one ,must first be introduced to Monte Carlo methodology. The Monte Carlo

technique can be defined as a method where a stochastic variable is assigned a value for

use in a calculation by drawing a random value that is correlated to the probability

distribution of the variable.

The Monte Carlo concept is best comprehended by a simplified example. A

manager is requested to estimate sales of a particular product based upon his/her collective

experience. He/she provides an optimistic prediction of 1000 units and pessimistic value

of 500 units with a uniform distribution between these extremes. From this information, a

uniform distribution is created that can be used in a Monte Carlo simulation. The

pessimistic value is assigned a value of zero while the optimistic value is assigned a value

of one. A random number is then generated between zero and one. If the random number

was 0 3, a ratio between 500 and 1000 units will results in 650 units of sa!es.
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The above example is a simplistic example of the Monte Carlo method but it

illustrates the essential steps. First, a probability distribution is assigned to the variable of

interest. There are several distributions to choose from such as uniform, triangular,

normal, Poisson, and tabular to name a few. What distribution is best must be determined

by collecting previous data that is normally surmised into a frequency distribution that can

be correlated to an appropriate distribution. An appropriate caution must be stated before

preceding any further. A significant assumption has been made when assigning a

probability distribution based upon historical data. Monte Carlo methods are founded

upon the assumption that the historical data with its corresponding distribution are in fact

a true representation of the variable's interaction in the past and can be projected into the

future. Otherwise, the model will produce results that are misleading and of no benefit to

the analysts.

If the variable of interest is not quantifiable with past data, the probability

distribution must originate from the manager. He/she must either estimate what he/she

believes are the pessimistic, optimistic, and most likely values or chance occurrence for

each range of possible values for each variable. This is not an easy task but it surpasses

the alternative methods of intuition or trial and error,

The second step of the Monte Carlo method is to assign the probability distribution

a corresponding range of values from zero to one. The third step is to generate a random

number from zero to one that is then applied to the probability distribution for a

corresponding value that is then used in further calculations.

The fourth step is to perform steps three and four several times to allow the law of

averages to work. The result is a range of values for the value of interest or objective

variable such as total budget, net present value, etc. This range of values is then tabulated

into a frequency distribution from which further analysis can be performed The frequency
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distribution is the paramount benefit of the Monte Carlo technique. Instead of one

deterministic result, a range of values is presented to the manager that give the probability

of achieving the objective. Thus, the manager can make a budgetary decision with

significantly more confidence than the deterministic approach.

Thus, Monte Carlo methods offer several benefits to the manager when he/she is

confronted with a complex financial budgeting dilemma. He/she can assign due weight to

uncertain quantities and relationships vice relying totally on one deterministic value.

Additionally, he/she has more information from which to base his/her decisions.

Furthermore, Monte Carlo methods are relatively inexpensive to perform and can be easily

adapted to a computer spreadsheet from which most budgets have their origins. The next

section will discuss how a spreadsheet can be programmed to perform M, nte Carlo

simulation.

B. MONTE CARLO SIMULATION

A computer spreadsheet is relatively easily programmed through a macro to employ

the Monte Carlo methods. The macro that was created with Excel 4. 0 is much less

intricate than the two previous chapter's macros and required the least amount of time to

create. The only real difficulty encountered during programming was the creation of a

method for the macro to be dynamically linked to the worksheet through variable names

and cell reference without explicitly using the worksheet's name so as to make the macro

applicable to any appropriate spreadsheet. Therefore, the Monte Carlo macro is

fundamentally different from the inventory distribution or queuing utilization macros and

can be applied to any spreadsheet that has probabilistic parameters with a desired

objective. The macro has more applications than just financial budgeting and this makes it

the most universal of the three macros developed during this study
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A caveat must be understood before discussing the model. Monte Carlo simulation

is not simulation in the same sense as inventory or queuing simulation. When a manager

employs Monte Carlo methods, the results of the simulation are a frequency distribution of

possible eventual outcomes that can be analyzed and used for decision analysis. However,

this method does not demonstrate the behavior of the system as it changes over time

which is the essential element of the previous two chapters. Therefore, Monte Carlo

simulation is not true simulation but instead a sampling technique for determining

probabilistic values for a crucial variable. These values can then be used in a true

simulation model for a more realistic behavior analysis.

The development of the Monte Carlo macro begins with a flow chart that identifies

key interactions within the model. Figure 6.1 depicts the events in the macro that begins

with the identification of essential parameters and retrieval of data from the worksheet if it

was previously saved. The next chain of events is to assign probabilistic variables on the

spreadsheet with a respective probability distribution. Four distributions are offered in the

macro: uniform, triangular, normal, and tabular. Excel 4. 0 is capable of several other

distributions that can be programmed into the macro if so desired.

The next sequence of events is the heart of the Monte Carlo method. A random

number is generated for each variable that is used to determine the variable's value from

its corresponding probability distribution. After all variables have been assigned a value,

the objective variable is recorded and relative frequency data is tabulated. This process

repeats itself for the number of iterations chosen by the analyst.

Once the iterations are complete, the model transfers input data and the output

statistics for further analysis to the worksheet if desired by the analyst. The worksheet is

also returned to its original state by changing the manipulated variables to their original

values. The Monte Carlo analysis of a worksheet is then complete.
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Key to the accuracy of the simulation is the number of iterations that were

performed by the macro. There are no rules of thumb or mathematical methods for

determining the number of iterations required to achieve accurate results. However, a

method can be employed to ensure that results are consistent. First, the simulation is

performed with a few iterations around a wide range of possible objective results. The

resultant upper and lower limit from this limited simulation is then used in the next

simulation run in which significantly more iterations are performed. A third run using

more iterations is then compared to the second run. The frequency distribution

comparison of each run should not be significantly different when plotted on the same

axis. If they are, more iterations are required until the distributions are relatively equal.

With a Monte Carlo macro developed, the manager is ready to embark upon

financial budgeting using Monte Carlo methods. To apply the macro, a few concepts must

be built into the worksheet which contains the budget information. First, all essential

variables that affect the objective must be included on the worksheet. Second, for each

essential variable, it must be classified as either state, policy, or environmental. State and

policy variables are not pertinent to the Monte Carlo macro. Environmental variables are

the variables for which a probability distribution must be determined and modeled by the

Monte Carlo method. The third step is to create the worksheet based on the previous two

steps. Essential to the creation of the worksheet is to ensure that all variables and the

objective are linked by formulas. Thus, as the environmental variables are changed by the

macro, the objective also changes and statistics can be generated.

The above concepts are required for the proper execution of the Monte Carlo

macro. The macro will perform the simulation with any worksheet designed in this

manner. It does not have to be a financial budgeting scenario. Also, if one understands

how the macro interacts with the worksheet, he/she can speed up the initial variable entry
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process. The macro communicates to the user through dialog boxes. For each variable, a

dialog box requests either the variable's cell location or name. The name function on the

dialog box provides a list of all names for the worksheet. Thus, by naming all the

environmental variables, the analyst does not have to search though the worksheet to

locate a cell reference.

The Monte Carlo method and macro have now been introduced To fully appreciate

the benefits that can be rendered by these techniques, a financial budgeting scenario is

modeled and simulated in the next section.

C. SCENARIO

The Department of Defense application of the Monte Carlo simulation method that

was analyzed was the 1974 through 1976 budget of the Civilian Health and Medical

Program for the Uniformed Services (CHAMPUS). All of the information that will be

presented is derived from Maassen and Whipple [Ref. 4] and the following analysis does

not attempt to verify or repute the reported results. Additionally, some simplifications

were made to the worksheet so as not to make the model too complex.

Illustration 6. 1 shows the budget for CHAIMPUS as estimated for 1974 through

1976. A simplification of the derivation of the values included in Illustration 6 I is present

in Illustration 6.2. The 54 shaded areas on Illustration 6.2 are the environmental variables

that are linked to Illustration 6.1 by the italicized variables. They affect the total budgeted

obligation on Illustration 6.1 which is the objective value. The methods which the Navy

used to derive these values are rudimentary and therefore lead one to question their

accuracy. Additionally, the derivation of some of the values was not explained by

Maassen and Whipple [Ref 4].

For the straight line projection environmental variables, the values are based upon a

determination of the percentage change that occurred during the previous year, 1973 No
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forecasting techniques were employed and the projection was held constant during the

three years that were estimated in the budget. Inflation is also based upon a one year

trend. The inflation that was experienced during 1973 was calculated and projected to be

the same during the next two years with no inflation in the last year. The methods from

which population was calculated were not provided by the reference.

The Monte Carlo financial budgeting scenario was performed by assigning

probabilistic distribution to the forty-eight variables with total obligations as the objective.

Since neither historic data nor CHAMPUS manager experience was available, there was

no accurate method to determine appropriate distributions. Instead, reasonable variations

around the actual values were used with uniform, triangular, and tabular distributions.

This method demonstrates how a spreadsheet and Monte Carlo method can be applied for

financial budgeting which is within the scope of this thesis. There was no attempt made to

design a better CHAMPUS financial budgeting system which would require an anlaysis of

sufficient historical data.

Figure 6.2 presents the frequency distribution for 500 and 750 iterations. The

distribution appears reasonably stable thus sufficient iterations were performed. The

distributions do not reflect any resemblance to factual data since the inputs were only

theorized. However, Figure 6.2 does show the benefit of Monte Carlo simulation.

Instead of the deterministic values of $527,383 as provided in Illustration 6.1, a range of

values is depicted. For example, there is approximately a 80% chance that total obligation

will exceed $580,000 while only a 20% chance that it will exceed $780,000. Furthermore,

even though the inputted values are not factual but only a variation of the deterministic

values, the probability of achieving a budget of $527,383 is less than 10% in this scenario.

This may explain why CHAMPUS consistently exceeds budget every year. The benefit of
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this information is enormous. A manager does not have to base his/her judgment solely

upon a single value but instead can weigh the probability of achieving a goal based upon a

frequency distribution.

This scenario illustrates the benefit of Monte Carlo simulation in financial budgeting.

As stated previously, this macro can also be applied in many other resource allocation

scenarios. i is applicable to situations that involve uncertainty that can be reasonably

quantified such as capital investment scenarios. The next chapter presents the summary

and conclusions for this simulation method as well as the previous two chapters'

simulations.
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VII. SUMMARY AND CONCLUSIONS

The overall purpose of this study was to explore the possibility of applying digital

computer spreadsheets as a sophisticated tool for resolving resource allocation enigmas.

This involved a general discussion of simulation as a resource allocation tool and the

methodology required to adapt a spreadsheet as a viable simulation device. To illustrate

spreadsheet simulation, three separate and unique resource allocation scenarios were

analyzed.

An inventory distribution system was the first allocation dilemma that was

simulated. Several spreadsheet macros were created to fully analyze the behavior of the

complex system. Microsoft's Excel 4. 0 was fully capable of the simulation task and many

techniques that were created were used in the next two scenarios.

The second scenario was a queuing utilization analysis of a hospital emergency

room. This model proved to be the most difficult to adapt to a spreadsheet due to the

requirement of maintaining a vast data base on present and past events. However, through

creative programming techniques, the spreadsheet was also capable of queuing simulation.

Financial budgeting through Monte Carlo methodology was the final simulation

scenario analyzed. Adapting the spreadsheet for this scenario was the least difficult of the

three. The result of Monte Carlo simulation is not true simulation as the produced result

is a probability distribution vice a system behavior analysis. However, the Monte Carlo is

the most adaptable of the three models as it is not as specific in design as the previous two

models. It can be applied to a wide variety of resource allocation models.

Simulation methodology for resource allocation is no longer limited to those who

have access to simulation specific computer software. Spreadsheets, that are available to
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virtually every manager, can be programmed in simulation methodology to analyze all but

the most complex resource allocation enigma.
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APPENDIX A

INVENTORY DISTRIBUTION OUTPUT AND MACROS

SCENARIO ONE-ONE WAREHOUSE, NO USER INVOLVEMENT

Initial Data Dealer Warehouse Dealer

Beginning Inventory 50 50 100

Reorderr/Begin Production Level 25 25 35

Stop Production * 100

Amount Order/Rate of Production 25 25 30

Holding Cost $0.10 $0.l0 $0.10

Order/Setup Cost $20 S20 S100

Shortage Cost $50 $50 $50

Inventory

1071
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SCENARIO 2-THREE WAREHOUSES, NO USER INVOLVEMENT

Initial Data Dealer Warehouse Dealer

Bzginming Inventory 50 50 100

Reorder/Begin Production Level 25 25 35

Stop Production * 100

Amount Order/Rate of Production 25 25 30

Holding Cost $0.10 $0.10 SOlO0

Order/Setup Cost $20 S20 S100

Shortage Cost $50 $50 S50

Inventory

soDU.

Inventory~~~ [Ae 0t o

Dd.

473



Backorder
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SCENARIO 3--THREE WAREHOUSES, FULL USER INVOLVEMENT

Initial Data Dealer Warehouse Dealer

Beginning Inventory 50 50 100

Reorder/Begin Production Level 25 25 35

Stop Production too10

Amount Order/Rate of Production 25 25 30

Holding Cost So. 10 $0.10 $0.10

Order/Setup Cost $20 $20 S100

Shortage Cost S50 S 50 $50

Inventory

1600
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Backorder

1600

145 0

111

200
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SCENARIO 4-THREE WAREHOUSES, JIT ENVIRONMENT

Initial Data Dealer Warehouse Dealer

Beginning Inventory 50 50 100

Reorder/Begin Production Level 25 25 .35

Stop Production * 100

Amount Order/Rate of Production 25 25 30

Holding Cost $0.10 $0.10 S0.1O

Order/Setup Cost S20 $20 SlOE0

Shortage Cost $50 $50 $50

Inventory

Inventory LAveI 0

om~

05

177
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E FG H I J K 7 L
1 DIALOGS i ____ I

23 & i
24 j 121 73 926 335 1 Initial Iteration and Policy Variables Da,
25 3 i816 21 88 I !DONE
26.13 18 30 Ask for Individual Data During Iteratio FALSE Prompt Individual
27 13 18 152 Change Daily Dealer Demand 'FALSE Change DealerDemand
28 13 118 7 Allow Screen Updating (Slows Simulati FALSE Screen Update
29 5 43 80 Number of Ward== (MAX 3)
307 18 77 17 6 Warehouse Number

31 14 410 11 348 96 Iteratiom During Simulation
32 13 Pron for Each Time Iteration FALSE Prompt lteration
33113 Run a Startup Iteratiuon FALSE P Start Iteratiuon
3415 1442 61 1 Number of Iterations
357 1684 54 50 5Iterations
365 [442 80 1 Number of Startup Iterations
37 7 1684 78 50 1;0 Starup Iterations

38 14 18 151 279 169 Dealer Policy Variables
395 28 173 Beginning Inventory
40 7 200 171 175 50 DealerBI
415 528 198 1 Reorder Level
42 7 200 195 475 i25 Dealer--L
435 28 222 7 5 Reorder Quantity
44 7 200 219 75 I 125 1 Dealer RQ
45 5 128 246 1 iHoldingCost
46 8 200 243i75 0.1 Dealer HC
47 5 28 268 i Ordering Cost !
48 8 200 266 MT7 I 20 Dealer OC
49 5 183 289 Shortge Cost I
5o8 1200289l75 50 Dealer SC
51114 1311 152 279 168 Warehouse Policy Variables
52 5 1321 1174 BeginnngInventory
53,7 49 172 75 i 50 Warehouse Bi
54 5321 199 Reorder L.evel __ _

55 7 T6 1,196 751 25 Wareouse RL
56 5 3211223 1 ReorderQuantty I
577 496 220 175 125 WarhouseRQ
5'5 321 ;247 2 Holding Cost
59 8 *496 '244 .75 0.1 Warehouse HC
60 5 1321 '269 ' Orderng Cost
61 8 496 267 ý75 20 WarehouseOC
62 5 ;320 290 Shortage Cost
63 8 1496 290 t75 i5O Warehouse SC
64 14 603 129 1301 191 Factory Policy Variables ___

655 613 114 9 j Beginningnventory 1 'Faory
66 7 810 14575 10 auyBI

67 5 613 1 Start Production Level _

687 910 171 75 35 Factory Start
69 5 613 198 Stop Prodwucon Level

7077 810 195 75 100 FactoryStop
71 5 613 222 Factory Production Rate

72 7 810 219 75 30 Factory Rate
73 5 613 246 HoldingCost

748 810 243 75 _0.1 FactoryHC

75 5 613 268 Setup Cost

768 810 266 75 _100 FacoryPC
77 5 613 289 1 Shortage Cost ___

"78 8 810 1289 75 1 150 [FactorySC
79(2 817 51 '88 Quit ___
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E F G d I K L ________

I IDIALOGS _ _ _ _ _ _ _ _

82 245 121 487 1200 ,Change Dealer Demand

83 3 1382 19 188 DONE _

84 14 122 114 308 [171 DailyDealerDemand ___

85 11 I 5 DailyDemand

86 12 54 1 ;21 0 __

87 12 1 i___
s8 12 J 2
i9 12 3 _

9012 4
91 5 99 131 Demand

928 104 153 46 14 Demand 0

93 8 106 77 46 15 Demand ,

94 8 _ 106 100 46 16 1Demand 2

"958 106 1 7 Demand-3

9618 105 4 g Demand 4
9715 2012 31 Frequency

98 5 ~ ~
99 8 214 .52 420 DemandFreq._
1008 214 76 46 120 Demand-Freq_ I

101 8 1215 198 146 '20 DemandFreq_2

1028 1215 121 J46 1 20 ýDemandFreq3

103 8 i215 143 146 1 120 1Demand Freq_4

110412 1382 50 88 i Quit
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DEALER MANAGEMENT MACRO

A [BC
1names jCommaends ceet

S ~~~~Summary~ InOwmatdoe ____________

4Title: Warehotmes il3 MariaematMsaco
SVersion: V1.0 __________

6 ,i~her Dixon Hich
7 Corperahom Nuval Poapsgmdut School

ScrenO.Dars. We~dsyda Iumwj 20. 1993

10 Coma~unp4indam. Cominaudwlndear

_L SET.VALUE~Hoidin Coet.AS~yThRL..M'Wmweht BH ) _________Variable

14 SET.VALUE(Cromt RorderMALSE)LLIaeoe~

161 ~ SET.VALLE(Reordaer Coi.LMASTER.)G.=MWarchoum RL

171 ~~~~SET. VALUERedr i1,menf,0) RXL!WrdtmRQ
181 ~~~- SET.VALUJE(HoldtaI ISTR.aMWacos-C

29 - SET. VALLUE(CftOrder.0) TELXM(whusC

SE 5T.VALLE(Shom CotATi.a%!aeos-C
23 ~~I -SET.VALUE(Totad Th'-cos.)

SET. VALUE(DecwedOrdr0
231 SET. VALLUE(srpeorduALS)

_____________ .VALLUE(OI 28.0)

25______ SET VALUEfl)290)e.0

26 SET.VALUE(Tota31.sO)_________

271- SET.VALUE(Tota.0) _______________

29 -; ;'WCAA'TER.XLM) n TndvudalTO
40 ~~~- DIT.ALUEBO(Rommed BOrxr) 1wC~oeV

41 - E(B40ALSE) Eze Saulaton b se

43 I - ?~SET SAGUE(Mk-rwFALSE),__________

45 SE.ALUE(B130,O)________

49 - ~~~SET.VALUE(B13IIvng.epmjvnoy etCymhetu

509 OOTO(LXLMd Tune Tale) dtim RlatveFrqnc

_L2 Q~~rr CLEART(3) tinCnele*3

47 -END-F

50 GTF(S4(VLOOUa2.e Tuneii TTWO4)..I
67$116>VOKP3LedTn al.)..) __________

68 F(S64>%VLOOKU(4.Leeata.d Tune FSTable.4)).5.l)ti~lerjon+ U _2_)_Clow ______Data

585



24

55 RAND() Deternune Leail Tanuii
24-)FfBS7S>(VLOOKUP(1Lemand TnTableA4))2,1)adIDead0
37-IRBS75<vLOOKUPfZ.Dwwad Tun ab~e.4))X3. I),Dmw_

-*(03783,VLOOKUP(2.Led utne Table,4)),4.~u 3,kI) d0
32 -. (RB%7"~VLOOKUPf4.Leand TuneTaN4)),3.n 4.eI d0

901 Ranam Lead TTeimeB389

91

_a ........ -Currenl Inventory-Back Order i EDl Backorder if Possble
93 -1F(B9Z'-O,O.ABS(B92)) Determine Size of Backorder

.a I -RB9Z>0.B92.O) Detefrnune Change in nventory_
95.
9I i-894-DEMAND Ril Demand if Possible
97 I 1F(B96>-0,396,O) Zero Inventorv if Nearrve

92Back Order r-IF(B96<OB93-ABS&B9).B93) Backorder if Lnventory Insufficient

109 urn netr -9-S~n RecALOG BOX(Reorder Box)en

1013

1162 -IRMASTER~.LMIP Start ltemtton-TRUE.GOTO(Rordcrt)j k tr Reorder QuantiSytaif

114 -IFlPomReorder-TRUE ) ere Qua rtutV'

1206 * ET VALUEIKI3,Day)
107 SET. VALLrE(K12DEMAND)

lea s- ST ALLUE(mkl3. 9ýýFAeLnEntE.B Odr
14 DALLOG BOX(Rorder Box)

125 IF(B 109FALSE.SET. VALLJE(Protnp QuanotyPALSE).)
12M GET.VALIJe(r) w toKmke rde
1121 END.IF(

117
13 81d -IFRecrder-RaoduAmim OrQ~k ruDteatVueOdw

E31 - E AULI1EAD

122 -iRSET, ALnd K 12ma.AReorder Ruanoty.PlI)AeafrLadTa

12 IFRm STVLead Thn34.Amoim: Lraiwd.Fr-aLEOder

125 *IRSanLead TESETNAioU E(Promtd Quart ALS),

140 SSETns LI4I (R34 osin Dows Orers y Dx

1291 -84.83

1311)13

13 Anoic om -RNCAR-.X 1W~h~mFLS) lo odr t a86os



A
I "mo~ar Commands iconm~efts

1L45
146 1-)F(MASTER-'XLM!P Starn lteraon-TRUE.GOTO( 8153).) Slap output if St"tu

145 Total Shortags Cost !-.Back Order*Shortags CLSt-B148 Determine Costs
149 Total Holding-Cost I-Clsreot lnwflory*Holding-CoSf+B149
150 Total order-cost -(make OrrlerRcorder)Cost Order.8150
151 TOWl Cost -8149+8149+8130

153 -_____ RUN(DEALEILXLMIDsS6st Output) PettedDomed Vinublss
154 ____________

15 _____ -SSRO__________

15,

159 Do"i Output FORMUIL,.1,yOFFSET(STl4,Day.0)) ID"
I -FORMULA(Cutfrent lzInvenory.OFFSETIMT4.Day. V))j lenut",
161 -FORMULA(Baek Order.OFFSET(STS4. a.2)) IBack Order
162 -FORMULA(TotaL Sb C--ios.OFFSET(STS.Da .3)) 'Teal iIbar..., Cost
163 I-FORMUL.AtTotaI HoldmiLgCost.OFFSET($TS4.Day,4l) Tea l dialatcas
I"4 IFORMUL'iLToWa Order Cost.OFFSE-T(STS4. .y5)) -- Tea order cost
165 IFORMULAtTotaI CostOFFSET(STS4Day.6)) Tecal Cont

i FORMULA(DEMAND.OFFSET(STSA.Day.7)) Demand
167 FORMTJLARan Lead -Tune.OFFSET(STS4.Day.8)) Random Lead Kim
168 jFORMULA(Order.OF?1 ET)STS4 Day.9)) -- Ameami Order

1 69 -FORMULA(Make Orde.,0FFSET(STS4.Dsy.]O)) Make Order
170 -FORMULAfReorder.OF FSET(STS4.Day.1I1M 'R;;ider
171r -FORMULA( aniOFFSET(STS4,Dayý12)) iShipemt

11731 RE11JRN()
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E I F G IH I I j K I L
I DLAL0GS1 I I I ,

2 t •pe y wide lhi It initlresult names
51- 7 56 13 1 Initial Dealer Data

52.1 435 20 88 'I DONE __ _

53114 21 15 199 142 1Daily Demand
54,111 5 DailyDemand
55112 46 21 0 _

56112 1 1
57112 2

5812 3 _

5912 14

60 5 44 32 Demand _

61 8 75 4846 _4 DemandO
62 8 75 69 46 5 Demand I
6318 75 9046 6 Demand 2
64 8 75 110 46 27 Demand_3

65 8 75 13046 18 Demand_4

66 5 134 32 Frequency
67 8 149 48 146 120 Demand _Freq_0
68 8 1149 69 j46 20 DemandFreq..1
69 8 ,149 190 146 j 20 DemandFreq_2
70 8 149 110 46 120 Demand_Frq. 3
71 8 1149 1[30 46 120 DemandFreq.4
72 114 16 178 1205 )140 Lead Time 5___adTme

73 11 15 ___ __ __ _ Tim.

74 12 1 202 t 21 1 T

75 12 12 __

76 12 3 "_ ___.
77 112

78 12 's ""_,
79 5 93 193 Frequency I 4
808 82 1206 100 120 Lead Time Freq_
818 82 226 100 .20 LeadW "TmeFrq,2
828 82 245 100 :20 Lead Time Freq)3

8838 82 265 100 20 ladTimeFrq4
848 82 285 100 20 Lead TimeFreq.5

8515 251 197 1 Begimnng Inventory 1
86 7 456 97 60 50 Beginng_Inventory
87 14 241 120 .277 1104 Ordering Information _

88 13 Prompt for Reorder FALSE Prompt Reorder
89 13 Prompt for Reorder Quantityv FA.SE Prompt Quantity
90 5 272 1172 1 'ReorderPoint
'917 424 17073 1 25 ReoRd-__ Point
92 5 272 192I ReordereQrPi
937 424 19374 25 ReorderQu__y

S9414 243 231275 88 Co_

"95 5 252 248 Holding Cost/Unt
19is 409 246 100 0.1 HoldnLCost

9715 253 270 Co/Orde
"98 1409 267100 120 Cost Order

"9 5 1253 291 j bsaCosltdnt I____ I______

100 _ 1409 _288 100 _50 ShortageCost
1012 433 53 88 Quit I I
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I -E F G I H I K L
I DIALOGSI i I I

2 It'pe x l wide Ihig Itext linitresult names
107 516 IAI 1E
108 t250 162 516 152 Dealer Order

109 13 90 84 135 Do You Wish to Make an Order? FALSE Make Order
110 5 90 119 Amount of Order?

1117 310 118 60 25 Amount Order

11213 408 9 88 DONE

1132 408 40 88 Quit
11417 22 42 1
11515 90 14 It is day

1167 310 13 60 17

117 5 90 39 Todays Demand

1187 310 338 60 7
119 5 90 66 Current Inventory Level

1207 310 65 60 -48
121 'iii - i

122 _ _Deaer Order

123 250 162 516 152 Dealer Order
124 5 190 119 Amount of Order?

125 7 310 118 60 !25

1263 408 40 88 DONE

1272 408 70 88 Quit
128 5 90 14 Inventory is at or Beiw the Reorder P

1295 90 39 It is day

1307 310 138 160 1
131 5 90 16 Today's Demand _

132 7 1310 65 60 12
13315 __ 90 93 Current lnventry
1347 1310 92 60 _ 1 17 _
1351 17 22 42 1

89



ITABLES 0 _ _ _ _ _ _ _ _

50 ~Daily Frequertcy Relative Freq Cumulative Freq
S1 'GOTO(O5 1) -J55 '-Demand-FreqO -P5S ISU(PS51S PS5) =Q51
52, -________ 156 -Demand FreiL2 P?52/SUM(PSSI:PSS5) -,S2+RSI

53 _________-J57 -Demand Fr 2 -P53/SUM(P35l:PS55) -Q53+R52

54 _________-158 -Dentand Freq)3 -P54/SUM(PS51:PS5S) -Q54+R53

55 _________-159 -DeanandFrcu4 -PS5ISUM(PSS1:PS55) -Q5S+R54

_______ -GOTO(P51 -GOTO(Q5 1) -GOTO(RSI1) -GOTO(B64)

5A Daily Frequency Relave Freq Cwmaiafiv Freq
59 -GOTO(059) -J74 -Lead Time Frecj -P59/SUM(PSS9:PS63) -Q59
60 _______-175 -Lead TimeFrvcq2 -P60ISUM(PSS9:PS63) Q60+R59
6! _______ -J76 -Lead Time Fruq9 -P61/SUM(PS59:PS63) -Q61+R60
62 ______ -177 -Lead Tkm rbeL4 -P62ISUM(PSS9:PS63) I-Q62+R61

63 -J79 -Lead TirmeFreq_5 -P63ISUM(PS59:PS63) '6+6
1641 =GOTO(P59 I GOTO(Q59) 1--OTO(R59) I -- TO(B66)
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WAREHOUSE #1MANAGEMENT MACRO

A ]3 BC
I aems J Commaad _____________

3 Summary Information ___________

4Tide: warehouse Is I MmgmmpmaicrM o _________

S Veruan: V1.0
6 Authr Dixon Hid._____________
7 1CorPoeon:- Naval Poswaiu cl ol _ __ __ _ __ _

I C~rahom Do* W&edesday, Jauarey 20.1993 _ _____

40t -EDMSIAOO.BOX(InmnW ox)t wareChouse Viaubl

413 - S(B4..FALS&ep)gtv M~SX~Wem BE) Set luijon by tabw

143 - ~SET.ALE(FALSJtorer)FLE
144 - SETVALhATJEEcx"- OSPJ)
L6 ,- S H~ALTE() I ________________________m R
17 - SENOFLE(ooraQ~nMMXMW~wn-
is - STVLEND lmwMnMLIwhu HQ(

49 * SET.VALUE(Coset OreNvmuTomEnMajnmn OM

20 - (SETER.VAUX hrw~oMSE-LMwdu Catwf Rfru
6L),STVLU~dTw5
22, SR.ALUE(DeDae Lad un
231 -f(SUMA~LOOUESpnent.LadT,0 ek)LI ___

641 -L(S64TVALOOUP.(2re.0)dT, ebe4)
261 SET______*F(54VALOOBaktJt3Led Tner Tbem)4lI__________

2 _____1_ -[(S64(VALOOUE (4,Le Tue abe.0L.
27 SRag, Lead Time *oAdiBCo866)

29 SIT VLUE(oWOder ox 91



Ac
I eanos Commaads Ioet
2 1___________

70 _________

711 ________ Cumnnt bnventosy-Back- Order iFiji Backorder if Posijble
721 ________-IF(B7t>-0.O.AE3S(87I)) Dmtennue Si. oR Backordcr

731 1 (B71 O.B' 1.) Ewsue Inventory not Neitinve

741 -Cwnmn Inventory-B73 Detamenn Chaipe in Lnventorv

76 ______ -B73-DEALEaXL.MfOrder Fill Danand if Possible
77 *IF(B76>.O.B76.O) Enatax Inventory not Nep....

73 B73.B77 Detem" ne n in lienor

&*--B74+878 JDeamin.. Amount Shipped

80Back Order -IF(B76<U.72+ABS(B760.72) 1Adra Backorder Level

32.CuwitInentr -B7?+Raewsvad Order Rece Sipment Present

84 -IF(M4ASTE3LXLM)P Start Itenition-TRUE.OOTO(Rearder).) Skip Reorder I if Su"ti

98

99 -(F(rmASt ReorLM'PUE Reorder&nTU.GTCOdeX S Quantity?'fSau

101 -I SETr. TRIJE)lererFL

103 ~- SET.VALUE(K107.errer Quawntity)Br Order)_____

IT - SET. VALUE(K94,IDay)
go SET.VALUE(KI 13DEALELXLM!Order

9106 SET. VALLUE(Mke-OrdS.CimntLiEnt-akOdr

102 -T DIALCG.B0X(ReOrder Box)
93 1- IF(B10-FALSE.SET.VALUE(Prompep QunucyFALSE).) ________

94 - ST.(rw IAUtodrQuuy~l7 _______

113 Order ---Reorder reoederimuowu ORdEr.OTtrder, Order QuantityifSap

101 -IF(RooASrTEPRU.'aehoa ubr)Eeueapoitt eos

116 Amount Recevedw- RrN-ACTOR IOMFcovFLE or actry Ma o lc

1036Tal Cs-Bc OEderhorALE(0eme CoutB ")3

106 To- SEoldL(K Cost crrentlnvenosyllod Co.B1 3
138 Toa OreDoI r ALeOG. r.Reorder Box)Odr--)3

119 Toa CoT. .Bt UEd-mdsB137.B13807

1192



A B -C
I mnw,,s Commanda [com~menlts

14-1 1-UCWR- .L'Wrhme uut Record Deswed Vanable

1U! '-RETWN(Shiptlnmt)

146 4 ___

1471wl~ out FORNMULA(Day.OFFSET(STS4.Day.O)) Day
141 *'FoRMULA(Cwm mmatlwiowy.OFFSET(STS4DwyM1) tsweutaey
149______ -Fo~.muLA(Bomi CqwdroFFSET(STS4.Day.2)) Back Order

________ FORMULA(rTal ~mtap CoatkoFFSET(MU.4Day,3)) aoagSora e C
151 ________ FORMULA(Totea HoldvqCog.oFFSET(STS4.Day,4)) TotaLHohldluLCoft

152 ______ FORMULA(TotldOtdr CootOFFSET(STJS4DY.S)) ToalOrdfrCoet
153 -FOXMIJLATotal-Cos.OFFSET(STS4.DaY.6)) IT44aLCold
15 ______ FORMUADEAL MLXL164ort.OFFSET(ST$4,Dsy,7))Dad

155________-FORMVLIARMiLead-TimoOFFSET(1TS4.DY.8)) Random Lead Tlme
1561______ -Fo~muLA(Amotmt Ordw.OFFSET(STS4.Day.9)) __________Order _

159______ FORMULA(Mnke Md.OFFSET(STS4.Dhy. 02)) himm

93



E I F GI H I I, K L L
I DIALOGSI I I I I

2 x tw J v j ide Ihigh Itex linit/result jnames

39 " 243 102 536 1265 Warehouse #1 Initial Data 7 -
40 1 423 11 88 DONE

41 5 21 10 Beginning Inventory

42 7 226 10 60 .s0 Begim__g nvemory
43 14 11 34 277 104 Orderinglnformation

44 13 Prmmp for Reorder FALSE PmmptReorder
45 13 Prompt for Reorder Quatity FALSE IPronpQuamity
46 5 42 86 Reorder Point

47 7 194 84 73 25 Reorder Point

48 5 42 106 Rerder Quantity
49 7 194 107 74 25 Reorder Quantity

50 14 12 144 279 104 Cos
51 5 21 1Holding Cost/Unit
52 17 19100 0.1 HoldingCost

53 5 j22 1v Cost/Order

54 8 l S179 10 100 120 Cost Order
55 5 22204 Ls- ge Cost/Unit
56 8 1178 320 1100 !50 SShortage Cost
57 14 .309 1109 205 L140  lLeadTime
5$8 11l 15 , I.,ad Time

59 12 1133 '1 __ _

601 2 _2

61 12 iju 1 3__
62 12 1____4 _...63 12 1 ; I t 5
64 5 386 124 1 ,Frequency

65 1375 1137 _100_ 20 LeadTime_Freq.,.2

6 8 375 1576100 20 Lead Time Freq_3

68 8 375 196 100 20 Lead Time Freq__4
698 9 375 16 100 o 20 Lead Time Freq..4

702 423 142 88 I Quit I
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E I F I G H I JK L
1 D1ALOGSI I I I I

2 Itp x y wide hig Itext linit/result Inames
87te iki I oI•m~ -

"88 250 175,516 1125 Warehouse 01Order
89 13 114 67 35 Do You Wish to Make an Order? FALSE MakeOrder
90 5 114 100 Amoun of Order?

91 7 318 99 60 50 AmountOrder
92 3 408 13 88 DONE
93 5 114 9 The Day is

94 7 318 8 60 1 17

"96 5 114 32 Today's Demad_

96 7 318 31 60 0

97 5 11 5 Curret Invenmtory Levei
"967 318 54 60 50

"99 17 28 29 1
1002 408140 88 Quit

101
102
103_ 

_ __

105 250 175 125 Warehouse #I Order

106,5 114 100 1 Amount of Order?
107[7 318 99 60 125

1083 408 13 88 DONE

1095 114 179 Inventory is at or Below the Reorder P

110 114 19 , The Day is
1117 13118 60 1

114532114__32 Today's Demand
1137 1318 131 60 2
114 5 114 155 Current Invemory
1157 7 318 154 60 '2 _______

11162 Quit 4__4_L8Qui

117 j2! It

95



WAREHOUSE MANAGEMENT MACRO
WAREHOUSE #2 MANAGEMEWI MACRO

now$I cmomwm& comments

TidCae:Vuru Waeouse d 21dawsmvd

19 - SE I AtECuOdMSTRL~hw C

T20 ffi .- ST.VLUi mMASTEXRXLM~irWwehoweUE StCr Warehouse_______

21 SEqT VALUT~ I uigS _______Set __________

14 - SET VALCE(Dropty.0)SE
is , SET. VALUE~ 0) __________________

14 SET. VALLTERoordier_.0) STR _________________

157 SET.VALUE4Ekoorder.0 _________________~mous-RQ

271 SET. VALLTE(oHzi HoldCowMAT0R)C-4waoeH)
191- SET.VALUE(Toua Ordw CoAt,0) __________________

211- SET.VALUETolea CodO)5
221- SET. VALUH(Remd Odw.0
231 , STVALUEtR2upmvt0LS) ________

324 - N.ALUEL(k.OirrJLE)_________
33 - ~~~SET.VALLUE(BISo)k ____________

34 - ~~~SEr. VALUE(Tota C90OMM__________

X5 i. SET.VALLBTDIoW,0)w Cst

29 1- SET.VALLE(B131.0 _______________

30 1- SET. VALUE(I320)____________ ____________

432 - T.V{~ALE(MaeOdrFALSE)

34 SE vALT(I 2.0

36 SE VALED I 31.)
47 - ETNALL() U
3'

.!2~~~~osa (orr ALRefuinumaeele%3
43 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

44 RAC7D() I Dstmuw Lmd Tune

6. .~(SET VLLOOU(Cw.eIr tunr.emLmý Sz bur.4)).S.I
69 -u Leadad-im-abd Detmun MauveB6 860)e

- f.AM(0tpsDu'$$:OFFT(T.MAT3XLCamIIeujmI12)l96 uVADt



,tam*t Coummands B[comments

71 .unen Inentoy-Bck OderFill Backorder if I'mtitbie

72 ~ ~ 3 *lBI...ASB71))j Determine Size of Backorder
7-a - -b.B 10 Ensure Inveniorv, not Nesative
741 -Current Inventor-87,3 Determinme Change in inventory
75I
74 -B73.WARE-.lXMlJWOrder Fill Demrand if Possible
77 I-F(B6>-).B76,O) Esmx. bwnvaory not Nerntva
73 !-,273-877 Detemin C us w, Uventory

Z 3,74+878 1Doernmurt. Amots Sm pe
90 Back Order -j'(B76.d).B72eABS(B76).B72) Ad-Backorder Level

32 Ctuegw a y 1-877+Rwoewed Order Raceive Slq Present
8311
a4 -1FO4ASTEl)XLMlP Start Iteruma-TRUE.OOTOtRaorder). Ship Reorder' -ifS

56i-7(ropRearder-TRUE) Reorder & Quanuts
87 -SET VALUEA-Reorder.FALSE)
33 * SET VALLEIK9S.Current Inventory-Baclr Order)

89 - SET.VAL1UE(K94,D&vl
9A . SET. VALUT(K96.WARE-lI XMworder)____ _________________

91 -SET VALLE(Make Order.YALSE)
92 DI OALOG BOvilleorder Box)
931 T (Br.~-FALSE.SET VALLUE) p Reorder.FALSE).)
94 - OTO(Order)
"9I ;ENDIETO

97 Reorder -l(CwrenerIvet ryReorder PomtTRUU.ALSE)

99 -F(MSTER..MP Stun itaeutsoTRLE.GOTO(Ordar.),)So Quantity if Startup

lot -(F(Raorder-TRUE)

102 - (r-p QuanrtrTflLE)Qutty
1031- SET.VALL'E(K07.Reorder Quanti
104 - SET.VA mEKiIIp"

105 - SET VALUCEKI I 3YJARE- I NM'Order)

10I - SET VALLUE(KI I 5Srunrrent invenitory-Back-Order)
1071 DIALOG BOXtOrder Box)
103 - IF(BIO7-FALSE.SETVALUEI -ý Qu yFALSEý))
1091 SET VALUE(Reoder Quests.l .(07)
Ito ENT

ILt -EMDW()
112
113 Order -Reorder (ZuanturysRearder.ýAmnosnt Order.Maks Order Deterunue Order QuantirN
114

115 *'I-iPATER XLM'v'Wsrcitous Nwssoer-:i Execute npfvr'r'rtsi s~Ariie

1).tuiReceived - RUNFAC7-ORYXLMNIFacswy.FA-LSE _x Factorv Macro to piace
117 -ELSE FiMASTER XL\V Warehouse Nurnber>)3i order

11a - RUNi(WARE.3XLM%' WarehouweFALSE)______

1 19 - SET VALLEAmount Recereed.B1IS)

122 -END TO
121
222 -.IF(Rus _Lied Tim-I )inowsrt RoewcLedALSE) Accoura for Lead Tune
1I. -[P(Rus Land Turia-LAassosm Recerved.FALSE)
124 -lT(Raitt Land Tasu-3.Anmourl ReemdFALSE)

123 -EF(Raus Leand Tmsa-4.Aavoua Receeivd..ALSB)

13 TtlCst -.1 I-I3 -BI234
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A B C

1 n!w,,eI Comumands 1CCmmefts

2
141 'RLN(V.ARE-2.I.M'hfWarhowe Ourpun) Record Desired Variabie3

142
14.3 -RETURN(Shipmern)
144
145 Olutpol Routla,

1471Warehousa Ourpia FOR-MTLAiDsy.OFFSET¶1T34.Day.0))ja

151 -F~~~ORMfULAITske OedevCoFkFSF$T14.Dsy.I 4) 0))~im~cs

15 FORMULA(TI ROrtler.OFFSET( ETS734.Duy. ) M OderCa

15 FORMUA)Shrpwe rerOFSET(ST$4.Day.10)) MhpakeOt~

161 -RETUT-Jfl



WAREHOUSE #3 MANAGEMENT MACRO

A I Bc
1 nam.: Commands lcomments

3 Summary Infonafaom ____________

4 Tide: Wirehotm. i 3 Manapwme Macro
S Vean W: V1.0___________
6 Augh, Dixcm Hicb
7 lCo on:d NavaP ScoI
g CeanoiioD4t Wwip 1 20,1993

10 Comaind Window Comand WiAdow
.......... IF(MASTER.)a.MlFim huumu-TPtJE) Stut Walhowa Macr

12'
13 SET.VALUE(Bepmnuzwuuvermy.M&ASTER.LULMlWarahow. B1) Set frulu Vareble
1L4 -SET.VALUE(Pmmpt-Reowde.FALSE)

151- SET.VALUE(ProniptQuwmtcyJALSE)
16 -SET.VALUE(Reorde Poit.MASTER.XMlWarehouse RL)
17 -SET.VALUE(Rcorder Qu .MASTER-XL.MWarehowse RO)

IS-SET. VALUEIHoI Cn$ostMASTER.XLMIWuehouse HQ)

SET.VALUE(Day.0)dr ý LIwhx C I
23 ~~~~~SET VALUTIJ a Tineu,5) ___________

24, SET.VALUIE(Odr)
25 -SET.VALUE(Back Ordew.0) _________

26 -SET.VALUE(Totul Cogt,0)__________
27 SET VALUE(Totla Hold*_iCost.0)__________

2S ~~~~~:SETN ALUE(Total Order Coat.0) __________

31 SET. ALUH(Rwder.FALSLO
30. SET. VALUE(Rocewd Order.0)__________

32 -SET.VALUE(Make Orda.FAL.SE)
33 -SET.VALUE(BI29.0)

34 -SET. VALUJE(BI 29.0) ___________

35 -SET.VALUEMBI30.0) ___________

36 -SET. VALUE(BI31.0) ___________

X7. SErT. ALUE(B 32.0) ________

33,
39 - F(MASTE.,aLMI rrundikviduaiTRUE) ____________

40 - DIALOQ.BOXIlP* Box) 12w Chocas Vambles
41 - IF(B40-VALSE) IEMd Sanuiauo by ume

42 r QUI ALERT(*SimW~aion Cancellod*.3)___________
43~~~~ - MESSAGE(FALSE)__________
44 -~ ~~ ACT1VATE('MASTER.XLS') ________

AS . RALT( ____________

44 ~~~END IO____ ___

47 I- END~DIDIFO__________

49 - SET VALUtE(Qufmmw iUowmyBe~muMjvmwory) tSet Cuffe mem arvm
so- OOTO(Lead Time Table) Detumnrs Rematrv Feqec

________2 STNM*uptD@W.TnOFIAVU.W .MLXToU-I tamxxw+I %12)) :Clo Oul"i Deft
33 FORMUWL0.OTc4 quDswaT4)___________

$1-CLE.ARL3) ___________

ml-VSCROWI.TRtUE) _______

51- RUNCWARB-3,)a24~Wwuahw Outpu) __________________

62 Day -MASTMRXL%4lDoy ICmmu for Refeiwmc
'3__________________________ ______

64________RAND() Dutwinaw Lded Towi
69 ___________-I7(BS6.4'VLOOKUPf)LA~d-Tsnw TabliL4)%Z).21 ________

44 1P(!BS64>(VL00KUrP(ZLemd Tame TabI..4)).3.1)
67 lF(BS640(VLOOXUP%3.Lood Tinie Tbla04).4.)

68 1F(B$64>(VLOOKUP(4.Laed Time Table.4)).S.I)
69 Ran Lead Towe M-AX(BOB86)
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A Ba,. CoiaC

76

73 -lF(B371 >O.B16.0) Eris= Inventor not Negaive

71 s.B73-B?7 Detenueie at Inverntory

.9 my =-74+B78 I Detarera Amount he
80 Back Order -IF(B76't0.B72+A5S(B76).B72) jAdus Backorder Level
81
92 Cturuet-lyr -B77.Raemived Order Isf shqwpme if presem
813
S4 -EIRMASTE3LXLMIP Start [teaoo.TRUEAGOTO(Reorder).) SkpReower?if Starup
as
86 -! ROOT8U.RTRUE) Reorder & Quantity)

MI - SET. VALUE(Reorder.FALSE)
83 - SET VALUE(1C95.Curmt Iriventory-Back Order)
39 - SET. ALUE(K94.Day)

90 - SET.VALUE(Y96'WARE-22.ML\iOrder)
91 - SET. VALUE(Make Order.FALSE)
921- DIALOOI.BOX(Rearder Box) _________

931 - (B92-FALSE ,SET.V-I. UE(Protnpt Reorder.FALSE).) __________

94 GOTOrOrder) __________

97 Reorder -[F(Curren. Inventory-ikeorder-Poun.TRtJE.ALSE) ________

99 1F(ASTER.XL.WP-Stsrt fteration4TRIJEGOTO(Order).) Skip Qhuatty if Startup

101, -iF(Reord~e-TPUE)
102 :F rpptQuznti yTRUE) iQ-ncity?
103 - SET. VALUEWXRO7.Reorderw rtt)1
lo - SFT.VALUE(KI11.D.,y)_________
to$ i SET. VALUEtKI131N.ARE.2.M'?Order) ________

106 - SETNALUE(KI I .CijrrentInvrt Back Order)
107 O[ALOO.BOX(Order Box) _________

10 IF(BI07-FALSE.SEr.VALUE(PmmptQuwauiyJALSEL).________

109 1- SET.VALUE(RardwQuaiMX.107)
110 1- END.IF()_______
1111 __ __ _

1!13 Order -Reorder Qzury^Reorder-'AnouMt Order-Aake Order Determine Order Quantiy
114
1 5- Ex~ecute appropriate Warehouse

126 Amnount-Received RIN(FACI'ORY.XLMWFactry.FALSE) or Factory Mlacaro to pi ce

117 order

119,____________

122 1P(Ran LeAd Tens-I ,Amomt-ReastwdYALSE) Accourai for Lead Tomt
123 -lF(Ran Lead-Tusm-2.Amnoun RecervedYALSE)

12 -I(Rmn Lead Tuns-3.Amoqmc _RacsfvsdJALSE)________

12 -IF(R-u, ed Tkrw--4.A ci~t-tRAeuwvdJFALSE) ___________

124
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A B C
name,,u Commands lcommelnts

141 _____ -RUN(WARE-.3 vf!Warehouse Output) Record Desred V~mables

143 1_____ -RThRN(Shipment)
144F
145 : . ... ~ isbta

1471~hueOtu -FORMULA(Day, FFSET(sTS4.Day.0)) Day
148 ______ -EORM1JLA(Cwy.,1 Ibwenzowy.FFSET(ST34.Day.1)) Invesuory
149 _______-FORMULWqak OrduwOP1SET(STS4.Da1'.2)) Back Order

is% ___ _ -FORMULAtToId Sbmtaga CaaKOFFSET(STS4.flay.3)) TotskSheqlaeCgut
151 _______ ORMULA(Totel Hoid~uqCost.OFFSET(STh4.Day.4)) TobL!.9GMiaLCost
152 _____ -FORM1JLA(Totaij~di CoMtOFFSET(ST34.Day.5)) Teal Order Coot
153 -FORMIJLA(ToWl CasW.FFSET(STS4.Day.6)) ITotalCost

14-FOR ALACWARE-2.XL!Ordv.OFFSETCSTS4J 4.7)) Domaud
155! _____"_ -FORMULA(Rgn Leed TminwOFFSET(STS4.Day.8)) Random Lead Tipme
156 -FORNMIJA)Arousa 0rdar.0FFSET(STS4.Dey.9)) Ammoet Order
iLS ______ -PORMULkAMake Order.OFFSET(ST$4,Day.10)) IMake Order
15, -FORMULA(Roorder.OFFSET(ST34.Day.1 1)) Reorder

159i .FORMUI.A(ShpmentOFFSET(STS4DaY.i 12)) Shipasea

1611 -RETU;RNO
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FACTORY MANAGEMENT MACROr

A fBC
I ina,,es [ Commands lcommnifts

3 Summary laforumsiiom____________
4 Tide: Factoymsea Macro __________

5L Veron: Vi.0
6 Author, Doca Hicks

_L Capporatto-. NavalPspaut Schoo
2 f7weafaDeam Wodmdy * 1i 20.1993

19 FNSMXXVLUEHIdsig Uat.mATRE)XMFcm IHC) om Rua

.a- VETALUESotg Cmoqt.MAS 2'Factoy_ý SC)ia -ai

2L4 - SET.VALUE(Seomt-Be C MAS )oMtFActoV P) ________

L I E.VALUE(Day.0)o ft-bzFLE

2L5 I- SET. VALUE(BemProductiti.FA LSE) __________________ta

_L6 SET.VALUE(SetapPoucupJALSE)RXM!stoySt
27 81 SET VALL'E(BgProduction-R FLSTE)L.!Far Rae

2191 SET.VALUE4SHop tductoa.PALSE)-XMFarC

211 SET~~~~.VALUE(Totan Cooet.0) XL!scoyC
2 E.VALUE(Doel o oa0)

23 - SET.VALUE(Totsi Sretu C0c) ________

326 SET.VALUE(Total Sho. Cot.

3L7 SET.VALLTegm Prompc Friivdi&-RE) -Ue hoeVu

36 SET vFBSALUESE) pEnPSauison E

4Lo - SFTVLU2 (To_____________________

42 - SET.ALU() odSV ot0

325 SET.VALUE(ToWrrctW fnenoyeumgreniy e CUtl len

4a - IFMSET AEXCLMu otpDtaSNS4 OF ET(N4(ATE).tos 1tetimw Choose F V utDat
.LS , .ORMLALGOTOX(b DszaSNS

37 -Qr ALEART(3) db atiW
isO MESAROL(I.TUE)

546

.57 -MASrET.)U.MI(Otu-aaN4FSTSS.ý,ATk'.I~tIleiml Clwem Output Data

-0 RUN(BSF00AES(BS9))cyutu) ecr Dutum. 5amunbare

dl -IF(859>0.B59.0) Envmau qmor not NepWme
62Ciarut Invenoty.B61 Daetmais inmutt

63____________________
"4 I -[(MASTERLU.MIWwretoqa N'maba..) Fall Deurwid if Pomble
65 Order I -B61 -WARE-l .UMfO.Wr ~ reteanet werehotm.

64 * SUT ALUE(Requested Order.Otder 1) _________

67 -ELSE. IF(M.ASTER. XL.PWWaehow.e Nwn~ber-2)__________
68Order-2 -861-AE2UMOd,_____________

69-SET VALUE(Rgquesied Order.Order 2)
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A 3 C
1 onaes Commands jcoinments
2 __

70O -ELSEO
51Orde. 3 -B61-V/ARE-3 .XOW1Order _____________

72 -SET VALUTE(Reqeted Order.Order 3)
73 I-END,()

7S l~qitdorder iRequested Order
761 -WF(Reqtmted r-OAjmOrder.Rqse .0.) Emw. hwiverory not Negtive

77 -BGIFPop -B76 DetanunsctmV Invntor

sup -B6+7 DetarRmsmW~hus Anionber3)p
79 Bac SE.Vw_(K IM"4_O<O4l.0+ L) AdjutMB!Order)w

81 C-ET VALUE(KI 046W(f~h TL.V/Pmd-2.xLnM!Ore) Rm *wsPouto

83dco.FLE. ________________Sholdroucton __m

S4, -F(B97EFALXMSEStVart ________________Slptatroucio) f tatu

99 1

101 . IPPrduton..TRUE.TRUEALE) SatPouto

97 SET. VALUE(PwODay)nTRE

109 SET. VALUE(K .TVRUE)3Xb!ra

i- END.IP() P.aMWehtw unbr2

12 I- S.ETNLU(Ptutpt SoProduawALSE)
9- D1(C00 BwintmyStar-ox rdelLvl

131 - SET. ALSU-E(Pr&MWALUS-tB) g-rc~oFLE.

23O2 - ELSE.IWO=_eMPoutinFL

loll - (MASTERJXLMlP Start Itton-TRUEZOOTO(Bl 43),) _ ______

110 -E4LS&F(Priuto-) So rdcin

III Total1RXM! Coat SeninTR&O~(lX Skipp StopProuctini
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A umc
1M~vj camjrnelts

2 1__________

1441 -______.SETVALLUE(SctuFALSE) I clew So* Flag

143 _______-RUN(FACrORY.Xa.MlFacty Output)ReodOtt
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A BC
I ,,a~s ommads comments

2
70 -ELSE()
71 Order 3 - B61-WARLE-3.CMOrder
72 -- SET. VALEJE(Requested-order.Order-3)
73 -END.IFO)
74
LS Req od Order -Rquetecd Order
76 -7(Requestad Order-O.Requ@uzod Order.O) Em. nsue tory not Neptive

77Det61-B76 e Ch-Vi mInvernoy

_____ ____ __-B62___877_ Determine Amounrt Shipped

79 Beck-Order ~ ( wOBO ~ Odr.6)Adjuet Backorde Iee

8I Curut 76+[F(Pluducton-TRUEProFcAos. Rt0) RecINe Yestardays producumo

83 IF(rodtx~-FASE)Shotld PRoducti Begin?
84 -1F(MLASTEILXLM!P Start Iteration-TRIIEOOTO(B103).) Slop Start Productio ? if Str

_______- _________________________________________________ Start Product=on?

37 -~~~~ SET.VALUE(K102,Day)_________
88 - IF(MASTER XWM!Warehous Number-3)
89 - SET.VALUE(K104.'WARE-3 XL.MOrder)

90 - ELSE.W(MASTER-XLM!Werehotw Ntwnber-2)
91 - SEr.VALUE(KlO4.VJARE.2.XL\flOrder)

.a I- ELME)
93 SET. VALUEAKl04.'WARE-1.X.MWOrder)

95 SET.VALUE(K99.Cizrent Urrentry
96 - ~~~SET. ALUEBg froducuomFALSE) _________

97 * DLALOO.BOXStart Box)
983 . IF(B97-FALSESET.VALIJE(PromptBeg~n Prodc oiALSE).)__________

100 Productio . IF(MW ?roducnon TRUE.TUFALSE) Production Flog
10t -et . F(Prodxumto-TRMETRUEFFALSE)
10O2 -ELSE.IFP Prgi-foductio-FALSE) ___________

103 - 1(uenInet Productio Level)

1061- END IFO
103 - F(MASTEMia2.4P Stut-1teewuo-TRUE.OOTO(BI43l))I
lox ENDIP( ______

I3 oll Cs -BF(ackTrErshoeP-tqe Coeta+BI R OT(B 0 3la Dsteopu Costs
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A Bc

14-1 -- SET.VALUE(SetupFALSE)
1L42- i 1________________________________________________

123 - ______ ý'.UNFACTORY.XLMJFactm-u)Rcr W
144 ____

145 ________ -RETh'RN(Shnwnet)_____________

147

1L- F-a-A -FORMULA4Dty.OFFSET(VMS4.Dy.O)) m

1821 -FORMULA(Bek OrduwOFFST(SJS4 in, 2))BakOw
15S3 _______-FOR JLA(ToWjShomtsu Cest.OFFSET(SN%4,Dsy.3)) T@oL Shares& Cost
15 ______ -FORMAULA(Tomi Hai ~CcstOFFSET(5NS4.Day.4)) Toftl Holdimfoe
155 _______ OWRMULA(TOWa Setnzp CostOFFSET(MMWS4,Dy5)) _____________Ca

15 ________-FORMULA(TotalCovt.OEFSET(SN$4.Dsy.6)) *Cw
IS7 .FORM)LA4Roqwuod _OrderOFF3ET(SN54.Day. 7)) Dmn
IL- ORMULA(ProducticnOFlSET(SN$4. !.8)) lrdci
159 -FORMULA(Sh iOFFSET(SNSADs .9)) ipe

11611 -RETURN()
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APPENDIX B
QUEUING WORKSHEET AND MACRO

Queueing Simulation Model fIZ Z ] s111

Initial Data (Do not change on Worksheet)

patieIwI

Arrival Disribution
I fls Immuz

0.5 a
open WoOD& S .

2 Cased •IWm 13O.3
3 MuIb• TnmM 33 0.3
5 0"Mnu Compleca 2 0.2

Numbe of BEobs 0

0 2 4 4 1 10 12 14 16 IS 2 22

"flm d Day to Nw

Tip

Nun AvoiloW 2

Skinm Timm Nermal 0651"bod"m

at 00:00 24:00 1 0.00 0.00 1.00
A '0M 1600 2 0.20 0.30 1.00
03 0000 00:00 3 0.15 0.25 1.00
of 00w 00.00 4 0.10 0.20 1.00

5 005 0 15 1.00

Doctor

Dec$*" Available: 2

Shift Tlu. NminI wNISbut

o. Off l uM sid ,tad

01 00.0 24:00 1 0.25 0.33 1.00
OtOG 16.00 2 0.20 0.30 1.00

S 00:&00 .00 3 0.15 0.25 1.00

M 0 00-:00 4 0.10 0.20 t.00

3 0.05 0.15 1.00
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QUEUING MACRO

I A-

3 1 toW-_

4 710. Mo

6 Dbl Kwb

is ..mw b I C

141 8EVALLIWltAOW*lW.I)
331 -WITVALUBEWNNA01
161 -ME.VAU At-.WI

20 0E.VALAJ3236a0fup,0
33 9U.VALUIJTooV--b. f01

2lot8.AW(ot .
201 99rT.VALUEOATdd 2.018
211 f99T. VALUIM-told 0W0
221 IfS.VL4Wold 4~f.01
216 I-ET.VALUEIToWIdp 2.5
241 4-ET.VALUNT40OW. 1i036)
281 0ET.VALIJA~Wol V 4oa.0)
261 4E61T.ALUEI!.od-y 3o.10) huEd30100T6
Ill lSr1.VALUE4AbM F46ThiJ!

213 olg.VALUEIX Cc-odar.g.

314 !UTVALUELMW-Q os.0.LTRE
311 ifT.VALU323Mig Tlbd 1.01 RU
36 I I- .VALUEI?46 I Tod 2.

.a 991r.VALIJ T-HW46 3.0)
38 OOET.VALUEI)60 I Tod 4101
39 'oOKT.VALLM(bkw,sI -Told 101
4L3-ET VAILLJBO6UW1 3 Told 3.01
38 -SIET.V 2(ý- Told 2.0

A2 ,fT-VALJSN ITmW3.0)
43 -Wr.VALuLafuw 3 Tld- 401
UL 3GZT.VAL3jEOmw ITol 30
421 99T.VAWEO~m2jG-Tod I0)

46 99EaT.VALLJBAaI. S TOW 2.0)

47S _ -OW.VALLU?6.003-Told 30)
.A - U T .V A L U U O 6m 3 T o l d 4 .0

AL -W.VALW4GWlW6 TOWd 4.0)
49 OIKTVALUER4-36.n4T"l ,

03 IZ.0VALUMflwo..4 Told_20)
54 S-aT.VALUE2NW 4 TOld 3,0)

_5 'SET.VALUWKWW-4l Told 4.0)

14 IVALUEA2Od0 4-Totld 20)
57 ~ ~ ~ i .OERVALI~LUDW. ITod34

.5 -- 3E.ALJI-O0 - -TWld.0)

.7 01T.VALUE4DwI3 Told 3.0)
!s -05T.VAW320Doa I Told 4.0)

.49 -SKT.VALUJ32DoclW Told.0)
o0 -WT.VALUEIDa.I 2-Told4.9

44 99ZT.VALUIID04W- Told 3.0)

67 -SETVALE0o 2 TO 3.0)
44 EýT.VAWW~dW 3 Told 4.

IS -fT.VALUE10O 4 Told I.G
IS .6ZUVA 4 -Told 2.0)

14T.VALE n 4 Told 4.0)

76 W.VX= 2 *IWATold.20
771 W.VAwU~lPN3-rGWd.0)

74 *MT.VAW33Uld 4 ToNA .0
79 4E.VALL3JUUW I T@IN.0

N .01T.VAWEID9MW6 To9L
SI OOKT.VALUEIUW4 7Tld.I0)

0 o0ET.VALL1J0Ud S Told 03

04 99EF.VALUEL14610 ToULD.
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T A

* CILALJOG.BOX/B/PUT-BOX-7)
At -/P(BIALSE.OOTO(Qurfl)
go 1DLkLOO BOX/B/PUT BOX 3)

99l IIF(B90MPALSEGOOTO Urn)
9a -DLALOO .BOXCINPUT BOX 4)
93 I-W/992-AE.SE)

04urr ALRT 9gfm."nCWflet b7S/*.e

95 ~~-ECHID(PAOEPA2

97d I-FMLL&TOM X

to 965V 2uA g 14M S

19 F0Ri9K AWr -No J osdo Tm2

191 - FORMULA. MYASE

11 -FORMU9A Em. EM.?OYAL
113 CLEAW3)

9113 -FORMULA OOAP3AT9SOALSL)

19s -rORMiLA Garo IA2W-1.FALME

116 -CLEARAMS
191 I-FORMULA.C%(up Bet I.TX9E)
lid I-CLXA93)

U ~-VWBROUA9.TXR)
92 nCVATEPREUV'
921 ARP3T~ E.R.R, 0l. U . Fi9 .F U

I 96ETVLUE/ m= Rdamwdj.'Mmy -.gCleatRUWA/OeDM 9,wmm) ElteMFAMW7 er
92 -FORMULA/ - Catm..0TF ITAE19 CWAS. 49
I -FORMULAMO. -SE~n~ Coe.~2)9

9~~~~~o - RN9D9D..E ...9.i ....

I4 Mm.lr C/a 4/ M .de/ em40B tom. de/ hr940
I94NEM

1341 JO. UA I )atMNm9Tul . Cet

14FO1RMUlA Ce46, Te 2Ca
141 f SClaEmrne3Cla

142C1*4 T

94fww OemAWmat
969m wclckr -mr k_- ~ ? ý-rI ldYMUm.Dlw e t3
IAq ýCO~-'f j-M f Clc 4W23W46400.WT(l~gýCokr 14ýD MT

9511 FO.4 C9Z I49 54I13.00 . A l9etA)

ism ~ ~ U/e -PPIUL4 hV'2) ~ m:S&
ism - F 9303W133.W930.2400W)30) Q -3Ci&

/7 M 1/Dec¶W heM

ii. F(WM49MWl4.Wl3I.2400.Wl4)l

I.
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I A Sc

2

Il N8M Am~i. -0

I-V(W 1IOI W06.W1 01.2400,WIOI )

I - (WI02'W1IE7W102.2400.W102)
I I-V(MWW CUot1 'T 91 000UE.0 VLE? .8d.J. sIiI

I&I I- VO.4w. Clod 24IkO4TWolokI00le0.MOD(Wloo.I0oI.SET.VAL.LTfl.... Aý8M4J4.N A..Idk.I I
I- .4Mw Clo4 241* T(IOI7I00)40-. ~WI07.I00IJEVALL (MA,.IWMw AuMýkkWd

It W0 V Clod 241k* 0*100 l)40 06~O1400 .VAX;W ýAMMUidU A00Mkb*I.

I * 1060W10O.WIOI.2400.10104)

low* CIem 24 10*100 40 09IPPOP.00L=EV- AEm8MIUMW- -~6IM

2*1

20 RUN4Am-M)

2 - lEVAJ.IJELAa MEwAMg-OaClo)
2 -RIJNO9MwAl -FMWMw

209 - (EOd 0*A.w.. RWPOUN4Dmaw 8)) S d- ~Dm gm*
210 7- V mm RLNO"8LM.kwB))O
2111
321 iPu1E.wtf Dmm ma A

21 - 0t VAWEA)s mAs ld

211!; RL'JRd .AMgA) ýCkm Rd

21 - fId .AUN)) Rg2 o B) TO.w 00. t. OW4
21 -(B 14.*5 OAjNdl.-ad- SeJi. d w .od*

221 -Oa1UTOART

22 AN"Y-ra

u2 m 406 1.4.74 M Pmu~ 1Rdw-Wdf

22 ~u ~ ~10 d.w)M NOIS RdMWý

- ETALIJEAUM CmaI.) FwdA BW*ft (a. mol Jm
23 -wItEamLANUCUPSEfl~m Em -Rdgw=in~a-Cm.ITAM

Em~ Cm. - Em C-mum1
23 - VMil* Cam".7%

23 MEMAG(ALM MmFd

1. ACT WAT-&r)X

23 1. MALTO
24 W
241 TC

24 - OMAtIu .. )S~~mRw...9 Ph-o NMvw .. l~g 0
- ORMLLMRL9*?g,. )a@VOITSEI`(m EAg. P-g4d POMW21

24 - ORMULO0.Eme ldT mRdi.gW mint r.

*F RMJ-0TULOPFFURNOR Em RuW.WA.. FPMWJI)

- ,OMULlXIE.O~luI~mEm Rsuwg,.5d P-g...
- ORS4ULOITUE.0FPU1114.5 Em dgm.MAuw P.Mg)I

25 'CWI.~Iwd.R

- ?RMLPd CWUTAA W Cm.

261 -00

- FORMAA48d9 Q C.go.OP7STIAV7. CWomf.)
- OPJ4IAAMM-Qi OFFMMTAVJ.dQ Cml)

26 -PORMLI.(M14mg Codi TA.wOPPWAV2.fld ~wCm..J
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4715 312 1269 1600

4318 362 1267 1 ;03

49 5 312 ---- F29-4 i 1 140 1

8 1362 - 292 '60 ý17 0 3

52 8 ý487 11167 ý60 1 '1 03

_a 5 :432 194 i ! I g0r)

54 8 487 1192 IAO 1 ;19 !03

ss 5 1432 1219 1 1 1.000 1

56 9 487 217 60 20 10.3

5 432 2" 2100

8 487 242 60 21 0.3

59 5 432 269 2200
60 a 487 267 60 22 0.3

61 5 432 294 2300

62 8 7 60 23 0.3

H 43 2 
IsIll ic..W 

iE = I 1 124 1-W16
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Rt S T U v w x
I DIALOGCS

64 i 196 115 616 259 Paman Infonnwo
6714 36 113 400 220 Types of PtentI
681 491 19 88 Done
695 56 53 Catemv_ _

705 86 83 1
71 5 86 j113 12
72 5 86 1143 3
735 86 173 4
745 86 203 5
75 5 161 53
76 5 161 83 Ope Wommd_
"77 5 161 113 Clomed _ _ _ __m
78 5 161 143 Mutiple Tram
79 5 161 173 Vumdu lCoeoVinf
ge 5 161 203 Clnmme commpmm
815 336 53 FmqumW
8S7 351 83 50 8 PttemFfe I
837 351 113 50 13 Petim Freq.2
84 7 351 143 50 1;33 PatwentFreq_3
85 7 351 173 50 - 20 PetmFreq_4
86 7 351 203 '50 126 PatmueFrea_5
87 2 493 47 88 Cancel I
88,
89 I.

90168 116 -840 280 iNume Ipt Wnorniation
911 705 11 88 Done _ _ _

9214 471 93 329 158 Nume tnfomnmton m
93 5 483 129 Totl Nue __

9411 2 r.Nure Number
95 12 517 146 1 23 1 _p

96 12 12
97 12 3
98 121

"11 643 109 1 Shift T imm
1005 640 130 Ion
;1018 630 146 50 0 Nurm I On
1028 630 171 50 8,0m it1.2 On
103 8 630 194 50 10 JNur-.3_On
1049 630 j217 .50 0 iNuns 4-O

10 53 715 130 Off
1068 705 146 50 240Nurg__I Off
107 8 705 171 50 160 WN=r_ Off0
108 8 705 194 50 10Iur 3 5Ff

1099 70 217 50 10 , _4 Off
11014 33 33 413 220 TimC wiah Patnt (Nolly Dmbuted)_
I115 55 72 :Categor 1

1ý12 5 '85 !104 ý I

1.L135 !85 1134 i2

11I4 5 •85 1164 .3
115 5 !85 ,194 ý4
11615 ý85 ý224 i5
117 5 1149 172 Lower

1138 1411 110250 0.

11208 148 1162 50 0.2I
12108 148 9250 0.15

122 8 148 1222 50 10.05
12,35• 249 72 UPPW 1
12418 2481 102 130 0
125 8 248 132 50 0.3
!128 248 162 50 0.25

12' a 2481 192 50 0.2
12 8 248 222 50 0.I3
129 5 1336 72 Sid DOW.
1.1 8 346 102 50 1
i131 a 346 1132 50
•13t28 346 1162 '50 Il

138346 'L9 .50 11
1231,8 346 !U22 [50 1

1351: ý'0 144 ý88 • .Cancel
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1DIALOGS I

2 vv I l lde Ihh te[mitresult namnes
.L37 -!i*:, 168 116 .840 1280 D1 or Inmpumtaton L
1381 705 11 88 ( Don.
.139 14 471 93 329 158 Doctor nfonmmaton

1405 483 129 1 TotalDoctors
141211 ! 1 Doctor Number
142 12 517 146 123 1
1431 122

1• 124144112 3

1465 643 109 1 ShATimm
147 5 640 130 [o
148, 630 146 30 0_Doctor I On

1498 630 17150 SO- _ _Do__2_On

1508 630 194 50 0 Doctor_3 On

Isi1 630 217 50 0 Doct-_4 On

1525 715 130 Off

1538 705 146 50 2400 Docto" -Off
1548 705 171 50 1600 - 2 Off
155,8 705 194 50 -o r3_Of
1568 705 217 50 Doctor 4 Off
157 14 33 32 413 220 Tom th Patmat (Nonnally Duarubtted)
158 5 )55 72 1ae€

1595 85 104 1
160 5 85 134 2

1615 85 164 3
162 85 194 4
16315 85 224 !5

1645 149 72 Lowe
16S8 148 132 50 

0.2

167 848 162 50 0.15
1688 148 192 50 01
1698 - 148 2 50 005

170 5 249 72 Upper

171 8 248 102 50 0_.35
17218 248 132 50 0O.3

173 8 248 162 50 0.25

174 8 248 192 150 !02
17S8 248 222 I 0.15
176 5 336 72 Sad. DlV.
17 8 346 102 50

1L 8 346 132 01520
179.8 346 162 '50
1908 346 192 j50
18118 .346 222 So [

18212 ' 706 44 88 Cancel
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APPENDIX C

CHAMPUS INPUT & MONTE CARLO MACRO

t" locauan, hig /apt me / Ilowpea/SD/2 m2an/3 4 5 6 7 9r 2 1.236 0.5 1.3 2.5

no /ref RSC20
'number 2!

2 ___ 2 _1.421 
_ 0.5__ ._ 2.1i_ / _ref _ __ _ __ _ I RO

m0dn 0 9 0 2 2.3 4 0 0 0 7 01

dmne/ref I R22.4" 3 40 11 __f_lone~~ / eR16C20
number 51[

0d5787 2 2.436011 2034 4 4

06511l7 .iSi00

"number I

2, + 4 6 1' 1 1 ii
nube I R•.

"1 0 10 0! 0

n10 95 0.2105263161 036421053 0.473684 0.57M947 0.684211 0.789474! 08947371 09473681 1
data 

0 
4!R 01 51 0.13C Gi35 .14 0,

145  
0.15 1 0.155 0.16, 0 1605 1 7

name/ref J 3C2 15 101 10[ 10 10 0 50
number 1 11; 951 02105263161 0.368421053 04736841 05789471 06842111 0.7894741 08947371 09473681

daa41 0.15 0.13i '0.135 0~ W5 
0 6 0 1601 7

20m /51 re l0=15 1 1 10 15 5
1ube 141 95i 0.220526316o 0.3684210531 0.4736841 0.57M971 06842111 07894741 0,8947371 09473681 1

date 4 0.15 0.13 0.135 0.14 0.145 015 01 016i 01651 017
tm/ut R36C22 20 15 10 10 1 0 1 0, 1 0 5
nmbaeref 113 95 0.210526316 0.368421053 0.473684 0.578947 0684211 07894741 0894737 0947368l

dm4 0.1 .13 0.13 0.14 0.145 035 .1~ 0.161 0.16 0.17

R43C 20 15 10 0o 1 10 10 S 5
nube 16 95 0.210526316 0.368421053 0.473684 0.578%7, 0.6842111 0.73W741 0894737 0947368 1

4 .15 10.1 213 1 .4 0.14 0,15 0.1550IO 0.161 0.165 0.1
-4 0. R38C22 201 15 10 t1 10 10 10 5 5

numbe 1i 95 0.210526316 0.368421053 0.473684 0.578947 0.684211 0.789474 0.194737 0.947368

n m/ef R45"29 20 15 10 10 10 to 10 5 5
-16 95 0,21052631I6 0.Ma21053 30.7419984 0.57897 -0.6r2,1 70.01W9474 0.73O94736 1

da 4147942 0.15 0.13 20.1351 0.40 0.4 0 01'0 0.1551 O00.6 l0 1655 017 '

manbe Is 95 0,210526316 0.368421053 04736841 05789471 0684211 07894741 0894737! 0947368 1
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darn 21 O~~ 0.031 U71 0ffi.15L 1- _ _nmn/ret' !R30C.4 ______ ______ ______

number 191 +

,ame / ref" ! C-24 I I I ______ I
number 201 ________1 1_______ 1

2 0 0.031 0.07 0,15

"men / 2 R32C24 I 003 0. 0,15 t
number 21 .

-' k 2 0 0.03 0.07 0,15
nome/iref R43C24
number 226

• -- "T f0 0.03 00" 0.157

inmeI ref R38C24

'nuber 23

0t•0 03 00790-13C2-8-4-5- _S____•_o1 7

number 24

' - =0 -

arme 102969 725000 875000 / ref____number. 25
name / rf R46C27
number 26_

data 1 82 4 01 80.003 0.070 0 .15________ __

nu• / ref RI7C247 0
number 2371

d___ 8 902969 925000 $75000 1_
name / ref _ R.2C27 -

data 1 1 8242501 85000J0 ' 712

nows i ref I 23C27 i

num~ber 31 ,2,

M I7 - 311754 35 000

noe/ ref RIOC27
nmbelr 30

name / M,/ R15a1
num~ber 31
nu!! r'i! I 1edt 824E.9 25 7 08 9500 a200 '

rome / rdf R16C•27

numtber" , 3 [,

1 31174 3100



data 11 344147-- 3700001 330000t

norne / ref JRIOC31 I
manber 42f

dwa 11 9086091 9200001

name / ref JR15C-23 1
numba 431

dats 91uuwf 8700001

nome / ref 1 jR I OCE?21 I
number 1 441 1
doA - i 870088 900000i 50000

nome / ref R16C2$
number 45 1

do* ' I -';W3B 920000 97SOM

rimm: / ref R16C31
number 46

dos 11 3292771 33_ 300000

nwm / Mf JR17C23 I
number 471 1
dea 1[ 3441471 3750001 325000

name / ref jRl7C31
number 49

daLa 11 908609 9300001 8800001

n2MC / Mf I R=C23
number 1 491 1
dau I Ili ýSZ621 90soool

rwm / re C31 I
number 1 501 1

data i 11 8700881 9000001 8400001

nome / ref I JR23CZ8
number 1 511

daW I 11 9093351 93 880ow

name I ref I iR23C31
number 521

data 329277

norne / ref 1IR24C28

number 1 531

data i 11 34414 3750001 3200001

Mf I R24C31

PEL 1 541
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MONTE CARýLO MACRO

3 infovujmawno
4 lidw m MatteCo Mum,

r vla-mm W.0

-6 A~dw ajm Hicks
7 C 4"Evj2 SchaeI

L3

2L4 - (ot MESIA

22 -S rALLg 0

24 ..IF(BmI UE)IC ldi Eet

251 - COPY ILP AIEE 1LEOFEAsE~1 ,SS 1 .0 IASI!).'SAI VFVSE1TABSREFGCiI.!SASI 6130.11). ýf Amleb
26 -K OPAB F F(FS(ASE .IAL..3I1)SAI)-.OFE3 ABSREF(KlI.'IS"I)64.13),
27- COPY ABSRE RLREFOM7MABS 31 .!SIASS 2 SlBISASI I"~ OFlS ABS 11,!SASI Eji2)

Z9 -ENDIO

30 ____________

31 -IF(Fvt lftmanouTR CI.. Vuteble af Fau Run
32 1- F0F QO"0T0(mV -WaTR

33 - LAO
34 -ENDIF

id -CLEP
37 -VSCROLL.7i
3L,
39 Ojvrmwm -UWLil-Lower Luftt wnb to pi VGtbnwm. F Or" bso
401 I-F Comau.0.Nwmbw to-way

42 -NM
43 ACrIVATE.PUM

-4S -SET VALU'E utisbi CoutmtO) jEnter Vwableb Wnfarrtro
.49 -FOR(*Cotmt.l.'wnbvr-Vutebln)_________
.0 Veabit-Coutet -Vanubl*Count-I
51 -IF(OFFET(Vur Ref. Vunblo Cowot3 1.1 ~l.ETVALUE(K42ANfA)
52 -IF(OFFSET(Va Ro.f(Vumble Cowtt5 1-.2 -. SET-VALUE(K.39.*)

53 ~-F0RMULA(VsanekMCotznJCB)
54-DIALOG DOXbpi T"o Imfie Inpt

55 -ffE -ypkN)AcneAprpe

-9 FORMULA(1ES50- BoxE7
57. FORMULA(SIE7S-200=51E7

OR1JLAI$ES33*200.1ES33)
7301 FORMULA($E755-200 E5)
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A 8 C
I "mass Commouds roecasmlou

-L1
79 -FIORMULE76-200.1276)

-6 ~ MRM SE7.200.SET7)

A1 FO SE7S-s200'S278
82 -ENDIFO
U-DIALOO3BO. (lopt -Two) Divanutsofl lopol

841 70R34ULA(214 S2S50) Deecwvat Du.*oflm Boo.
Its -FORMUIA(205!SES51)

86 -FORMULA(205.SES53)
87 FORMULA(214.SES55S

89 FRK4ULA(214

941 -F0 21O 1

% ~-FRP4ULA4205.SE69)
96 70 LA205,1E269

97- -FOR0 205,127
!0 -FOMU .105IE1) _______

10 -FORMUL~TI2O5SE175)
2031 -FORMULA(205.SE:76)
1021 -FK)RMUL.A(2O55E27)

105 IFORMULA(205.SE78)

107 -IF K42.0.SETVALUE(VumboeRoefoamrce)) I -Viombi. Nowne Choa

110 -FO sm -COmgz.OFSTe WR. Rt~~C.1)I) Vastbl. Nmber
III -FORM (oboo.. .0773 ET(iz Ref'smf Co3u-21) 1 Recor Diaumtoo Typ
1121
2113 -F(Vomrble Re . ... . Detemrs .Ludr to Workshot
n4 - FORMULA(INDEX(NAMESVuamble Nue).OFFSET)V Ret: smuM. Coamm-2 I)

11 FRMlA OT.CEL (3,0771 o(Vr-Ref intAbi. Cowl'3-12 I)115 1- fREVT.O2X(a CELL ALSE)

117 1- FORMULA(U2I16,F0 (VR r,(VaeWCoi3.I)2))

120 I-ELSEO
121 1- FOR guileRefermrceOFFS aRelt: Cmibl Corerr3-12)
122 1- .2?
IZ123
124 IABSREF(0S771 ar Ret gui~le Coo2l31)- SAI OboU.nu Varable Valo.

121 ._RMULA(9124.0771 uR§_Ka. Vb*Coam3.2).2)) Record Vormie Valoe
121

221FDeM& bi Record Dtmbub Suboc
121 -. W) '. ý;- -ot)2) to Variale oam
129 1- FI3RMULA(1C52.OFFSE at Ref. Vmuble Couo3 -2,4)
130 'ELSE IF(Dwriobooo 7' e-)
231 11FORIMtLAMl6I.OFFET(Va, Re ,(VmabieCort'3)-2,3))
1.321 - FORML'LAflCS9.OFF3ET(Va, Ret:(Vmuble Co.MrS 2.4))
133 1- FOR.%(JIA(K57,OFFSET(Va, Rd.(Varible Courlt3-2.5))
134 .ENDO 70
235 -F(Thaomboooo pe 7' )

136 FORMULAiK6J.OFmET(Vat Ret.(Vensb[# Cwt 12 .3)
13 -FORMULA(K66.OI73 T(V T~ .Vueort).4)
13 ELSEIlF(wwwy@4
13 - O "60 .071 i Ral ri.Core ,

I - .0 or e bl Cowd)-" )

14. 9C)RMUL .0771 oS r VrýR*(et: mblCoarte 2,4)

143 -. 0 or

I ~~~ 10 .0771 if FS~(VRef ifujk Comn3 I,)
t4o F)3RMULA(XBS0 e Rfml Cml2

46 - FORWMULWA(XCU.0 Re U.. ComlM2

I5 - PRMULA(KC92.077121Wor .(V=%". C-ert-27).9))

I -FORMULqAf9*19,077 or(VwRet uieCorl ,
15 - 10 -~ (VrR VulP owl.. )

I F RMULAIIC9.0FFSMor Ret.(Vgble Coart¶I 1) II
IS '- ~~SUrM(OF712T(Vec Ref (Vubiral Comnele)- 1 .) OFFSET(Vor Ref. grail. Coarflel 1.111) ________

215 FORMUI.AB10157.OMFET(Vor Ref.C-Vunxil.- oorrS).21) __________
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I A I c

IS9 1 FORMULA(OFF3 u lrReQ.Vttnatble CowttS 3 lyS157,OFFSETrVwe Ref.(Vwuei*0ICoemt3,r3).)
160- OFFSE ar Rdf. V~sibi.Cowir3 I.4)'fSl57.oFFELT(Vu Ref4CVanable Coule3)J3)
1611 F ORttIA(BI40.OFETCVuRet.VmzbtabCo~t'3).4))
1621 1- OFFSET(Vsr Rdf(Vamble Co 1t3)-I.SyBSlS7.OMFErT . Ref snaubi. Cow*mi.4)
1631 I- FOR%4LAMB16Z.OFTET -s Ret (Vartwubi Co t)."))

164 F, E(Vsr. _,.(TVMnb.ý u-.6iSSO E _ r .(IVmnableCottrnr ),5)
265 1- FORM JULA(8164.OF'FSET2Vu Ref.(Vunble CotmiS).6))

1661 ____ OFFEýT s BR@(Venabl* Coat'3)-I.7ý81157-OFFSETWV R@C4Ywuibk Cotwt,3)6) _______

171- SE VLE tib.OF ComuVanaRe.(ubl. Co~mtICaultea toabi.
16II OSET(V VALUE(DuoAbatoat )IrO15+FSTV OFFSETbl w efeobeC39132I al. te Rc)t

1691 J- OFFSETIV S RCMibi omz
1701 190.2)181.9Y1
1793J FORMULAMa292.AFsREF(aýlo4wb OFSEoa Ritgu")Cun3-9.)S)

1721 - RAN!
pr a 1. 0FF 1s R+0173!b woR 2.3Vwbk--

1719 - OFFSfrCTs R ýf4Tfuubl. Cowo3)-2.
17 1- OFFS TVi-o.Rc ubis-,eow32.3lM5-FF~-KVois-ooIO
11 1- R! 8978

1203 - I ENDA IF

I It I 3tv ý IEH (c -p -

2113 - OFFSAGE as uubatl.C 2.3 Ieabe, ub
M I- OFFVALS .RblCouuN.O) .
25 1- F OR(CmeI.NwV( rVtncabes CflupEt06.imibl2

2B S TVALULA(8208.bSR Ty@OFFSET(Ve Ref,(Vanble Coqmt*3-I21) SA".tat Rcldt
2t" j- l.F(Ortb-mTp-1 Toa
212 -. RAND
120 1- OFFSET(Vvr-R.F.VsmWbl C~or3,2j).3
21.11 OF(21OF SET(-Rf.vas Ref(anableCow03,4 X.FSTVsRf(eab.Cwt.)5B2

2231 -. IF(8211'fFSET)Vw , REF(tFarToble f.~u~b 23.O mETVr Rt(-),VSArtb. oI t-).)1
s24 t- ELIFI9211'OFF RyeFCaal oe).)OFEI e((mal omI-)\822

219; - [FF3EC821 Qwm ICOFST s ef.enbl Cui3).*FET aRl(V b1Cjn32. 822
191 1- OFF3212'r-OFFSE(V Rf.Vual.CoO S.OF .Rd gudeCe.2- ,.42)
221 1. O l'FFS SETvf(wmb N ReeMal oS 9OF -RlauleCW1-22 51

201 -. I IOFS (f naleowS 20 R.enblel-2 22
221 1. MAX(DhIM I958199,2
2022 - FORML(21 RFOFFSVa R@&wuabi. Coutt-lMXSASI)
2221 - E240.2F

24 1- I F Lab to Wmp.et
2251 Te1- FO 08 A
206 - RE A VU-AS-l2.!.3

1" -. OtFNM wfkmlsCxM.4
2081 1- NORMULA. OETCEL SB707

2091 - REV!! ACTIVE.CE ALAErVqýRfC~mi

2101 ELSE I(obo yr4

2121 ABFSRI esa-R.f.(obe m mt.3SASI
2131 - FBt>FST(wRf~ml SETf*3 VALUET(V 0 8235m
234 lFBH8)40V tf1?bl o13.)OM rV e.Vwb.Ccm'32.)B22
231 Prmau1 0 -OFE(a-ef~~ PyyeeetOFSE(V 0e.Vml ecý03 RsenlO tBS21t
216 - R2 IFPat 'Ob SET0.eLou Low(Vsb) -xt3)7,FS'(wRf(wb.C m32.)B22

211 F(21ýO~rVwR~.(~be-ow3ýOrST(orR..(wmitCont-125$72



I A I c

2401 FORM OF A.(MTOWR#(.2,O) I omMup RefA 0
2411 1- END IFO
2421' F)R(ýCouwo.2.Nwober-to-D..p*8r2)___________________
1431 f. IF~h- 0 lmvOmrE-r( fR.f.Cwe.I,I))
244. IF(Pvo.tt .ctro.'ýOFET(OuW-R.(,CoýLI)) __________

2.1. - ~FORM LA-.%OFTSET(O0. aR.(C~om.itO+.OM Oo puReIf, o0))________
246 EN -

242 -NEXT

L521 I- FRNULA(OFTET(Otomt Rd.Cob 2)oFF T(rlO)pu R.,COMETCt- 3d-F3F(Ofl.Nl t.~o Dt.32,))

272 RT(ct I- Totl-bpea ItmaOm.ToaI is=a 004-U"tv~ow2 o LkI
273odSaodI -Fotal'LA(212,FFSt!!(Ootft Rr2,))

2I -FOR(Cw-Nb OSto R.1,32) 3-I.I~w

2 -1 FORM AOFFSE!O R~f CowtLI-2 RE itxm.FSTOPTS RC. C.t)- 'al V
262 -NEXTO

264 I-COMUAOPY rend. u 2,ABSREF R1LREOFTSET(AHS Ref(K5.As)..3'1S.Ld) _________ ts-Fmq

294 ALEORT(*oun.3lA.OnC .to-..3 y-)___ -
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E F G7 H i F I J K L
I DIALOGS i I I
2 tye x v 1wide Ihigh Itext miit/result Inamnes

4 I 1 522 420 Objective & Simdation Parameters I
5 1 ý414 14 188 OKA

6 13 18 7 First Iteration to Clear Data FALSE First Iteration

7 13 Variable Values Previously Entered TRUE Variables Known
$ 13 [AAtow Screen Updating (S.ows Singa FALSE Screen•Update
9 13 Reall InW Datma Workaesa FALSE Recall-

1i0 44 __p__ R_
11 10 168 77 [14 R4C42 Irtput~Range

12 14 19 103 316 96 Objectiv Variable
13 5 28 127 - Refern
14 10 139 126 160 Objective_Rference

155 133 148 OR
16 5 30 .170 Name
17 21 107 169 [190 108 INAMESO 1 ObjectiveName

13 5 130 1210 LN ofber oVarables for Monte CarlI

19 7 404 1230 196 1____________ 54 Nne aibe
014 ý20 1254 j483 136 ~Simnulation Parameters

21 5 144 273 ;Number of Iterations .........
22 7 326 1272 60 '1 _ 500 ,Number Iterations
235 43 1296 LowerLimit.. ....

24 8 !325 1295 160 400000 ILower Limit
25 5 42 1321 Upper Limit ......... ........

26 8 325 1317 1160 N 900000 Uppcr_Limit
27 5 141 342 1 !Numberof LinestoDislay ... .. Ni
23 7 1325 340 1160 .5ýubrt ipa
29 5 142 364 1 1 Output Ruge .... __............ __

301 32 13 2 3 64 160 R40 OutputRange
13112 1414 143 S I 9Cancel
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9 F G H rI-- - J K LDLWG I v I I t 1
1 DIALOGS I 1.

2 x , %wide lhig Itex init/realtnae
!34 1ii.
L 842 1426 Vanable Enty_

36L 738 22 88 DONE
3714 116 40 317 164 Variable Informaton

38 5 125 64 Refernce

39 10 136 .3 160 1 R24C31 Vanable Reference
405 130 85 _OR

5 25 107 Name

42 21 104 106 190 108 NAMES( #N/A Variable Name

43 3 25 134 _TYPof Diibuna_
44 Ii 1 D1sbma Type

45 12 193 132 Uniform
46 12 Trimmer_
47 12 Normal

As 12 Table
49 1 --- 40 160 89 OK
50 214 16 214 320 90 Umfo'rm DMbuuoan information

51 205 37 243 Low
52 8 138 243 160 320000

53 205 37 273 Hih
L48 138 273 1160 - 375000

55 214 17 314 1320 96 iTnangular Distnbuuon 'nformaton
56 205 26_[336 'Pessumac
578 1138 334 16 0.15

•s205 6 359 1 Mostl•, c',
59 1138 357 1160 [ 10,07

60 205 26 385 1_ _ ufl.nic I

61i 8 138 1383 160 10.03
62 214 355 5 357 84 Normal Dmobution lnformnwon63 205 366 25 1 Ave

648 530 24 160
65 205 366 51 Stmdad Deviaon

66ý 8 530 49 160 10.5

67 214 355 101 469 312 Table Disvbuuon Infoamnon _

68 205 391 :147 1 1

69 205 391 170 1 2
70 205 391 194 3
71 205 391 223 4

72 205 391 252 Is

73 205 391 275 16
74 205 1391 302 17
75 205 }391 329 • 1

76 205 391 357 9
77 205 519 '125 Value

78 205 686 122 Frequency_
79 8 '460 143 -160 _ _T 013

80 8 640 1143 160 2 i20

s8 8 170 1o60 _
0 13 5

8218 640 170 160 . 115
83 i8 460 195 160 O0

1 4

8418 640 195 160 10

8S- 460 221 160 0.145

868 640 221 160 10

87 8 460 245 160 _0.15

888 640 245 160 10
89 8 460 272 160 0.155

8 60 2M 160 10
91 8 460 297 160 _0.16

92 8 640 297 160 10

93 8 460 322 160 0.165

948 640 322 ,_160 __5

918 460 1351 160_ 0.17

96 8 '10, 354 160 -5

97 5 126 151 1 Varable Number

9 7 209 19 96 1 148

992 T738 49 8 , Cancel .... __

128



LIST OF REFERENCES

1. Banr, Chritopher, "The Next Crop of Spreadsheets will Play "What If'," PC Magazine,
v. 11, n. 7, p.29, 14 April 1992.

2. Blackstone, Jr., John H., and Watson, Hugh J., Computer Simulation, 2d ed., John
Wiley and Sons, 1981.

3. Schmidt, J. W., and Taylor, R.E., Simulation and Analysis ofIndustrial Systems, p.
327, Richard D. Irwin, Inc., 1970.

4. Maassen, Leland, and Whipple, David, The Champus Budgeting and Programming
Process, pp. 9-28, Master's Thesis, Naval Postgraduate School, Monterey, CA,
September, 1975.

129



BIBLIOGRAPHY

Bhaskar, Krish N., Building Financial Models, Associated Business Programmes, 1978.

Brandy D. Brent, and Gross, James R., "A Demonstration of Alternative Approaches for
and Inventory Simulations Model," paper presented at the Society for Computer
Simulation Multiconference on Simulation in Business and Management, Anaheim,
California, 23-25 January 1991.

Gordon, Geoffrey, System Simulation, Prentice-Hall, Inc. 1969.

House, William C., Business Simulation for Decision Making, Petrocelli, 1977.

Meier, Robert C., Newell, William T., and Pazer, Harold, Simulation in Business and
Economics, Prentice-Hall, Inc., 1969.

Mould, Gill, "Spreadsheet Simulation," paper presented at the Society for Computer
Simulation Multiconference on Simulation in Business and Management, San Diego,
California, 17-19 January 1990.

Nathan, Dinakar L., "A Focused Simulation Approach to Justify Manufacturing
Modernization Strategic Plans," paper presented at the Society for Computer Simulation
Multiconference on Simulation in Business and Management, San Diego, California, 17-19
January 1990.

Nirsesian Roy L., "Application/Implementation of Simulation to Financing," paper
piesented at the Society for Computer Simulation Multiconference on Simulation in
Business and Management, San Diego, California, 17-19 January 1990.

Software

Microsoft Windows 3.1, Microsoft Corporation, Redmond, Washington.

Microsoft Excel 4. Ofor Windows, Microsoft Corporation, Redmond, Washington.

130



INITIAL DISTRIBUTION LIST

1. Defense Technical Information Center 2

Cameron Station
Alexandria, VA 22304-6145

2. Library, Code 52 2
Naval Postgraduate School
Monterey, CA 93943-5002

3. Professor Shu Sheng Liao, Code AS/Lc 2
Department of Adminstrative Science
Naval Postgraduate School
Monterey, CA 93943-5000

4. RADM Richard D. Milligan, USN (Ret.), Code AS/MI 2
Department of Adminstrative Science
Naval Postgraduate School
Monterey, CA 93943-5000

4. LT Dixon K. Hicks 2
c/o J. B. Torbit
952 Midway Drive
Alpine, CA 91901

131


