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ABSTRACT

DEVELOPMENT OF A DYNAMIC SIMULATION MODEL FOR
PLANNING PHYSICAL DISTRIBUTION SYSTEMS:
FORMULATION OF THE COMPUTER MODEL

By

Edward Joseph Marien

To provide consumers with a wide assortment of goods
at the right time, in the right place and at the highest
profit potential, managers have increasingly viewed their
product distribution systems on an integrative basis.

Total integrated costs of transportation, warehousing,
holding and handling inventories, and communications can
be balanced against requirements of consumers for fast and
consistent service.

To achieve an effective and efficient balance between
cost and customer service, product or physical distribution
management is responsible for designing and administering
systems to control finished goods flow and, in some cases,
the flow of raw materials. The problem is how to achieve
the correct balance in a changing business environment.

Given the above general class of problem, a specific
need exists for the development of improved planning models

to aid firms in the design of total physical distribution
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systems. Such a planning model should be capable of assist-
ing managers to achieve their objectives by determining the
best points in time to implement physical distribution sys-
tem modifications.

The overall objective of an ongoing research project
at the Graduate School of Business, Michigan State Univer-
sity, is to provide such a physical distribution planning
model. The model has been titled Long-Range Environmental
Planning Simulator (LREPS). The research is'being con-
ducted by faculty and doctoral students. This dissertation
deals with the computerization of the model on the Control
Data Corporation 6500 computer using primarily the GASP IIA
simulation language and FORTRAN IV.

In formulating the computerized model, an overall
approach was required. This approach is discussed in the
Methodology Section of Chapter I. Various programming and
systems techniques also had to be reviewed for their appli-
cability in the computerization process. These techniques,
such as the use of Monte Carlo selection, pseudo-random
number generation and statistical estimation procedures,
are discussed as the need arises.

The result of the activities associated with this
dissertation is an operational computer model. Information
systems concepts were initially utilized to segregate the
activities of the computer model into supporting data,
operating and report generator systems. In relation to

these systems, a total data base of information was
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defined. Data base variables were assigned mnemonics and
dimensions.

After developing preliminary specifications of the
computer model's subprograms and data base of information,
the GASP IIA simulation language was selected for pre-
dominantly implementing the model's operating system. A
set of criteria was developed for language selection.
FORTRAN IV and the CDC 6500 assembly programming languages
are used on a supportive basis.

In programming the activities of the mathematical
model, basic building-block subprograms facilitated the
overall development of the computer model. These basic
building blocks are organized and discussed in relation
to the four major subsystems of the computer model. The
four subsystems are: (1) the Demand and Environment
Subsystem for generating and allocating customer demand,
(2) the Operations Subsystem for processing simulated
customer orders through the physical distribution system
configuration being tested, (3) the Measurement Subsystem
for developing the criteria for evaluating the system con-
figuration and (4) the Monitor and Control Subsystem for
supervising and controlling the operation of the computer
simulation model. In implementing these subsystems on
the computer, magnetic tape, punched cards and listings
are the primary means of model input and output.

The computer model is presently dependent upon MSU's

large-scale CDC 6500 computer operating system. The
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conversion of the model to another computer operating system
would be very difficult unless a sophisticated FORTRAN com-
piler that would include EXTENDED FORTRAN routines for tape
buffering, shifting and logical instructions plus large
amounts of computer memory were available. Packed computer
words of memory, which are sixty-bit words on the CDC 6500
and which, in many cases, contain up to fifty pieces of
information per computer word, make the possible conversion
process even more difficult.

The operating system of the present computer model
requires a little less than thirty-two thousand decimal,
computer words of memory. Of this required amount of com-
puter memory, the data base of information occupies seven-
teen thousand two hundred words. The execution time is
primarily a function of a firm's sales dollar forecast and
average sales dollars per customer order. Considering the
consumer-oriented firms who might use LREPS, the computer
run times per maximum ten-year simulation cycle might be
unreasonable if they have large sales forecasts and small
customer orders.

Preliminary validation of model results for one
year's sales history plus initial, experimental use of
the model for assisting the management of the project's
industrial research supporter indicate the model is

sound and reliable.
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CHAPTER I

INTRODUCTION

Scope of the Research

To provide consumers with a wide assortment of goods
at the right time, in the right place and at the highest
profit potential, managers have increasingly viewed their
product distribution systems on an integrative basis.
Costs of transportation, warehousing, holding and handling
inventories and communications should be considered from
a total, integrated viewpoint. Requirements of customers
for fast and consistent service, plus a rapid pace of
technological improvements throughout the entire distri-
bution system add to the plight of management in designing
efficient and effective distribution systems.

Management has the responsibility of not only
designing better distribution systems for supplying goods
to their customers but also administering these systems
within their associated channel structures. Bowersox,
Smykay and Lalonde define physical distribution manage-

ment as follows:



Physical distribution management is defined

as that responsibility to design and administer

systems to control raw material and finished

goods flow.l
This definition stresses finished goods distribution and
the physical supply of the raw materials for finished
goods' manufacturing.

Physical distribution matters also exténd beyond
the limits and controls of the individual firm. To
properly plan a physical distribution system, total
costs and overall service levels experienced by all mem-
bers of the channel(s) of distribution should be con-
sidered. To do otherwise could lead to suboptimization
in the attainment of channel as well as firm objectives
and goals.

One of the main problems, therefore, that confronts
firms is the balancing of the costs of physical distribu-
tion against the desired level of customer service. 1In
order to achieve market goals, the level of realized,
actual customer service must accomplish the target level
while keeping within the total cost constraint.

Given these types of questions, considerations and
problems, a specific need exists for the development of
improved planning models to aid firms in the design of
total physical distribution systems. Such a planning

model should be capable of assisting managers in ana-

lyzing, over time, the effect of alternative system



configurations within the dynamics of a changing market-
place and the internal business environment. The planning
model should be capable of assisting the managers in the
determination of the best time to implement physical dis-
tribution system modifications. Test evaluations of pro-
posed system changes should also be capable of analysis
with respect to sensitivity to different assumptions con-
cerning sales, costs, technological improvements and new
product introductions.

The overall objective of research conducted at
Michigan State University was to provide such a physi-
cal distribution planning model. The model has been
titled Long-Range Environmental Planning Simulator
(LREPS). This dissertation deals with the computeriza-
tion of the model on the Control Data Corporation 6500
computer using primarily the GASP IIA simulation lan-

guage and FORTRAN 1IV.

Situational Analysis

The dimensions of the physical distribution system
developed in LREPS extend the channel of distribution
from the production line to the point of ownership trans-
fer. 1Included are five basic elements of the physical
distribution operating system. The five elements are

classified as follows:



1)

2)

3)

4)

5)

the addition, deletion and modification of
distribution center facilities for the
holding and handling of finished goods
inventories;

the transportation of finished goods from
manufacturing centers or supply points to
distribution centers and then on to the
point of ownership transfer;

the communication and processing of customer
orders;

the physical picking and preparation of
orders for shipment dispatch to customers;
the holding and controlling of the level of
finished goods inventories to supply customer

needs consistent with various inventory policies.

In terms of the channel structure these five basic

elements of the operating system are considered at three

stages of activities. A graphical view of this system

is shown in Figure 1. The three stages of activities are:

1)

2)

the Manufacturing Control Center (MCC) at
which production is accomplished and inven-
toried at a Replenishment Center (RC);

the Distribution Center (DC) in which pro-
ducts are located adjacent to the market-

place;
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Figure 1l.--Stages of the Physical Distribution Networkl
lD. J. Bowersox, et al., Dynamic Simulation of Physical

Distribution Systems, Monograph (East Lansing, Michigan:
Division of Research, Michigan State University, Forthcoming).




3) the individual customer's demand or
agglomerations of customer demands
identified as the Demand Unit's (DU)
stage.

The distribution center stage, Stage 2, incorporates
four basic types of distribution nodes. Primary Distribu-
tion Centers (PDC's) handle a full line of products and
have the potential of serving all demand units in a defined
region of the firm's total market area. A distribution
center that handles a full line of products and is not the
primary distribution center in a market region is called
a Remote Distribution Center-Full line (RDC~F). A RDC-F
serves only part of the DU's in a region but it serves
them entirely. A RDC that only supplies part of the
product lines to its assigned DU's is called a RDC-
Partial line (RDC-P). The PDC to which the RDC-P is
linked will supply the other products to the assigned RDC-P's
DU's. Also included in the DC stage are Consolidated
Shipping Points (CSP's). CSP's are very similar to
RDC-P's but handle no products. They serve as geograph-
ical aggregative points for the demand of several DU's.
The total demand for several DU's is agglomerated and
then shipped on a break-bulk basis to the geographical
point of demand.

Given this general framework of analysis which fits
most firms in the manufacture of both industrial and

consumer package goods, the LREPS project team






conceptualized a simulation model. A research monograph
written by the LREPS project team provides a detailed
discussion of the purpose of the model, general class

of problem to be modeled, the conceptual model, the
capabilities of the model plus the use of simulation as
the appropriate solution technique.2 Simulation was
considered most appropriate when considering the system
characteristics and complexities plus the research
objectives. The range of simulation is described in
Figure 2 which illustrates the model's major subsystems.
Each of these subsystems was conceptualized to emphasize
some particular aspect of the operations of the physical
distribution system.

The Demand and Environment (D&E) Subsystem focuses
on the major inputs of customer mix, product mix, and
order characteristics, plus forecasting and allocating
sales among demand units. The Operations (OPS) Subsys-
tem processes simulated customer orders through the
major physical distribution activities or elements
associated with transportation, facilities, communications,
materials handling, unitization and inventory control.
The Measurement (MEAS) Subsystem develops the criteria
for evaluating alternative distribution system configura-
tions. The Monitor & Control (M&C) Subsystem is the model
supervisor and controller section of LREPS. The LREPS
controller not only effects model feedback responses from

past activities but also incorporates changes in
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environmental factors and conditions. These controller
actions, therefore, dynamically affect decisions con-
cerning future facility configurations, transportation,
communications, inventory policies plus DU, DC, regional
and MCC sales. Each of the major subsystems is supported
by a data analysis, preparation and reduction system
labeled the Supporting Data System. The output is con-
verted into managerial reports by the Report Generator

(RPG) System.

System Identification

Figure 3 identifies the system design procedure or
logical progression of activities utilized in the devel-
opment of the LREPS simulation model. The shaded area
of Figure 3 illustrates the focal point of this disserta-
tion. In the "Problem Definition and Feasibility Study"
the goals of the research were examined and substantiated
via a preliminary collection and analysis of data. The
outputs of this activity were a detailed problem state-
ment, the specifications for a mathematical model and the
boundary conditions on a defined set of feasible alterna-
tive solutions.3 Given the outputs of the feasibility
study, the next step was to develop an abstract representa-
tion of the mathematical model. This step emphasized the
specific definition of: (1) the system boundaries and
assumptions, (2) the inputs and outputs, (3) the constraints
on the inputs, outputs and system configuration, (4) the

criteria for evaluating alternative systems, (5) the design
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START

OBJS

SCOPE

Figure 3,--LREPS Systems Design Procedurel

1D. J. Bowersox, et al., Dynamic Simulation of Physical
Distribution Systems, Monograph (East Lansing, Michigan:
Division of Research, Michigan State University, Forthcoming).
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parameters that will be the basis for experimenting with
the model, (6) the estimation of parameters via further
data collection and analysis, and (7) a preliminary
evaluation of model validity. The output of this mathe-
matical modeling process served as the basis for con-
structing the computerized model.4

In formulating the computerized model, an overall
approach was required. This approach is discussed in
the "Methodology" section of this chapter. Various pro-
gramming and systems techniques also had to be reviewed
for their applicability in the computerization process.,
These techniques are discussed as the need arises.

The result or output of the activities associated
with this dissertation is an "Operational Computer Model."
This computer model serves as the input into the applica-
tion areas that include detailed model validation plus
sensitivity analysis and experimentation.

The output of the last two processes in the overall
system design procedure is a set of critical management
parameters that aid in solving the defined research pro-
blems.

Detailed Problem Statement and
Researchable Qpestions

Analysis of the mathematical model served as the
basic input for developing an operational computer model.
The boundary conditions for the system and feasible solu-
tions were defined in terms of economic, financial, social,

political and physical characteristics of the system. The
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model's inputs were classified as either controllable or
uncontrollable. The outputs of the system model included
the alternative criteria for evaluating a tested physical
distribution plan. The system outputs included such items
as sales, costs, service and flexibility measures. Given
the system characteristics, Figure 4 illustrates the
various aspects considered in computerizing the mathema-
tical model. The detailed problem was to develop a com-
puterized model that satisfied the needs and specifications
of the abstract mathematical model, the validity of the
model, the model's data base requirements and stayed
within the constraints of the defined computerization
process.

The constraints on the inputs, outputs, optimizing
parameters and the overall process of formulating the
computer model were phrased in the form of researchable
questions. These researchable questions, which lent
direction to the computerization process, are:

1) What programming languages will facilitate

the development of a reliable computer
model including the supporting data
system and the report generator system?

2) What model building procedures will

facilitate the development of the com-
puter model, the later sophistication
of the model's defined activities, the

broadening of the model to encompass



INPUTS

1,

3.

Abstract
represen-
tation of
system model

Model
validity
specifica-
tions

Model data
base require-
ments

13

COMPUTER

IMPLEMENTATION
>
DE—

MATH MODEL

OUTPUTS

1.

>

OPTIMIZING PARAMETERS

1, Personnel - number of
systems, programming,
and keypunching per-
sonnel

2, Computer operating
systems available -
including the avail-
able programming
languages

3. Quality of documen-
tation of computer
model

3.

S

Figure U4,--Problem Input/Output Analysis

Documented,
operational
model

Model com-
patibility
among
different
computer
operating
systems

Validity
of model

Cost and time
of model com-
puterization

Efficiency of
computerized
model



3)

4)

5)

6)

7)

14

additional horizontal and vertical aspects
of the total business system and satisfy

the strong desire for universal applica-
bility among packaged-goods firms?

What computer software and hardware features
will allow the structuring of the simulation
model's data base and its input/output
requirements that will minimize reprogramming
these structures for alternative LREPS
versions?

What computer software and hardware features
will promote the efficient processing of the
great amounts of information that will
accompany a model spanning a maximum ten-
year planning horizon?

What is the most efficient way to write the
model's output in order to provide printed
reports of the essential data and to provide
storage that can be easily accessed later as
input to programs for further simulation
results analysis?

Can a LREPS model be developed that will be
highly compatible among different computer
operating systems (hardware and software
combined)?

Can a model be developed that will run on

medium-size computer operating systems?



15

8) Can a computer program of the main operating

system of LREPS be developed that will:

a) Cycle through a ten-year planning horizon
within a total elapsed computer time of
30 minutes?

b) Fit within a computer memory limitation
of 36K decimal words?

c) Require no more than three input/output

files?

Methodology

In order to develop a computerized operational model
of LREPS and attempt to satisfy the above researchable
questions, the following approach was developed:

1) Specify the computer system model's data

base in detail using the mathematical
model specifications and the broad system
flowcharts.

2) Evaluate and select the predominant com-
puter programming language for the simu-
lator. The selection was from general
compiler languages such as FORTRAN or
ALGOL and from simulation languages such
as GASP, FORDYN or SIMSCRIPT.

a) A set of criteria for selecting this
predominant language was developed

in order to make this decision.
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Segregate and program the computer model
activities and their respective data base
requirements according to these three
main sections:

a) Supporting data systems which were
primarily developed for collection,
preparation and reduction of data
inputs to the LREPS operating system;

b) Operating system programs which were
those programs and activities directly
involved in the LREPS simulator;

c) Report generator programs for the
developnent of the reports containing
the model's results.

For each individual subprogram associated

with the LREPS procedure:

a) Identify the respective system model
activities within the program;

b) Identify the information flowing in
and out of the subprogram plus any
key endogenous variables;

c) Block diagram the basic, logical steps
for generating the program's outputs
after considering alternative computer
systems and programming technigues;

d) Code the program using the most appro-

priate computer programming language(s);
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e) Test and debug the program using a test
case that had been developed;

f) Present any computerization problems,
and any peculiar or unique programming
techniques.

5) Combine the subprograms and their respective
inputs, outputs and data base requirements,
making any necessary revisions as a result
of this step.

6) Test and debug the combined subsystem models
to operationalize and calibrate to the actual
system.

a) the D&E subsystem was first programmed
and calibrated;

b) The D&E and OPS subsystems were then
merged to develop the second LREPS
model and it was also calibrated.

c) The D&E, OPS and MEAS subsystems were
merged into the third version of LREPS
which also had to be calibrated.

d) Finally all four major subsystems were
merged into the first total LREPS model.
This model was calibrated and served as
the basis for the first series of experi-
ments, utilizing LREPS.

The above approach required feedback at each level

of development as more detailed and concrete system

characteristics were formulated.
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Organization of the Thesis

This dissertation is organized into nine chapters.
Following this initial chapter, Chapter II presents the
organization of the total computer model for LREPS.
Chapter II also defines many of the impcrtant comgputer
modeling concepts that are used throughout the disserta-
tion. In the last sections of the second chapter, the
evaluation of alternative computer programming languages
plus the selection of the predominant computer program-
ming language are discussed.

Chapters III through VI discuss each of the four
major subsystems into which LREPS is segmented. Each of
these chapters is supdivided into three sections. Sec-
tion one is titled "Inputs, Outputs and Data Base Require-
ments." This subsection broadly discusses the subsystem's
inputs and outputs and it presents an overview of the
computer subprograms or activities that are discussed in
detail in the latter sections of the chapter. The second
section of each chapter, titled the "Operating System,"
presents the computer activities directly involved in the
operation of the LREPS simulator. The "Supporting Data
System" is the title of the last subsection. This subsec-
tion represents and discusses the computer activities that
are required in the analysis, preparation and reduction
of the data inputs.

Chapter VII describes that part of the total computer

system in which the output reports are prepared. This
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chapter is titled "The Report Generator System" and is
divided into three sections. The first section discusses
the inputs to the report generator (RPG) while the last
two sections describe the reports prepared in order to
examine the results of a simulation cycle.

Chapter VIII presents a discussion of the operation-
alized total LREPS computer model. This discussion
includes: 1) a description of the computer linkages
between the operating system's subprograms and major
subsystems; 2) the implementation procedures followed in
developing the operational computer model; and 3) the
results from a preliminary validation of model outputs.

Chapter IX prezents the results of this thesis in
relation to the researchable questions stated in Chapter 1I.
Implications for future research are also discussed in

relation to research results.
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CHAPTER II

TOTAL COMPUTER MODEL CONCEPTUALIZATION

Preliminary Input/Output Analysis

At a broad level the inputs and outputs of the LREPS
model were originally classified in the categories exhib-
ited in Figure 5. This figure was developed in the con-
ceptualization of the system boundaries and the experiments
using the LREPS simulation model. The system model out-
puts included the criteria or target variables for
evaluating alternative distribution plans. These outputs
included measures of sales, service and total cost plus a
measure of flexibility among different distribution plans.
Flexibility was concerned with the amount of risk involved
in a given plan when considering the uncertainties of the
future.

The development of the specific outputs of the
system model is evolutionary in nature. The initial
reports from the model Report Generator were reports
that summarized the results of the model for individual
simulation cycles. A simulation cycle was considered

one pass through a planning horizon.

21
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TARGET VARIABLES
SALES

CUSTOMER SERVICE
PHYSICAL DISTRIBUTION SYSTEM COSTS
PHYSICAL DISTRIBUTION SYSTEM FLEXIBILITY

NTROLLABLE I ES
ORDER CHARACTERISTICS

PRODUCT MIX

NEW PRODUCTS
CUSTOMER MIX
FACILITY NETWORK
INVENTORY POLICY
TRANSPORTATION
COMMUNICATIONS
UNITIZATION

UNCONTROLLABLE VARIABLES
MARKETING ENVIRONMENT

TECHNOLOGY
ACTS OF NATURE

Figure 5.--Summary of Experimental Factor Categoriesl

lD. J. Bowersox, et al., Dynamic Simulation of

Physical Distribution Systems, Monograph (East Lansing,
Michigan: Division of Research, Michigan State University,
forthcoming) .
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On a more detailed basis, the system outputs included
part of the endogenous variables generated in the system
as a result of the controllable and uncontrollable exo-
genous variables that were inputted into the model. Naylor,
Balintfy, Burdick and Chu define the system inputs and
outputs in this way:

Endogenous variables can be best defined as

the dependent or output variables of the sys-
tem and are generated from the interaction of
the system's exogenous and status variables
according to the system's operating character-
istics. Exogenous variables are the indepen-
dent or input variables of the model and are
assumed to have been predetermined and given
independently of the system being modeled.
Exogenous variables can be classified as
either controllable or uncontrollable. Con-
trollable or instrumental variables are those
variables or parameters that can be manipulated
or controlled by the decision makers or policy
makers of the system.l

The system model inputs included controllable factors
related to the firm's product mix, customer mix, the
characteristics of the orders, the management policies
related to the channel(s) of distribution plus the list
of factors related to alternative physical distribution
systems.

The uncontrollable factors included the assumptions
concerning cost-of=-living increases by area of the coun-
try, real rate increases in cost categories, growth rates
concerning environmental, demographic factors such as
population, and the delay times for alternative modes of

transportation or communications given that the mode was

selected.
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Given these broad categories of inputs and outputs
of the system model, the mathematical model was developed
to describe the activities necessary to process and pro-

duce this information.

LREPS Computer System Flowcharts

Total Computer System Flowchart

After the system was mathematically modeled, the
computer formulation of the model required a general
overview of how to interrelate all the described activ-
ities into an efficient computer model. The philosophy
was to develop a total computer system that would effi-
ciently and effectively produce the desired system
outputs. The essential goal in programming the model
was to process the model's data with the least
redundant operations possible. This goal was especi-
ally critical when considering the large amounts of
information that would be manipulated in the model where
the danger was to waste much computer time and effort.
In line with these desires, Figure 6 was developed to
conceptually direct the overall computerization of
LREPS.

As viewed in Figure 6, much of the data needed
within the operating system of LREPS was prepared off-
line in the supporting data system. This off-line data
was read into the operating system as exogenous inputs

at specified periods of time. Also supplementary or
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Figure 6.--LREPS Total Computer System Flowchart1

1

D. J. Bowersox, et al., Dynamic Simulation of

Physical Distribution Systems, Monograph (East Lansing,
Michigan: Division of Research, Michigan State Univer-

sity, forthcoming).
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or identifying information not needed in the operating

system was sent directly to the report generator system.

LREPS Data Base

In developing this data manipulation concept, a
total system data base had to be defined. The total data
base included all the information that was needed in the
system in order to develop and analyze the results of
simulation cycles. This data base was further segregated
into two classes. The first class of data was the common
data base needed within the operating system of LREPS
that was to be shared among, between, or used individ-
ually by the major subsystems of the model. The major
subsystems are, as already defined, the D&E, OPS, MEAS
and M&C. This first class of information is listed in
Appendix 1. The other class of information was the

Supplementary information needed by the report generator
to prepare the managerial reports.

The first class of information along with the system
AQCctivities described by the mathematical model serves as
the basis for discussing each of the major subsystems of
the model. Each subsystem, such as the D&E, includes a
di scussion of:

1) The operating system activities that

manipulated the endogenous variables.
These generated endogenous variables

served as the output of the subsystem
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that went either to another subsystem
or to the report generator system.
2) The supporting data system activities
that generated the exogenous inputs
required in the operating system.
By examining the operating system's common data

base in Appendix 1, it is noted that the data was classi-

fied as to type of data, how often it was changed, whether

it was an endogenous or exogenous change, what subsystem
altered or set it, what subsystem used the data and the
mode of the data. The mode was used to classify the
data as integer, real or packed information. In addi-
tion, many of the variables were classified as exogenous
for only the first versions of LREPS. Later the addi-
tion of a LREPS modular activity could produce some of

these variables endogenously.

Computer System Interfaces

After the operating system's common data base was
deweloped, a problem was how to control the inflow of
€Xogenous inputs at specified time intervals without
1”laving each major subsystem inputting its own informa-
tion. Therefore, the concept of an interface between
the operating system and each of the other computer
SY S tems was developed. An interface was defined as the
Nodal point in data flow where two major computer sys-
tems jnteracted. The input interface was segmented

Into two parts. The first part was the order file.
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Because of the potentially large amounts of information in
this file given the decision had been made to work with
individual customer orders, the orders were generated
off-line in the D&E supporting data system and read in as
a separate file. The other segment of the operating sys-
tem's inputs was the file containing the remaining exo-
genous inputs. It should also be noted that these exo-
genous inputs into the operating system might have been
endogenously created in a supporting data system activity.
The decision was made not to incorporate certain activi-
ties directly in the operating system when efficiencies

in computer processing could be achieved.

The last file of exogenous inputs was designed to
agglomerate all of the model's subsystem inputs into one
file that would be inputted into the M&C subsystem. The
M&C was not only conceptualized as being the supervisor

and controller of the model but also the gatekeeper con-
trolling the flow of exogenous inputs into the operating

Sy s tem's common data base.

LREPS Detailed Computer System Flowcharts

Figure 7 illustrates in more detail the supporting
data system program to collect and prepare the exogenous
inputs for each specified time period. This program is
directly related to a catalogued or segmented data base
And provides a convenient method for preparing and con-

tro-lling the inputs into the operating system. Figure 8
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DATA Program to collect and
PREP prepare exogenous inputs
EXOGENOUS Read exogenous inputs by
INPUTS specified time period
PROCESS Process all catalogs of
INPUT inputs for time peried
CATALOGS

Input interface

Check to see if all specified
time periods processed

End of run

Figure 7.--Exogenous Input Preparation
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illustrates the operating system's interaction not only
with the input interface but also the output interface.

As Figures 6 and 8 illustrate, the M&C subsystem
was conceptualized as the gatekeeper controlling the
outflow of information from the operating system. M&C
basically wrote an output interface containing run con-
trol information, specific distribution center informa-
tion and the common data base for processing by the
report generator system.

Figure 9 illustrates the activities of the report
generator system in processing not only the operating
system's output but also the supplementary information
sent to it by the supporting data system. Both cyclic
and multi-cyclic reports are conceptualized as being pre-
Pared in this computer system.

Selection of Predominant Computer
Programming Language

Eﬁé{)guage Selection Criteria

The purpose of this section is to discuss the sel-
€ction of GASP IIA as the computer programming language
Predominantly used in programming LREPS. The alternative
la-nguages evaluated are generale-purpose languages such as
FORTRAN or ALGOL and simulation languages such as GPSS
©X SIMSCRIPT. Predominance must be stressed because
Qt'-herprogramming languages besides the main language

Were ysed to process much more efficiently some of the
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activities in the totalesystem model. The use of these
other languages took place in the supporting data,
operating and report generator systems.

The literature is abundant with articles comparing
and evaluating alternative programming languages. Naylor,
Balintfy, Burdick and Chu state:

Clearly one way to approach programming

simulation experiments is to write a special
program for simulating each system to be
studied in one of the well-known, general-
purpose languages such as FORTRAN, ALGOL,
COBOL, or IBM's PL/I. To be sure, this
alternative offers the programmer maximum
flexibility in (1) the design and formula-
tion of the mathematical model of the system
being studied, (2) the type and format of out-
put reports generated and (3) the kinds of

simulation experiments performed with the
model. 2

However, these authors further comment on the diffi-
Culty encountered in trying to write routines to step the
model through the time periods of the model. To aid the
Computer implementers of simulation models and to faci-
1i tate model experimentation, simulation programming
languages have been developed. These simulation lan-
guages serve essentially three vital purposes:

1) Reduce the programming task.

2) Provide conceptual guidance.

3) Allow flexibility for change.
ESSentially a simulation package consists of the language
Used by model builders and the "run-time" routines which

Are present during the simulation.
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After reviewing many of the important pieces of
literature concerning the available programming languages
and their applicability to simulation, criteria cor
selecting the most appropriate language for the formula-
tion of the computer model were required. The language
selected had to be appropriate given the nature of the
model plus be able to manipulate efficiently and effec-
tively the data base of information described in the
previous section of this chapter. The essential nature
of LREPS was a hybrid system that had both fixedeand
variable-time activities occurring during the simulated
planning horizon.

The set of criteria for evaluating and comparing
many of the available languages are listed in Figure 10.
These ten criteria were used to screen many of the

Aavailable languages such as those listed in Tables II.l

3

and II.2 in the article by Teichroew and Lubin. After

the screening process, four languages were examined in
detail as possible predominant programming languages.
Finally, a predominant language was selected. The next
Sections of this chapter present a detailed discussion
OFf the ten criteria, the four selected languages using
the ten criteria and the reasons why the predominant
language was selected.

The first criteria in Figure 10 refers to the struc-
ture of the programming language and how it lends assist-

ANce jn getting the system model computerized.
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PROGRAMMING LANGUAGE STRUCTURE
LEVEL OF REQUIRED PROGRAMMING SKILL

EASE OF CONVERTING LOGICAL BLOCK DIAGRAMS TO
COMPUTER PROGRAM

SIMULATION PROCEDURES ASSOCIATED WITH

A. INITIAL VALUES

DATA GENERATION AND MANIPULATION
TIME FLOW MECHANISMS

OUTPUT ASSISTANCE

STACKING OF A SERIES OF CYCLES

m O O

DEBUGGING AND ERROR ASSISTANCE OFFERED BY
LANGUAGE

COMPUTER COSTS OF COMPILATION AND EXECUTION

COMPATIBILITY OF LANGUAGE AMONG DIFFERENT
COMPUTER OPERATING SYSTEMS

AVAILABILITY OF COMPUTER HARDWARE
EASE OF CHANGING SYSTEM MODULES

APPLICATIONS OF LANGUAGE TO DATE

Figure 10.--Criteria for Selecting Predominant

Computer Programming Language
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Specifically, the language must be compatible with the
type of system model. Teichroew and Lubin refer to this
when they discuss "what flows in the simulated world?"
and "what determines when a change occurs?"4 They con-
tinue their discussion of types of system models by
classifying them as either continuous=-change or discrete-
change models.5 Krasnow and Merikallio discuss these
different systems--continuous and discrete--and lan-
guages that can process both types of systems.6 Tocher
refers to this system structure when he discusses the
organization of the program required to piece together
the various blocks of the program into a consistent
order so that execution will change the system configu-
ration approximately at each instant of time.7

In regards to the structure of the language one
must also consider the conceptual guidance provided by
the language in not only computerizing but also in
developing the system model. This concept was stressed
by several authors where they emphasized the overlap in
mathematical modeling and formulation of the computer
model. Naylor, Balintfy, Burdick and Chu mention this
when they discuss the languages that they compare based
on language components.8 Krasnow also discusses this
when he notes:

The user can then utilize a way of approach-

ing his problem which both reduces the intel-

lectual task and assures compatibility with
computer requirements for implementation.
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Associated with conceptual guidance several authors
have commented on the assistance provided in getting a
simulation model computerized via written subroutines to

10,11,12 2150 associated

produce the model's activities.
with the subroutines that are already available for sys-
temizing the model, one must consider the language compo-
nents that are available for modifying the state of the
system. Krasnow mentions the characteristics of the
language for arithmetic operations, set operations and
logical testing and program control.13 This is also men-
tioned by Naylor.14 The last thing to be mentioned in
this area is the flexibility and ease of use of the
language. Krasnow and Merikallio mention the flexibility
and range of using simulation languages considering simu-
lator-defined concepts, user-defined concepts, concepts
and values defined at the start of the simulation and
during the simulation.15

The second criterion is concerned with the level of
programming skill required. This criterion is essenti-
ally concerned with the ease of learning the language.lG’17
The language may be a very powerful language but only if
one has used the language for several simulations. One
must, therefore, consider the availability of experienced

programming skill and its cost.18'19r20

A language may
be available but because it is not easy to learn or
sophistication only comes with experience, one may not

be able to obtain people to assist you in computerizing
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the model. This is especially true if one is under a
tight deadline for implementation. In addition, one of
the biggest problems with using many simulation lan-
guages is the lack of adequate documentation and instruc-

21

tional material. If good instructional material

exists plus the language is not difficult to learn,
the programming task can be greatly reduced.22
The third criterion is again one that cuts across
the mathematical modeling and computerization tasks.
It is concerned with the ease of converting logical
block diagrams to computer programs. Some of the lan-
guages offer special flowcharting symbols that help in
systemizing the model plus lead directly to model com-

23,24 If one does a number of simulations

puterization.
and there is good documentation, then the use of these
special flowcharting symbols can be very helpful. One
problem that frequently arises is that the flowcharting
symbols are not consistent between languages. Thus,
this aspect promotes inflexibility in the use of differ-
ent languages.

The fourth criterion is concerned with some of the
special features of the language in doing some of the
more or less menial tasks in programming. Given that
one has determined the type of system model and the
desired outputs, simulation languages offer assistance

25

in initializing values and arrays, data-generation

26,27

routines, data-manipulation operations,28 output
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29,30,31,32

assistance, and stacking of a series of cycles

33,34

through a simulation computer model. Krasnow has a

good discussion of these simulation procedures in his

35

article. Krasnow and Merikallio even talk of the man-

machine interaction during simulation execution that
some languages are beginning to offer.36
The next criterion deals with the debugging and
error assistance offered by the language. 1In getting
the model to execute, many of the languages have tracing
routines to help one know where he is in a simulation
either at the time of errors or change in simulated

time.37'38’39

They can be very helpful given that the
supporting instructional material clearly states just
how to use these features. All the languages provide
the normal diagnostics for errors associated with pro-
gramming rules.

The sixth criterion deals with the computer costs
of compilation and execution. The efficiency of\éx
computer run is concerned not only with execution time
but also the time that it takes to get the program com-
piled into a machine language program that can be
executed on the computer. Also involved in the program-
ming of the model are the size and the type of data
structures that are available with the use of a program-
ming language. Data structure types include simple

40,41

variables, arrays and packed variables. If a

simulation model is input/output bound, the capability
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of multi-programming execution can also be very important
in reducing computer costs.

The seventh criterion is concerned with the compat-
ibility of the language among different computer operat-
ing systems. A computer operating system is defined as
that combination of computer hardware and software that
approaches the optimum use of a particular computer.
Given the operating systems that are available on differ-
ent sizes and makes of computers, one can be restricted
by not only the available computer systems but also the

compiler requirements on the system.42

In addition, the
reliability of the compiler must be considered. A com-
piler may be available but never effectively tested and
utilized.

The eighth criterion concerns the availability of
computer hardware itself. Often one is restricted by
the computers that are at his disposal. Some languages

43,44

are just not available on certain machines. This

criterion is also concerned with the availability and
use of auxiliary equipment such as disk or tape files.45
Massive amounts of information may require disk or tape
files. Another aspect that is important in determining
the availability of a certain computer system is the
direct cost of using the system. If one has available
a system that is partly financed by outside or other

sources either because of promotional reasons of computer

manufacturers or educational discounts, then this can be
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a major factor in determining whether one uses a certain
system and programming language. Also involved in this
availability of hardware is the proximity of the computer
to the personnel who are programming, debugging and using the
model. If one has to go many miles to use a certain system
or cannot use terminals for testing and/or running the model
because the operating system is not oriented toward a
particular simulation language, then one may also have
to be satisfied with a less powerful language.

The ninth criterion has to do with the ease of
changing the system model for changes in the system
being modeled or to test the results of the system for

16 Although general-purpose

system=design modifications.
languages allow one to model a system in more detail,
they cut down on the flexibility and ease of system
changes. Simulation languages promote this type of
system flexibility.

One of the very important criterion for evaluating
languages is a record of the applications to date using
the language.47 If others have used a language for
similar undertakings, it may indicate that a language
is good for certain types of problems. Further, the
language may have been written to handle specific types

of problems with great ease.48
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Alternative Languages Evaluation

The purpose of this section is to discuss alterna-
tive programming languages considered for operationalizing
LREPS. The following subsection discusses important fac-
tors in the selection of certain types of simulation
languages consistent with the nature of the defined system
model. The next subsections discuss four programming lan-
guages that were seriously considered for the computeriza-
tion process.

Preliminary Screening of Languages.--The LREPS model

was designed to be general or universal in nature with a

high degree of flexibility in processing system entities

or objects. Primary emphasis in model design was the

easy adaptation of the model to a large class of multi-

product, consumer and industrial, packaged-goods firms.

In serving these classes of potential users, the purposes

of the system model were conceptualized as both lending

direction in the strategical design and testing tactical

or detailed procedures for day-to-day operations of

alternative physical distribution system configurations.
Given the desire for universal applicability and

for serving the general purposes specified above, the

ability to process alternative combinations of system

entities and dynamically change system state over simulated

time was necessary. A more detailed list of system entities

than that given in Figure 1 of Chapter I includes: (1)

demand units of potential agglomerated customer demand,
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(2) customer classes of trade, (3) tracked product items,
(4) customer orders, (5) dispatched customer orders from
demand units to distribution centers, (6) full- or partial-
line distribution centers for processing customer orders,
(7) dispatched customer shipments from distribution centers
to demand units, (8) customer backorders resulting from
product stockouts at distribution centers, (9) multi-pro-
duct reorders from distribution centers to supplying
replenishment centers, (10) multi-reorder, dispatched
shipments from replenishment centers to distribution cen-
ters, (11l) potential distribution center locations, (12)
manufacturing control centers for replenishing product
inventories of replenishment centers, (13) inventory
categories for grouping similar tracked products and (14)
market regions to allow for variations in regional customer
demand and service requirements.

Procedures for processing system entities, either
singularly or in combination, were conceptualized on a
discrete-change, event basis. Preliminary system activity
analysis indicated that detailed modeling procedures were
necessary to: (1) randomly allocate daily customer orders
to a subset of all demand units, (2) dispatch customer
shipments either on a daily basis or in consolidated ship-
ments on greater than a daily basis, (3) process reorders
dispatched from distribution centers to replenishment
centers, triggered by varying inventory control values

and occurring on an intermittent basis, and (4) dispatch
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shipments from manufacturing control centers to distribu-
tion centers on an intermittent basis which varied with
the accumulated amount of product on reorder plus other
time-oriented, shipment dispatch policies. The use of
discrete-change, event-processing programming languages
was considered appropriate if complex system activities,
such as those above, were to be modeled adequately and

on a detailed basis by the LREPS project team.

The discrete-change events were conceptualized as
occurring at a fixed time or randomly as conditions in
the model dictated. Events were also conceptualized as
being processed chronologically and on a first-in, first-
out (FIFO) basis. The designed events could then be
processed on a detailed day-to-day or week-to-week basis
dependent upon the conditions specified in the event sub-
programs and model input.

Since system entities were conceptualized as being
processed in discrete-event activities, programming sys-
tems for processing continuous-change, simulation models
were excluded from serious consideration. The excluded
computer systems included analog systems that treat the
processing of system entities on a continuous-flow basis
and digital systems that process system entities as con-
tinuous-flow rates on a discrete-change basis. The use
of such programming systems requires that system entities
be treated on a macro or aggregative basis rather than on

an individual basis as conceptualized in the LREPS system
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model. If system processing procedures had been conceptu-
alized on a macro basis, then continuous-change simulation
languages would have been seriously considered.
Considering the above factors and programming lan-
guages that were reasonably available to Michigan State
University and which could process discrete events on both
a fixed- and/or variable-time basis, FORTRAN, GPSS,
SIMSCRIPT and GASP were seriously considered for computer-
izing LREPS. Each of these languages will be briefly dis-
cussed in reference to the selection criteria in Figure 10.
FORTRAN.--The first programming language considered
is a common general-purpose language called FORTRAN that
is not specifically structured to simulation models but
is scientifically oriented. Naylor mentions that the
programmer has the flexibility of being able to write
almost any subroutine that he may need for a particular
simulation plus he can tie the subroutines together by
using a main program and calling the specific subroutines
when they are needed.49 Although one gains much more
flexibility using a general-purpose language such as
FORTRAN, it requires more programming skill than some
of the other simulation languages. Using FORTRAN one
must be able to program many of the tasks that the simu-
lation languages already provide. Thus one can become
more involved in the programming rather than designing
the structure of the model. One must, however, remember
the availability of scientific subroutine packages that

are available for data generation and statistical anal-

ysis on most computer operating systems.
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Although FORTRAN has some definite disadvantages,
one must consider the fact that FORTRAN is a widely used
language with which many people are familiar. It is
relatively easy to learn if one has some mathematical
background. In fact, most universities are using
FORTRAN in their courses; thus, providing a large sup-
ply of available programmers that can assist in the
programming at a reasonable cost. Also many books have
been written on the use of FORTRAN which alleviates the
problem of poor documentation that occurs with the use
of some of the other simulation languages.

There are no special flowcharting symbols to be
used in programming FORTRAN simulations; however, many
computer manufacturers are now developing standard
flowcharting symbols for general programming. FORTRAN
does not offer any special simulation procedures but
one does enjoy very flexible formatting of output.
Again, this flexibility is gained only at the cost of
additional programming effort and time.

There are no logic checking routines built into
the language; however, the language does print error
diagnostics concerning FORTRAN rules of programming.
Related to the lack of logic checking routines, there
are also no tracing routines to aid in debugging.

In reference to computer costs, FORTRAN programs
usually have small requirements for computer memory

during compilation and execution. However, this is
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generally dependent upon the level of FORTRAN associated
with a particular computer operating system. For
instance, some FORTRAN languages have the ability to
manipulate packed words of computer memory in which more
than one piece of information can be put in one word.50
This level of FORTRAN is called EXTENDED FORTRAN.

Another aspect of computer cost is compilation and
execution time. One may experience high compilation times
using FORTRAN depending on the structure of the system
model and how frequently one may wish to change the
system structure. Fast execution times can be often
achieved, however, because the specific model activities
that have been programmed have not been restricted to
the rigid structures of simulation languages. Execution
times can also vary with the amount of information pack-
ing that has taken place.

FORTRAN is highly compatible among different com-
puter systems from small-scale to and including large=
scale systems and among different computer manufacturers.
However, one must realize that each manufacturer does
not have the same operating system. Depending on the
size of the simulation, the amount of special programming
that is done and the level of FORTRAN used, this highly
compatible feature can be very misleading. However, most
computer manufacturers are going to and stressing the

use of American Standards Association (ASA) FORTRAN.
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As mentioned, this language is generally available
on most computer manufacturers' systems, thus there is no
serious limitation of small availability of computer
hardware. Concerning the present study, both Control
Data Corporation and International Business Machines
computers are available.

The last consideration is the applications to date
using the language. Naylor notes that FORTRAN has been
used for many specific applications to date in a wide
diversity of disciplines. This is primarily because of
its scientific orientation.51

GPSS.--The second language to be considered was
GPSS (General Purpose Systems Simulator) developed by
IBM.52 This language is primarily structured to schedul-
ing, waiting-line and other similar problems in which a
flow of transactions or individual entities over blocked-
time intervals are analyzed. Priorities from 0 to 7 can
be assigned to the transactions with up to eight para-

meters per transaction.53

The language is not as
detailed as FORTRAN but requires gaining a good familiar-
ity with the structured parts of the language. FORTRAN-
like statements are permitted in the program for alge-
braic computations on system state variables.54

Because the language has a special set of system
flowchart symbols which can be directly referenced in

the computer source program, the language provides not

only conceptual guidance in developing a computerized
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model but also facilitates the development of the computer
model. The language also provides special forms for get-
ting the model computerized which also facilitates the
computerization task. The biggest advantage of this lan-
guage 1is the availability of simulation-defined and user-
defined concepts to aid the systems analyst.55
The language assumes that one does have some systems'
background plus a knowledge of FORTRAN or some other
general-purpose programming language. With this back-
ground plus the aid of good documentation and instruc-
tional material, the language is not too hard to learn.
However, as with any sophisticated simulation language,
to realize the full potential of the language one must
use the language and learn its subtleties through con-
tinued use and under proper experienced supervision.
One shot deals about once a year would not allow one to
realize the full potential of this powerful language.
With a shortage of knowledgeable experienced GPSS pro-
grammers, programming costs would be expected to be
higher than using general-purpose language programmers.
Simulation procedures are available for aiding in
the initialization of system variables, generation of
data, handling of transactions on a blocked=time inter-
val, and writing of output records. The language also
allows one to stack a series of simulation cycles.
Simulation testing, validation and error-checking rou-

tines are available to aid the system analysts to get
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the model running. The handling of transactions can be
based on a fixed-=or random=time interval (including zero)
dependent upon the conditions in the system or the activ-
ities Jjump to the next future event at which time all
possible activities must be reviewed.56
Computer times of compilation and execution are
generally faster than FORTRAN programs because GPSS
uses many efficient assembly-language subroutines. These
subroutines are readily available for the activities
desired. Because they do not have to go through the
translation from simulation language to a general=-pur-
pose language to a computer machine language these com-
pilation times can be very fast. Also because expert
programmers have written the machine-language routines,
they are very efficient from the standpoints of execu-
tion times plus core and operating system utilization.
One of the main problems that one confronts with
using these very powerful languages is that GPSS, for
instance, requires at least a large-scale IBM 360 com-
puter system with large core plus three tape drives for
compilation and execution. In addition, GPSS specifi-
cally does not have the ability to pack variables as
one can do in FORTRAN and, therefore, a system model
of any complexity can require much core.57 The only way
packing can be handled is to write IBM 360 FAP assembly

routines to handle these activities. As has been

implied, GPSS is an IBM language that is only available
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on large-scale systems. There are different ver-

sions of GPSS with the most powerful version, GPSS III,
available on the 360's only. The earlier versions of
GPSS are available on such machines as the IBM 7000

. 58
series.

The ready availability of IBM computers,
however, makes this language a very attractive choice.

Assuming that one has available an analyst who is
knowledgeable of GPSS, it is easy to change a system
model for study of system behavior and for maintenance.
The applications to date have centered primarily in pro-
duction scheduling, waitingeline problems such as toll=-
booth problems and in the simulation of computer operat-
ing systems. One of the main reasons why IBM developed
the language was to aid in simulating time sharing
systems.

SIMSCRIPT.--The next language to be discussed is
SIMSCRIPT which is an "event oriented" language that is
applicable to many diverse simulation problems.59 The
SIMSCRIPT language is based upon a description of sys-
tems involving concepts denoted by entity, attribute,
set state and event.60 Rather than having to review
all possible activities that could take place at a cer-
tain point of simulated time, this language jumps to
the next imminent event which triggers a given activity.
This activity could also generate more variable<time

events or just be ended by the next event in the queue.

The language has many conceptual aids in getting a
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system model computerized. The language is not as
detailed as FORTRAN but requires gaining a good famil-
iarity of the conceptual components of the language

to use it effectively. As in GPSS, FORTRAN-like state-
ments are permitted in the program for algebraic compu-
tations and data manipulation on system state variables.

The language, similar to GPSS, requires a system
background plus some programming experience with general-
purpose languages in order to learn and be able to use
effectively the basic, structural parts of the language.
The language has no special set of system flowchart
symbols but does have special coding forms that aid in
structuring and computerizing the model.

Simulation procedures are available for aiding in
the initialization of system variables, generation of
data, handling of event transactions on variable-time
intervals and perhaps the most flexible means of writ-
ing output reports of any of the high-level simulation

languages.6l’62

Special report forms allow the system
analyst to design many special reports. Also available
are simulation testing, validation and error-checking
routines. This language has more power than GPSS in
being able to pack words in core and possibly allow
more efficient program execution although GPSS may be
easier to implement.63 The language offers much power

from the standpoint of efficient core utilization plus

an event orientation that does not have to test all
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possible activities at an instant of time. The language
also offers machine-coded subroutines to expedite the
compilation of the activities of the model. Compilation
and execution times are generally faster than FORTRAN
programs because of these available, efficient subrou-
tines.

The language is a RAND corporation language that is
available for computer systems of many different manufac-
turers such as IBM, CDC and BURROUGHS. Presently the
language is not available for the IBM 360 but is avail-
able on the IBM 7000 series systems. The language does
require a large-scale computer system for compilation
and execution. Computer hardware, a CDC 6500, is avail-
able at MSU for this language but it is not the most
sophisticated level of SIMSCRIPT. Not only is it a
lower level of SIMSCRIPT but also the compiler is not
fully tested and reliable.

The availability of personnel who are experienced
with this language is very limited. As with GPSS, this
language requires that one use the language many times
in order to reap the full potential of the language.

The quality of documentation and instructional material
varies with the level of SIMSCRIPT that is implemented
on different systems. The later versions of the lan-
guage, as with GPSS, have good supporting materials.

SIMSCRIPT programs are relatively easy to change

for system maintenance and study given you have
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knowledgeable personnel assisting in the system analysis.
SIMSCRIPT has been used for a wide range of problems
especially large-scale simulations that require efficient
core utilization plus fast computer execution times.
GASP.--The last language to be discussed is an
event-oriented language that is applicable to many,
diverse simulation problems. The language is called
GASP (General Activity Simulation Program) and centers
around a set of twenty-three FORTRAN-compiled subroutine
programs and function subprograms linked and organized

by a main program known as the GASP EXECUTIVE.64

The
language is a discrete-oriented language that provides
conceptual guidance in the development of the system
model. The language requires a knowledge of FORTRAN
and system concepts in order to program the model. The
language is easy to learn if one has some mathematical
background and systems and programming experience. Arith-
metic operations, set operations and logical testing
are provided through user-written routines that are
related to the model's defined activities.

The language provides no special flowcharting
symbols for conceptualizing the model. There are,
however, special coding forms that have been devised to
aid in this conceptualization process. These forms are
related to the special simulation procedures provided

by the GASP subroutines for file maintenance, data

generation, input and output, automatic monitoring of
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program variables and conditions for error detection and
debugging, selective tracing of program flows for dyna-
mic error debugging, and programmed dumping of system
variables.

The GASP subroutines plus the normally available
scientific subroutine packages that accompany most com-
puter operating systems allow one to do a number of
different types of simulation and non-simulation prob-
lems. Output formatting is still a problem for special
reports. The GASP system has available report summaries
of the historical information concerning the events and
entities passed through its files but there is no flexi-
bility in designing the format of these reports. Reports
of non-GASP arrays and constants still must be formatted
and wrote via a user-written subroutine. The simulation
language has available a subroutine for the user in which
he can specify these reports.

The GASP language has potentially small requirements
for storage during compilation and execution dependent
upon the expertise and experience of the programmers
doing the computerization. If packed variables and other
sophistications are used, one can develop a fairly effi-
cient program from the standpoint of core memory utiliza-
tion. The GASP simulation programs would possibly take
more time to compile and execute than other simulation lan-
guages because of the highly efficient, already developed
assembly= or machine-language subroutines that accompany
the other languages. The specific GASP subroutines are,

however, efficient and are very powerful when compared to
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the user-written routines that could be very inefficient.
This again depends upon the level of sophistication
stressed in getting the model computerized. In summary,
by using the available GASP subroutines for the model,
one does get a more efficient program from the stand-
point of core memory utilization and running time than
if one had to write his own subroutines for the general
simulation activities mentioned above.

The language is highly compatible among different
computer systems for small scale-=to and including large-
scale systems and among different computer manufacturers.65
The language has been written in ASA FORTRAN with as
little extensions to cpecific computer manufacturer
compilers as possible.

Given the FORTRAN basis of this language, it can be
implemented on any of the computer operating systems that
have available a FORTRAN compiler. Some modifications
would have to be made for scientific subroutines, such
as randome-number generators, plus one would, no doubt,
experience the usual problems of getting a FORTRAN pro-
gram implemented on different manufacturers' machines
and even machines by the same computer manufacturers.
Nevertheless, it should be easily implemented.

Because the user has to write FORTRAN-based sub-
routines to model the activities of the system under
study, GASP programs usually require more detailed

changes in the program for studying system behavior and



56

for maintenance than other higher-level simulation lan-
guages. This again depends upon the stressed modularity
of the program and the number of computer subroutines
that are segmented in the overall program.

Large-and small-scale applications have taken place
in many areas because of the FORTRAN basis of the language
and its compatibility among installations. Also promoting
the use of the language is the availability of good docu-
mentation and instructional materials. The main reason it

has not been used more is the lack of publicity among users.

Selected Programming Language

After considering FORTRAN, GPSS, SIMSCRIPT and GASP,
the language that was selected to program LREPS was GASP.
The level of GASP chosen was the IIA stage that not only
incorporated integer attributes in its filing system but
also floating point or real attributes.66 Given that the
system model is discrete oriented, anyone of the languages
could have been used for building a computer model of
LREPS. However, because GASP has already worked out the
programming details of many simulation activities it was
felt that to program the model in FORTRAN alone was waste-
ful. Therefore, FORTRAN was ruled out. Considering the
higher=-level languages, SIMSCRIPT received the edge because
of its variable-time orientation toward the execution of
the model's activities. GPSS would seem to take more
execution time especially for a model that would be

simulating a ten-year planning horizon. SIMSCRIPT was
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also appealing from the standpoint of its efficient utili-
zation of core memory considering the large amounts of
information that were to be handled. Conceptually, the
flowcharting assistance given by GPSS was also very
attractive. It was attractive if persons who were know-
ledgeable of the flowcharting procedures were available.
Related to this last statement was a very important prob-
lem concerning the lack of available personnel who were
knowledgeable or who had used SIMSCRIPT or GPSS. There
were a few people but they were not available at a
reasonable cost.

The level of programming skill for SIMSCRIPT and
GPSS was also greater than for GASP. Several students
in the business and engineering schools at MSU had used
GASP. Thus, extensive training of personnel to begin
the task of computerizing the model would not be neces-
sary. There were, however, regularly scheduled classes
off-campus at high cost where training in the use of
SIMSCRIPT or GPSS was offered. No classes at MSU offered
instructions in the use of SIMSCRIPT or GPSS. GASP,
however, was taught in several classes and schools.

All three languages offered assistance in simula-
tion procedures associated with initial values, data
generation and manipulation, time=flow mechanisms, out-
put assistance and stacking of a series of cycles. The

languages also assisted in debugging and error tracing.
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These attractive aspects of simulation languages again
supported the decision not to program the model in FORTRAN
alone.

There were tradeoffs back and forth between the lan-
guages concerning computer costs of compilation and execu-
tion. The main cost of running GPSS at MSU was that the
LREPS project team would most likely have to pay the high
costs and receive low priority of computer run testing on
MSU's administrative IBM 360-40 assuming a GPSS compiler
could be readily obtained. At the time MSU did not have
a GPSS compiler. The University of Michigan's IBM 360-67
was available but in this case the use of the computer
would result in large travel expenses. GPSS had not yet
been implemented on remote terminals to debug and test
routines and to use the model after it had been operation-
alized.

All of the languages have facilitating features for
changing the system model although GPSS and SIMSCRIPT have
the advantage over GASP. SIMSCRIPT has a very important
advantage over both GASP and GPSS in report generation
because of its flexible report generator. Applications
to date have been many and varied and offer little basis
for a good comparison of the three languages.

Three main factors concerning the use of SIMSCRIPT
were questionable. The first factor was the lack of a
reliable compiler and good instructional material for

SIMSCRIPT 1.5 at MSU. The second factor, related to the
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first, is the lack of a compiler at MSU for SIMSCRIPT 1I,

67 The last

the latest and most sophisticated version.
and, perhaps, most important factor was the very limited
supply of personnel knowledgeable in the use of SIMSCRIPT.
None of the LREPS project team members had ever used
SIMSCRIPT for a modeling application. The only attempt
was the testing of a sample problem for the SIMSCRIPT 1.5
compiler. The sample problem was never successfully
tested since the MSU compiler for the CDC 6500 was not
operational.
The final decision to use GASP IIA was based on six
factors:
1) The high coapatibility of the FORTRAN-
based, simulation language among computer
operating systems. The lastest, most
powerful versions of GPSS and SIMSCRIPT
only have compilers for International
Business Machines (IBM) computers.
2) The minimization of the cost of using
the model in different geographic loca-
tions if the model could be designed to
be compatible among different computer
operating systems.
3) The good familiarity of the LREPS project
team with the general-purpose programming

language FORTRAN.
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4) The ready availability of sophisticated
FORTRAN programming personnel, via MSU's
student body, at a reasonable cost.

5) The ready availability of MSU's research
computer center to operationalize LREPS.

Costly time delays of not having a com-
puter readily available would, therefore,
be avoided. It should also be noted that
the university research contract did not
restrict the location at which the model
could be operationalized but did restrict
the amount of time and money that could
be used in developing LREPS.

6) GASP was the only discrete-event simula-
tion language operational on MSU's CDC 6500.

If SIMSCRIPT II had been operational at MsSU,
then it would have received major considera-
tion as the predominant computer program-
ming language. The possible use of this
language is an open area of research.

In relation to factors five and six, several authors
Support the great importance of the ready availability of
Computer hardware. Tocher mentions this factor when he
discusses the fact that there are many important features
of each simulation language but ". . . it remains a sad
fact that the choice will most likely be made by the type

68

of machine available to him." Teichroew and Lubin
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predict that the time will come when the languages will be
on most computers and this will not be such a problem to
potential users.®? Until such time, the ready availability
of computer hardware and the languages operationalized on

the hardware cannot be underemphasized.
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CHAPTER III

THE DEMAND AND ENVIRONMENT SUBSYSTEM

Inputs, Outputs and Data Base Requirements

Referring to Figure 2 in Chapter I, the inputs into
the D&E subsystem are broadly defined as the sales fore-
cast, customer orders, customer mix, product mix,
decision rules and management parameters. These broad
categories of inputs were manipulated within the D&E
subsystem to produce allocated DU, DC and regional simu-
lated sales. Allocated customer orders served as the
inputs into the OPS subsystem to be accounted for at the
DU and DC stages of the model. 1In addition, the effect
of the allocated customer orders were processed at the
MCC stage plus additional sales and service information
was prepared and accounted for at all levels of the
model by the OPS subsystem.

The above D&E inputs and outputs were not specific
enough to computer program the activities associated
with their manipulation and production. The specific
inputs into the D&E subsystem and the key endogenous

variables associated with the subsystem activities are

66
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noted in Appendix 1. All common data base variables
marked with "U" or "S" under the column labeled D&E
represent the variables that were used or altered within
the system. The endogenous variables, indicated by an
"N" under the TYPE column, were the basis for the derived
outputs of this subsystem. The exogenous variables are
those variables that must be inputted into the D&E from
its supporting data system through the M&C gateway. The
"U," endogenous variables represented those variables
that are set in one of the other operating subsystems of
LREPS. As was mentioned in Chapter II, the only exogen-
ous variables not specifically identified as coming
through the M&C gateway into the common data base were
those variables associated with the order file.

The organization of this chapter focuses first on
the activities in the operating system of LREPS that
processed its related inputs, both exogenous and from
the other subsystems, and developed the outputs for the
OPS subsystem. This first section is called the
OPERATING SYSTEM. The specific activities associated
with the D&E subsystem are:

1) DSQGEN associated with the generation of
the domestic daily sales dollar quota.

2) SLSPRC associated with the generation of
the allocated customer orders for the DU's
in the geographic area of the DC presently
being processed.
The above activities happened on a daily basis. None of

the D&E activities happened only on a monthly or quarterly
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basis, although more sophisticated and additional routines
could have been programmed to take place on other than
a daily basis.

In relation to the daily LREPS activities, the
pertinent variables are defined by their respective data
base name, column number, if any, plus a brief description
of the variable. These pertinent variables are also
classified in the routine's system flowchart. The vari-
ables are classified on the basis of inputs which were
defined as the LREPS common data base variables used in
the routine, "local" key endogenous variables set and
used only within one routine, "subsystem" common endo-
genous variables sct and used by more than one routine
in the entire subsystem, and output variables which were
LREPS common data base variables set or altered in the
routine.

Each of the specific LREPS D&E modelling activities
are discussed in detail by relating to the respective
computer system flowchart and block diagram. A detailed
activity review is necessary to clarify the activity's
logical location within a certain computer program or
subprogram. In addition, the implications for improve-
ment plus the results of testing and calibration for
the more complicated activities are discussed.

After the OPERATING SYSTEM, the next section of
this chapter is the D&E's SUPPORTING DATA SYSTEM. This

section presents the D&E computer activities that aided
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in analyzing and preparing exogenous variables for the
operating system. The supporting data system computer
programs are:
1) Selection of sample, actual invoices
2) Analysis of the sampled invoices
3) Analysis of the product items in the sampled
invoices
4) Analysis of the product items based on
annual sales
5) Development of a basis for calculating road
distances
6) Sales potential correlation analysis
7) Generation of DU data
8) Selection, agglomeration and variable pro-
jection of DU's
9) Generation of the customer order file
For each program a logical block diagram of activi-
ties, the programming language (s) used, the variables or
information associated with the program plus any peculiar
programming problems or techniques are discussed. Impli-
cations for sophistication are also presented where it

was deemed necessary because of model or program complexity.

Operating System

Referring to Figures 11 to 14, the activities asso-
ciated with the operating system's D&E subsystem are
described graphically. In the comments section of the

block diagrams, the activities associated with a particular
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subprogram are briefly discussed. In addition to the
block diagram a discussion of the programming language (s)
used, the LREPS variables associated with the activity,
plus the identification of any peculiar programming
techniques or serious programming problems are presented
for each subprogram.

The first major subprogram of the D&E is the genera-
tion of the domestic daily sales dollar quota. The vari-
ables associated with this subprogram are identified in
Figure 1l1l. Three of the variables are exogenous. TDSFLG
and NWKDYS were inputted at the beginning of the cycle.
TDSF, the annual domestic sales dollar forecast, was
inputted annually. DSQ is the generated daily sales
quota which can be either a constant, a random variate,

a trend modified variate, a seasoned variate or a variate
based on some combination of the above. The logical
activities associated with this subprogram are presented
in Figure 12. This FORTRAN subprogram developed the
base figure which was allocated to the in-solution dis-
tribution centers.

The other major component associated with the D&E
is the normal processing of the simulated sales for each
in-solution DC. There were a number of important activ-
ities associated with this subprogram. Each of the
activities will be discussed in reference to the block
diagram in Figure 14. The variables associated with this

subprogram are listed in total in Figure 13.
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Referring to Figure 14, Activity Block 1 was con-
cerned with the generation of the DC's simulated sales.
The variables associated with this activity were DSQ
from the above discussed subprogram, DCIS(4) from the
M&C activity associated with the development of a DC's
sales forecast modification factor, DCIS(5) from the
M&C subprogram associated with developing DC-DU related
information, IDCNO from the M&C daily fixed-time event
activity that specified the DC presently being processed,
and finally DCSALS which was the output from this activ-
ity. This activity was programmed in FORTRAN according
to the math model specifications.

Block 2 is a routine that was programmed in assem-
bly language to enable the computer model to buffer the
order file into the computer program for the operating
system. Buffering enabled us to overlap the inputting
of information while processing the remaining activities
associated with the DC being processed. Presently this
activity uses a very simple buffering procedure. Later
a more sophisticated buffering procedure could be
developed that would enable LREPS to process the order
file tape at literally tape speed on the CDC 6500,

The variables associated with this buffering activ-
ity were the order group variables, ORDGRP (1) through
ORDGRP (4), for all order blocks. Given that the deci-
sion had been made to work with summarized blocks of,

for instance, ten or less orders, a group of order
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blocks was buffered in for each in-solution DC each day.
An order group, which will be discussed in more detail

in the SUPPORTING DATA SYSTEM of this chapter, was com-
posed of a set number of order blocks. The type of order
blocks, however, could vary between cycles. In one cycle,
four blocks might have been for a certain customer type
while six blocks were for another type. In another cycle,
the block splits might have been four, four and two among
customer types.

The total number of orders per order group was set
to furnish the larger size DC's with the average number
orders that they would normally process in a day. The
smaller DC's would use only the required number of order
blocks that they needed to meet their daily sales alloca-
tion. The usage of the order group will become clearer
as the activities associated with this subprogram are
developed in greater detail.

The next activity, Block 3, was programmed in FORTRAN.
The output of this activity was the amount of sales to be
allocated to a given customer type within the geographic
area of the DC and region being processed. The activity
also cleared an accumulator that enabled us to know when
we reached our allocation. The variables associated with
this activity were DCSALS from Block 1, CSPLTP which was an
exogenous input from the D&E supporting data system,
could be changed annually and specified the percentage of

sales that the customer type being processed was to get
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from the DC's total sales allocation, IREGNO which was
set in the M&C daily event, ICTYPE, CSTSAL and CSTSAC
which were set in this block and outputted to the follow-
ing activities.

Block 4 was the random selection of one of the
order blocks for a given customer type from the DC's
order group. This activity was programmed in FORTRAN
and used a pseudo-random generator called RANF as the
basis for selecting a block. RANF generated a pseudo-
random number based on a 0,1 uniform probability distri-
bution. The endogenous variables associated with this
activity were IBLOCK which specified the block that was
randomly selected, IBLKS that denoted how many blocks
had been allocated for this customer type, IPBLKS which
told how many of the past customer blocks had been pro-
cessed and ICTYPE which identified the customer type
being processed. The one exogenous input was the
vector variable CSTBLK which specified the number of
blocks per customer type for all specified major custo-
mers. CSTBLK was set cyclically.

Activity Block 5 was associated with what was called
an order block modifier. This modifier allowed the com-
puter model to approximate very closely the allocated
sales for a customer type. This routine modified a given
order block's contents if the order block's total dollar
sales were greater than the difference between the allo-

cated customer sales and the sales dollars already
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accounted for by previous customer orders. The variables
associated with the activity were OBM which contained the
order block modifier, CSTSAL and CSTSAC from Block 3,
ORDGRP (1) which is an exogenous input from the order file
and an order block's ORDGRP (1) through ORDGRP (4) if the
contents of the order block must be modified. This
activity was also programmed in FORTRAN.

Block 6 dealt with the random selection of a DU
within the DC's geographic area of responsibility. A
small function, FORTRAN subprogram was developed to
accomplish the random selection of a DU. The function
was essentially based upon a Monte Carlo selection pro-
cedure. The basis for the Monte Carlo selection was
the DU's weighted indices for sales allocation. The
weighted indices for all DU's in a DC area were trans-
formed into a cumulative basis with which a random number,
generated from RANF, was used to select randomly the DU
that was to receive the current, allocated customer order.

After selecting the DU, one additional test was
performed. If the selected DU had certain special cus-
tomers given the special customer type was being pro-
cessed, then the DU was acceptable. If unacceptable,
another DU was selected. This cycling procedure continued
until an acceptable DU was selected.

The variables associated with these activities were
IDUNO and IDUNOl which were concerned with the DU being

processed, NDUS which was the total number of DU's being
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processed, DU(l) which specified if a certain DU had any
special customers, DU(6), DU(7), DU(8), DCIS(2), DCIS(3),
DCIS(5) which were the basis for the random selection of

a DU and were set in the M&C subprogram associated with
DC-DU link information, and IDCNO which was set in the

M&C event activity associated with normal daily activities.

Block 6 could be the subject of further sophistica-
tion that considered other factors besides a DU's weighted
index. Distance, past sales, past service levels and
reliability plus other variables at a DU stage could be
used as separate or joint bases of random selection.

Block 7 was the means of joining the D&E subsystem
with the OPS subsystem. The OPS subsystem has a sub-
program called INDORD that processes the allocated cus-
tomer order by accounting for its dollars and weight at
the DU level. This OPS subsystem routine, which also
generated the required service times, will be discussed
in detail in the next chapter.

Block 8 is a FORTRAN activity to check if all
orders in an order block had been processed and allocated.
If all orders had not been processed, another DU was
selected and an order allocated to it. This activity
used the endogenous variable IORD which identified how
many orders had been processed out of the total number
in the block.

The next block enabled the OPS subsystem to process,

at the DC level, the product detail and all summarized
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sales information of the order block whose dollars and
weight had just been allocated to the selected demand
units. This OPS subprogram, called ORDSUM, will also be
discussed in detail in the next chapter.

Blocks 10 and 11 were used to check the amount of
dollar sales accumulated for the customer type being
processed against its amount of allocated sales. If the
sales dollars accumulated were not within a half percent
of the allocation, then another order block had to be
randomly selected. If the sales allocation had been
attained, then the subprogram went on to the next activ-
ity block. These blocks are FORTRAN activities which
use the endogenous variables CSTSAC, CSTSAL and ICTYPE
and the exogenous Vvariable ORDGRP (1) from the order fil-=.

Block 12 was the activity that initiated the read-
ing of another order group for the next DC to be pro-
cessed. The activity was an assembly routine that used
all the variables in ORDGRP. This activity could also
be sophisticated along with the earlier mentioned buffer-
ing activity in Block 2.

Block 13 was the connection to the OPS subsystem
associated with the processing of the DC end-of-day
activities. These activities were processed while a new
order group was read. This subprogram, called DCEODAY,
will be discussed in detail in the next chapter.

Block 14 was a return to the M&C daily event that
called this normal sales processing routine for each

processed DC.

-
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Supporting Data System

Each of the following computer activities is
identified and discussed within the framework of the
LREPS D&E Supporting Data System flowcharts.l The non-
computer activities have not been discussed unless addi-
tional understanding of a computer activity was gained
by describing briefly a related, non-computer activity.

The supporting computer programs are described by
presenting a block diagram of the logical activities
taking place within the program, the programming language (s)
that were used, the operating system exogenous variables
that are directly or indirectly associated with the pro-
gram, other informacticn associated with the program plus
any peculiar programming techniques or problems.

Figure 15 identifies the activities associated with
the selection of sample invoices from a firm's annual
invoice file. This program fits within the framework of
determining a firm's major customer types. Preliminary
analysis of annual data had pointed out possible major
customer types. Based on a stratified random sample,
which is indicated in Blocks 1 to 3 in Figure 15,
additional analysis was used to support the initial cus-
tomer type findings. Block 4 was the pulling of the
selected invoices from the annual file. Block 5 was the
preparation of the "Sampled Invoice" magnetic tape.

The specific input information associated with

these activities were the invoice variables that were
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Selection of sample invoices from annual invoice file

Select a random sample from each of the present DC's invoice
files

Select the above sample stratified on selected months
Generate invoice numbers to be selected from present DC-

monthly files

Loop through all months to be sampled

Loop through present DC orders

Pull invoices for the selected major customer types

Prepare the "Sampled Invoice" tape

End of activities

Figure 15.,--Selection of Sample Invoices
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split between the line item detail that contained product
information and the invoice summary data that contained
distribution center identification, customer type identi-
fication, invoice number, geographic identification,
invoice sales summaries, and the shipment dispatch date.
An additional input into the selection of invoices was
the random numbers generated for the specific invoices

to be selected.

The random numbers were generated from a pseudo-
random number generator that was available on a time-
shared computing system. The preparation of the "Sampled
Invoice" tape was an assembly card-to-tape routine. The
output of this program was the randomly selected invoices
with all the invoice detail described above. The operat-
ing system exogenous variables affected by this routine
was CSTBLK, CSPLTP and ORDGRP.

After the sample invoices had been selected, the
analysis of these invoices followed the block diagram
in Figure 16. This "Sampled Invoice Analysis" actually
supported several areas of analysis. Block 1 analyzed
the invoice summary information at a total level to
identify the overall sample means, standard deviations,
number of sample points and range of values for each
item in the invoice sales summary records. Blocks 2 to
6 were concerned with the generation of the above sta-
tistical information based on a major sort of a firm's

sales regions and on minor sorts of customer type and
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and month. Thus this analysis supported the major customer
analysis. Bocks 10 to 11 analyzed only the effect of
monthly sales across the nation. This last analysis was

to support the daily sales analysis, regional analysis and
domestic daily sales analysis.

Based on the information generated from this FORTRAN
program, decisions were made concerning different areas of
supporting systems analysis. The output was only printed
and subjected to manual examination. The operating system
variables affected by this program are CSTBLK, CSPLTP and
TDSFLG.

In analyzing a firm's product items, two supporting
system programs were designed. The first program analyzed
the product item detail based on the sampled invoices.

The line item detail records of the "Sampled Invoice"
tape were analyzed in the sequence of the logical activ-
ities shown in Figure 17. A separate listing for each
type of sales information was prepared which showed the
rank, the absolute and cumulative percentages of total
sales per product in the tape. An additional listing
showed the frequency with which each product appeared in
the sample invoices.

Figure 18 shows the activities associated with the
second computer program involved in the product item
analysis. The basis for this second program was an analysis
of a firm's total annual product sales. The input into the
program was a punched card for each product that contained

different sales information. A separate listing for each
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type of sales information was prepared that showed the
rank, the absolute and cumulative percentages of annual
sales per product.

Both of these programs in the product item analysis
were programmed using FORTRAN. The output listings from
the runs were used in preparing the exogenous inputs
TPDEM(2), ITNSP, ITNPC, PRCT(2), PRCT(3), PRCT(4), CGSCsS,
CUBCS, WTCU. These operating system inputs were asso-
ciated with the tracked products that would be used for
inventory management, control and costing analyses plus
provide some of the basis for the generation of pseudo-
customer orders. Each of these areas of analysis will
be discussed in more detail later. New product and dif-
ferent order characteristic information were also merged
with the results of this analysis.

Figure 19 identifies the logical activities of a
program called the "Distance Check" routine. Given that
the basis for a demand unit had been selected, a program
was needed to check out a routine for calculating the
road distances between the hub cities of these DU's.

A routine for calculating the spherical, arc distances
between two points was available and a road conversion
factor was needed.2 The program thus served two purposes.
One was to generate a good road conversion factor and
the other was to generate road distances for a comparison

to actual distances.
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Product item analysis based on anmal sales
Prepare product item reports for each sales type

Sort the anmual sales information for each product in
descending order

Prepare product item results

Loop through all types of sales information

End of analysis

Figure 18,--Product Item Analysis-~No, 2

Distance check routine based on a sample of DU points

Use a range of highway conversion factors

Process all combinations of DU sample points

Calculate the road distance between selected two sample points

Loop through all DU combinations

Loop through alternative road conversion factors

Select best road conversion factor by comparing calculated
to actual road distances for sample DU combinations

End of analysis

Figure 19,.--Distance Check Routine



86

The input into this FORTRAN program was a punched
card containing the latitude and longitude for each sample
DU's hub city, a card deck of actual road distances
between the sample DU's, and a card specifying the range
of road conversion factors to be considered. The output
included the best road conversion factor plus the standard
error between actual and calculated road distances and
the array of calculated road distances for the selected
conversion factor. The exogenous variables affected by
this routine are the rectangular, converted X and Y
coordinates of the DU's and of the potential DC's latitudes
and longitudes. Specifically, the variables are DU(2),
DU(3), DCP(l), and DCP(2).

Figure 20 identifies the use of a system library,
statistical program for doing univariate correlation anal-
ysis. The purpose of this program was to analyze the
relationship between a firm's sales and alternative
independent variables. The card input to this program
was composed of one card for each of the firm's geographic,
sales control areas. Each card contained geographic
identification information, annual firm sales and the
relevant, alternative independent variables.

The printed output of the computer run contained the
selected independent variables and the correlation coeffi-
cients between the firm's sales and the independent vari-
ables which were significant at the selected level of

statistical significance.
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The operating system exogenous variables specifi-
cally affected by this program were DU(4), the weighted
index of DU sales potential, and DCIS(5), the basis for
DC sales potential.

Figure 21 identifies a FORTRAN program that was
used to generate the basic information needed at a DU
level. The input into this program was sourced from
three different areas. The first source of information
was customer information summarized for the selected,
basic demand units. Such information as the DU identi-
fying code, summarized sales information, number of
major customer types plus the number of direct competi-
tors was compiled and summarized at the DU level.

The second source of information was DU identifi-
cation information. Such items of information as the
DU identifying code, the DU's hub city for denoting the
point of demand concentration, the DU's latitude and
longitude, the type of DU--domestic or non-domestic,
and the DU agglomeration basis to an even further reduced
number of DU's. This last piece of information was con-
cerned with the reduction of counties to groups of coun-
ties, or zip sectional center areas to a reduced number
of geographic areas. This reduced level of detail, if
possible, allowed more efficient computer processing
times.

The third source of information was the indepen-

dent variable information. This source of information
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Correlation analysis based on alternative independent
variables and firm sales

Process each alternative independent variable

Perform correlation analysis between firm's sales and the
alternative independent variable

Loop through all independent variables

Select independent variable(s) with significant correlation
coefficients

End of analysis

Figure 20,--Correlation Analysis

Routine to merge and generate DU internal firm and environ-
mental data

Initialigze variables and arrays

Process all information for each customer demand unit

Merge firm and external envirommental data

Generate additional susmary and statistical information

Loop through all customer demand units

Write merged customer results based on DU's

Develop DU tape

End of analysis

Figure 21.--DU Data Generator
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had a DU identifying code and the selected independent
variables' base year totals. These base totals were
used for making projections over the next ten years.

As shown in Block 2 of Figure 21, these three sources
of information were merged into one file of information.
In addition, Block 3 indicates that additional information
was generated within the program and also merged into the
original file. Finally the merged results were printed
and wrote on the basic DU tape. The variables that were
contained in the DU tape were DU(l), DU(2), DU(3), DU(4),
DU(9) and DU(10).

Figure 22 presents the logical activities associated
with 1) the selecticn of certain DU's in order to process
only portions of a firm's total geographic sales area,

2) the further agglomeration of the basic DU's to a
reduced number of manageable DU's and 3) the projection
of the independent variables as the basis for preparing
the DU weighted indices of sales potential for each of
the years in the planning horizon.

Blocks 3 and 4 identify the activities associated
with the selection and agglomeration of the basic DU's.
Blocks 5 to 9 illustrate the activities of preparing the
annual DU data. Blocks 10 to 12 are associated with the
activities of preparing control totals for the run plus
looping through a maximum ten-year planning horizon.

The inputs into the run were the basic DU tape, the

selected independent variable growth rates and the selected
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Routine to prepare ten-year, agglomerated DU tape

Initialize run variables and arrasy

Initialige the selected independent variables' growth rates

Read in desired first-level demand units from demand unit tape

Agglomerate selected DU's to reduced mmber of DU's

Process selected, agglomerated demand units

Make projections of independent variables per demand unit

Calculate the independent variables' combined weighted index
of sales potential

Prepare 1listing of agglomerated demand unit results for year
in process

Develop agglomerated, second-level demand unit tape

Loop through all second-level demand units

Prepare anmal control totals on firm and envirormental data

Loop through all ten years of planning horizon

Prepare ten-year control totals

End of analysis

Figure 22,--DU Selection, Agglomeration and Projection
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basic DU's to be processed in the operating system. The
outputs of the run were the printed listing and the merged,
selected DU tape. This was a FORTRAN program that affected
the same exogenous variables as in the DU Data Generator
plus variable NDUS.

Figure 23 identifies the logical activities asso-
ciated with the development of the order file that was

read into the D&E subsystem's operating system. As was

discussed earlier, the decision had been made to use
blocks of customer orders. The basic purpose of this
program, called the Order File Generator, was to prepare
the stream of customer orders that were allocated to the
DU's and the DC's py the D&E subsystem of LREPS. One of
the basic problems associated with this stream of inputs
was to keep it to a feasible size. Even after the deci-
sion had been made to use blocks of orders, the amount
of time that was required to process these blocks in
either a sequential or random manner over a maximum of
ten years was still impractical. The run time from
initial tests using either tape or disk files was esti-
mated to be approximately four hours on the CDC 6500.
The size of the files that contained this information was
also seen to be quite large. For a ten-year cycle, it
was estimated that six or seven full reels of order blocks
would not be unlikely.

Therefore, the decision was made to develop "groups"

of order blocks. These groups would be composed of a
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specific number of order blocks for each major customer
type. The exact number of blocks would be based upon
the amount of DC daily sales that a customer type would
most likely account for over the entire planning horizon.
A new group of order blocks was read for each DC in the
normal day's processing.

Figure 23 shows how these order blocks and groups
of order blocks were developed. Blocks 1 to 3 of Figure
23 are related to the initialization of the variables
and arrays in the run. The basic input variables to the
run were 1) the "Sampled Invoice" tape including both
the line item and invoice summary detail, 2) tracked
product information that was used to not only select
the tracked products from all the products in the "Sampled
Invoice" tape but also to provide the basis from which
orders could be randomly generated and 3) the order group
blocking factors by major customer type including the
pseudo or randomly generated customer types.

Blocks 4 and 5 show the splitting of the "Sampled
Invoice" tape into separate major customer type files.
Blocks 6 to 8 show the random selection of a specific
customer type's orders and summarizing these selected
orders into blocks of orders. Each customer type was
processed separately.

After the sampled invoices had been blocked into the
required number of blocks, the order blocks for the pseudo-

customer types were developed. Blocks 9 to 13 used
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individual tracked product detail composed of the model
product code, the inventory category to which this pro-
duct belonged, average sales volume information per
order, and the assumed probability distribution type

plus its parameters. The tracked product's inventory
category, whether it be based on traditional ABC analysis
or some other categorical basis, required data concerning
the number of the tracked products in the category plus
the total number of products in the category of which it
was representative. The number of inventory categories
was also specified.

After the tracked product information for a customer
order was generated, utilizing readily available, pseudo-
random variate generators for theoretical probability
distributions, the information for the tracked products
was generalized to the total product line for the customer
order. This generalized order was then added to the order
block for that pseudo-customer type. All pseudo order
blocks were generated for each pseudo-customer type
separately.

Blocks 14 to 19 represent the random selection of
the order blocks for each customer type and the merging
of these order blocks with those of the other customer
types to develop an order group. Block 19, which utilized
an assembly tape-write routine, shows that one full, 2400
foot reel of magnetic tape was prepared of order groups.

This order file was the input into the operating system's
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D&E subsystem. The tape was read by the D&E until an
end-of-file occurred. The tape was then rewound and read
again. This rereading of the tape was assumed to be a
safe activity since the probability that a DC would pro-
cess the same order group would be very, very slight.

Besides being written on the "Order File" tape,
the order file was listed on the printer. The output of
this program also included a tape file of the individual
actual and/or pseudo-customer orders that had been sum-
marized into order blocks. This tape file was later
analyzed by a Measurement subsystem supporting computer
program.

The operating system exogenous variables affected
by the Order File Generator were CSTBLK and all the
variables in the ORDGRP. The program was written in
FORTRAN except for the assembly, tape-write routine for

the order file.



CHAPTER III--FOOTNOTES

1Bowersox, et al., Monograph.

2R. S. Underwood and Fred W. Sparks, Analvtic
Geometr (Boston: Houghton Mifflin Company; Cambridge:

The Riverside Press, 1956), pp. 221-228.
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CHAPTER IV

THE OPERATIONS SUBSYSTEM

Inputs, Outputs and Data Base Requirements

The OPERATIONS (OPS) subsystem was responsible for
the processing of the allocated customer orders at the
DU and DC stages and effecting whatever changes took
place within the DC and MCC stages of the physical dis-
tribution (PD) system as a result of the processing of
the customer orders. Stages 2 and 3 in Figure 1 of
Chapter I were the areas for which customer orders were
accounted. Stages 1 and 2 of the same figure were the
areas in which the PD activities of transportation, com-
munications, inventory control, unitization and facility
commitment were effected. The exception to the above was
the MCC stage which did not take into consideration
inventory control and facility commitment.

The OPS subsystem was, therefore, responsible for
processing the main physical distribution activities and
developing the outputs that would serve as the bases for
calculating the measures of sales, costs and service by

the MEAS subsystem.

97
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The main activities within the OPS subsystem were
conceptualized as happening on both a fixed- and variable-
time basis. The fixed-time activities were grouped
under four areas:

1) The processing of the individual custonmer
order which included the allocation and
accounting of specific sales information
at the DU level plus the generation of
and accounting for customer service sta-
tistics at the DC level;

2) The processing of the order block's
summarized sales and product detail
information at the DC level;

3) The DC end-of-day activities in which the
DC's inventory levels are checked with the
pertinent inventory management policy
variables to see if reorders for product
replenishment should be dispatched from
the DC to the supplying MCC's;

4) The DC end-of-day activities to see if any
shipments must be dispatched to it from
the supplying MCC's.

The variable-time activities that did not happen
every day for the DC-MCC links were grouped under two
areas:

1) The arrival of a multiple-product reorder

at a MCC from a DC;
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2) The arrival of a shipment at a DC from
a supplying MCC to replenish inventoried
products.

The above are the major activity breakdowns asso-
ciated with the OPS subsystem. Because two of the
breakdowns happened at the end of day, fixed-time activ-
ities 3 and 4 from above were grouped into one major

end-of-day activity subprogram. Therefore, the OPERATING

SYSTEM is organized around five major computer subprograms.

These five subprograms were named INDORD for processing
the individual customer order at the DU and DC stages,
ORDSUM for processing the order block summary at the DC
level, DCEODAY for processing the DC and MCC end-of-day
activities, MCORAR for processing the arrival of an order
at the MCC level, and DCSHPAR for processing the arrival
of a shipment at the DC level.

Again, as in the D&E subsystem, a system flowchart
of the inputs, key endogenous variables and outputs, a
logical block diagram of activities, the programming
language(s) used, plus any peculiar programming techni-
ques and problems are presented and discussed for each
of the above activities.

The SUPPORTING DATA SYSTEM computer activities will
focus on the preparation of important DC-MCC product link
information. This was the only computer, supporting
activity associated with the OPS subsystem. As in the
D&E subsystem, this program will be discussed within the

framework of the LREPS Supporting Data System flowcharts.
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Operating System

The first component to be discussed is INDORD which
is the individual processing of the customer order.

Figure 24 presents the common data base variables asso-
ciated with the activities in this subprogram. Figure 25
presents the logical block diagram linking the component's
activities.

Activity Block 1 generated the order transmission
time (Tl) from the DU to the DC to which it was assigned.
The activities for determining the length of time it took
an order to get to the DC were the generation of a constant
or average service time and then adding to this constant
an element of variability. For instance, a DU may have
been a constant 2 days plus a variable 0, 1 or 2 days from
the DC. This resulted in a range of Tl values from 2 to 4
days.

The constant service time was retrieved from data
base variable DU(5) and was initially determined in a M&C
routine associated with the preparation of DC-DU link
information. How the constant time is determined is dis-
cussed in Chapter VI on M&C activities. The retrieval of
the constant time was executed using EXTENDED FORTRAN
instructions for the CDC 6500 which allowed the shifting
out of the time from the packed computer word,

The variable element, if it was desired, utilized
a Monte Carlo selection procedure that returned a value

of 0, 1 or 2. The routine was both a FORTRAN and assembly
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routine that utilized data base variables DCP(7) and PARM.
DCP(7) contained the pointer to PARM, a common set of Tl
variance parameters that could be utilized by several
DU-DC links. This activity block also used data base
variables IDUNOl and IDCNOl which are identified in
Figure 24.

Activity Block 2 initialized data base variable
RDCPC to one. This variable was used to allocate part
of a customer's order to a PDC if the majorly assigned
DC was an RDC-P. If the DC was a full-line DC, then
the entire order was allocated to the DC. The basis
for allocation is discussed below.

Block 3 tested to see if the majorly assigned DC
was a RDC-P. If it was an RDC-P, then Activity Blocks
4 to 8 were executed. If the DC was a RDC-F or PDC, then
the routine skipped to Activity Block 9. Both Blocks 2
and 3 were FORTRAN instructions that used data base
variables RDCPC, IDCNOl1l and DCP(8).

If the majorly assigned DC was an RDC-P, then
activity Blocks 4 to 8 identify the activities of
splitting the order between the RDC-P and its assigned
PDC. The basis for the allocation was to accumulate
the weight for the RDC-P, inventory categories as a
percent of the total weight for all tracked products
and their respectively assigned inventory categories.

To accomplish the setting of this partial-line order

percentage, PLPC, a FORTRAN activity was developed.
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The data base variables that were used were WTCU, PRCT (1)
which indicated whether an inventory category of tracked
products was an RDC-P's or a full-line DC's, PRCT(2),
PRCT (3), ORDGRP (4) which identified the individual pro-
duct detail summarized for the orders in the order block,
IORD, IBLOCK, ITNPC and IDCTEMP which temporarily stored
the code of the PDC assignment for the RDC-P. IORD was
also the key to the calculation of the PLPC since the
percentage only had to be calculated for the first order
to be allocated from the order block. PLPC was then con-
stant for all orders in the order block. IDCTEMP was
specifically used to allow the use of a common set of
FORTRAN statements to update all variables associated
with both the RDC-P and PDC partial order shipments.

Activity Block 5 adjusted RDCPC to the percentage
of the order to be shipped from the PDC. This block
used a basic FORTRAN instruction.

Activity Block 6 calculated the order processing
and preparation time (T2) for the RDC-P plus the transit
time (T4) from the RDC-P to the selected DU. The calcu-
lation of T4 essentially followed the same procedure
used to generate Tl. The data base variables utilized
for this task were IDUNOl, DU(5) which contained the
constant transit time for this link, DCP(7), PARM and
IDCNOl1l for the variable time element. The calculation
of T2 used a separate FORTRAN function subprogram that

basically followed these steps:
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1) Using DCP(7), PARM and IDCNOl generate a
variable time element of 0, 1 or 2;
2) If the DC is within a certain percentage
of its capacity constraint, contained in
DCCAPC, add an additional day to each
order after this capacity limitation was
reached.
The T2 routine also used IDCNO, IDUNO1l, DCP(8) and DCIS (8)
which indicated the size of the DC.

Activity Block 7 accumulated the information that
was needed by the MEAS subsystem to calculate the measures
of service for the DU and RDC-P link. The data base vari-
ables associated with this FORTRAN activity were IDCNO,
IBLOCK, DCIS(9), DCIs(10), DCIs(1ll), DCis(l12), PLPC,
ORDGRP (1) , OCTDIS (1) which contained the necessary infor-
mation to determine the amount of sales dollars that were
delivered to the DC's customers within a certain number of
normal order cycle time (Tl + T2 + T4) days, and OCTDIS(2)
which was basically the same as OCTDIS(l) except that
customer orders was the basis for accumulation. The con-
cept of the total order cycle time (OCT) is discussed
later.

Activity Block 8 was a basic FORTRAN activity that
allocated sales information to the DU from the RDC-P. The
utilized data base variables were IDUNOl, IBLOCK, ORDGRP(1l),
ORDGRP (2), DU(14), DU(1l6), and PLPC. The amount of the

order block allocated to the DU was one divided by the
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number of customer orders, summarized in an order block,
times PLPC.

Blocks 9 to 11 were the activities needed to allo-
cate the sales information and generate the necessary
customer service times from the full-line DC to the DU.
If the majorly assigned DC was either a RDC-F or PDC,
then Blocks 4 to 8 would not have been used, RDCPC would
have been one and the full customer order would have been
allocated in Blocks 9 to 1l.

Activity Block 9 calculated the customer service
times T2 and T4. T4 was calculated as described above
while T2 was essentially calculated the same as above
except that an additional test was made to see if a PDC
was being processed. If a PDC was being processed, then
it was assumed in the modelling of the activities of a
PDC that the amount of goods being shipped from the PDC
warranted the possibility of pooled or consolidated
shipments to the individual DU's. Therefore, a procedure
was developed for the scheduled shipment dispatch of a
percentage of the customer orders on a pooled basis. If
the dollar amount of a customer order was less than a
certain amount (SDSM), then a random number, generated
from RANF, was used as the basis for determining whether
it was one of a specified percentage (CSDP) of the orders
that received daily shipment dispatch. The remaining
orders less than SDSM plus all orders greater than SDSM

went on an approximated, dispatch schedule of Mondays and
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Thursdays of simulated time. Besides the above variables,
these FORTRAN and assembly routines used IDUNOl1l, IDCNO,
DU(5), DCP(8), PARM, DCP(7), DCCAPC, DCIS(8) and IDCTEMP.

Activity Block 10 allocated the sales information
to the DU from the full-line DC. This activity used basic
FORTRAN instructions plus data base variables RDCPC,
IDUNO1l, IBLOCK, ORDGRP (1), ORDGRP (2), DU(13) and DU(15).

Activity Block 1l accumulated the information to
calculate the measures of service for the DU and full-
line DC links. The activity was FORTRAN based and used
data base variables RDCPC, IDCTEMP, IDCNO, IBLOCK,

ORDGRP (1) , OCTDIS (1), OCTDIS(2), DCIS(9), DCIs(l1l0),
DCIS(11l) and DCIS(1l2).

Figure 26 shows the important variables associated
with the OPS subsystem routine ORDSUM. This routine's
purpose was to process the order block's summarized sales
information and product detail at the DC level. Figure
27 shows the block diagram of activities for this routine.

Block 1 was a check to see if the majorly assigned
DC was a RDC-P. If it was an RDC-P, then the order block
summary had to be allocated between the RDC-P and the PDC.
If it was a RDC-F or only a PDC, then the entire order
block was accounted for at only one DC via Activity
Blocks 7 to 1l1l. The data base variables utilized were
IDCNOl and DCP(8).

Activity Block 2 accounted for the portion of the

order block's sales information that was allocated to
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the DC based on the partial-line percent, PLPC, calcu-
lated in INDORD. This FORTRAN activity used data base
variables IDCNO, IBLOCK, ORDGRP (1), ORDGRP (2), ORDGRP(3),
PLPC mentioned above plus DCIS(16) through DCIS(20).

Activity Block 3 accumulated the number of orders
that were processed from the order block at the RDC-P.
The assumption had been made that two orders would be
accumulated for each customer's order received at the
RDC-P. Therefore, one order was accumulated at the
RDC-P plus one was accumulated at the RDC-P's associated
PDC. Also the assumption had been made that only one
PDC would serve the same DU as a RDC-P. The data base
variables associated with this activity, which was pro-
grammed in FORTRAN, were IDCNO and DCIS(21).

Block 4 accumulated the order block's shipment
weight, which was allocated to the DU's, in the correct
customer weight category. The correct weight category
was determined by taking the ratio of one over the num-
ber of customer orders in the order block multiplied by
the total weight in the order block, ORDGRP(2), times
PLPC. The total weight in the order block, ORDGRP(2),
was then added to the selected category. The other data
base variables utilized in this FORTRAN activity were
IDCNO, IBLOCK, DCWB and WTACUM.

The next two activity blocks subtracted the order
block's summarized product sales detail from the RDC-P's

inventories-on-hand for all tracked products and their
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respective inventory categories. These activities were
programmed in FORTRAN and used data base variables IDCNO,
IBLOCK, PRCT(l), PRCT(2), PRCT(3), ITNPC, PRDC(4),

ORDGRP (4) and PLPC. PRCT(l) allowed the activity to
distinguish between RDC-P and PDC inventory categories.

Activity Blocks 7 to 1l basically followed the
same procedure as Blocks 2 to 6. Block 7 accumulated the
order block's sales information at the full-line DC.

This activity used data base variables IDCNO, IBLOCK,
ORDGRP (1) , ORDGRP (2) , ORDGRP (3), IDCTEMP, DCIS(16) through
DCIS(20) and RDCPC, the full-line DC percent of the order
block's sales information. Block 7 was also a FORTRAN
activity.

Block 8 accumulated the number of orders for the
order block at the DC level. It was programmed in FORTRAN
and used variables IDCNO, IDCTEMP and DCIS(2l).

Block 9 accumulated the order block's shipment
weight in the correct customer weight category as was
done for the RDC-P in Block 4. The FORTRAN activity used
variables IDCNO, IDCTEMP, DCWB, RDCPC, and WTACUM.

Activity Blocks 10 and 11 again adjusted the full-
line DC's inventories-on-hand, PRDC(4). These inventories
were reduced by the sales, ORDGRP(4), in the order block.
The other data variables involved in this FORTRAN activity
were IDCNO, IDCTEMP, PRCT(1l), PRCT(2), PRCT (3), ITNPC,

IBLOCK.
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Block 12 signifies a return to the D&E normal sales
processing routine that was linked to this OPS routine.

After a DC's simulated sales quota and the individual
customer types' quotas had been reached, then certain
activities were assumed to be performed at the end of day.
These activities primarily centered around the review of
the inventory levels and the shipment of product replenish-
ments from the MCC's to the DC being processed.

Figure 29 shows the block diagram of activities
associated with the DC end-of-day processing. Figure 28
lists the data base variables that were manipulated and
used within this major subprogram. These variables, as
was done with the prior OPS subsystem routines are only
listed in the text while a brief description of the vari-
ables can be gained by referring to Figure 28. A more
detailed description can be gained by referring to
Appendix 1.

Activity Blocks 1 to 12 in Figure 29 were designed
to accumulate certain inventory information plus also
determine if any product reorders were to be dispatched
from the DC. Block 1 allowed this routine to process
only the inventory categories for which this DC was
responsible. This was especially critical for RDC-P's.
Block 1 was programmed in FORTRAN and used data base
variable PRCT(1l).

Activity Block 2 performed the updating of certain

inventory status variables based on two conditions.
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Condition 1 was the normal updating of a time-integrated,
inventory-on-hand variable, PRDC(3), which at the end of
the quarter of simulated time could be divided by the
number of workdays in a simulated quarter of the year to
get the DC product's average inventory level. Condition

2 was one in which the inventory for a product had stocked
out. Two variables were updated for this condition. A
time-integrated, stocked-out cases variable, PRCTDC(3),
was updated with the number of cases that were presently
stocked out. This variable was used by the MEAS subsystem
to determine a customer service penalty time for inventory
stockouts that was added to the normal order cycle time to
obtain an average total order cycle time. The other vari-
able, PRDC(5), was updated every day in which a product
was stocked out in order to be able to calculate the
average and standard deviation of the product stockout
delays given a stockout had occurred. This routine was
programmed in FORTRAN and also used data base variables
IDCNO and PRDC(4).

Blocks 3 and 4 were used to make an adjustment to
the time-integrated inventory-on-hand, PRDC(3), for any
outstanding DC product reorders. If there were any out-
standing DC product reorders, indicated in variable
PRDC(6), then the reorder quantity (ROQ), in variable
PRDC(6) , was added to PRDC(3) in order to be able to
approximate the total average inventory committed to this

DC for this product. If there were no outstanding ROQ's,
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then the next tracked product was processed. These
FORTRAN activities also used data base variable IDCNO.

Block 5 was used to process all the tracked products
in an inventory category. Processing the tracked products
by category was necessary because certain data base,
inventory variables were only accumulated and processed
on a categorical basis rather than a product basis. This
block used data base variables PRCT(2) and PRCT(3).

After the inventory status information had been
accumulated for the DC, the routine then made a check of
all the products in a category for any product reorders.
In designing the mathematical model, three basic inven-
tory management policies had been designed. Block 6
checked for the first type of policy which was a daily
reorder point system. Data base variable PRCT(5) con-
tained the inventory category's policy indicator. It had
been assumed that all the products in a category used the
same type of policy since there was the possibility of
sample products being used to develop inventory category
information.

Block 7 checked to see if the inventory category
was an optional replenishment type policy based on a
periodic review. Block 8 checked for the time for
reviewing inventory levels given that the inventory
policy was a hybrid or a combination daily reorder point
and optional replenishment inventory policy. These were

the basic policies built into the model to allow the
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flexibility of using various types of policies. Blocks
5 to 8 were programmed in FORTRAN and, besides using
data base variable PRCT(5), PRCT(6) was used.

Given that the products in a category used a daily
reorder point or hybrid system, Block 9 checked the pro-
duct for a possible reorder. The product's inventory-on-
hand (IOH), in variable PRDC(4), was checked against its
reorder point, ROPl of PRDC(l). If no reorder was neces-
sary, then the next tracked product for the category was
processed. If a product reorder was necessary, then
activity Block 10 set up the reorder. Block 9 used FORTRAN
instructions plus data base variable IDCNO.

Activity Block 10 used a FORTRAN subprogram to set
up the product reorder. This subprogram set data base
variable PRDC(6) by subtracting the IOH, in variable
PRDC(4), from PRDC(2) which was set by an inventory
management routine in M&C. PRCTDC(2) was adjusted for
another single-product reorder plus PRCTDC(4) and
TPDEM(1) were adjusted for the reordered quantity to
approximate the case sales for this product. In addition,
MCORAR event attributes 4 and 6 were set for the possible
multiple-product reorder. This last activity used data
base variables PRDC(6) plus WTCU. Also data base vari-
able IDCNO was used in all of the activities in Block 10.

Block 1l was used to process all the tracked pro-
ducts in an inventory category. It was a FORTRAN activity
that used data base variables PRCT(2) and PRCT(3). Block

12 was used to process all inventory categories ITNPC.
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After all inventory categories had been processed,
Block 13 checked the MCORAR attribute 4 to see if any
single-product reorders had been necessary. If so, then
a reorder had to be dispatched via Block 18 and 19. 1If
not, then the routine to test for MCC-DC shipment dispatches
was processed in Blocks 20 to 28.

Activity Blocks 14 to 17 were used to set up any
product reorders using the basic, optional replenishment
system. Block 14 checked to see if it w;s time to review
the inventory levels. If it was not time, then the next
inventory category was processed. PRCT(6) was used to
check this time of inventory review.

If it was time to review inventory levels, then
activity Block 15 checked the IOH in variable PRDC(4)
against ROP2 in variable PRDC(l). EXTENDED FORTRAN
instructions were necessary to shift out the ROP2 from
PRDC(1l) for checking purposes. If a reorder was not
necessary, then the next tracked product was checked for
this category. If a product reorder was necessary, then
Block 16 followed essentially the same procedure as des-
cribed for Block 10. All the same data base variables
were adjusted as in Block 10. Block 17 was the basis
for processing all tracked products in an inventory cate-
gory. Block 17 used data base variables PRCT(2) and
PRCT (3) .

Given that single-product reorders had been developed

in the prior activities, multiple-product reorders were
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dispatched to the supplying MCC's for the DC being pro-
cessed (IDCNO). In order to accomplish this multiple-
product reorder dispatch, a FORTRAN subprogram was
developed that followed these basic steps:

1) Add the tracked products' weight to REG(4)
and then extrapolate the tracked product
weight for the firm's total product line--
used data base variable REG(15) for extra-
polating MCORAR attribute 6;

2) Assign the products to their supplying
MCC's using data base variables DCP1l(1l)
and IDCNOl plus MCORAR attribute 4;

3) Split the total weight of the reorder
between the MCC's based on the MCC-DC
weight split proportions in variable
DCP1(2);

4) Generate the reorder lead time elements
Tl, the reorder lead time of transmission,
using data base variables DCP1(3), PARM
and IDCNOl, plus the MCC order processing
and preparation time, T2, using data base
variables MCC(1l), and PARM--do this for
each of the DC's supplying MCC's;

5) Dispatch a multiple-product reorder event
to each of the supplying MCC's that has a

weight proportion greater than zero plus
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adjust DCMCC(2) for the generated reorder
lead time elements.

In generating the reorder lead time elements Tl and
T2, the same basic routine that was used in generating
customer service time elements Tl and T4 was used. The
only differences were that the Monte Carlo procedure
returned, for instance, a 4, 6 or 8 instead of a 0, 1 or
2 plus this variable element was not added to any type
of constant service time.

Block 19 completed the reorder dispatch subprogram
by indicating that a multiple-product reorder was dis-
patched for each supplying MCC--used data base variable
NMCCS. The overall routine was programmed in FORTRAN,
but it used some of the special features of EXTENDED
FORTRAN available on the CDC 6500.

Blocks 20 to 28 accomplished the investigation of
the outstanding MCC reorders for the DC being processed
(IDCNO) to see if any shipments should be dispatched to
the DC. The procedure was to determine if there were
any reorders at the MCC that could be dispatched. Block
20 checked this using data base variable DCMCC(4). 1If
there were no outstanding reorders, then the processing
went on to the next supplying MCC for this DC--indicated
by Block 28 which used variable NMCCS.

If reorders were outstanding, a check was made to
see if there was enough weight accumulated, DCMCC(5),

greater than the minimum shipment weight for either a
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truckload or carload, MCCWB, to dispatch a shipment.
This checking was done in Block 21.

If the shipment weight was not large enough to
initiate a minimum shipment dispatch, then the day of
simulated time was tested to see if a scheduled shipment
dispatch should be made. A shipment was dispatched if
none had been made over the last "shipment dispatch"
review period. The scheduled shipment was necessary to
ensure that at least one shipment was made within a
minimum number of days. This FORTRAN routine used data
base variable MCC(2).

If this was the scheduled shipment dispatch day,
Block 23 made sure there was weight to be shipped. This
block used data base variable DCMCC(5).

Activity Blocks 24 and 25 initiated the MCC-DC
shipment dispatch. Block 24 calculated the transit time
for the MCC-DC link. This generation used the same basic
procedure used for generating reorder lead time element
Tl plus data base variables DCP1(3), PARM, and T4.

Activity Block 25 was the FORTRAN routine that dis-
patched the shipment from the MCC to the DC. In develop-
ing the MCC shipment dispatch, DCSHPAR event attributes
1 through 4 were set using the calculated T4, from the
last Activity Block, plus IDCNO and DCMCC(3). In addition,
the total number of multiple-product reorders, DCMCC(1l),

was adjusted with DCMCC(4).
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Activity Block 26 updated the reorder lead time
accumulator, DCMCC(2), using data base variables IDCNO,
the calculated T4, and DCMCC(4). For each multiple-
product reorder that was outstanding, T4 was added to
DCMCC(2). DCMCC(4) was then reset to zero in this
FORTRAN activity.

Activity Block 27 accumulated the dispatched ship-
ment weight in the appropriate weight category of the
alternative weight categories, DCMCCl. This basic
FORTRAN activity used data base variables IDCNO, IDCNOl,
DCMCC(5), the dispatched weight, DCP(8), the DC type
which enabled the routine to determine which of the
weight categories, MCCWB, was used for a certain type
of DC.

Block 28 shows that all the supplying MCC's were
checked to see if any shipment dispatches were to be
made. After all the MCC's had been checked, Block 29
indicates a return to the D&E normal sales processing
routine that called this OPS subprogram after all cus-
tomer sales had been processed for the simulated day of
operation.

The next major component in the OPS subsystem is
the processing of a MCC order arrival. This is a vari-
able-time event activity that used the data base vari-
ables listed in Figure 30. The logical flow of activities
are presented in Figure 31. Activity Blocks 1 and 2 of

Figure 31 show the EXTENDED FORTRAN activity of setting
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the indicators showing the products that were added to
the total list of products that were awaiting dispatch
to the DC. These Blocks used data base variables
DCMCC(3) and ITNSP plus MCORAR event attributes 3, 4
and 5.

Activity Block 3 updated the total number of multiple-
product reorders that had been received for the DC-MCC
link being processed. This basic FORTRAN activity used
data base variables DCMCC(4) plus MCORAR event attributes
3 and 5.

Activity Block 4 updated the total weight to be
dispatched on the next MCC-DC shipment. This FORTRAN
activity used data base variable DCMCC(5) plus MCORAR
event attributes 3, 5 and 6. After updating the total
weight to be shipped, Block 5 indicates a return to the
GASP "EXECUTIVE" routine to process the next event in
the queue.

The last major component of the OPS subsystem is
again a variable-time event activity used to process
the arrival of a shipment to replenish product inventories
at a DC. This activity, called DCSHPAR, uses the vari-
ables listed in Figure 32 to update the inventory status
variables. Figure 33 shows the logical activities to
accomplish this updating of the status variables.

Activity Block 1 checked the products on the ship-
ment, specified in DCSHPAR event attribute 3, to see if

their present, DC inventories-on-hand were stocked out.
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If a product was stocked out, then certain stockout
measures, PRCTDC(1l), DCIS(1l3), DCIS(14), DCIsS(1l5),
were updated in Block 2. These FORTRAN activities
also used data base variables PRDC(4) and PRDC(5) plus
DCSHPAR event attribute 4.

Activity Blocks 3 and 4 updated the inventories-
on-hand for all products in the received shipment. The
indicator of an outstanding product reorder was also
set off. These activities used data base variables
PRDC(4) and PRDC(6) plus DCSHPAR event attributes 3 and
4., After updating all product inventories, the routine
returned to the GASP "EXECUTIVE" to process the next

imminent event.

Supporting Data System

The only computer supporting activity for the OPS
subsystem was used to establish some basic DC-MCC product
link information and punch the information in a form that
could be read exogenously into the operating system.
Figure 34 outlines the activities that were used in this
EXTENDED FORTRAN activity that specifically developed the
exogenous data base variables DCP1(l) and DCP1l(2). DCP1l(1l)
contained the packed computer words that indicated the
products that were to be supplied over the alternative
MCC-DC links. DCP1l(2) contained the proportions of the
total replenishment weight to be shipped to the DC from

each of its supplying MCC's. These proportions were
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Set up DC-MCC product link and replenishment weight proportions

Sum total weight for all tracked products

Process each MCC ranking scheme
Check each tracked product
Process each in-solution MCC

Check to see if this ranked MCC has product

Set product indicator and add weight proportion for MCC selected

Loop through all MCC's

Loop through all tracked products

Check each potential DC to see if it uses present scheme

See if DC uses present ranking scheme

Assign data to DC

Loop through all potential DC's

Reset product indicators and MCC weight proportion accumulators

Loop through all MCC ranking schemes

Prepare DC-MCC output results

End of analysis

.Figure 34,--DC-MCC Link Information Generation
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extremely critical when sampled, tracked products were
used instead of the total product line for inventory
control purposes.

The input information into the program was:

1) A control card that contained the number
of potential DC locations, the number of
supplying MCC's, the number of tracked
products, and the number of priority
ranking schemes for the potential DC's;

2) One card each for the alternative ranking
schemes that indicated the priority with
which DC's desired to be supplied from
the alternative MCC's;

3) Tracked product information, with one
card per product, that contained product
identification information, total domestic
weight sales in a prior year, plus an
indicator for each MCC as to whether the
MCC produced the product or not;

4) One card for each potential DC that indi-
cated the ranking scheme it was to use.

The details of the program are explained in Figure

34. Block 1 developed the weight proportions for all
tracked products. Blocks 2 to 4 accumulated the weight
proportions and set the product indicators for each of
the MCC's of highest rank in the present priority scheme

and for all tracked products.
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After all tracked products were processed, the
potential DC's were checked to see if they used the pre-
sent priority ranking scheme. If they used it, then the
packed, product indicator words plus the weight propor-
tions were assigned to those DC's. Blocks 9 and 10
indicate the resetting of the product indicator words
and weight proportion accumulators plus the processing
of all priority ranking schemes. Finally in Block 11

the results were punched for all potential DC's.



CHAPTER V

THE MEASUREMENT SUBSYSTEM

Inputs, Outputs and Data Base Requirements

The MEASUREMENT (MEAS) subsystem had the task of
developing the criteria for evaluating alternative dis-
tribution plans that had been simulated. The criteria
of evaluation were developed over the planning horizon
and focused on measures of costs, sales and service.
The DC cost measures were based on the five primary
physical distribution activities of transportation,
materials handling or unitization, communications,
facility commitment and inventory control. No costs
were accumulated at the DU or MCC stages. The measures
of service focused on customer service plus the service
aspects concerning the shipment of inventories between
the DC and MCC stages of the physical distribution system.
Sales measures centered on the amount of sales that had
been accumulated for each DU, in-solution DC and MCC-DC
link.

In line with the above statements, the OPERATING
SYSTEM of the MEAS subsystem incorporated eight major

computer subprograms:

127



1)

2)

3)

4)

5)

6)

7)

8)
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SERV--the routine to calculate the measures
of customer and DC-MCC reorder service;
EXTRAP--the routine which extrapolated the
tracked products' average inventory charac-
teristics for the firm's total product line;
OBTCST--the routine to calculate the out-
bound transportation cost from the in-solution
DC's to their assigned DU's;

IBTCST--the routine to calculate the inbound
transportation cost from the supplying MCC's
to each of the in-solution DC's;

TPCST--the routine to calculate the cost of
preparing customer orders for DC shipment
dispatch;

COMCST--the routine to calculate the cost of
DU to DC order transmission activities, for
which the DC was responsible, plus the activ-
ities of processing the order up until the
time that the order was physically picked
and prepared for shipment dispatch;
FACST--the allocated, investment cost for
land, building and equipment at the in-
solution DC site;

INVCST--the cost of holding or carrying
inventories at the DC stage, the carrying
cost for pipeline inventories for the MCC

and DC links plus, possibly, the cost of
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handling and preparing the MCC dispatched
shipments to each in-solution DC.

These measures of cost and service were calculated
quarterly using the base data developed in the OPS sub-
system. The measures were inputted to the MONITOR and
CONTROL subsystem which used part of the variables for
dynamic feedback responses and which outputted all the
measures to the REPORT GENERATOR system. The measures
of sales were left intact, as received from the OPS sub-
system, and merely passed them along with the measures
of cost and service to M&C.

In LREPS the assumption had been made to output
model information on a quarterly basis. Therefore, the
MEAS activities were only utilized at the end of every
quarter of simulated time. The rationale for the quar-
terly outputting of information was similar to the
rationale for developing end-of-period accounting reports
that not only show historical information, such as a
profit and loss statement, but also snapshot, status
information such as the information shown in a balance
sheet.

All of the activities in the MEAS OPERATING SYSTEM
used basic FORTRAN instructions. Therefore, no partic-
ular mention will be made of the utilized programming
language(s) in the detail description of each of the
above routines. However, a system flowchart of the

variables used in the routine, the logical block diagram
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plus any programming problems or peculiar programming
techniques will still be included in the detailed routine
discussion.

The SUPPORTING DATA SYSTEM for the MEAS subsystem
had three computer activities. The first routine gener-
ated a matrix of calculated highway distances from each
of the potential DC locations to a sample set of desti-
nation points for each DC. This matrix of highway dis-
tances from the potential DC's served as part of the
inputs into the second supporting, computer activity of
generating regression equations. The regression equation
coefficients were the basis for determining the outbound
transportation rates from the in-solution DC's to each of
their respectively assigned DU's. The other inputs into
this second computer activity were actual, weighted
average freight rates. These average rates were based
upon the percentages of total weight that were shipped
in the selected order weight classes. The third sup-

porting computer activity generated these percentages.

Operating System

The first major component of the MEAS subsystem is
the routine to calculate the measures of service (SERV).
Figure 35 lists the variables associated with this
routine, while Figure 36 identifies the sequence of activ-
ities with which these service measures were developed

for each in-solution DC.
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Activity Block 1 calculated a customer service
penalty time, T3, that resulted when a DC stocked out
of tracked products during the past quarter's activities.
T3 was added to the averages of the other customer service
time elements, Tl, T2 and T4, to arrive at a total aver-
age order cycle time (TOCT).

According to the math model specifications, T3 was
calculated for each inventory category and then a weighted
average, based on total, tracked product case sales, was
developed for the DC. Data base variables DCIS(1l),
PRCTDC(3), PRCTDC(4), and ITNPC were used in this activity.

Activity Block 2 calculated the mean and standard
deviation of the customer normal order cycle time (NOCT).
The NOCT had been defined as the sum of the averages of
customer service time elements Tl, T2 and T4. This activ-
ity wused data base variables DCIS(21) plus DCIS(9) for
the mean and DCIS(10) for the standard deviation of the
NOCT.

The mean and standard deviation of customer out-
bound transit time, T4, was calculated in Activity Block
3. DCIS(1ll) and DCIS(12) were used for the mean and
standard deviation of T4 while DCIS(21l) contained the
QTD order sales. Both Activity Blocks 2 and 3 used a
computer library function, SQRT, for computing the
standard deviation.

Activity Block 4 combined the mean NOCT, in data
base variable DCIS(9), with the penalty time, T3, to

develop the average total order cycle time, DCIS(7).
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Block 5 developed another measure of inventory
stockouts. This measure was the percentage of tracked
product case sales, PRCTDC(4), that were backordered
for all inventory categories, ITNPC. The measure was
stored in data base variable DCIS(13).

Activity Block 6 calculated the mean and standard
deviation of the delay with which the tracked products
were delivered to customers because of product stockouts.
This activity used data base variables DCIS(14) and
DCIS(15) for the mean and standard deviation of the
delay plus the total number of product stockouts, PRCTDC(1l),
for all inventory categories, ITNPC. This routine also
used the SQRT function.

Activity Block 7 calculated the proportions of the
DC sales dollars that were delivered to its customers
within a NOCT of three, five, seven, nine and eleven
days. Similar proportions were calculated for DC sales
orders. The data base variables used in these activities
were OCTDIS(1l) for the DC sales dollar proportions,
OCTDIS(2) for the DC customer order proportions, DCIS(1l6),
DCIS(21) and IREGNO.

Activity Block 8 accumulated the DC's increment
to a measure of the domestic total average order cycle
time, DOMAST. The average was a weighted average based
On customer orders, DCIS(21). The DC's total average

OCT was retrieved from DCIS(7).
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Activity Block 9 calculated the total average
reorder lead times for each DC-MCC link associated with
the in-solution DC being processed. The reorder lead
time was composed of the DC to MCC reorder transmission
time, T1l, the reorder processing and preparation time,
T2, the time that an order waited to be shipped from
the MCC, T3, and the MCC to DC shipment transit time,
T4. The data base variables used in this activity were
DCMCC(1), DCMCC(2) and NMCCS.

Activity Block 12 was a link to the MEAS routine,
EXTRAP, that developed additional measures of inventory
characteristics. Block 12 signifies a return to the
M&C end-of-quarter (EOQ) routine that called this sub-
program.

The next major component of the MEAS subsystem is
the extrapolation of average inventory characteristics
resulting from the activities associated with the pro-
cessing of tracked products. This routine generalized
or extrapolated the average characteristics, which it
calculated, to the total product line. If the total
product line was used, then there was no extrapolation
necessary. The only necessary thing was the calculation
of average characteristics. The utilized data base
variables are shown in Figure 37.

Activity Block 1 of Figure 38 calculated the modi-
fier which was used to extrapolate the inventory charac-

teristics for a specific inventory category. This
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category modifier, CM, was calculated by dividing the
total number of products, PRCT(4), that an inventory
category was representing by the number of sample tracked
products, PRCT(3) minus PRCT(2) plus one, in the category.
The use of the modifier accomplished the same thing as if,
for instance, the number of stockouts for the tracked pro-
ducts was divided by the number of tracked products to get
the average stockouts per product. This average would
then be multiplied by the total number of products.

Activity Block 2 extrapolated the number of stock-
outs, PRCTDC(l), and single-product reorders, PRCTDC(2),
for a DC's inventory category. The basis of extrapola-
tion was the multiplication of the tracked product stock-
outs and reorders by the CM.

Activity Block 3 extrapolated the tracked products'
average investment. This was calculated by multiplying
each of the tracked product's time-integrated inventory
in case units, PRDC(3), by the cost of goods sold per
case unit, CGSCS, and CM. The results for all tracked
products were stored in DCCOST(6). DCCOST(6) then con-
tained the extrapolated, time-integrated average invest-
ment in inventories based on the products' cost of goods
sold. This figure, DCCOST(6), will be later multiplied
by the daily inventory carrying charge, DICC, to get the
cost of holding inventory at a DC.

Activity Block 4 followed basically the same pro-
cedure as in Block 3 except that the average case units,

in data base variable PRDC(3), was converted to an
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extrapolated, average cubic IOH using data base variables,
CM and CUBCS.

Activity Blocks 5 and 6 identify the activities
of processing all tracked products in an inventory cate-
gory, PRCT(3) minus PRCT(2) plus one, for all inventory
categories, ITNPC. Block 7 indicates a return to the
MEAS service (SERV) routine that called this routine.

After processing the measures of service and doing
the necessary extrapolation for both service and costing
purposes, the next components are the MEAS cost routines.

The first cost routine is graphically presented in
Figure 40. The data base variables are presented in
Figure 39. The purpose of this routine is to calculate
the cost -of outbound transportation from the in-solution
DC, IDCNO, to its assigned DU's.

Activity Block 1 initialized data base variable,
DCCOST (1), to zero. This variable will be the accumulator
of the total DC outbound transportation cost for all DU's.

Activity Block 2 used data base variables, DU(8)
and IDUNOl, to see if the DU was assigned to the DC being
processed. If not, then the next DU was checked for
Processing.

Activity Block 3 checked to see if the DC was a
RDC-p. If it was, then a rate correction factor was set
equal to something greater than one in Activity Block 4.
The rate correction factor was used to modify the out-

bound freight rates for the higher costs of shipping
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small partial orders from the RDC-P. Activity Block 4
also retrieved the RDC-P to DU shipped weight and high-
way distance. These activities used data base variables,
DCP(8), IDCNOl, IDUNOl, DU(12), DU(l6), RDF, DIST and WT.

If the DC was a full-line DC, then Activity Block
5 set the rate correction factor, RCF, to one plus
retrieved the weight, DU(15), and the highway distance,
DU(11), for the DU being processed, IDUNOI. The retrieved
weight and distance were stored in DIST and WT.

Activity Blocks 6 and 7 checked to see if the amount
of weight processed over the last quarter might have
warranted the use of negotiated freight rates. The
assumption had been made that if the weight, DCIS(17),
was large enough, then the DC would have negotiated for
cheaper transportation rates for supplying its customers.
The modifiers were developed by region. Therefore, the
negotiated rate modifiers, OBTNRM(l) and OBTNRM(2), were
picked up for the region being processed, IREGNO, if
enough weight had been processed over the last quarter.

Activity Blocks 8 and 9 did similar activities as
Blocks 6 and 7. If the DC was a PDC, then it was assumed
that the amount of goods being shipped out of the PDC
warranted pooled or consolidated shipments to the DU's.
These pooled shipments, also referred to in the OPS sub-
system in reference to the calculation of the customer
service time element T2, were assumed by management to be

dispatched in short enough time in order not to hurt
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customer service seriously. The data base variable,
POOLFC, held the PDC rate modifier. This rate modifier
was less than one. Activity Block 8 also used data
base variables DCP(8) and IDCNOl in determining the
type of DC.

Activity Block 10 calculated the outbound trans-
portation rate per pound using regression equations based
on the highway distance, DIST, to the DU from the DC.

The regression equations constant "a" coefficient, DCP(3),
and variable "b" coefficient, DCP(4), based on distance
developed the basic rate. This rate was then modified
with rate modifiers OBTNRM(l), OBTNRM(2), RCF and POOLFC.
In addition to the above modifications, the beginning
base year rate, that was the direct output from the
regression equations, was also modified by an annual
increase in the rate based on the year of simulated time,
IYEAR. These "real" rate increases were stored in data
base variables DCP(5) and DCP(6) for the potential

DC, IDCNO1, being processed. Finally the rate was multi-
plied by the total weight, WT, shipped from the DC to

the DU and the result added to DCCOST(1l).

After all the DU's had been processed, indicated
by data base variable NDUS, then the routine returned
back to the calling M&C end-of=quarter (EOQ) routine.

Figure 41 shows data base variables associated with
the routine for calculating the inbound transportation

cost from the MCC's to the DC being processed.
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Activity Block 1 in Figure 42 initialized data
base variable, DCCOST(2), which was used to accumulate
the total cost for moving the weight for the MCC-DC
1 inks. After initializing this variable, Activity Block:
2 checked to see if a PDC was being processed. This
checking used data base variables DCP(8) and IDCNOl. If
a PDC was being processed, then Activity Blocks 3, 4 and
5 were processed. If not, then Blocks 6, 7 and 8 were
P rocessed.

The reason for separate blocks for the PDC's and
RDC's was that the PDC generally shipped in higher weight
categories when they dispatched shipments. Therefore,
Bl ock 3 used higher weight categories for accumulating
we ight and calculating costs. Blocks 3 and 4 used data
base variables DCP2, DCMCCl, IVOLP, IDCNOl and NMCCS.

Activity Blocks 6 and 7 used data base variables
DCP2, DCMCCl, IDCNOl, IVOLR and NMCCS. After processing
all the MCC-DC links, this routine returned to the M&C
EOQ calling routine.

Figure 44 shows the major activities associated
With +the next major component of the MEAS subsystem. This
COmponent calculated the cost of preparing a customer
°rdex for shipment. Activity Block 1 cleared variable
DCCOST(3) , shown in Figure 43, for accumulating the DC
throughput cost.

Block 2 determined the size of DC, using data base

Vari ables IDCNOL and DCIS(8). Given the DC size, Activity
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Block 3 calculated the total throughput cost, DCCOST(3),
for the past quarter's activities using data base vari-
ables DCIS(17) and THRUPC. Block 4 was a return to M&C
EOQ.

Figure 45 lists the variables associated with the
cost of transmitting and processing an order up to the
point when it was physically prepared for shipment.
These communications costs, which are accumulated at
the DC stage, are allocated to the DC on the basis of
domestic, regional and DC fixed and variable cost fac-
tors. The reason for the three cost levels was to
allow for the flexibility of processing the order on
the basis of decentralized, regional and/or domestic
sy stems.

Activity Block 1 initialized the DC variable that
accumulated the total communications cost, DCCOST (4).
This block also set to zero three other data base vari-
ables. These three variables were FC, the total of all
fixed cost elements, VCO, the total variable cost per
order, and VCL, the total variable cost per line item,
for all three geographical bases.

Activity Block 2 determined the DC size and type.
This activity used data base variable IDCNOl, DCP(8)
and pCcis(8). Activity Blocks 3 to 5 calculated the
total Fc, vCO and VCL. To develop these totals, data
base variable IREGNO, COMMC, COMMCR, REG(17), COMMCD

and NyMpCs were used.
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Activity Block 6 calculated the total communica-
tion's cost, DCCOST(4), using data base variables FC,
VvCO, VCL, DCIS(21) and DCIS(20). Block 7 identifies a
xreturn back to the M&C EOQ routine.

The calculation of an allocated facility cost per
guarter is graphically presented in Figure 48. This
component's purpose was to prepare an allocated, capital
investment for each quarter in land, building and equip-
ment. Activity Block 1 cleared the DC variable, DCCOST(5),
that was to contain the allocated investment. Block 2
i dentified the DC size and type using the data base
wrariables DCP(8), IDCNOl and DCIS(8). The amount of
investment was assured to vary with the size and type
of DC.

A further assumption was also made concerning the
proportion of the total investment that was made in
eqguipment and in the land and building between large
and small DC's. This last assumption was the basis for
Activity Blocks 3, 4 and 6. Block 3 distinguished
between the size of DC's using data base variable DCIS(8).
Giwven that a DC was classified as being in a small cate-
goxry , then the ratio of equipment to land and building
investments was low. The rationale was that the smaller
DC's were most likely to have less automated equipment.

Activity Block 4, therefore, calculated the allo-
CAated facility cost, DCCOST(5), using the small ratio

8NnA data base variables INVEST and CLF, a cost-of-living
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factor for the potential DC location. Activity Block 6
used the same data base variables except the large ratio
of equipment to land and building investments was used.
The ratios were built directly into the routine. Blocks
5 and 7 identify a return to the M&C EOQ routine.

The calculation of the cost of carrying and handling
product inventories is represented by Figure 50. The data
base variables for this component are listed in Figure 49.
Given the extrapolated, DC average investment, calculated
in the MEAS EXTRAP routine, Activity Block 1l calculated
the cost of carrying or holding inventories, DCCOST(6),
using the daily inventory carrying charge, DICC.

Activity Blocks 2 and 3 calculated the cost of pre-
paring multiple-product reorders for shipment dispatch at
each of the supplying MCC's for the DC being processed.
These activities used data base variables DCMCC(1l),
MCC(3), NMCCS and DCCOST(6). DCCOST(6) was used to add
these reorder costs to the already accumulated inventory
carrying charges.

The cost of processing the reorder from the DC to
the MCC was not included in this routine because it had
already been included in the DC communication's cost.

The rationale for this exclusion was that, with the
increased use of computers, the placement of product
reorders has almost become a by-product of processing
customer orders. In addition, if the decision might be

to exclude the MCC order preparation costs at the DC
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stage of the model, then MCC(3) can be set equal to zero.

Block 4 identifies a return back to the M&C EOQ routine.

Supporting Data System

As mentioned in the introductory section of this
chapter, there are only three supporting computer activ-
ities for the MEAS subsystem. Figure 51 identifies the
logical activities associated with the FORTRAN activity
that had an effect on data base variables DCP(3), the
outbound transportation rate constant "a" coefficient,
and DCP (4), the outbound transportation rate variable
"b" coefficient.

The purpose of this program was to calculate a
matrix of highway distances for the potential DC's to
a sample of destination points for each potential DC.
The program's inputs included the city name, latitude
and longitude for each of the potential DC's and for
their sample destination points. The routine to cal-
culate the highway distances was the same one used in
the D&E "Distance Check" routine that developed the
conversion factor from spherical to road distances.

The output of the run was a listing of the calcu-
lated distances with the rows of the matrix being all
sample destination points and the columns being the
potential DC locations. All elements of the matrix
were calculated and printed.

The output from this program was then keypunched

along with a weighted average freight rate for each
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Calculate matrix of highway distances

Routines to convert potential DC latitude, longitude

Convert potential DC latitude, longitude to rectangular X & Y
coordinate basis

2,
Loop through all potential DC's

Routines to convert sample destination latitude, longitude

Convert sample destination latitude, longitude to rectangular
X & Y coordinate basis

b,
———@ Loop through all sample destination points

Routine to calculate highway distances

Calculate highway distance for a combined origin-destination

Prepare listing of results

End of analysis

Figure 51,--Distance Matrix Routine

Tortcars



152

desired sample destination-potential DC link. This card
input served as the basic input into a system library,
univariate regression analysis program. The independent
variable was distance and the dependent variable was the
weighted average freight rate.

Straight line regression analysis was run on these
inputs as shown in Figure 52. Blocks 4 and 5 were manual
activities that compared the generated "a" and "b"
coefficients for significance and similarity. After the
comparisons, a final set of "a" and "b" coefficients
were selected for each potential DC location. Block 5
was necessary to allow the possibility of using common
sets of coefficients for several potential DC's instead
of an individual set for each potential DC. The output
of this supporting data system activity was the prepara-
tion of the LREPS exogenous inputs, DCP(3) and DCP(4).

In order to determine the weighted average freight
rates used in the prior computer program, the third
supporting computer activity developed the percentages
of total weight shipped in specified order weight classes.
These weight class percentages were calculated in a
FORTRAN program from the accumulated weight sales of the
individual customer orders that had been summarized into
order blocks and written on a tape file in the D&E's
"Order File Generator." These percentages were then used
to calculate the weighted average freight rates from the

potential DC's to their randomly selected DU's.
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No block diagram is'shown for this program since it
was a very simple summarization and division program. This
program also affected LREPS data base variables DCP(3) and
DCP(4). Although this last program was simple, it had a
very serious effect on the development of the potential
DC's "a" and "b" coefficients. By changing the specified
order weight classes or the composition of the individual
customer orders summarized in the "Order File Generator,"
the "a" and "b" coefficients could be significantly

affected.



CHAPTER VI

THE MONITOR & CONTROL SUBSYSTEM

Inputs, Outputs and Data Base Reguirements

The MONITOR & CONTROL (M&C) subsystem had the
responsibility of monitoring the activities of the
operating system plus controlling the feedback of infor-
mation that was used in making future decisions. The
monitoring activities included the supervision of the
sequence of events and activities over simulated time,
the scheduling of the fixed-time events, and the gate-
keeping activities associated with the inflow and outflow
of information linked to the operating system. The con-
trolling activities included reviewing and developing the
feedback responses plus updating scheduled changes into
the physical distribution system configuration.

The inputs into this subsystem came not only
exogenously through the gateway but also from the MEAS
subsystem. The MEAS subsystem passed to the M&C sub-
system the criteria for evaluating the simulated, distri-~
bution plan that was in effect over the last quarter of

simulated time.

155
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The activities of the M&C subsystem happened on
both a daily basis, when considering the operation of the
D&C and OPS subsystems, and quarterly when considering
MEAS and M&C itself.

The OPERATING SYSTEM is divided into two main sec-
tions. The first section includes the supervisory activ-
ities which are grouped under the name of the model MONITOR.
The MONITOR controlled the order of and, in some cases,
performed the activities of the operating system. The
MONITOR is further subdivided into three sections. The
first section controlled the order with which activities
were executed. This subsection of the MONITOR is called
the EXECUTIVE. The EXECUTIVE had the responsibility of
picking the next imminent event from a file that was
chronological and first in-first out (FIFO) in order, and
calling the event activities that were to be executed at
that discrete point in simulated time. The role of the
EXECUTIVE in this model was handled by the GASP simulation
language subprograms. The GASP routines used in LREPS are
listed in the OPERATING SYSTEM section of this chapter.
These GASP routines are not discussed in detail.

The LREPS events, that were utilized by the GASP
EXECUTIVE in controlling the activities of the operating
system, are generally explained via a system flowchart
of LREPS data base variables, a logical block diagram of
activities, plus any peculiar programming techniques.

The programming languages will not be discussed since all
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t£he events were programmed using basic FORTRAN instruc-

+dons.

1)

2)

3)

4)

5)

6)

7)

8)

9)

The event activities to be discussed are:

DAILY--the event to initiate the normal sales
processing activities for the day:
MONTH--the event to initiate the processing
of beginning-of-month activities;

QUAR--the event to initiate the processing
of end and beginning-of-quarter activities
associated with the operating system's
information input and output plus the
control of the feedback responses;

HYR--the event that basically initiated

the same activities as QUAR but did some
additional half-year activities;

YR--the event that was basically the same
as HYR but did additional yearly activities;
BOCYC--the event that initialized the LREPS
operating system for program execution;
EOCYC--the event that completed the activ-
ities of a simulation cycle plus generated
the necessary information to terminate the
LREPS operating system;

MCORAR--the variable-time event that
initiated the OPS subsystem processing

of a MCC order arrival;

DCSHPAR--the variable-time event that
initiated the OPS subsystem proceésing

of a DC shipment arrival.
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The last two events are not discussed in this chapter

= i.nnce they were already discussed in the OPS subsystem.

T 1r» addition to the above subprogram events, the user-

wx i tten MAIN program and EVENTS subprogram required for

GASP program execution are also discussed in this first

subsection of the model MONITOR.

The second subsection of the MONITOR is the section

dealing with the gateway of information into and out of

the operating system. In this section three quarterly

act i wvity subprograms are discussed:

1)

2)

3)

EOQ--the activity routine that supervised
the development of the model outputs plus
initiated the actual outputting of infor-
mation from the operating system;

EXOG--the activity routine responsible for
reading in the operating system's exogenous
inputs;

BOQ--the activity routine responsible for
the initialization of endogenous data base
variables at the DU, DC and MCC stages of

the model for the coming quarter's activities.

The last subsection of the OPERATING SYSTEM'S

MONITOR is the activities associated with the scheduling

©°f the fixed-time events. Given that the model had been

defined as a hybrid system that had both variable-time

ANA  f£jxed-time events, this activity routine, called

SCHED, scheduled the fixed-time events.
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The second major component of the OPERATING SYSTEM
4 s the model CONTROLLER. The CONTROLLER generated the
£ eedback responses that affected the future actions of
+he operating system. The CONTROLLER, which was composed
o £ FORTRAN, EXTENDED FORTRAN and assembly routines, had
these specific system activities:

1) REVIEW--the group of subprograms that
reviewed and developed the endogenous
feedback responses and which were
divided into these quarterly activities:

a) DCSMOD--the activity of calculating
the DC and regional sales forecast
modification factors;

b) RWRC--the activity of calculating a
new regional total to tracked product
weight ratio for MCC shipment weight
extrapolation;

c) INVMGT--the calculation of new inven-
tory control variables used by the OPS
subsystem;

d) LOCATE--the facility location algorithm
for determining and scheduling any DC
facility system additions or deletions;

e) EXPAND--the scheduling of a DC facility
expansion given a DC was reaching its
capacity.

2) UPDATE--the following group of subprograms

that activated any exogenously or endogenously
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scheduled activities for changing the

simulated PD system:

a) PUTDCN--the quarterly activity of
making any scheduled DC facility
additions;

b) DELDC--the quarterly activity of
making any scheduled DC facility
deletions;

c) MODIFY--the quarterly activity of
making any scheduled DC facility
expansions;

d) DCDU--the quarterly activity of
generating the information needed
by the other LREPS subsystems for
the DU to in-solution DC links.

The SUPPORTING DATA SYSTEM has three computer activ-
ities for the M&C subsystem. These three routines are
discussed in reference to the logical activities, the
programming language(s) used, the information and the
specific LREPS exogenous data base variables related to
the program, plus any peculiar programming problems and
techniques.

The SUPPORTING DATA SYSTEM programs are:

1) Data Preparation Run--the preparation of

the operating system's exogenous input

tape;
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2) DC to DU Packing Routine--a program for

the packing of the feasible DC's that
could serve each of the DU's;
3) DC X and Y Coordinates--the calculation

of the potential DC converted, rectangular

X and Y coordinates.

Operating System

As was mentioned in the first section of the chapter,

thhe M&C OPERATING SYSTEM has two main subsections. The

£3i rst subsection is called the MONITOR which supervised the

activities of the operating system. The second subsection

i s called the CONTROLLER. The CONTROLLER reviewed and
Aeveloped the feedback responses of the operating system
P lus updated any changes to the PD system that were nec-

essary.

Monitor

The MONITOR is further subdivided into (1) the

EXECUTIVE, (2) the "gatekeeper" of information into and

out of the LREPS operating system plus (3) its "fixed-

time scheduler." Each of these subsections are now dis-

Cussed.
Executive.--The EXECUTIVE controlled the order with

wWhich the activities of the operating system were executed.

The role of the EXECUTIVE was handled by the GASP EXECUTIVE

Plus the user-written subroutine EVENTS. 1In addition, the

MAIN program routine for effecting computer program
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exxecution is included as part of the EXECUTIVE since it
was indirectly involved in the order in which activities
oX the operating system were executed.

The MAIN routine had the responsibilities of (1)
irmitializing the unit numbers of the input and output
£i les, (2) buffering in the first group of customer orders
arnnAd (3) providing the link to the GASP routines and the
us er-written EVENTS routine to begin program execution.
The end of computer program execution occurred in this
MAIN routine after one or more simulation cycles through
a planning horizon could have been accomplished. The
GASP feature of being able to stack a series of simulation
cycles was used to be able to run more than one cycle
Auring any one execution of the LREPS operating system.

The GASP routines used in the simulation are listed
below:

GASP Main GASP routine.

DATAIN Routine to read in initial GASP data cards.

SET Routine to initialize filing arrays, update

pointer system, and maintain statistics on
the number of file entries.

FILEM Filed entries in file JQ of arrays NSET and
QSET.

FINDN Found event in array NSET with an attribute
equal to a specific value.

RMOVE Removed entries from file JQ of arrays NSET
and QSET.

PRNTQ Computed and printed time-integrated statis-
tics on the number of entires in a file.

SUMRY Basic output routine of GASP which printed
its statistical data.
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MONTR Routine that provided the capability to
selectively monitor events for debugging
and program tracing.

ERROR Called when an error was detected in any
GASP subroutine except PRNTQ, SUMRY and
MONTR, all of which printed their own
error messages.

RNSET Routine that generated "seed" for random
number generator.

DRAND Routine that generated a uniformly distri-
buted random variate in interval 0 to 1.

LOCAT For GASP IIA, this routine converted a one-
dimensional array, such as NSET, to a two-
dimensional representation.

OTPUT Routine that allowed LREPS to write out
additional, printed results of simulation
activities over a past period.

RNORM Routine that generated a normally distri-
buted random variate.

XMAX Routine that selected the maximum of two
numbers.

The above GASP routines were implemented on the CDC
6500. These routines are not the complete set of routines
available with thé GASP simulation language. Only those
basic routines required to operate the LREPS operating
system were used. Other statistical summary routines
were not used. A detailed discussion of each of the

utilized GASP routines is given in Simulation with GASP II.1

Along with the GASP routines, the EXECUTIVE includes
the user-written subroutines EVENTS, DAILY, MONTH, QUAR,
HYR, YR, BOCYC, EOCYC, MCORAR and DCSHPAR. These discrete-
time events allowed LREPS to start and end the activities

which took place in the computer model's operating system.
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The EVENTS subprogram was called from GASP. After
being called, EVENTS called the next imminent event based
on the event code passed to it from GASP. After the
appropriate event's activities were processed, EVENTS
then returned to GASP. No system flowchart and block dia-
grams are included for this EVENTS routine since it was
merely a set of subprogram linkages.

The first event activity to be discussed is the
DAILY fixed-time event. Figure 53 identifies the data
base variables associated with this routine. 1In addition
to the LREPS data base variables, the variable TNOW that
GASP used for keeping track of simulated time was also
input into this routine.

Activity Block 1 in the logical block diagram,
Figure 54, for DAILY shows a link to the D&E routine
that generated the daily domestic sales dollar forecast.
No LREPS data base variables are associated with this
activity block.

Activity Block 2 is associated with the activity of
processing the RDC's in a region before the PDC was pro-
cessed. This initial processing of the region's RDC's
before its PDC was necessary in order to make sure that
all customer orders for both the PDC and any RDC-P's
were processed before doing the PDC's end-of-day activi-
ties. The data base variables that were used to see if
the RDC was in this PDC's region were DCP(8) and IDCNOl

which was set using DCIS(2).
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After selecting a RDC that was in the region being
processed, Activity Block 3 is a link to the D&E routine,
SLSPRC, that initiated the processing of the normal daily
activities associated with an in-solution DC. The vari-
ables IDCNO and IDCNOl were passed to SLSPRC. Activity
Block 4 signifies the checking of-all RDC's that were
in-solution. Data base variables NUMDCS and NREGS were
used for this checking procedure.

After all the RDC's had been processed, the PDC
for the region was then updated for its own normal daily
activities. The D&E routine SLSPRC was again called to do
this processing in Activity Block 5. The data base vari-
ables passed to the D&E routine were IDCNO and IDCNOl
after it had been set with IREGNO. IDCNOl was validly
set using IREGNO since the assumption had been made that
a region had only one PDC and, consequently, the region
number was also used as the PDC number.

Activity Block 6 used data base variable NREGS to
process all in-solution regions. It should also be noted
that LREPS was designed to process less than the total
number of defined market regions. This was the reason
for the variable NREGS.

Activity Block 7 is a link to the MONITOR's scheduler
of fixed-time events. This was the only location in the
LREPS operating system where SCHED was called since DAILY
always happened at each discrete point of simulated time.

The GASP variable TNOW was passed to SCHED .from DAILY.
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Block 8 signifies a return back to the routine that
called DAILY. DAILY could have been called from either
the GASP EXECUTIVE or from one of the other fixed-time
event activities.

The MONTH event activity is not discussed in refer-
ence to a block diagram or data base system flowchart.
The monthly routine performed two major activities.

The first activity is a link to the DAILY routine to pro-
cess the customer sales for the simulated end-of-month
day. The other activity includes the addition of a
monthly sales forecast increment, XINC, to TDSF, the
total annual domestic forecast. This last activity will
be explained in conjunction with the YR event activity.

The QUAR event activity is only discussed in refer-
ence to the block diagram in Figure 55 since it was
merely a set of linkages to other routines in the Ms&C.
Activity Block 1 is the linking to the event activity
MONTH to process the normal sales activities for the last
day of the quarter. After processing these sales, the
EOQ routine was called to develop the remaining measures
of output plus output the results of LREPS for the past
quarter.

Activity Block 3 then read in any exogenous inputs
into the LREPS common data base. After inputting the
exogenous changes, Activity Block 4 updated the PD system
for any scheduled DC changes plus any changes that

resulted from reading the exogenous input data. After
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Routine to process quarterly activities

1link to routine to process the activities for the last month of
the quarter

Link to routine to process end-of-quarter activities

Link to routine to read LREPS exogenous imnputs

Link to routines to make DC facility changes

Link to UPDATE routine to develop DC to DU link information based
primarily on exogenous inputs

Link to routines to do PD system review activities based primarily
on endogenous variables

Link to routine to process begimning-of-quarter initialisation
activities

Return to GASP EXECUTIVE or other calling routine

Figure 55.—Quarterly Event Activity
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making possible changes to the PD system, Activity Block
5 called the UPDATE subprogram DCDU to develop DC to DU
link information that resulted from primarily changes in
the exogenous data base variables but also from changes
in the DC's that were now in solution. Activity Block 6
then passed through all the M&C routines that controlled
and developed the feedback responses of the model.

Given the stages and the links between stages that
were now in solution, Activity Block 7 called the routine
to initialize the necessary endogenous variables to pro-
cess the coming quarter's activities. Activity Block 8
returned control back to the GASP EXECUTIVE, if QUAR was
called directly, or to the calling routine if it was
called from another event activity.

The HYR event activity was placed in LREPS for
future model flexibility. Therefore, HYR only called
QUAR and will not be discussed further.

The event activity for the annual processing of
actiwvities for the beginning and end of year is called
YR. This routine linked to the QUAR event to process
the normal end- and beginning-of-quarter activities and
then performed three tasks. Task one was to increment
data base variable IYEAR by one. Task two calculated
@ n®@w monthly sales forecast increment, XINC. XINC was
calculated as a monthly average of the difference between
last ¥Year's and the coming year's annual domestic sales

dollay forecast, TDSF. The last task was to modify TDSF
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with the negative product of five and one-half times
XINC. 1In order to develop a linear trend in domestic
forecasted sales that increased in constant monthly
increments of XINC, these last two tasks were performed.

The BOCYC event activity is explained in reference
to a block diagram but no data base system flowchart.

This event was exogenously set, along with the EOCYC event,
through the GASP input cards. The BOCYC event was used to
initialize the execution of a cycle through the planning
horizon which was limited in length to the time limit set
in the EOCYC event.

Activity Block 1 of Figure 56 initialized the LREPS
common data base for program execution by a link to
"EXOG." Activity Block 2 used some of the previously
read exogenous data, particularly data base variable
DCP(12), to put into solution the starting DC facility
configuration. This DC facility initialization was per-
formed by the UPDATE subprogram, PUTDCN.

Activity Block 3 then developed the necessary DC to
DU link information while the next activity block calcu-
lated the values for the beginning inventory levels and
inventory control variables for each of the starting DC's.
Activity Block 5 performed similar activities as those in
the YR event routine for calculating the monthly trend
factors for the first year's annual domestic sales fore-
cast. Finally, Activity Block 6 was called to process the

first day's sales activities plus begin scheduling
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Beginning of cycle event activity

Link to routine to read LREPS exogenous inputs

Link to routine to make DC facility initialiszation

Link to routine to develop DC to DU link information

Link to routine to initialize DC inventories plus calculate
inventory parameters

Calculate modified anmial domestic forecast

Link to routine to process first day's activities

Return to GASP EXECUTIVE

Figure 56,--Beginning of Cycle Event Activity
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endogenously the fixed-time events. Block 7 returned
control to the GASP EXECUTIVE.

As indicated above, the event activity EOCYC ended
the execution of the LREPS operating system for a cycle.
This exogenously set event was set one day after the
last simulated year of activity. No system flowchart or
block diagram are developed since the routine only set
the GASP variable, MSTOP, equal to a negative one in
order to stop cycle execution and then returned back to
the GASP EXECUTIVE. As was mentioned earlier, GASP
handled the stacking of simulation cycles through its
input data cards although the stacking of cycles could
have been done in this routine.

The only other event activities associated with
this section of the MONITOR are MCORAR and DCSHPAR. These
routines were discussed in the OPS subsystem. After their
program execution, they returned to the GASP EXECUTIVE.

Input/Output Gatekeeper.--Figure 57 identifies the

data base variables and Figure 58 the logical activities
that were necessary for the development of the final
model outputs plus those activities that physically out-
putted the information from the LREPS operating system
for the Report Generator (RPG) system. These activities
were associated with what is called the end-of-quarter
(EOQ) activity routine.

Activity Block 1 initialized the variables needed

for a quarterly control record that contained information

= 'ra‘
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identifying this simulation cycle, NRUN, plus additional
identifying, alphabetic information, NAME(l) to NAME(6).
The variables used in the control record were from the
GASP data base which had been initialized with punched
cards. Activity Block 2 wrote this control record on
the RPG magnetic tape referred to in Chapter 2. This
last activity used an EXTENDED FORTRAN instruction to
buffer out this information.

Activity Blocks 3 and 4 looped through all the demand
units to develop exponentially smoothed DU dollar and
weight sales. The quarter-to-date sales, the sum of DU(13)
plus DU(14) and the sum of DU(15) plus DU(1l6), were aver-
aged with the past averages to arrive at new averages,
DU(9) and DU(10). The alpha factor or smoothing constant
was set internal to these basic FORTRAN instructions. The
averages were developed for all in-solution DU's, NDUS.

Activity Block 5 used basic FORTRAN to reset to
zero the regional and domestic sales accumulators used
in succeeding activities. Data base variables REGSAC,
DOMSAL and REG(16) were reset.

Activity Block 6 used data base variables DCP(8),
IREGNO and IDCNO to see if the present DC was in the
region being processed. If the DC was in this region,
Activity Block 7 shows the link to the MEAS subsystem
routines that calculated the measures of service and cost.
Data base variables IDCNO, IDCNOl and IREGNO were passed
to the subprograms to identify the DC and region being

processed.



175

Activity Block 8 then developed the total cost per
DC, DCIS(6), and per region, REG(1l6), using data base
variables DCCOST (1) to DCCOST(6) that were calculated in
the preceding MEAS activities. In addition, the sales
dollars and weight by region, REGSAC, were accumulated
using data base variables DCIS(16) and DCIS(17).

Activity Block 9 identifies the EXTENDED FORTRAN
subprogram that outputted important DC information in a
separate file for this quarter. The DC data base vari-
ables that were written on the RPG tape were DCIS(l) to
DCIS(21), DCMCC(l) and DCMCC(2) using NMCCS, PRDC(3)
using ITNSP, PRCTDC(l) and PRCTDC(2) using ITNPC,

DCCOST (1) to DCCOST(6), OCTDIS(l) and OCTDIS(2), WTACUM
using DCWB, DCMCCl using NMCCS and MCCWB. Activity Block
10 used data base variable NUMDCS to loop through all
in-solution DC's, while Activity Block 1l used data base
variable NREGS to loop through all in-solution regions.

Activity Block 12 then developed the domestic meas-
ures of sales, DOMSAL, and customer service, DOMAST.
These measures were developed using data base variables
DCIS(16), DCIS(17), DCIS(7), DCIS(21) and NUMDCS. DOMAST
was a weighted average total order cycle time based on DC
customer orders.

Finally, Activity Block 13 is again a means of
linking the LREPS operating system to the RPG system.
This activity used EXTENDED FORTRAN instructions to write

the entire LREPS common data base on the RPG tape for
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this quarter. All data base variables except those
peculiar to any one of the major subsystems were written.
With this last output operation, there were now three
separate files of information on the RPG tape for a quar-
ter. All three files of information would hopefully
suffice any data analysis that was to be done in the RPG
system. Block 14 identifies a return to the M&C QUAR
routine.

Figure 59 identifies the logical activities asso-
ciated with the M&C routine responsible for inputting the
LREPS exogenous inputs into the operating system's data
base. In addition, the routine could also set data base
variables classified as endogenous in Appendix 1. The
procedure with which the variables were set was to
identify the sequential position of each LREPS variable
within the common data base. This assigning of sequential
numbers was called "cataloging the data base." As an
example, if there were a total number of variables in the
data base equal to ten thousand, then each of the variables
was given a number from one to ten thousand depending upon
its sequential position.

Given the cataloged data base, then the EXOG routine
basically read a "catalog" of information for each vari-
able or group of sequential variables that were to be set.
A catalog contained two tape records. The first record
contained not only the location or reference number of

the first data base variable to be set, but also the
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number of sequential items to be set after this first
variable. The second record of the catalog contained
the data that was to be read in. The catalogs were
grouped by the quarter in which they were to be read.
Given a five-year planning horizon, there would then
be twenty quarterly files of catalogs. The first quar-
ter's file initialized the total common data base.

Activity Blocks 1 and 2 identify the EXTENDED
FORTRAN activities of reading a quarter's catalog of
exogenous inputs. Activity Blocks 3 and 4 are associated
with the testing of data base variables IUDF (2) to IUDF(5)
for possible exogenous changes to the PD system being
simulated. If thers were exogenous changes, then data
base variable PDSCHG was set in order to signal other M&C
routines that information associated with PD system
changes should be developed. After these activities had
been completed, Block 5 of Figure 59 identifies a return
to the M&C QUAR routine.

The last activity associated with the inflow and
outflow of information from the LREPS operating system
is the beginning-of-quarter (BOQ) activity of clearing
or reinitializing certain endogenous variables in the
LREPS common data base for the next quarter's activity.
This routine was programmed in basic FORTRAN and ini-
tialized the data base variables listed in the output
section of Figure 60.

Figure 61 shows the activities asseciated with

reinitializing the variables for the different stages and
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links in the PD system. Activity Blocks 1 and 2 initial-
.ized DU data base variables DU(13) to DU(16) using NDUS.
Activity Block 3 reset DCIS(l), DCIS(6), DCIS(7), DCIS(9)
to DCIS(21), OCTDIS(1l), OCTDIS(2) and WTACUM to zero for
each of the in-solution DC's. Activity Blocks 4 and 5
set DC to MCC link data base variable DCMCC(l) to one plus
reinitialized data base variable DCMCCl to zero for each
of the MCC links, NMCCS. !

Activity Blocks 6 and 7 reset PRDC(3) to zero for -
all tracked products, ITNSP. The DC inventory category
variables PRCTDC(l) to PRCTDC(4) were reset in Activity
Blocks 8 and 9 for all inventory categories, ITNPC.
Block 10 shows that the above activities were done for
each of the in-solution DC's, NUMDCS.

Activity Blocks 11 and 12 reset the regional data
base variables REG(4), REG(13), REG(16) and REGSAC to
zero using variables NREGS. The domestic variables
TPDEM (1) for all tracked products, ITNSP, DOMAST, PDTCST,
and DOMSAL were reset to zero in Activity Block 13.
Finally, Block 14 identifies the return to the M&C QUAR
routine.

Fixed-Time Scheduler.--The last component in the

operating system's MONITOR is the fixed-time .scheduler,
SCHED, of events. As was previously mentioned in the

first part of this chapter, there are nine event activ-
ities, each with their own event code. Seven of these

event activities, all but BOCYC and EOCYC, were scheduled
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endogenously within the LREPS operating system. Given the
assumption that LREPS would only process the workdays of

a simulated year, two hundred and fifty-two days, SCHED,
by means of NSCH, an exogenously set array of event codes
and days of occurrence, scheduled the next endogenous
fixed-time event for tomorrow. For instance, if today

was day twenty of simulated time and there were twenty-one
days in a month, then the event activity MONTH would be
scheduled for tomorrow. If the day was sixty-two, then
QUAR was scheduled. Figure 62 shows the basic activities
associated with scheduling DAILY, MONTH, QUAR, HYR or YR.
Block 1 determined the present day using the GASP vari-
able TNOW. Block 2 used TNOW plus NSCH to schedule
tomorrow. If "today" was not in the array NSCH, then the
DAILY fixed-time event was scheduled. Activity Block 3
stored the fixed-time event, using the GASP subprogram
FILEM, in the filing arrays NSET and QSET. The fixed-
time event's attributes were the time of event processing,
and its respective event code.

Because tomorrow was always scheduled every day, at
any one time the maximum number of fixed-time events in
the GASP filing arrays NSET and QSET was two. An endo-
genous fixed-time event plus the end-of-cycle event that
was set exogenously were the two events. After scheduling
the next fixed-time event, SCHED returned to the M&C DAILY

routine that always called it.




182

SUTINOY IOTNPOYOS OWLI~POXTI-=*29 o3ty

£3TATI0% queAs ITIVD OFH 03 uaney

RITId euTInox JSyD Bursn Leaxe SuTTTs JUeA® OU3 UL Jueae OTTJ

MOIIOW0} J0F JUGA OW[3-PexT} ejwiadoadde eTnpeyos

ey pejeTnMLs uy Awpxioa juesexd ey3 eupmieseq

qUEA® SWTI-PXTJ XU OTNPOYOS 03 GUTINeY




183

Controller

The operating system's controller is divided into
two major sections. The first section reviewed and
developed the feedback responses. This section is
called REVIEW. The second section changed the PD system
for any exogenously or endogenously scheduled PC changes.
This section is called UPDATE.

Review.--The first subprogram in the REVIEW section
calculated the DC and regional, exponentially averaged
factors for modifying forecasted sales. These factors
were based upon actual and desired levels of customer
service. The customer service levels were defined in
terms of average total order cycle time.

Figure 63 identifies the data base variables asso-
ciated with this subprogram called DCSMOD. Figure 64
identifies the logical activities in calculating the
sales modification factors DCIS(4) for each in-solution
DC and REG(14) for each in-solution region.

Activity Block 1 determined the proportion of
dollar sales, DCACTS, that was delivered within the spec-
ified customer service time that management desired for
the nation, DAYCON. The proportion was interpolated from
the proportions that had been accumulated in the normal
order cycle time array, OCTDIS(l). Since the management
parameter, DAYCON, was based on the TOCT, it was reduced
by the back order penalty time T3 in data base variable

DCIS(l). Then the correct set of proportions from

P

AP -,--‘__"
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OCTDIS(l) could be selected, using DAYCON less DCIS(1l),
within which the interpolation of the final proportion
occurred.

Activity Block 2 divided the DC's service propor-
tion DCACTS, by the regional desired level of service,
REG(5). Block 3 then exponentially averaged last quar-
ter's sales modification factor, DCACTS, with the old

factor, DCIS(4), to arrive at a new SMF for the DC. This

—3

new SMF was stored in DCIS(4). Block 4 indicates that
the above procedure was done for all in-solution DC's,
NUMDCS.

After the DC SMF's had been calculated, then the
new regional SMF's, REG(1l4), were calculated. Block 5
indicates that the region's SMF, REG(13), for the last
quarter, was first calculated. REG(13) was a weighted
average of the DC's sales modification factors, DCIS(4),
based on the DC cumulative weighted indices, DCIS(5),
and the weighted index for the region, REG(8).

Block 6 shows the activities associated with the
calculation of the new exponentially averaged regional
SMF, REG(14). For both the new exponentially averaged
DC and regional SMF's, the alpha factors were built
directly into the basic FORTRAN instructions.

The next routine to be discussed is RWRC. The
purpose of this routine was to calculate .a new regional
ratio of total product line to tracked product line
weight sales. This ratio was used in the OPS subsystem

to determine the total replenishment weight shipped from
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a MCC to a DC. Figure 65 shows the data base variables
involved in the calculation of these ratios. Figure 66
is the block diagram of logical activities for this basic
FORTRAN subprogram.

Activity Block 1 reset to zero an accumulator,
SUMWT, for the region's total customer weight sales.
Block 2 then checked the next DC, IDCNO, to see if it
was in the region, IREGNO, being processed. Data base
variables DCP(8), DCIS(2) and IDCNOl were used in this
checking process.

Given that the DC was in the region being processed,
then its QTD weight sales, DCIS(17), were accumulated in
SUMWT. Block 4 indicates that all in-solution DC's,
NUMDCS, were checked for each region.

After the region's total weight sales had been
accumulated, then the total tracked product weight sales,
REG(4) , that had been accumulated in the OPS subsystem,
was divided into SUMWT. This quotient, the new regional
weight ratio, replaced the old ratio in data base vari-
able REG(15). Block 6 indicates that these ratios were
calculated for all in-solution regions, NREGS. Block 7
shows a return to the M&C quarterly event activity.

The next major activity was concerned with the cal-
culation of the variables used in the inventory control
operations of the OPS subsystem. These variables were
calculated according to the management specifications as

to the type of inventory control policy plus the policy's

il
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respective parameters. Since all of a company's products
might not have been tracked, the management specifications
were set by inventory category and not by each of the
model's tracked products.

The data base variables used in this subprogram,
which used both assembly and FORTRAN routines, are listed
in Figure 67. The logical activities are identified in
Figure 68. This subprogram was called at both the begin-
ning of cycle to set the initial values and quarterly to
update the values of the control parameters from the
results of past sales activity. This recalculation of
the inventory control parameters was the basis for calling
this section of LREPS a dynamic inventory control model.

Examining the activities of this routine in detail,
Activity Block 1 checked data base variable PRDC(2) to
see if it contained a negative one that would have been
set in the UPDATE routine PUTDCN if a new DC was coming
into solution. If it did contain a negative one, then
Activity Blocks 2 and 3 calculated the initial average
reorder lead times between this DC, IDCNO, and each of
its supplying MCC's. Data base variables DCIS(2), IDCNOl
set from DCIS(2), DCP1l(3), PARM, MCC(l) plus a constant
T3 were used in setting this initial average lead time,
DCMCC(2). The initial lead time was calculated as the
sum of the averages of the reorder lead time elements T1,
T2, T3 and T4 for each of the supplying DC-MCC links,
NMCCS. Block 4 indicates that each of the in-solution

DC's was checked to see if it was a new DC.



NAME

INPUTS
DCIS(2)
DCIS(5)
NUMDCS
NMCCS
DCP1(1)
DCP1(3)
ITNSP
ITNPC
TPDEM(1)
PRCT(2-7)
DICC
PARM
Mcc(1)
NWKDYS
CGSCS

189

DESCRIPTION

Potential DC pointer

DC cumulative weighted index

No, of in=-solution DC's

No, of in-solution MCC's

DC-MCC tracked product supply links
DC=MCC T1 & T4 factors

Total no, of tracked preducts
Total no, of inventery categeries
QTD tracked product case sales
Inventory category variables

Daily inventory carrying charge
Service time variance functions
MCC T2 order prep time factors

No, of workdays per simulated year
Tracked preduct cost of geoods sold

'KEY ENDOGENOUS VARTABLES

Local

CALC

CONTROL
PARAMS

DEM
BUF
BOQ
SLT
SRP
SPD
ORDCST
Conmon
IDCNO
IDCNO1

OUTPUTS
PRDC(1)
PRDC(2)
PRDC(4)
DCMec(2)
TPDEM(2)

DC tracked product avg daily demand
DC tracked product buffer steck

DC tracked product EOQ

DC std dev lead time

DC std dev review period length

DC std dev avg daily demand
Tracked product ordering cest

In-solution DC being processed
Potential DC being precessed

DC tracked product ROP's
DC tracked product S-level

DC tracked product initial inventery level

DC-MCC avg reorder lead time
Exp avg tracked product case sales

Figure 67,--Inventory Management Variables

B e §
-



190

eupjnoy uemedsuvy Liorueaul--*gg eInitd

£31A779% IATLN0IXT ASYD DT 03 uanyey

$,0q uotrjnfos-uy (1* ydnoayy dool

sqonpoad pexoway T¥ yPnosyy doot

[oa01~5 §,3onpoad pexdvIy @3¥TNIATY)

HOL Jjo Sutijes pesswdiq f2d PLO

uotynfos
oquy ujwod OO Aeu STy JoJ TeAs] Liojueauy TRIITUT 9 eInoT9)

peposu [eaS] LI0jueaut T¥IITUT JT 008 03 X0UD
sToae] K1ojueauy @39 NOTEO 03 euUTINOY

Kottod pramAy 20 Juewysjuetdex
204310 YITA o8N o] s3onpoad peNowry 10) 2doY #ITINATWD

Loy10d uyod Jeproes sesn qonpoad pexowa) ji ees 03 N0

2d0d sesn 30npoad jy ees o3 euiinoy

240y sesn 3onpoxd JT ees 03 sutiney

£oy10d praqey a0 uted
Jepaoel Jeyjie YILA esn Jo) s3onpoxd pexoery 103 EQ»—A:IANMMIU

£oy10d quemysiueTdes sesn 30npoad PexOWI) JT ees 03 XOY)
39npoad pexowry J05 DOE PUT X038 JeJ3nq @IFTNITWD)

puvEep oSvaean
puw potded metAex ‘ewyy peel jo SUOTIPTAGP vh-!”mlweulhoaon

6 qonpoad

peXo®ay STYY 0] puvmep ATT¥P eFvieaw 5,30 o4y €IFINITE)

" @ 53 ey3 03 3onpoad eyy PupLiddns 50K ey} eupmzeyeq
1
TIAT1-S 23 03 s3onpoxd pexowsy (v #sed0dd
ogd 1o}
‘91
Q 20 UOTINTOS=U} YO SEed0xd
I
TIATT
NI spuwmep o73isemop ,s3onpoad pexoway eFereaw A[Tvyusucdxy
TVILINI

8,00 uoyjn(os-uy T{® yfnoayy dooq

27 STY3 405 $UTT 20K TI¥ y#noayy dooq

rin ouwyy pvey oFvieaw TETI[U OIP[NO[®)

v

.
1 z SouWl} Pee] J1epI0eX e¥vIeaw TeYITUT JDW-30 @3PNOTed ‘o8 I
@3>

. TN_do¥
2 uot3InTos 03Ul YFnoaq OJ AGU JT ees 03 NOeYD
50 UOTINTOS-UT YOve Ssed0ld

s1ej0wesed [023U0D AIOJUSAUT SPTNOTED 03 eutInoYy

S. 11V
TVILINI
s




191

In order to predict the level of quarterly sales in
the next quarter of simulated time, Activity Block 5
calculated an exponentially averaged total product demand,
TPDEM(2), for each of the tracked products, ITNSP. The
past quarter's sales activity, TPDEM(l), was averaged with
the old tracked product's prediction, in data base variable
TPDEM(2), to determine the new prediction. Again as in
other places where exponential averaging had been used,
the alpha factors were built directly into the FORTRAN
instructions.

After calculating the above predictions for the
entire domestic market area, the remaining activity
blocks calculated the specific tracked product inventory
control variables for each in-solution DC. Activity
Block 6 first determined the MCC supplying the tracked
product being processed. This activity used EXTENDED
FORTRAN to shift out the MCC number from DCP(l) using
the potential DC code, IDCNOl.

After determining the MCC supplying the product,
the next activity calculated the average daily demand
for the product from the DC being processed. The average
daily demand, DEM, was the product of the new domestic
prediction, TPDEM(2), the DC's cumulative weighted index,
DCIS(5), plus the reciprocal of the number of workdays
in a simulated quarter of activity which was NWKDYS

divided by four.
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Af*ter the average daily demand was calculated, three
standard deviations were calculated in Activity Block 8.
SLT, the standard deviation of reorder lead time, was
calculated as the square root of the average lead time,
DCMCC(2), assuming the lead times were Poisson distri-
buted. SRP, the standard deviation of the review period
length, was calculated as the quotient of the average
review period length, PRCT(6), divided by the square root
of twelve. SRP's calculation assumed a uniform distribu-
tion. SPD, the standard deviation of daily demand, was
calculated as the square root of the average daily demand,
DEM. This calculation also assumed the demands were
Poisson distributed. These activities used basic FORTRAN
instructions plus the computer system library function
SQRT.

After calculating these basic values, Activity
Block 9 calculated the tracked product's buffer or safety
stock, BUF, plus its economic order quantity, EOQ. BUF
was the product of data base variable PRCT(7) and the
sum of SLT times SPD and DEM times SRP. EOQ used the
standard EOQ formula plus data base variables TPDEM(2),
ORDCST, DICC, and CGSCS.

After calculating the buffer stock and economic
order quantity, Activity Blocks 10 to 13 calculated the
reorder points used in the alternative inventory control
policies that were built into LREPS. Block 11l calculated

ROP1 if the tracked product used a daily reorder point or
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hybrid system. Data base variables PRCT(2), PRCT(3),
ITNPC and PRCT(5) were used to determine the product's
type of policy. If the product used a daily reorder
point or a hybrid system, then ROP1l, data base variable
PRDC (1), was calculated as the sum of BUF plus the pro-
duct of DCMCC(2) and DEM. At this point in the program,
ROP2 was also set equal to ROP1l.

If the tracked product used either a replenishment
or hybrid system, then Activity Block 13 calculated ROP2
as the sum of BUF, the product of DEM times DCMCC(2) and
DEM times one half of PRCT(6). The calculated ROP2 was
then packed, using EXTENDED FORTRAN instructions, into
PRDC(1l) along with ROP1.

As was similarly done in Activity Block 1, data
base variable PRDC(2) was checked in Activity Block 14
for a negative one to see if the DC being processed was
a new DC. If it was a new DC, then the DC's initial
inventory levels had to be determined. These initial
inventory levels, PRDC(4), were set in Activity Block
15 as the sum of EOQ plus BUF.

Activity Block 16 then calculated the standard
S-level, data base variable PRDC(2), used for all LREPS'
inventory policies. The S-level was the sum of EOQ and
ROP2. The above equation was also correct for the daily
reorder point system since ROP2 was set equal to ROPl

for that policy.
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Finally, Activity Blocks 17 and 18 show that the
above activities were done for each tracked product,
ITNSP, and all in-solution DC's, NUMDCS. Activity Block
19 identifies the return back to the calling GASP EXECU-
TIVE activity.

The above inventory management routine is a module
that is hopefully general enough to handle the policies
of many companies. If the routine is not, however,
satisfactory for a certain company's operations, then
the module can be replaced with the specific policies
that the company desires. This substitution of a differ-
ent module was successfully accomplished in a test case
for LREPS.

The facility location algorithm, called LOCATE, is
probably the most sophisticated user-written routine in
LREPS. This subprogram was responsible for the scheduling
of the addition or deletion of DC's in the PD system con-
figuration. A basic assumption was that LOCATE would
only add or delete facilities but not add and delete
DC's in the same quarter. Depending upon the constraint
values, the review of the DC system configuration was
done, at the most, quarterly.

Figure 69 shows the data base variables involved in
this routine, while Figure 70 shows the logical activities.
This routine was composed of a number of subprograms.
Assembly, basic FORTRAN and EXTENDED FORTRAN instructions

were used throughout the entire routine.
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ADDS OR
DELETES

TMINPR
DCIS(6)
DCIS(17)
NDCADD
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DESCRIPTION

Domestic constraints on-off flag
Total inv for in-solution DC's
Max total inv, for in-solution DC's
Total inv for in-process DC's
Max total inv for in-process DC's
Dom no, of in-process add DC's
Dom no, of in-process delete DC's
Max no, of in-process DC's

Max no, of allowable DC's

No, of in-solution DC's

PD facility changes flag
Regional constraints®’ on-off flag
Max no, of DC's allowed

Max no, of DC's that can be added
Max no, of DC's that can be deleted
Max in-solution DC investment
Max in-process DC investment

No, of in-process add DC's

No, of in-process delete DC's
Total in=-solution DC investment
Total in-process DC investment
No, of in-solution DC's

Exp avg SMF

No, of in-solution regions

No, of in-solution DU's

List of feasible DC's per DU

DC dollar size capacities

GASP day of simulated time

Delay time to add DC

In-solution DC total PD cost
In-solution DC QTD weight sales
Max no, DC's put in-process/quarter

KEY ENDOGENOUS VARIABLES

Local
RLCSMF
RLIST
DCSUM
NDCIN
Common
IDUNO
IDCNO
IDCNO1
JREGNO

OUTPUTS
DCP(12)
REG(9)
REG(10)
REG(12)
INVSPS
NMINPS
NMEDLS
NDCIN

Expected regional SMF

List of reg SMF's plus later eligible DC list
Eligible DC's sum of DU sales

No, of DC's in-process this quarter

No, of DU being processed
In-solution DC being processed
Potential DC being processed
No, of region being processed

Time of DC change + type change

No, of in-process add DC's

No, of in-process delete DC's

Total in-process DC investment

Total dom in-process DC investment

Dom no, of inprocess add DC's

Dom no, of in-process delete DC's

Dom no, of in-process DC's added this quarter

Figure 69,--Facility Location Algorithm Variables
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Examining the routine in detail, Activity Block 1
checked the domestic constraints to see if any changes
in the DC configuration could take place. By setting the
data base variable NATCON off, no DC system change was
allowed and the whole routine was skipped. If NATCON

was "on," then the various in-solution and in-process
values and constraints were checked to see if changes
could take place. The total PD system variables that
were checked were MAXDCS, NMINPS and NUMDCS. The checked
in-process variables were INVSTS and MXINVS, INVSPS and
MXIVPS, NMINPS, NMBDLS and MXIPAS and NDCADD and NDCIN.
These variables were checked in a basic FORTRAN subpro-
gram and, if any of the constraints were not satisfied,
then LOCATE was skipped.

If DC changes were allowed domestically, then the
next two activity blocks checked data base variable
IUDF (1) to see if any exogenous DC changes had been
specified. If IUDF(l) was positive, then the DC's
packed in IUDF(l) were to be set into process that
quarter as long as the constraints for addition were not
violated. If IUDF(l) was negative, then the absolute
value of IUDF(l) was the DC to be set in the process of
deletion. This method of deletion only allowed one
possible DC to be deleted per quarter. Both of these
activities were associated with what was determined as
the addition or deletion of DC's on a fixed basis instead

of letting the basic algorithm add or delete DC's on a
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so-called free basis. Also in any one quarter only
exogenous or endogenous changes were allowed and not
both.

If no exogenous changes were desired, then LOCATE
began the series of steps to determine if DC's were to
be added or deleted on an endogenous or free basis.

Activity Blocks 4 through 11 are the activities
used to determine which of the market regions was in
the most critical need of change. Block 4 checked the
regional constraints on DC changes to see if anything
could be done in this region. Here again the basic
FORTRAN subprogram that checked the domestic constraints
was called to check the constraints for the region being
processed, IREGNO. Data base variables REGCON, REG(l),
REG(9) and REG(17), REG(2), REG(3), REG(9) and REG(1l0), '
REG(6) and REG(ll), and, finally, REG(7) and REG(1l2)
were checked against each other. If any constraints were
violated, the region was skipped for consideration.

Given the region could be considered, then Activity
Block 5 calculated an expected, regional sales modifica-
tion factor (SMF) similar to that used by the DC's to
modify forecasted sales for the quality of service being
given to its customers. This SMF, RLCSMF, was different
from that of the DC's in that it was calculated not only
on the basis of actual service given in the last quarter
but also the service that might be given by the present

DC's in the process of being added. Data base variables
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REG(9), REG(17) and REG(14) were used in the formula for
calculating RLCSMF.

After calculating the region's expected SMF, it
was compared to limits that were set internal to this
routine. If RLCSMF was greater than the lower limit and
less than the upper limit, then there was no action nec-
essary in this region. If RLCSMF was less than the lower
limit, then this region would possibly be considered for
a DC addition. If RLCSMF was greater than the upper
limit, then this region would be considered for a possible
DC deletion.

Activity Block 7 added this region to the list of
regions, RLIST, to be considered plus the deviation from
the limit of which it was outside. Block 8 indicates
that all in-solution regions, NREGS, were checked. Activ-
ity Block 9 checked to see if any regions were put in the
list, RLIST. If no regions were put in the list, LOCATE
returned back to the M&C QUAR event activity.

Given there were region(s) in the list, then Activity
Block 10 selected the region, IREGNO, with the greatest
deviation from its respective limit. A region was now
selected for a possible DC change. In addition, IREGNO
was set negative if a deletion or set positive if an addi-
tion was possible. Activity Blocks 5 to 10 were performed
in a basic FORTRAN subprogram that was called from LOCATE.

Activity Block 11 identifies the activities asso-

ciated with building a new list, RLIST, of all the potential
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DC's for the region to be examined in detail. Data base
variables DCP (8), IDCNOl and the total number of potential
DC's were checked to see if they should be added to the
region's list.

Activity Block 12 then checked IREGNO to see if it
was positive or negative. If negative, LOCATE went to a
subprogram that contained EXTENDED FORTRAN instructions
to see if a DC could be deleted. If IREGNO was positive,
then LOCATE went to a subprogram that also contained
EXTENDED FORTRAN instructions to see if a DC could be
added.

Given that IREGNO was positive, then Activity Blocks
13 through 16 are concerned with the possible addition of
a DC. Activity Block 13 looped through the list of poten-
tial DC's, RLIST, eliminating first the DC's that were
already in solution, were in solution and later deleted,
or were in the process of addition. Data base variable
DCP(12) was checked in this first step. The second step
accumulated the exponentially averaged sales dollars,
DU(9), for the DU's with which each of the eligible or
remaining DC's best served. Data base variables NDUS,
IDUNO and DCASGN were used in this process. After all
the DU's had been processed, the DC with the lowest accu-
mulation of sales dollars, DCSUM, was eliminated from the
eligible list. This elimination continued until two DC's
were left. Then the DC with the higher sales was selected

as a possible candidate for addition.
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Activity Block 14 checked the accumulated sales,
DCSUM, for the possible candidate to see if it was greater
than the capacity constraints for the smallest size DC,
DCCAPC. If it was greater, then Activity Block 15
scheduled the DC into the process of addition. Data base
variable DCP(l12) was set for the new in-process DC using
variables TNOW and TMINPR.

Activity Block 16 updated the various DC in-process
variables, NMINPS and REG(9) and INVSPS and REG(l2) using
data base variables INVEST, DCSUM, DCCAPC, IDCNOl and
IREGNO. These last two activity blocks were performed in
a FORTRAN subprogram called from LOCATE.

After the DC had been scheduled into process and
the necessary variables updated, then Activity Block 17
represents the activities of again checking the national
constraints, checked in Activity Block 1, to see if more
DC's could be added. If so, the whole process, Activity
Blocks 4 through 16, was repeated. If not, then LOCATE
returned back to the M&C QUAR activity.

Block 19 is associated with the activity of elimi-
nating a region from consideration. If after checking
all of its eligible DC's and none of them were large
enough in potential sales volume, then it was eliminated.
REGCON was set off for this region.

Activity Blocks 20 to 25 are associated with those
activities of possibly scheduling into process the dele-

tion of a DC. These blocks were a series of FORTRAN
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subprograms that were used for both the endogenous and
exogenous possible deletions of DC's.

Activity Block 20 is strictly associated with the
possible endogenous deletion of a DC. This block used
data base variables IDCNOl, IREGNO, DCP(8) and RLIST to
determine the eligible DC's that could possibly be
deleted. In building the eligible list only RDC's pre-
sently in solution and not being deleted were considered.

After a preliminary list of eligible DC's was built,
their last quarter's cost per pound of sales was calcu-
lated. Data base variables IDCNO, DCIS(6) and DCIS(1l7) were
used to calculate this cost measure which was stored in
RLIST. The DC with the highest cost measure was then
selected for possible deletion.

Activity Block 21 then checked DCP(12) to see if
the DC had been in solution for at least two years. If
not, then this region was eliminated from consideration.
If the DC had been in solution long enough, then Activity
Block 22 set data base variable DCP(12) equal to the
negative sum of data base variables TNOW plus TMINPR.

Activity Block 23 called a basic FORTRAN subprogram
that updated the necessary in-process DC variables NMBDLS
and REG(10) using IREGNO. After that activity, the data
base variables discussed in relation to Activity Block 1
were checked to see if more deletions could be made
domestically. If so, return to LOCATE Activity Blocks 4

to 16. Otherwise, LOCATE returned to the M&C QUAR activity.
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Activity Blocks 21 through 24 are also used for the
exogenous or fixed deletion of a DC. If the process were
on a fixed basis, RLIST contained the DC specified in
IUDF (1) . Also the constraints were set so that only one
DC could be scheduled for deletion.

‘Activity Blocks 26 through 30 are associated with
the exogenous scheduling of DC's into the process of being
added to the PD system.

Activity Block 26 set data base variable IDCNOl
equal to the next DC to be unpacked from IUDF(l). The
procedure was such that up to ten DC's could possibly be
added in any one quarter. Therefore, the DC's were drawn
from this possible iist of ten DC's and added into process
as long as the domestic and regional constraints were not
violated.

Activity Block 27 checked the constraint variables
NATCON, NDCIN and NDCADD to see if they were satisfied.
If not, the subprogram branched to Activity Block 30.
Otherwise, Activity Blocks 28 and 29 scheduled the DC
into process and updated the necessary in-process vari-
ables. Data base variable DCP(12) was set with TNOW plus
TMINPR to schedule the DC into process. NMINPS, INVSPS,
REG(9), REG(12) and NDCIN were updated for the new
in-process DC.

Finally, Activity Block 30 checked to see if the
exogenous list in IUDF (1) was empty. If it was empty,

LOCATE returned to the M&C QUAR activity. If not, the
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next DC was selected from the list for possible addition
in Activity Blocks 28 and 29.

The last subprogram associated with the CONTROLLER's
REVIEW section is called EXPAND. This FORTRAN subprogram
basically checked all in-solution DC's to see if they
were in need of expansion. If they were, then they were
put into the process of expansion to the next size DC.
Figure 71 shows this subprogram's data base variables.

Activity Block 1 of Figure 72 checked data base
variables NATCON, INVSTS and MXINVS, INVSPS and MXIVPS,
NMINPS, NMBDLS and MXIPAS and NMINPS, NUMDCS and MAXDCS
to see if any expansions could take place. If not, then
the activities in EXPAND were skipped.

Given that the domestic constraints were not vio¥
lated, then Activity Block 2 checked the regional con-
straints for the region being processed, IREGNO. Data
base variables REGCON, REG(1ll) and REG(6),>REG(12) and
REG(7), and REG(2) and REG(9) were checked.

If expansions could take place in this region, then
all in-solution DC's, NUMDCS, were first checked to see
if they were in the region being processed and then to
see if they needed to be expanded. Activity Block 3
checked data base variables DCP(8) for the correct region
and DCP(12) to see if it was not already in the process
of being expanded. If either of these conditions were
unsatisfied, then the DC, data base variable IDCNOl, was

eliminated from further processing.
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Activity Block 4 calculated a sales dollar to
capacity ratio that was later compared to a specified
percentage of the present DC maximum size in order to
determine if the DC was nearing its upper capacity
restriction. Data base variables IDCNO, DCCAPC, DCIS(8) and
DCIS(16) were used to calculate the sales to capacity
ratio, SRATIO.

This ratio, SRATIO, was compared to the specified
percentage of DCCAPC in Activity Block 5. The percentage
was built into the routine. If the DC was above its
limit, then it was added to a list, RLIST, of possible
DC's to be scheduled for expansion. Block 6 added the
DC to the list, while Activity Block 7 indicates that all
in-solution DC's were checked for possible expansion.
Block 8 indicates that all regions, NREGS, were checked
before any DC's were actually scheduled for expansion.

After examining all in-solution DC's for possible
expansion, Activity Block 9 was a check to see if any
DC's were in RLIST. If not, the rest of the activities
in EXPAND were skipped. If DC's were in RLIST, then
Activity Block 10 identifies the activities of selecting
the DC with the largest sales to capacity ratio. IDCNOl
was set equal to this DC and Activity Block 11 then
scheduled this DC into the process of expansion. Data
base variables IDCNOl, DCIS(2), TNOW, TMINPR and a con-
stant of nine million were used to set DCP(12) for the

time of expansion. Nine million plus the time of expansion
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was used to differentiate a DC being expanded from a DC
that was being added into or deleted from solution.

Activity Block 12 then updated the domestic and
regional in-process data base variables INVSPS, NMINPS,
REG(12), REG(9) using data base variables INVEST, DCIS(8),
DCP(8), IDCNO, IDCNOl and IREGNO. The difference
between the investments for the DC's present and
scheduled sizes was added to the in-process investment
variables.

Activity Block 13 is similar to the first activity
block of EXPAND in which the domestic constraints were
checked to see if any expansions could take place. If
more expansions were possible, then the program looped
back to build RLIST again and possibly expand another
DC. If no more expansions were allowed, then Activity
Block 14 indicates a return to the M&C QUAR event
activity.

Update.--The next set of routines are in the UPDATE
section of M&C's CONTROLLER. These routines activated
any scheduled changes to the PD system which was to be
tested over the next simulated quarter of activity.

The first subprogram centers on the activities
that were involved in putting DC's into solution. Various
in-process and in-solution DC variables were updated plus
the new DC's status variables were initialized for the
coming quarter of activity. Figure 73 shows the data
base variables that were involved in this DC update pro-

cedure while Figure 74 identifies the logical activities.
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Activity Block 1 checked data base variables
DCP(12) with TNOW for each potential DC, IDCNOl, to see
if it was to come into solution for the coming quarter.

If it was to come into solution, then Activity Block 2
updated data base variables NUMDCS, REG(17), INVSTS,
REG(1ll) using data base variables DCP(8), IDCNOl, IREGNO,
DCIS(8), IDCNO, DCCAPC, INVEST and DCP(10). Block 2
also initialized data base variables DCIS(1l) through
DCIS(21l). Specifically, DCIS(4) was set equal to the
exponentially averaged regional sales modification factor,
REG(14). DCIS(2) was set equal to IDCNOl, the row of the
potential DC array, DCP. DCIS(8) was set equal to the
DC's expected size, while the rest of the DCIS variables
were set to zero. Also initialized were data base vari-
ables OCTDIS(l), set equal to one, and PRDC(2), which
was set equal to a negative one. Because PRDC(2) was

so initialized, the INVMGT routine would then calculate
the DC's initial inventory control variables. Data base
variable PDSCHG was also set so that additional DC to

DU information could be generated.

Activity Block 3 then reduced the necessary in-process
variables for the domestic and regional areas of considera-
tion. Data base variables NMINPS, INVSPS, REG(1l2) and
REG(9) were reduced. Block 4 indicates that each of the
potential DC's, a maximum of thirty-five, were processed.

The remaining activity blocks are designed to link

the DU's to the best in-solution DC that could serve it.
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The basis for picking the best DC was the heuristically
selected list of potential DC's, DCASGN, that could serve
each of the DU's.

Activity Block 5 obtained the ranked list of feasible
DC's that could serve the DU being processed, IDUNOl. Each
of the DC's in the DU's list, starting at the best and going
to the worst DC, was checked against the list of in-solution
DC's until a match occurred. This checking was done in
Activity Block 6. The matched DC, IDCNO, was then given
this DU for servicing. Activity Block 1l set data base
variable DU(8) with IDCNO which established the row of
the in-solution DC array, DCIS, to which this DU was
linked. Earlier it was noted that DCIS(2) contained the
row of the potential DC array, DCP, to which the row of
the in-solution DC array, DCIS, was linked. Activity
Blocks 7 and 8 indicate that all in-solution DC's, NUMDCS,
were checked against the DC's in the DU's list until a
match occurred. Block 9 was an error condition in which
no in-solution DC matched the DU's list. The last DC in
the list was always supposed to be a PDC which could
never be deleted from solution.

Activity Block 12 indicates that each DU was linked
to its best DC and then the routine returned to the M&C
QUAR event activity.

The next major component of UPDATE is the deletion
of DC's from the PD system configuration. The LREPS

data base variables used in this FORTRAN subprogram are
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listed in Figure 75. The subprogram's logical activities
are shown in Figure 76.

Activity Block 1 checked data base variable DCP(12)
to see if it was negative. If it was negative, then the
absolute value of DCP(1l2) was checked against TNOW to see
if it was time for the DC to be deleted. Data base vari-
ables, DCIS(2), IDCNO and IDCNOl were also used in this
checking procedure.

If a DC was to be deleted, then Activity Blocks 2
through 9 represent the activities that were necessary
to delete the DC.

Activity Block 2 first reduced the in-solution DC
variables NUMDCS, REG(1l7) and INVSTS and REG(1ll) using
data base variables INVEST, DCP(8), IREGNO, DCIS(8),
IDCNO and IDCNOl. This block then set PDSCHG so that
new DC to DU link information would be generated. Activ-
ity Block 3 then reduced the in-process variables NMBDLS
and REG(10) using IREGNO.

Activity Block 4 shifted the deleted DC's remaining
inventories-on-hand and any outstanding stockout commit-
ments, PRDC(4), back to the DC's assigned PDC. All tracked
products, ITNSP, were processed for the deleted DC, IDCNO.

In Activity Block 5, the GASP subprograms RMOVE
and FINDN were used to delete any outstanding DC to MCC
dispatched orders plus any MCC to DC dispatched shipments
for the DC being deleted. These outstanding events were

destroyed and no further processing was done with them.
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The next series of activity blocks has to do with
the order in which in-solution DC's were retained in the
DCIS array. The DCIS array had been designed to allow a
certain maximum number of DC's to be in solution at any
one time. If the maximum number was not in solution, then
the DC's that were in solution were put in the first rows
of the array so that the skipping of unoccupied rows would
not have to be done. Therefore, if a DC was deleted from
an inner row, then the last DC was shifted up to take the
deleted DC's row.

Activity Block 6 checked to see if it just happened
that the DC in the last occupied row, NUMDCS plus one,
was deleted. 1If sc, then no shifting was necessary.

If the deleted DC was not in the last occupied row,
then Activity Block 7 moved the DCIS information using
data base variables IDCNO, the DC being deleted, and,
NUMDCS plus one, which identified the last occupied row.

Activity Block 8 moved the information for the
DC-MCC links to the new row plus the GASP subroutine
FINDN was used to locate the outstanding events for the
DC, NUMDCS plus one, being moved. All the events for
the moved DC were given its new in-solution DC code,
IDCNO. In Activity Block 9 the tracked product informa-
tion for the DC was moved. The tracked product informa-
tion was in data base variables PRDC(1l) to PRDC(6) and
had to be moved for all tracked products, ITNSP.

Finally, Activity Block 10 indicates that all

in-solution RDC's were checked for possible deletion.



214

No PDC's were checked since they could not be deleted.
Block 11 then shows a return to the M&C QUAR event
activity.

When it came time for a DC to be expanded to a larger
size, subprogram MODIFY performed the necessary activities
for the expansion. Figure 77 lists the data base variables
involved in the expansion and Figure 78 shows the logical
activities. Activity Block 1 of Figure 78 checked data
base variable DCP(12) for the possible expansion. If
DCP(12) less nine million was equal to TNOW, then it was
time for the expansion. Data base variables IDCNO,

DCIS(2) and IDCNOl were also used in this checking process.

If the DC was to be expanded, then Activity Block 2
incremented DCIS(8), the DC size indicator, by one.
Activity Block 3 reduced the in-process variables NMINPS,
INVSPS, REG(9) and REG(1l2). Data base variables INVEST,
DCP (8), IDCNOl, IDCNO, DCIS(8) were used in this reduc-
tion process. As in the subprogram that scheduled the
DC expansion, only the difference between the investment
figures for the old and new DC sizes was used as the
in-process investment.

This difference was then added to the in-solution
variables INVSTS and REG(1l) in Activity Block 4. Activ-
ity Block 5 indicates that all in-solution DC's were
checked for possible expansion. After checking all DC's,

the routine returned to the M&C QUAR event activity.
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The last subprogram in the UPDATE section of the
M&C's CONTROLLER is concerned with the development of
DC to DU link information needed for operating purposes.
Figure 79 lists the data base variables used in this
routine while Figure 80 shows the logical activities
needed to generate the required information.

Activity Block 1 checked data base variable PDSCHG
for any PD system changes. If there had been changes,
then Activity Block 2 used a basic FORTRAN subprogram to
sort the DU's in-solution DC assignments, DU(8), into
ascending order. All DU's, NDUS, were sorted with the
original row for the DC's DU's stored in DU(6). The
result of this sorting process was that all DU's for
each in-solution DC were now grouped together. The rea-
son for sorting the DU's on their DC assignment was to
develop the basis for the Monte Carlo selection of a
DC's DU's in the D&E sales processing routine.

After grouping the DU's by DC, Activity Block 5
initialized data base variables WIACC, DCIS(3) and
DCIS(5) for the first in-solution DC, IDCNO. Data base
variables DU(8) and IDCNO were then checked for a change
of DC in Activity Block 4. If there was a change, then
data base variables WIACC, DCIS(3) and DCIS(5) were again
set to zero for the new DC to be processed.

Activity Block 6 accumulated the cumulative weighted
index by DU, DC and region using exogenous data base

variable DU(4) which was changed annually. The .accumulation,

-
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WIACC, was stored in DU(7) for the DU being processed,
IDUNOL. The DC and regional accumulations were updated
in data base variables DCIS(5) and REG(8). Also data
base variable DCIS(3) was incremented by one for another
assigned DU.

Activity Block 7 again checked PDSCHG to see if it-
was set on. If PDSCHG was on, then Activity Block 8
calculated the road distance from the majorly assigned
DC, IDCNO, to the DU being processed. This road distance
was calculated using the same basic FORTRAN subprogram
used in the D&E "Distance Check" program. Data base
variables DU(2), DU(3), DCP(l) and DCP(2) were used to
calculate the road distance which was stored in DU(1ll).

'After calculating the road distance, the constant
or average service time elements Tl and T4 from the DC
to the DU were determined using data base variables
DCP (9), DCIS(2), IDCNOl and RING. This activity used
EXTENDED FORTRAN instructions to shift out the ring
set indicator from DCP(9). Using the ring set numbers
and the calculated road distance, the constant service
time elements were determined and packed into data base
variable DU(5).

Activity Block 9 checked to see if the majorly

assigned DC was a RDC~P. If it was a RDC-P, then Activity

Block 10 shifted the distance calculated in Block 8 from
DU(11l) to DU(l1l2). Then Block 11 calculated the road dis-

tance from the RDC-P's assigned PDC to the DU being

-
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proceésed. Again data base variables DU(1l) and DU(5)
were set using variables DCP(8), IDCNOl, DU(2), DU(3),
DCP (1), DCP(2), DCP(9) and RING. Only service time
element T4 from the PDC to the DU was determined since
the order was always assumed to be transmitted to the
RDC-P. Therefore, customer service time element Tl was
the same for both orders split between the PDC and the
RDC-P.

Activity Block 12 indicates that all DU's, NDUS,
were processed before the routine returned to the M&C

QUAR event activity.

Supporting Data System

The supporting data system for the M&C subsystem
includes three computer activities. The first computer
activity is the preparation of the LREPS exogenous
(EXOG) input tape. This program utilized EXTENDED
FORTRAN instructions to process the exogenous information
from all four LREPS subsystems. Except for the D&E
subsystem's Demand Unit (DU) tape, the inputs into this
program were punched cards. A small part of the punched
card information was from computer activities in the LREPS
supporting data systems. The high majority of this punched
card information was from non-computer activities.

As was briefly discussed in the OPERATING SYSTEM of
this chapter, the EXOG subprogram in the M&C MONITOR pro-
cessed a tape file of guarterly exogenous inputs that were

cataloged into segments of the LREPS common data base.
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The card input into the tape preparation run was, therefore,
organized to contain the following information:

1) A variable designating the quarter in
which the catalog of information was to
be read in;

2) Identifying information as to which
supporting data system activity prepared
the data and in which simulation cycle it
was used;

3) The catalog's beginning reference number
within the LREPS common data base;

4) The number of additional sequential data
base variables read in after the beginning
reference number;

5) The mode of the data being read in for the
specified catalog of information--integer,
real, octal or tape binary (last mode for
DU tape) ;

6) The "data" cards themselves.

The exogenous card file was kept in sequence based
upon a sort key composed of the quarter number, the sup-
porting system identification number, the card type (a
control card--card type one--telling the number of
catalogs per quarter, an individual catalog card--card
type two, or a data card--card type three) and finally a
sequential card number within card type. The data cards

were read under common formats for each mode of data.

R s TSR

-
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The program converted the input data to the "EXOG"
magnetic tape in quarterly files. The exogenous informa-
tion was also printed if the cycle number was different
from the base-run cycle number. This last statement refers
to the use of a base run--simulation cycle number one--of
exogenous data inputs that were needed in order to operate
LREPS. Simulation cycles after the base run were given
new cycle numbers and only the exogenous data that was
peculiar to that cycle was printed. The base cycle data
was, therefore, only printed for the base run.

No block diagram is given for this program since it
essentially merged a card deck of information into the DU
tape to prepare the EXOG tape. In essence the program
served two purposes. The first purpose was to prepare the
EXOG tape. The other purpose was to provide a meaningful
way for organizing the LREPS operating system data inputs
for easy reference and cycle documentation. At any time
the base run could be created by collecting and processing
the cycle one data.

The second computer activity in the M&C supporting
data system is an EXTENDED FORTRAN activity for converting
a card deck of information that was in standard binary
coded decimal form into an octal representation. The BCD
deck contained one card for each DU. The information in
each card was composed of the DU identifying code plus
the codes of all potential DC's that could feasibly serve

the DU. The potential DC codes were ranked in .decreasing

e —mnroF T
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order of priority for serving the DU. The last potential
DC code for a DU was that of a PDC since a PDC could
never be deleted from the physical distribution system
configuration.

The program converted the BCD deck to an octal
deck. The newly punched deck also contained identifying
information used in conjunction with the EXOG tape pre-
paration run. The first set of punched cards contained
packed computer words that contained the number of DC's
that could feasibly serve each of the DU's. The second
set of packed computer words contained the list of DC's
for each DU. This packed computer word deck was stored
in the LREPS data kase array, DCASGN.

The last M&C computer activity will also be dis-
cussed without a block diagram of activities. This basic
FORTRAN program converted the potential DC's latitudes
and longitudes to rectangular X and Y coordinates. These
coordinates were read into the LREPS common data base
variables DCP (1) and DCP(2) through the EXOG tape pre-
paration run. The same routines that were used in the
D&E "Distance Check" program were used in the conversion

process.
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CHAPTER VI--FOOTNOTES

Kiviat and Pritsker, pp. 1-21.

223

=



CHAPTER VII

THE REPORT GENERATOR SYSTEM

Report Generator Inputs

The inputs into the Report Generator (RPG) system
included two basic classes of information. The first
class of information was the LREPS RPG tape output
generated directly from the operating system. The other
class of information was the supplementary or descriptive
information needed to clarify items in the managerial
reports. This supplementary information contained such
items as the city and state names of potential DC and MCC
locations plus tracked product names.

As was briefly discussed in Chapter VI, the first
class of information contained three files of information
for each quarter of simulated activity. The three files
of information were a quarterly control record, a file of
in-solution DC data plus a complete dump of the LREPS
common data base.

In addition, the RPG tape was designed to hold more
than one simulation cycle of information. This feature

enabled reports to be developed based on multi-cycle

224

B e Tg



225

analysis. However, no multi-cycle reports were prepared
on the computer. The present computer programs analyzed
the quarterly files of information for a single simula-
tion cycle.

The basic philosophy in developing the RPG tape
plus supplementary information was to provide a complete
data base of raw or low-level information with which to
analyze the simulation results. The desire was not to
rerun the operating system to do additional output anal-
ysis but only to develop additional computer programs
that would analyze the stored results of the operating
system. This output analysis took much less time using
separate computer programs instead of rewriting the output
section of the LREPS operating system and then rerunning
it.

The RPG system also allowed the flexibility of
developing individual reports for different users of the
model without rewriting programs in the LREPS operating
system.

Finally, the RPG system allowed us to execute the
total LREPS system on a faster basis than if the operat-

ing system were bound or slowed up by a printer.

DC-Based Reports

The first set of RPG reports presented the results
that were summarized and accumulated for each DC that was
in solution during a simulation cycle. The reports were

prepared in a book form.
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The philosophy in developing these reports was to

provide the basis for later report sophistication plus

present the information going from highly summarized,

aggregative data to detailed data concerning each DC that

was ever in solution in a simulation cycle. The informa-

tion was also printed in such a way as not to overload the

manager with too much information on any one page.

The book of information was prepared on 8-1/2 by 11

inch paper which contained:

1)

2)

3)

A cover page containing descriptive infor-
mation about the simulator, the date it was
prepared, the simulation cycle number plus
alphabetic information describing the pur-
pose of the cycle;

A table of contents outlining the following
information in the report;

Following the table of contents, a set of
reports that very broadly summarized quar-
terly activities--this set of reports con-
tained one page for each quarter of simulated
activity and each page included information
about the in-solution DC's sales, total dis-
tribution cost, sales less distribution cost,
average total order cycle time plus its
average cubic inventory on hand during the

quarter;




4)

5)
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A cycle summary of quarterly information
which was accumulated as the gquarterly
summaries had been printed and which pre-
sented the DC's that had ever been
in solution during the cycle plus their
total sales, distribution costs, sales
less distribution costs, their weighted
average total order cycle time based on
orders plus the simple average of their
average cubic inventory on hand;

After the cycle summary was printed, a

series of DC detail reports--these reports

contained individual, quarterly informa-
tion categorized as follows for each DC:

a) Total sales in dollars, weight, cube,
cases, lines and orders--in reference
to the LREPS data base, these vari-
ables were DCIS(16) to DCIS(21);

b) Total cost for DC to DU outbound
transportation, MCC to DC inbound
transportation, DC throughput, DU,

DC and MCC communications, DC fixed
facility allocation, DC inventory
carrying and handling, and all costs
in total--LREPS data base variables
used in printing the report are

DCCOST (1) to DCCOST(6) plus DCIS(6);

'S



c)

d)

e)
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Customer service time statistics

which included the mean and standard
deviation of both the normal order
cycle time and the 6utbound transpor-
tation time, the inventory stockout
penalty time, T3, plus the average
total order cycle time--LREPS data

base variables used in printing the
report are DCIS(9) to DCIS(12), DCIS(1l)
and DCIS(7);

DC information to identify certain
aspects of the DC--this information
included DCIS(3), the number of demand
units that this DC served, DCIS(4), the
sales forecast modification factor,
DCIS(5), the sum of the assigned demand
units' weighted indices, and finally,
DCIS(8), the facility size indicator;
DC information describing the condition
of the DC's product inventories over
the last quarter and which referred to
LREPS data base variables DCIS(13), the
percentage of the tracked products'

total case unit sales that were back~-

ordered, DCIS(14) and DCIS(15), the mean and

standard deviation of the stockout delay

in getting a tracked product to a
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£)

g)

h)

i)
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customer given that it stockout out,
PRDC(3), the extrapolated, average
total cubic inventory-on-hand for all
tracked products, PRCTDC(l) and
PRCTDC(2), the extrapolated, total
number of product stockouts and
single-product reorders against the

MCC;

e ‘A-a._‘“

DC-MCC reorder information concerning
the number of multiple-product reorders,
DCMCC (1), and the average reorder lead
time, DCMCC(2), from the DC to each of
its supplying MCC's;

The normal order cycle time, sales
dollar proportions, OCTDIS(1l), and
customer order proportions, OCTDIS(2),
for the DU's served from this DC (A
report was printed for each set of
proportions) ;

The accumulations, WTACUM, of the

amount of weight shipped in the various
DC weight categories, DCWB, to the DU's;
The accumulations, DCMCCl, of the amount
of weight shipped from the DC's supplying
MCC's in the various shipment weight
categories, MCCWB (A report was printed
for each supplying MCC and the defined

weight categories).
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Appendix 2 gives a sample printout of the basic
report formats for the entire DC-based reports.

Given the above output, Figure 81 shows the logical
activities associated with the preparation of these dif-
ferent reports that were printed in an assembly and
EXTENDED FORTRAN program. Activity Block 1 indentifies
the initialization process of reading card information
concerning (1) the potential DC and MCC city names,

(2) the report's cover page and (3) the report's table
of contents. Activity Block 1 also read the control
record for the first quarter from the RPG tape for cycle
identification information. Block 2 then printed the
report's cover page and table of contents.

Activity Blocks 3 to 7 then describe the activities
of preparing the quarterly summary reports for all
in-solution DC's, of the building of a cyclic work file
of each DC's detailed quarterly information and of the
accumulation of the DC's summarized, cyclic data. Asso-
ciated with the above activities, only the quarterly
"DC" files of information in the LREPS RPG tape were
processed. The other RPG quarterly control and data base
files were skipped.

After the quarterly summary reports were completed,
Activity Block 8 represents the activities of printing
the cycle summary report. The basis for the preparation
of this report was simple arithmetic. Thus, this report
could be the focal point of the use of more sophisticated

and detailed financial and mathematical analysis.
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Start processing RPG DC-based reports

Initialise variables, arrays, potential DC names, MCC names,
cycle identification information

Prepare initial, descriptive information about report

Process each in-solution DC per quarter

Prepare line of DC information for quarter

Put DC on work file and set indicator that DC was in-solution
for quarter

Accumulate cycle summary data

Loop through all in-solution DC's for quarter

Loop through all quarters in RPG tape file

Prepare cycle surmary information

Process each in-solution DC

Check to see if DC was ever in-solution during cycle

Read DC's work file and store data for each quarter that it
was in-solution

Loop through all quarters that DC was in-solution

Prepare DC detail reports

Loop through all in-solution DC's

Prepare glossary of mnemonics and their interpretations

End of report generation

Figure 81,--RPG DC-Based Reports' Activities
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This cycle summary report was printed after the
quarterly summaries because of the savings in computer
time processing and storage. The page, however, was
placed immediately after the table of contents and before
the more detailed quarterly summaries.

Activity Blocks 9 to 13 identify the activities of
preparing the detailed DC reports. These reports were
only prepared for DC's that had ever been in solution
during the entire simulation cycle.

Finally, Activity Block 14 represents the activity
of printing a glossary of mnemonics and their interpre-
tations that were used in preparing the report and column

headings.

LREPS Variable List

This basic FORTRAN activity was used for validating
and checking the values of LREPS data base variables at
specified quarters of simulated time. The listing or
dump of these variables included the catalog position or
reference number of the desired variable in the data
base, the number of elements that were associated with
this variable plus a listing of the data.

The input into this program included:

1) A card was read which was used for computer
run identification--this card was printed
across the top of each page;

2) A deck of cards containing information for

the LREPS "cataloged" data base--the
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information included each variable's
beginning sequential position or catalog
reference number in the data base which
could be subtracted from the following
variable's reference number to determire
the total number of elements associated
with the variable plus the cataloged
variable's mode of data was included in
the card deck;
3) The LREPS common data base files on the
RPG tape--all other files on the RPG tape
for the cycle being checked were skipped;
4) A deck of "instruction" cards that identi-
fied the LREPS data base variables that
were to be dumped and provided a control
digit, called the "file skip control,"
which indicated whether more variables
were to be dumped from the present quar-
terly LREPS data base file (zero used to
indicate this), or indicated whether addi-
tional variables were to be dumped in the
Xth file succeeding the present file for
this cycle.
.Figure 82 shows the block diagram of activities to
dump the LREPS data base variables. Activity Blocks 1
and 2 initialized the report heading plus the basic data

base information needed to dump the variables.. Blocks 3,
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4 and 5 dumped the data from the LREPS data base files

according to the deck of instruction cards.



CHAPTER VIII

TOTAL COMPUTER MODEL

Operating System Linkages

Figure 83 illustrates the linkages between the major
subprograms of the LREPS operating system and the model's
major subsystems. The subprograms are divided into GASP
and non-GASP routines. The non-GASP routines represent
the user-written routines that were developed by the
LREPS project team. These non-GASP routines are further
subdivided on the basis of event activity. For each
event activity, the lines below the event subprogram
block indicate the routines to which it was linked. The
linkages between the subprogram blocks flow downward, to
the right and to the left. The downward orientation
signifies that a routine or routines below a certain sub-
program block to which they are connected was called by
the upper routine during program execution.

Figure 83 also serves as an illustration of the
connection of the major subsystems in the operating system.

The two subprograms of the D&E subsystem are identified in

236



237

NON-GASP

GASP

EVENTS
EBOCYC

L]
e

{ SET_|
—{RMOVE ]
—{PRETQ ]
—{SOHRT ]
—{HoNTR ]
—{ERRoR ]
—{zocar ]
—{orPuT]
—{DATATN]
—{oa]
—{oRawD |
—{RISET ]

Figure 83,--LREPS Operating System Linkages
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the box outlined with bold dashed lines and labeled "D&E."
Below the D&E subprograms are the OPS . ibsystem routines
some of which were called on a fixed-time basis from the
D&E subprogram SLSPRC and the other two routines called
on a variable-time basis from the M&C EXECUTIVE. At the
bottom of Figure 83 the MEAS subsystem routines are
identified plus their linkages to the M&C end-of-guarter
subprogram. The remaining subprograms in Figure 83 are
associated with the major sections of the M&C subsystem.
Figure 83 does not entirely identify all linkages
among the operating system's subprograms. The linkages
between some of the user-written subprograms and the GASP
subprograms FILEM, which was called by several user-
written routines, and FINDN and RMOVE, which were called
by the M&C subprogram DELDC, have not been shown. Also
the linkages among the GASP subprograms themselves are
not illustrated. The main purpose of Figure 83 is to
identify the entire set of operating system subprograis;
the GASP and non-GASP routines, the linkages among the
user-written subprograms plus the linkages among the

LREPS D&E, OPS, MEAS and M&C subsystems.

Activating Alternative LREPS Versions

In developing a computerized operational model of
LREPS, the approach was to serially operationalize the
entire D&E, OPS, MEAS and M&C LREPS subsystems. As
these subsystems were operationalized, they were merged

to form the alternative versions of LREPS.  After the

iR
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four subsystems were operationalized and merged to form
the first total LREPS computer model, new versions of
LREPS included sophisticated versions of existent sub-
programs.

In order to operationalize a specific version or
level of LREPS, an input-output computer system flowchart
of the LREPS operating system was needed. Figure 84
shows the flow of information into and out of the LREPS
operating system. The inputs included the GASP card
deck of GASP run control cards and the exogenously set
BOCYC and EOCYC events for the GASP filing arrays NSET
and QSET. The remaining inputs were the order file and
the exogenous input wmagnetic tapes. The outputs of the
program included the GASP run control listings plus the
RPG magnetic tape.

Using the approach for computerizing the model plus
the input-output system flowchart illustrated in Figure
84, the objective of the first version of LREPS, LREPS-1,
was to operationalize primarily the D&E subsystem. All
D&E subsystem supporting data and operating system pro-
gram routines were programmed. Besides the D&E program
routines, the GASP subprograms plus the user-written
routines MAIN, EVENTS, BOCYC, EOCYC, YR, HYR, QUAR, MONTH,
DAILY, SCHED, a simple PUTDCN routine to initialize the
starting DC configuration, a basic DCDU routine to link
the DU's to the starting DC's and to generate their

cumulative weighted indices, a basic EOQ routine to output
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GASP INPUT FILE
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LREPS
OPERATING
SYSTEM
GASP RPG
LISTING TAPE

Figure 84,--LREPS Operating System Input/Output Flowchart
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the LREPS data base, EXOG and BOQ, used to initialize the
DU and DC data base variables, were developed. Besides
operationalizing the D&E supporting data system programs,
the M&C supporting data system programs for preparing the
exogenous input tape plus the program that packed the
feasible DC's per DU were also programmed.

The primary reason for operationalizing LREPS-1
was to begin experimenting with alternative techniques
for processing the customer order file. As was discussed
in Chapter III, the design of the processing procedure for
the order file required considerable time and effort.
This tape file could have reduced the operating system to
an input-bound program resulting in excessively long com-
puter execution time to process a simulation cycle.
Therefore, LREPS-1 was a critical step in the overall
research since solving the problem about the potentially
long input time was fundamental to the operationalization
of the mathematical model.

The output of LREPS-1 was sales information at the
DC and DU stages of the physical distribution network.
Sales information was also accumulated at the regional
and domestic levels. This output was printed using the
RPG "Variables List" routine.

The purpose of the second version of LREPS, LREPS-2,
was to operationalize the merged D&E and OPS subsystems.
The system flowchart contained in Figure 84 applied
although more inputs were now added to the EXOG input

tape.
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The OPS subsystem computer program routines were
programmed and added to those routines already programmed
and tested in LREPS-1. At this point several of the
routines used to operationalize LREPS-1 were sophisticated.
In particular, DCDU was sophisticated to calculate road
distances plus calculate the constant customer service
times. The M&C operating system subprograms RWRC, used
to calculate the ratio of total to tracked product weight
sales, and a basic INVMGT, used to calculate the inventory
control variables, were also added to the LREPS operating
system.

LREPS-2 had the capacity to process customer orders
through the DC's, generate customer service times, and
effect MCC to DC interactions as a result of customer
sales. The outputs were printed using the RPG "Variables
List" program. Besides the sales information listed for
LREPS-1, LREPS-2 outputted DC inventory information, MCC
to DC reorder information, basic customer service times
data and domestic tracked product sales information. 1In
addition to the OPS subsystem suppdrting data system pro-
gram, the M&C routine to calculate the DC X and Y rectan-
gular coordinates was operationalized.

The third version of LREPS merged the MEAS subsystem
program routines with LREPS-2. In addition, the M&C
operating system subprogram EOQ was revised to output not
only the LREPS data base but also the quarterly control

and DC files of information. The MEAS supporting data
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system cost information was also added to the exogenous
input tape in order to determine the measures of cost
for the physical distribution system configuration that
was initialized at the beginning of cycle.

Because the DC file of information was added to the
RPG tape output, the RPG "DC-based" report program was
operationalized in LREPS-3 and used to print the DC
reports. With the operationalization of LREPS-3, a given
or specified physical distribution system configuration
could be initialized at the beginning of cycle and simu-
lated in the LREPS operating system over the planning
horizon. The LREPS-3 computer model could not, however,
add or delete DC's or modify the sizes of DC's.

In LREPS-4, the remaining M&C subprograms were
merged with LREPS-3 to develop the first complete version
of LREPS. LREPS-4 did not, however, include the LOCATE,
EXPAND and INVMGT routines described in Chapter VI.
Rather LREPS-4 included a basic LOCATE routine that only
allowed the addition of DC's and an INVMGT routine that
calculated inventory control variables according to the
policies being used by the industrial research supporter.
The output of this version was the same class of output
as developed in LREPS-3. The supporting data system
inputs were expanded to include the management control
parameters and the constraints on allowable physical
distribution system changes. All RPG programs were at

this point operationalized.

[t
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LREPS-5 is the final version of LREPS with which
this dissertation is concerned. The substitution of the
sophisticated LOCATE routine plus the addition of the
EXPAND routine were implemented in LREPS-5. LREPS was
now capable of adding, deleting or modifying the DC

facility configuration either exogenously on a fixed

basis or endogenously on a free basis. With this more rnJ
sophisticated version of LREPS was the requirement of 1
setting additional constraints on the allowable changes -

to the physical distribution system configuration.

Further versions of LREPS are planned for develop-
ment. LREPS-6 will be the version in which the use of
partial-line distribution centers is completely opera-
tionalized. The basis for LREPS-7 will be .a substitution
of the theoretical INVMGT routine for the presently
operationalized routine. Additional versions of LREPS
can be developed by substituting for and adding program
modules to those presently developed.

In order to maintain and execute any version of
LREPS, all LREPS program modules were contained in a
LREPS program library tape. Using control cards, program
changes and corrections were updated to this tape. If a
certain version of LREPS was desired, then, through a set
of control cards, the correct program modules could be

linked and compiled together.
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Preliminary Model Validation Results

The preliminary validation of the results of the
simulation model centered primarily on those activities
involved in the calibration of the model's output to a
specified base year's data. The model was initially set
to run over a four-year period. The first year was the
year with which the model was calibrated. The following
three years were used to check the model for steady-
state implications including no wild fluctuations in the
model's output.

Table 1 lists the categories of variables that were
checked for reasonableness, the specific data base vari-
ables that were checked, an indication as to whether the
variables were within a reasonable percent of the base
year data plus the physical distribution stage for which
the information was checked. This basic validation of
the model results was static in nature. One full year's
actual results were compared to the simulated results.

No sophisticated techniques for simulation validation
were used that, for instance, analyzed the model's out-
puts for autocorrelation or for statistically significant
relationships between base year and model data. Disserta-
tions that are forthcoming will devote their attention to
an in-depth validation of the model.l It is in these
dissertations that sophisticated methods and approaches

for validating a simulation model will be investigated.
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TABLE l1l.--One-Year Validation Results.

SIMULATED
INFORMATION DATA BASE VERSUS PD
CATEGORY VARIABLES ACTUAL STAGES
Cust Sales DU(13-14) Within Limits DU, DC and
DCIS(16=21) |Within Limits Domestic
Cust Dollar DCIS(16)/ Within Limits DC and Domestic
Sales/Order DCIS(21)
Cust Wt DCIS(17)/ Within Limits DC and Domestic
Sales/Order DCIS(21)
Line Items DCIS(20)/ Within Limits DC and Domestic
per Order DCIS(21)
Cust Serv--
NOCT-Avg DCIS(9) Within Limits DC and Demestic
NOCT=Std Dev DCIS(10) No Data Avail, DC and Domestic
Ti=Avg DCIS(11) Within Limits DC and Domestic
Th=Std Dev DCIS(12) No Data Avail, DC and Demestic
Dollar Props OCTDIS(1) No Data Avail, DC enly
Order Props OCTDIS/2) Within Limits DC enly
DC=MCC DCMcc(1) Within Limits DC enly
Reorder DpeMec(2) Within Limits DC enly
PRDC(6) Within Limits DC only
PRCTDC(2) Within Limits DC enly
DC Stockeuts PRCTDC(1) No Data Avail, DC enly
DCIS(13-15) |No Data Avail, |DC only
DC Avg IOH PRDC(3) Within Limits DC only
Cust ship WTACUM Difficult to DC and Domestic
Acounms Compare Because
of Small Sample
Avgs, in Cust
Order Blocks
MCC Ship DCMCC1 Within Limits MCC only
Accums
Total Pred TPDEM(2) Within Limits Domestic only
Demand
PD Cost DCCOST(1=6) |Within Limits DC and Domestic
DCIS(6) Within Limits
PDTCST Within Limits
Cum Wt Indices | DU(?7) Sales Allecation |DU, DC
DCIS(5) Basis and Regienal
REG(8) Within Limits
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CHAPTER IX

RESULTS AND IMPLICATIONS

The first section of this chapter focuses on a
discussion of the results in relation to the research
guestions presented in Chapter I. These questions
served as general guidelines and constraints on the
formulation of the computer model. The following sec-
tion of the chapter discusses implications for future
research. 1Initially, implications for research similar
to that conducted in this dissertation are presented.
This treatment broadly discusses the methodology used
in developing large-scale computer simulation models.
Next, more specialized, narrow areas of potential

research are identified. These potential areas of

research resulted from the development of certain aspects

of the computer simulation model.

Results Concerning Research Questions

Research Question 1

Research question one states:

What programming languages will facilitate
the development of a reliable computer model

248



249

including the supporting data system and
the report generator system?

In reference to the LREPS operating system of the
computer model, the GASP IIA simulation package facilitated
and expedited the computerization of this system. The
user-defined and simulation-defined concepts provided by
this language assisted in the conceptualization of the
computer model. The GASP EXECUTIVE routine alleviated
the need to design routines to direct the model through
simulated time.

In implementing the GASP IIA simulation package on
Michigan State University's CDC 6500, a small delay was
experienced because some of the subprograms required
minor modifications. Any subprogram that used the pseudo-
random number generator DRAND had to be changed to use the
pseudo-random number generator, RANF, for the CDC 6500
computer operating system. In addition, the GASP IIA
subprograms TMST, COLCT and OTPUT had not been com-
pletely modified for the floating point array, QSET.
Although these three GASP IIA subprograms were not used
in the LREPS operating system, they were used in imple-
menting and debugging the GASP IIA simulation package
and, therefore, required modification. One other subpro-
gram had to be modified. Tha GASP IIA subprogram DATAN
had to be renamed as DATAIN since the previous name was
already used by CDC as the name of the double precision,

arc tangent function. In summary, the GASP IIA simulation
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package was sound even though it required a few minor
modifications.

In reference to the supporting dat; and report
generator systems, the use of the general compiler lan-
guage FORTRAN was generally the most appropriate program-
ming language. The primary exception to the use of FORTRAN
was the use of the CDC 6500 assembly language, COMPASS, for
tape handling. The use of COMPASS for tape handling was
necessary since FORTRAN is generally an inefficient lan-
guage where considerable tape handling is required. The
FORTRAN tape handling routines are usually slow plus their
use of magnetic tape storage space is inefficient.

In summary, the use of a simulation language, a
general compiler language and an assembly language was
necessary to computerize LREPS. The complexities of the
system model, the desire for efficiency in program execu-
tion and core memory utilization plus the use of magnetic
tapes required the use of all three programming languages.
Whether high-level simulation languages such as GPSS or
SIMSCRIPT II could have been efficiently and effectively
used in LREPS computerization is a possible area of more

in-depth research.

Research Question 2

Research question two states:

What model building procedures will facilitate
the development of the computer model, the
later sophistication of the model's defined
activities, the broadening of the model to
encompass additional horizontal and vertical
aspects of the total business system, and

3
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satisfy the strong desire for universal
applicability among packaged-goods firms?

The use of building blocks as the common basis for

many of the model's activities facilitated the development

of the computer model. 1In particular, the basic building

blocks programmed in the LREPS operating system served

four major purposes. These purposes were:

1)

2)

3)

4)

The use of these blocks allowed the project 1
team to allocate efficiently their time among Eh
the specific activities of the mathematical |
model.

The blocks facilitated the changing of the

computer program when a better approach to

the computer modeling of an activity was

developed.

Basic building blocks forced the examination

of common elements of system activities.

Instead of developing a subprogram for each

potential DC location, the general or univer-

sal aspects of the functions of a DC were

modeled and computerized. Thus, the same

computer subprograms could be used for the

functions of many DC's.

Basic building blocks saved computer memory

while execution time increased very, very

slightly because of the additional subpro-

gram linkages.
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In general, the use of basic building block subpro-
grams facilitated the overall development of the computer
model and especially the LREPS operating system. Changes
in a major activity of the mathematical model were easily
made by changing the subprogram associated with that
activity. Initially, the direction was to have a pro-
liferation of subprograms with its accompanying set of
program linkages' problems. However, later the subpro-
grams were redefined in respect to the major components
of the mathematical model. This redefinition partially
alleviated the problem of many, little subprograms.

The future use of computer subprograms for model
sophistication would seem to be easily and practically
achieved. Their use for broadening the computer model's
operating system to encompass additional horizontal and
vertical aspects of the total business system is limited
only by the remaining amount of computer memory and the
applicability of the present building blocks to the
possible activities that would be added to LREPS.

The universal implications of the present building
blocks for packaged-goods firms is limited by their com-
patibility with the activities defined in the model

framework of a physical distribution system. The overall

design of the model would not have to be modified although

some of the model's activity subprograms may require

slight modifications.

A
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Research Question 3

Research question three states:

What computer software and hardware features
will allow the structuring of the simulation
model's data base and its input/output
requirements that will minimize reprogramming
these structures for alternative LREPS versions?

With the use of both the special hardware features
and the sophisticated software features of the CDC 6500,

the required reprogramming for alternative versions of

LREPS was minimized. The hardware features centered on

the effective use of magnetic tapes, disks and punched

cards where speed and controls were needed in programming

and debugging LREPS. The software features centered on

the definition of the LREPS common data base plus the

effective use of the program and information, storage and

retrieval systems, that are discussed in Chapter VIII, for

MSU's CDC 6500. Although the use of many of these storage

and retrieval systems is somewhat difficult to learn,
MSU's systems were easily learned and expedited the com-
puterization process of alternative versions of LREPS.

This was true even though the files had to be recreated

several times when they were lost because the computer

system faltered.

Research Question 4

Research question four states:

What computer software and hardware features
will promote the efficient processing of the
great amounts of information that will accom-
pany a model spanning a maximum ten-year

planning horizon?

g o ¢ ~ el T
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Research considering alternative methods for stor-
ing, retrieving and processing the computer model's data

base of information resulted in the use and disuse of
certain computer hardware and software features. The

more important features that were investigated are dis-
cussed below.
Sequential, magnetic tape files were majorly used

for the inflow and outflow of information manipulated in
Initial tests using random-

the LREPS operating system.

access, disk files for banks of information related to
the order file showed this method of information processing

to be much slower and more expensive than the tape-handling

procedure that was developed. The remaining information

in the data base that could effectively be random-accessed
was so small that this information was kept in high-access,

core memory. The use of low-access, extended core stor-
age (ECS) for this information was not possible since ECS

was unavailable on MSU's CDC 6500.
The periodic input and output of information into

the LREPS operating system via the M&C gatekeeper proved
Magnetic tape was also

to be efficient and effective.
The only

used as the medium for this input and output.

exception was the limited use of punched cards and printer
listings.
The use of computer program overlays for those

portions of the LREPS operating system that were only

referenced quarterly or less frequently was also investigated.
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Program overlays were not used because the present
overlay procedure for FORTRAN programs on the CDC 6500
is not easily implemented and quite complicated.

The procedure of packing more than one piece of
Much

information in a computer word of memory was used.

of the information in the model was based upon a zero-one,

binary representation. Where a certain category of infor-

mation was based upon this representation plus there was

a considerable amount of information involved, packing

was used.

Research Question 5

Research question five states:

What is the most efficient way to write the
model's output in order to provide reports
of the essential data and to provide storage
that can be easily accessed later as input
to programs for further simulation results'

analysis?

The periodic output of simulation results via

magnetic tape has proved to be very efficient and effec-

tive. The reports described in Chapter VII were easily

prepared plus the basic simulation data is available for

further analysis. Also by establishing the DAILY and

MONTH fixed-time events in the LREPS operating system,
the use of these routines to print any additional data

was easily effected. 1In summary, the periodic orientation

to model results has been satisfactory.
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Research Question 6

Research question six states:

Can a LREPS model be developed that will
by highly compatible among different
computer manufacturing systems?

LREPS is presently machine dependent and has low
compatibility among other computer operating systems.

Low compatibility among computer operating systems is

N |

stressed because it would be fairly difficult to imple-
ment the present computer model on even another CDC 6500.
Large computer operating systems for machines such as the
CDC 6500 generally have peculiarities that have been

developed by university personnel and which cause conver-

sion problems.
Considering other computer manufacturers' operating

systems, LREPS' implementation would be very difficult on

their systems. Because more than one piece of information

was packed into many computer words, the availability of

EXTENDED FORTRAN routines to unpack the information would

be required. Associated with the packing of information

are the differences in the physical sizes of the computer

memory words among different computers. The CDC 6500 has

sixty bits per word while the IBM 360 series has thirty-

two bits per word. Since some of the LREPS data base

variables have more than thirty-two bits of information
packed into one computer word, then the LREPS data base

would have to be redesigned for two words of IBM memory.
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The level of the FORTRAN compiler itself would
prohibit some computer operating systems from being used

for LREPS. MSU's FORTRAN compiler is an advanced version

that includes such features as "logical" storage and

instructions, tape buffering routines, plus NAMELIST and

variable formatting procedures. The use of such features

requires a large, sophisticated FORTRAN compiler.

=3

E—
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Research Question 7
|

Research question seven states:

Can a model be developed that will run on
medium-size computer operating systems?

The results concerning research question seven are
closely related to the results of research question six.
The present design of the LREPS computer model requires

a large-scale system such as the CDC systems available

at Michigan State University. LREPS requires a large-

scale computer system for fast compilation and execution.

LREPS also requires a machine with large amounts of high-

access computer memory. To retain the universal aspects

of LREPS, a sophisticated computer operating system that

allows one to retrieve and compile quickly the LREPS

program routines is also needed.
With these requirements on the size and speed of

the computer operating system, a medium-size system

would generally not be capable of processing effectively

and efficiently the LREPS simulator.
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Research Question 8

Research question eight states:

Can a computer program of the main operating
system of LREPS be developed that will:

Cycle through a ten-year planning horizon
within a total elapsed computer time of

30 minutes?

a)

b) Fit within a computer memory limitation
of 36K decimal words?

Require no more than three input and out-

c)
put files?

In reference to the computer memory utilized in the
execution of the LREPS operating system, the most sophis-
ticated version presently requires a little less than
thirty-two thousand decimal, computer words of memory.
Without primarily the capability of packed computer words,
the restriction of fitting the LREPS operating system
within 36K decimal words of computer memory would never

have been satisfied.
In order to restrict the amount of information that

was inputted and outputted from the LREPS operating system,
it was desired that the developed computer program of the

LREPS operating system require the usage of only three

input/output files. The restricted use of only three

input/output files would promote the efficient use of
computer operating systems plus allow the possibility of
converting LREPS easily to other computer operating systems.

However, Figure 84 illustrates the use of five input/output

files. Originally, it was planned that no cards be read

from the card reader or no output be printed during program
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execution of the LREPS operating system. The fact that

GASP required card input and outputted control listings

on the printer was overlooked. However, considering the

small amount of card input and printed output by the GASP

subprograms, the desire for the use of only three input/

output files should be considered satisfied.

The first part of research question eight is con-

cerned with the execution time of the LREPS operating

system. In order to minimize the cost of executing the

LREPS operating system, the desire was to develop a com-

puter program that would process a ten-year cycle of

information in thirty minutes. This execution time is

in reference to both computer central processing and peri-

pheral processing time since they are presently about

equal. Examining the computer times of several test runs,
the length of time for running a ten-year cycle was pri-

marily a function of two factors.
The first factor was the total sales dollar forecast

for the market regions being processed. If all the
regions were being processed, then it was the domestic
total sales dollar forecast. The running time had a high,

direct correlation to this factor when considering the

method for processing customer sales from
the order file. With the buffering of the order file into

the LREPS operating system, the central processing time of
program execution was just slightly greater than the peri-

prheral processing time associated with input and output.
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Given a larger or smaller sales forecast, then the model
took respectively more or less time to process the sales.

The second major factor affecting execution time
was the average sales dollar amount per customer order.

This factor had an inverse relationship to the amount of

time that it took to execute a simulation cycle. If the

average dollar amount per customer order was large, then
the sales dollar quotas per day were filled much faster

which caused the operating system to execute faster.

Other factors were considered in the investigation. One

of the more important factors was the number of tracked

products. After running the program with twelve tracked
products and then fifty tracked products, there was no

appreciable difference in running time. Most of the

tracked product processing was done while the order file

was being buffered in.
In order to obtain some idea as to how fast the

program would run given various levels of the two major

factors, the execution times of several LREPS tests were

analyzed in detail to derive a formula that could be used

to approximate the running time of the LREPS operating

system. The formula which gives the computer time in

minutes of computer central processing unit (CPU) time

is:
NYRS
45+ TDSF,
T =] —_—1
ADPCOi
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where:
T is the total amount of CPU time per
simulation cycle,

NYRS is the total number of simulated

years to be run,
TDSF is the total sales dollar forecast
(in millions of dollars) for the ith year
and the market region(s) under analysis,
and ADPCOi is the average sales dollars per
customer order in year i,
As an example of the use of this formula, if the annual
sales forecast were one hundred million dollars and the
average sales dollars per customer order were five hun-

dred dollars, the expected running time for that year of

the cycle would be nine minutes. If there were ten years

that had about the same sales forecast and average dollars

per customer order, then the simulation cycle would have

taken approximately ninety minutes. This is much greater

than the desired thirty minutes. However, with that same
forecast for all ten years plus the same average dollars
per order, approximately two million customer orders
would have been processed. For that amount of customer

order processing, the time does not seem unreasonable.
A similar example requiring a total computer run

ime through a ten-year cycle of thirty minutes or less

ould have been constructed. However, when considering

1e consumer-oriented firms who might be using such a
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model as LREPS, the computer run times per cycle seem

unreasonable. This is especially true if firms with
large sales forecasts and fairly small customer orders

were to use the LREPS operating system.

Implications for Future Research

This section of the chapter is subdivided into two

major sections. The first section focuses on a discussion

of critical aspects in the design, implementation and
The

testing of large-scale computer simulation models.

identification of these critical aspects will hopefully

assist others in the development of the approach to and
The second

the actual implementation of computer models.
The

section discusses future potential areas of research.
identified areas of possible research resulted from the
implementation of various computer modeling concepts plus
computer limitations and inefficiencies that exist in

relation to the presently operationalized computer model.

Critical Aspects in Computer Modeling
In computerizing the LREPS mathematical model,

several aspects of this process, subject to the constraints
In order

outlined in Figure 4 of Chapter I, were critical.

to assist others who may formulate similar computer models,
these critical aspects are discussed in a step-wise pro-

cedure that system analysts should perform,
After completing the feasibility study and early in

the formulation of the specifications of the mathematical
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model, the selection of the predominant computer program-

ming language should begin. The modeling concepts that

are offered by the available simulation languages aid

in the determination of the type of simulation model to

be designed plus aid in determining the information

requirements of the model. 1In addition, if a simulation

language, rather than a general purpose programming lan-

guage, is considered as the predominant language, then
the development of simulation timing routines will not

require the attention of the system analysts.

In defining the type of simulation model and its
related information requirements, those areas of the
system model which could require the handling of large
amounts of information should be identified. The type
and amount of information can be a major factor in the
decision as to which simulation language will be used.
The design of computer procedures for processing the
potentially large files of information should begin even
before the final selection of the predominant computer
language. In LREPS, the customer order file is an
example of one of these areas of the model that required
the processing of large amounts of information. The pro-
cessing of customer information could have required con-
siderably more time in both the supporting data and the

operating systems of LREPS than is presently required.

Associated with the customer order file was the processing

of tracked products for inventory control and management

]
’iis'-’~ -
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purposes. The information requirements of a tracked pro-

duct necessitate large amounts of computer memory plus

peripheral storage capacity. The procedure for handling

and extrapolating the tracked product information required

considerable time to design.

The approach in reference to the above areas should be

to design and test various alternative computer procedures

as quickly as possible. Testing should take place even

though major revisions in the procedures may take place

many times. The investigated procedures should include,

for example, the use of tape and random-access peripheral
equipment, packed information in computer words and

sampling approaches to estimation.
The result of these activities should be the develop-

ment of efficient procedures for processing the large

files of information. The procedures should be efficient

from the perspectives of both computer memory and execu-

tion time.
As computer procedures are investigated and designed

for model areas requiring the handling of large amounts of

information, the type of the simulation model should be

explicitly defined. The simulation model can be defined

as either a fixed-time of variable-time model, continuous
or discrete, dynamic or static and whatever other classi-

fications are necessary. The type of system model limits

the applicable simulation or programming languages and,

therefore, should then be determined at this point in the

formulation of the computer model.
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To further substantiate the defined type of system

model, the next critical aspect of designing the computer

model should be a preliminary specification and estima-

tion of the size of the model's data base of information.

This aspect is also very important in the selection of

the programming languages to be used. The preliminary

layout of the data base forces the definition of initial E‘w
estimates of the number of data base variables plus 3

dimensions of these variables. If large amounts of infor-

mation are required, then the use of packed computer words
or random-access files may be required and, thus, the

applicable programming languages for implementing the

simulation model are further restricted.

Before the final selection of the predominant pro-
gramming language, one aspect that is often forgotten in
the early stages of the development of the computer model

is the type of managerial reports, including their format,

that will be supplied to the decision makers. Preliminary

layouts of the managerial reports should be designed and

reviewed with top management. The initial report layouts

should not be overly sophisticated but contain enough

detail to satisfy the required categories of target vari-

ables identified in the mathematical model. Preliminary

layout of report formats forces a review of data base

specifications to ensure the availability of the necessary

data. If special reports are desired, then again the

applicable simulation languages are limited.
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Finally, the selection of the predominant computer

pProgramming language should be made based on a set of
criteria similar to those in Figure 10 of Chapter II.

After selecting the predominant programming language, the

available compiler should be tested immediately via the

use of documented, sample problems. The basic features
of the language that will most likely be used should also
be tested.

A

The above activities should be done if avail-

able programmers have not used the simulation language
extensively or recently.

After selecting the predominant programming language,
the next critical aspect in the design of the computer

model should be the specific definition of the model's

data base of information. Associated with this activity

should be the development of the major subprograms of

the computer model. By striving to get the detailed

specifications of the data base, the system design activ-
ities of specifying subprogram transformations should
proceed from the abstract to the concrete.

In determining the dimensions of data base vari-
ables associated with a certain system activity, the

system design alternative that requires the least amount

of core memory should be initially selected. If this pro-
cedure is followed, the reliability of other components of

the computer model can often be enhanced because additional

computer memory is available for sophisticated modeling
concepts.
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In developing the detailed specifications of the
computer model and ensuring that the data base is suffi-
cient for preparing the desired managerial reports, the
data base will be redefined many times. Redefinition is
often required because certain modeling activities require
too much core and/or processing time. By far, the most
frustrating aspect in the design of the computer model is
the redesign of the specifications of the data base. The
end result of the data base definition should be the
assignment of variable mnemonics plus the dimensions of
each variable similar to that given in Appendix 1.

After designing the data base and segmenting the
model's subprograms, the programming of the model should
move swiftly. The testing and subsequent merging of each
of the major subsystems of the model facilitates the
computerization task. By testing each major subsystem
with the previously computerized subsystems plus skeleton
or basic activities from the remaining subsystems, con-
centrated effort aids in getting the model operationalized
and validated.

One last aspect in the computerization of large-scale
simulation models at universities is the beneficial use
of undergraduate students for basic, academic research
similar to that conducted for the LREPS project. The
research project provided the students good training and
financial support plus provided the project team with a

talented group of programmers. Training was sometimes
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carried to an extreme when their desire to become familiar
with some sophisticated aspect of the CDC 6500 computer
operating system often made computer programming tasks
more complicated and sophisticated than necessary. Their

desire for sophistication caused many tasks to be redone

in a simpler method.

Future Potential Research

An important area for additional research is the
potential impact upon model outputs resulting from alter-
native groupings and categories of tracked products.
Tracked products were used for pseudo-customer order

generation, inventory control purposes and inventory

management purposes. The traditional ABC analysis based

on sales dollar volume per product may not be the most
representative, categorical basis for estimating average

inventory characteristics. Weight sales, product density,

shipping characteristics, shipping and packing character-
istics are examples of alternative categorical bases.
Instead of using a multi-level manufacturing control
center and distribution center stage's model, a small-

scale, single-level system model could be used for this

analysis.

A related area of research is an analysis of model
results wusing one categorical basis for grouping the total
product line but different samples of tracked products.
Different size samples as well as more than one sample of

the same size could be investigated. The purpose of the

-t A
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research would be to determine the sensitivity of model

results to alternative product samples.

The validity of the hypothetical basis for calculat-
ing the sales modification factor presently used in LREPS

plus the hypothetical basis for modifying forecasted sales

should be determined via controlled research. The present

relationship between speed of customer service and fore-
casted sales is just one of many relationships that could

be tested in LREPS. In addition, sales-to-service rela-

tionships that incorporate the consistency or reliability

of customer service could also be investigated. Consistency

of customer service may be more important than speed of

service on realized sales.
The investigation of the bases that top management

utilize in making decisions concerning changes in their

physical distribution system configurations is an important

area of potential research. For example, the LREPS pro-

cedure for adding or deleting distribution centers should

be validated. Top management may not review and change

its facility configuration based on the modeled customer

service and sales criteria. Perhaps, cost considerations

along with the above criteria would be a more representa-
tiwve basis for changing the facility configuration in the
Combinations of customer service, sales and cost

model.
could be investigated for their validity and representa-

tiwveness.
The next area of potential research is the effect

on the design of the LREPS computer model if low-access,
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extended core storage would have been available. The
possibility of redesigning the computer model to more
efficiently process the customer order file or store the
tracked product detail could have important ramifications
on the execution time of the model plus the compatibility
of the model among other manufacturer's computer operating
systems. Also the storage‘of the LREPS operating system
subprograms used only on quarterly or less frequent basis
in extended core storage should be investigated. Large
savings in computer memory and execution time costs might
be realized.

From the computer programming perspective, an anal-

ysis as to the amount of effort to convert the present
LREPS computer model from GASP IIA to SIMSCRIPT II would
be beneficial. SIMSCRIPT II offers high potential for
large-scale simulation models such as LREPS. LREPS
requires the use of packed computer words of memory, the
use of auxiliary tape files of information plus the
ability to process variable-time activities. LREPS also
requires large arrays of information, many three dimen-
sional, for storing information related to the model.
The applicability of SIMSCRIPT II could be investigated
given the above system model requirements. The investi-
gation must be conducted in conjunction with large-scale
IBM 360 systems since the SIMSCRIPT II compiler is pre-

sently only available on those systems.
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The use of LREPS as an educational, business game
could also be developed. Supporting teaching materials
could be developed that emphasized an understanding of
such concepts as the use of tracked products for inven-
tory purposes, the total and normal order cycle time
elements, and the five basic elements of a physical dis-
tribution system. Other concepts incorporated into
LREPS could be illustrated through the use of the computer

model.

The extension of the model to take into consideration
additional aspects beyond its present scope could also be
the subject of additional research. Related to the pre-
sent LREPS computer model would be an analysis of the
computer memory and execution time requirements of the
computer model if analytical techniques, such as general
linear programming algorithms, were used as part of the
facility location subprogram. The basic question would
be the efficient use of these analytical techniques to
approach optimum locations concerning the DC facility
configuration.

Other possible extensions of the model would be an
analysis of the incorporation of other stages of the
total channel of distribution. Two possible areas would
be of immediate concern. The first possible extension
of the model would be the incorporation of the physical
supply aspects related to the MCC stage of the physical

distribution network illustrated in Figure 1. The primary
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areas of inquiry would be an analysis of the computer
requirements and the possible use of present computer
subprograms or building blocks if this extension were to
be implemented.

Another possible extension of the model would be the
incorporation of activities beyond the demand units' stage
or the point of ownership transfer. To incorporate the
costs and service time requirements outside the immediate
system of control might have an important effect on top
management decision making. Again the computer require-
ments would have to be investigated and, assuming that
this extension could be implemented, the sensitivity of
model results to an extended system of consideration
could be investigated.

The next two areas of possible research are related
to the information system that was designed for LREPS.

The applicability of additional information system con-
cepts for LREPS could be investigated. The presently
utilized concepts that include supporting data system,
operating system, report generator system and data base
of information could be expanded to consider other aspects
of information storage, retrieval and manipulation.

Related to the LREPS information system is an
investigation into the further integration of its system
with business internal and external information systems.
The volatility of the model to a firm over time is a

function of the degree with which the model is an integral
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part of the firm's information systems. Changes in costs,
elements of customer service, the marketing components of
price, product, promotion and physical distribution must
be easily effected through the model's data base for

model volatility. As part of a firm's information system,
the degree with which the model can be readily utilized at
decision points in time is critical.

Related to the integration of the model within busi-
ness information systems is the timing of the updating and
revision of the information utilized in the model. The
assistance given to management is only as good as the data
inputted into the model. How often the model's data base
should be updated could be investigated.

The last general area of possible research is
related to the aspects of project management for research
similar to that conducted for LREPS. LREPS was developed
as basic, academic research utilizing a faculty and student
project team. Further research could focus on an investi-
gation as to the effectiveness of such research in a
university atmosphere. The project research generally has
a secondary position in reference to the student's goals
to obtain a degree.

These areas of potential research are exemplary of
the benefits achieved from a large-scale project conducted

at a university.



CHAPTER IX--FOOTNOTES

lControl Data 6400/6500/6600 Computer Systems:
FORTRAN Extended Reference Manual, Control Data Corpora-
tion, Palo Alto, California, printed in the United States
of America, 1969.
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The data base of the LREPS operating system is

listed on the following pages. The coding scheme for

each column of information is:

1)

2)

3)

4)

Column one, "NAME," contains the name or
mnemonic of the variable. If the variable

is multi-dimensional, a more descriptive

name of the array is footnoted at the bottom
of the page.

Column two, "COL," refers to the dimensions
of the variable. If the variable has only
one dimension, then this column is blank.
Multi-dimensioned variables are given a
number from one to n for each of the n
dimensions of the variable.

Column three, "DLT," refers to the delta-time
unit or frequency with which a variable can
be changed. "C" refers to cyclic; "A" refers
to annual; "Q" refers to quarterly; and "D"
refers to daily.

Column four, "TYPE," designates the variable
as either exogenous, "X," or endogenous, "N."
The "N" variables could have been set exogen-
ously at the beginning of the simulation
cycle. During cycle execution, the "N" vari-
ables are only altered within the operating

system.



5)

6)

7)

279

The next fsur columns, "M&C," "OPS," "D&E,"
and "MEAS," indicate the data base variables
used or altered by the model's major sub-
systems. "U" signifies that the data base
variable is only used by the specified sub-
system. "S" signifies that the data base
variable is used and altered in the subsystem.
Column six, "MODE," signifies whether a vari-
able is "R," a real, fractional variable, "I,"
an integer variable, or "P," a packed vari-
able containing more than one piece of infor-
mation per computer word.

Column seven, "CONTENTS," is a description of
the contents of each of the variables in the
data base. If the variable is multi-dimen-
sional, then each dimension or column of the

variable is described.



280

pPoppe buysq jo ssacoid Yyl ur ,5q o Iaquny

S3Tun puvwep $,uU0thHIT AYI I0j $9d1puT paiyhlam oyl jo umg
9,00 899001d-UT JOJ JUSWILOAUT AL[TOP PAMOTTL UMUTXUK
#,00 UT JUSWIRDAUT IPTTOP PIMOTTL umwixey

AOTAIDY IHWOISND JO [8A3] pailsaq

sates 3ybrom ‘3Ionpoazd poxoriy aid

P333TAIP dq uUvd eyl §,0Q JO I13qUNU uUMUTXCW

POPPE 9 UPD 3PYI §,3Q 3O IHqUNU WNWIXPR

wa3sks UT POMOITP 8,30 JO JOQUNU umuwixew

R 4 - - 35
oDDudDUY
XRXXZRXRXZZ
Q00000000
ANMTN O~ DO

§3eS Iapi0 aiep-03-1a3i1end

§3[es aull @iep-ol-1ariend

89[PS 3gpd ajep-o3-1931end

$91eSs agnd e3jep-03-1331end

sates JYbTIM 33Pp-03-1931END

Sa[es Ie[[op @3iep-03-1331eN0
sAv1ap 30onpoid TenpraTput

ay3 3o azenbe ay3l jo uns ay3 worj paindwod ST YOIYM AeTOpP INOYD03IS DYl JO UOTIBTADP pPIrpuevas
sAerop 3onpoad tenpratput

8y3 JO ums 3yj3 woij pa3ndwod ST YSTYM ‘3In0 paxd03s 3dnpord v udaTh ‘Aerop 3INOXD03I8 abeiaay

83onpoad poydLI3 Y3 JOJ PTOS S3ITUN ISeD [P0 AY3 JO PaIdPIoYORq §3ITUN 9S5LD JO 3IUIDIAJ
1a31enb 3ser ay3l urv

813pI0 @Yy [P I0jJ pl jO axenbs ay3l jo ums Y3 worj paIndwod ST YOTYMm pL IO UOTILTADP pICpULIS
1031enb 3sel Jy3 ur siapio

TT1e I03 S,pl Y3 3O ums 3yl woxj paindwod ST yoTym (pl) BwWT3 uvorjelrodsuell punoqinc abriaay
I331e0b 3se[ AY3 UT SIAPIO [TV 103 pL + TL + [Ll 3O axenbs

2yl JO ums 3y3 woxj paINdwWod BT YOTym AwT3 ITIAD I19p10 3beIIAR TPWIOU BYJ JO UOTILTAIP pIepueis
1931enb 3sel dY3 UT s13pIrO

TTIP 303 Pl + Z1 + Tl @Yl 3O ums oyj woxy pajndwod ST Jey3l dwWT3 3724D 19prO 3bHeIaae [PWION

133U3D UOTINGTIISTP 8TY3 jo A31oevded 1e[[Op SB[ES 3yl JO I03LITPUI

auty ayok> 18pio Te303 aberaay

sar3TATIOR 8,1831enb 3sed ay3 103 3Is0D uoTInqrIISTPp TEdTsAyd [e3o0l

eaie oyydezboab 8,D5Q S$TY3 UT SITUN puewap a8yl I0jJ s§3adOTpur paaybram ay3z 3o ums
pabeiaae Arierjuauodxa

--SIeTTOp SI[PS PIILPTNUTIS D3J HUTUTWIDIIP UT PASN IO3IDEJ UOTIEDTFTpPow S3Tes

2a sTY3l 03 paubisse s3Tun puTwap jJO I3QUMN

UOTINTOS-UT ST 3IPY3 uOTIeD0T DA [rTIusjod ay3l jo apod

(g1) awt3 A3rruad 19piroxoeq pajewixoxddy

v DODDDOD
v nuunuuny
. uuuuunn
nanaaan

o

P

zz zZ ZzZzzzzZ
a
%)
P

® X & KXo
aao
-
~

@

w v uan
nu u uun
z z

a a

- N

- -

3
w
z
a
-

nwuown 0
own
nauuun W 12 nw au

ZZZZZ

===
~“~NMe nworo® O

wo

gS120

pabueyo A3roeded 83T 10 pPa3a[ap ‘pappe sem Dg B uaym sury
sores Jybrem Ariajrenb pobeirane Arreriusuodxym
sates xeyrop Aria3jienb pasbersse Ayrerjusuodxz
pl PU® Tl SIUSWA[O DJWYT3 IITAISS IIWOISND 103 SIOIBDTPUT 33s buta sbesaltw
apoo juawubisse d>ad snid Da jo adAy
Pl ‘21 ‘Tl 103 siajutod 8dUPTIPA BWII SOTAIOS 13WO3ISN)
JUDTOTIIV0D ,q, dAOQR Y3 10j 7Y, IBTFTpow a3jex uoriejrodsuely [eay
JUdYIOTJFI00 e, 2A0Qe Y3l 103 ,TH, IoTjTpow @3e1 uoyIeIrodsuely [eay
@oue3IsTp
uo peseq §93PI uoy3lv3lzodsuvrl punoqino 3yl burieTnored I0j pasSn JUITOSTFIA0O ,q, O[qeTIes
§93e1 uoy3rizodsuerly punoqino ay3l burje(nored I03 pIsSn FJUDTOTIIL0D e, JUPIBUO)
@pn3ITHUOT 8Yy3 WOIj Pa3lIIAUOD 23PUTPIOOD-A IeTnbueiIOaY
IPN3ITIPT Y3 WOIJ PIIIIAUOD DIBUTIPIOOD-X re[nbueiody

25 D955 ©°o

da>a

2@ @url TeyITed ay3 J03 spunod ut sates ajep-o3l-Iajrend
0a JUTT TINJ 9yl I03 spunod UY sdTeS 23PP-03-123IPND
oa ouyl Tey3ired @y3l 103 S3Tes IRT[OP 93IPpP-03-IBIIEND

Dd BuYY TINJ 9Y3 103 88TLS IRT[OP d3vp-03-1ajxend

0 ®uty rer3ired ayjy worj adoue3isTp Aemybry pajernored

0a QUTT TIN3 9yl worj adue3lsTp Aemybry pazernore)d

spunod uy sares Ariejrenb pabrviaae Ayrerjuauodxz

safes xeyrop Arz931enb pabersae Arrerjusuodxay

PONUTIT ST 8pOD NG PIITIOS Y3 YOTYm 03 AeIxIe DQ UOTINTOS-UT 8Y3l 3O moI 3yl burkjrauaprt apod
uot3ledo(e sates 103 §,na ATwopuer Hur3da[as IOJ pPasn xapuy paiIybiom aariernum)

0Q uoT3INTos-ut 03 psubisse 8,Nq I0J 9pod NG PIIXOS

>ad teuoybaz 103 pL pue Da paubysse Arzo(ew 103 pi ¥ TL SIaqumu DBUTI BWT3 8OTAIDSE I3WO3ISND
UOT3IROOTTR Sa[®S 10j Pasn xapur paiybiom

A31D qny 103 3pn3THUOT WOIJ PIITIIAUOD @3vUTPI0O0d-K Fwinbuelosy

K315 qny 203 @pn3ITIP] WOIXJ POIIIAUOD BIPUTPIOOD-X Ieynbueloay

BIO3IROTPUT I3wo3snd reyoeds

oo
nunun

200
[SRSREN. Ne Jo Yo Jo Ko Jo Yoo JoN-N-N-1 RONSHSRSNNNSRSEINNo No No ko il e No Yo Ko BN Yo Xo Xo Ja)

B0 06 O 0 Oy 4 00 4 00 00 OO0 % o0 O G | ol M0 e | K X

20DV LLVLLVVLWY | DDDD PO0D0DuvuuY junnuy
XKXRAXZZZEZZZZZZZZZ (XXXX XXXXXZZZ |ZZZZ

ANMeNO~®Oo

na

83ud3uU0)d

xoAaw
Twacn
- X"}
ocaw
Xaev
B>aw
[N ]
oowx

*uotrjPWIOUI Ised vieQ--°T XIANIdLVY




(109)1450--XuTT 39MPo3d 2KH-00 TeTUSIO,
(100) HNLEO--S70T3 TPON 937 Po3IPTIOEON dBUBIL PUNOGINOG
(100) 3029430 Aq A3069393 3o0pOIL

(100)5ma--20 Aq Tye3eq 3npozdy

(109) 2H20--4uTT 2H-30
(100) 59K--193u8) 1013003 BuTmIoEIRUTH
(100) o4--reuotbey

(109) s120--vornTOS UT 3,00

(109) 450--uot3w207 50 TETIELI0Q,

(100) 104d--K1060303 Az03usAUL Aq TT938q 35MPOE,

30353 BUTATL 30 3805 20 TETIUSIOL
dnozb 19p10 10d edK3 19u03sND tofew 19d EXP0Tq 19PI0 FO TN
na o13350ds
50 s1aTsea; sus buruTEIu0D SpIo 193nducs PEXOVE
2 "1 303 8398 buTI 9603 TH 10u03EN> SATITUIATY

sotazes e deyy +A373012d Butsearsap uy
soura 931az08 abvione Aup ¢

3036 numooe JueRdTys 50 OU3 0] SYTIIQ UBTIA LNLTHEH

50K uows w013 89Ud3EdSTp UBEATUS 0] EXLOIT IUBTOM EMNTXPR

(109)20--37un puewsq,

s
's
3
'c
2
.|

a1
¥19150

os¥an
ot
anoa
amom

§3030v3 outa ATeuRIl pUE SuTI UoTssTWSUEI) 1pI003 PUNOAUT
XUTT 8743 ©1a POTTddns 99 TTTA 3EUI IUBTOR 19303 JO uoTITodoxd
50 Terausiod 3ad SoW 513139ds © 03 PaANUT] §30NpoId PIAIEII YA BUTUTEIUCD PIom I83ndki0d PaYRd

a0

GoTEex Aq 3UST5133905 4. 9 30 I9TITROR B
Uotbax AQ Aus12133005 L0, SUI FO I0TITPOW (¥

L0

onpoid pewoery Aq atun 304 qubtom sEvioAv

s>
59590

S3onpo1d paxoeny eyl 107 PO
s1seq 3onpo3d pexowII--Ki0boIED Aq €L T3 901

296 03 oS ATUn 9583 (9303 Aq PIPTATP 53 TTTA USTUA SITUN 9D ANO-PIXI0IS PIIEI6RIUT-IWTL

's20p1001 150po3d-01buTs 939p-03-1031eN0

531032038 930p-03- 1933000

281

(20

DutPurasanG ATaussaid 87 19pi093 © U3 J0IWOTPUT v NTa (Do) Adf3uenb Tepiomy
IR0x5038 © UBATE a0 PeX2018 USSq SEY 30npold ¥ IwU3 sAep JO ToqmA
puey o Azo3usaur
up 104 Az03u0Au 10303 SbvranT
ou1 BuTIETNOTES UT Posn saTaTauEND 19p100X BUTPUTISING SATd PUPY UO AFOIUBAUT PIITIBEIUT-ETL
ToAoT-5 JuousTuITd
(za0¥) ¢ 3utod 9p1093 pue (TdoM) T uTod 19pI001 BUTUTPIUCD pIom I93ndwod PaYORd

ame e %|rax | xw|oxe |xxma e

22z zzz|zzz m|eoex |xx|xxx [ xxxx xx

557104 snoqe 103 103003 2038 Aae3es
£o710d oaoqe 103 WrbusT potaad meTAGH

$o710d Axoquenuy jo edAL

Burauesaider sy A2069395 T3 303 $30Mpoad 3O Ioqunu TEIOL
1069385 8743 703 9po> T9pou 3onpoid Butpua

Axobaqes s7u3 103 p0> 19pou 3onpoid buzuuiEed

§,50 ouTT Tey239d Aq PATPURY 8311069380 U3 JO F03eITPUI

[T

255 23

PELCEE

vovuooo| eoa aas|asa alvuu|vufvuo|vouvy ve

PoTIod AOTAST 3USEATUS POTNPAUDE VA O UTUATA
pousaedetp useq pey usudrys © IsUIGYA Jo Z03U5TPUT UE Sn1d DON SUI 3V 19pI0 UO IUBTOM TPIOL
30K o3 3¢ BuTpus3sine eIe 3eu3 §19p1093 3onpoid STATITRE Jo TequN
5 3
w013 D0M U3 ¢ 29p1093 uo AT3ueseid oIv Jeyd $30npoid sux BUTUTEIUOD PIom 193nduod paxITL
sur3 prot
30a% oy3 BuTIETNATES 203 PISH 1938T SNTd uT3 T I9PIOII TeI0I PAITIMEMIOY
191003 39pOId-0TATIIN Jo ToqUNL T830L

19p300:

5o ® 30 10p1093 30npoad-atdrarnu © buyssacoxd puv burivdard 3o 3500
sA%p 30 daqunu uy usath 1 343 KoTTod yoIvdsTP IusudTYS POTNPIYSS JoW
06038 SoW ou3 3¢ 830pI093 butzedeid put butssecoid 103 Ieautod SOUETITA ZL

[SToT S R,

xxx |zz = =z

7 Araueseid sxe 3ew3 5,50 Jo TequnK

190 buteq 36 $se001d ou3 UF 8,01 30 TequNN

FEPTILLE

zzmzzzzz

c0000000 |0oa[0a a aa



282

ATTeoTIspwop 8,00 BSeH0Id-UT JO 10quUMU WNWTYeKW 1 n x 0
A11eO1380WOP PHMOTTY 5,00 JO ITOUMU WMLTXRE I " x O
oad v worj Artep paddriys aq ued 3Ieyl WSQs AUT[OP UTY) §S9[ SI9pPIO JIOWOISND JO JUDIING o n n x O
§,00d @2yY3 woij sjudwdiys AT1ep 10J PaIdPIsSuod o9 ued Jeyl 9275 IUAWdTIYS IvT{Op UMWIXTH o nn x O
QWTY POIVIRWIS JO JUOA I n S N ¥
380003103 IRTTOP SOTPS OJ13ISOWOP Trnuue Te3onl o n n x v
A3T1TowR) ds) ®© 23a(ep 03 auwry Artoq o n x 2
A3trtoey d-DM € ©3atep 03 aura Aereq b n x 2
A3T1T0T 4-Dad © 9301~p 03 dwry Aerag o n x >
A3trromy dsd e ppe 03 owta Aetog ] n x 2 ERITARY
A3Tr1ovy 4-O0My B ppr 03 oawry Aryog o n x 2 A4NIAY
A3TT1ovy 4-O@4 e ppr 031 owty Aerog o n x > MWLV
2eak 1nd siepylom pajp(nuils jo Ioqump 1 n n x D SAUNMN
pPe3Is[9p 99 UeD 3BYI SITITTIOE) UT IUSWISIAUT JCTTOP DTISOUOP WNUTIXFL 1 n x o SASTXW
§,DQ UOTINTOS-UT I0J JUDWISIAUT IC[TOP OTISIWOP UMWIXeRW 1 n x 2 SANIXW
uot3jzodord--obieyd butdzzed f1ojusaur Arteq ¥y n n X o o010
93PTIEA PSTJTPOW JO JUE3ISUOD ® BT v3onb sayes AyTep oI3Isawop &yl J1ayiaym buryvatpur Hrig 1 n n x 2 01450l
passadoad butoq uotlfol jo ioquny I N n S N a ONDANT
passadcoad buraq s,ng O JoqUMU TP3IOL I nn n x o SOAN
soti0bo3vs A1ojusautl jo roqumu (P3Ol I n o n x 2 JdNLT
21545 103 s3onpoxd payaell O 1oqumu [vIOL 10 nn x 2 dSKLI
wy3itIoble uoOT3IERO0T DA 3Y3 BTA poppe aq 03 §,da jo 3ISTT A3viotrad yeuotrboy 1 n x 0O ERRSRY]
§8DUPTIPA 8WI3 pea] J1apl09d pur Jowo3isnd burjevisusb Joj SUOTIDUN} DOUETICA DWTI IDTAITDS o n n x O Wivd
SI1UDAD BUWII-POXTJ PITNPOYDS dYy3l I0J S10quWnu 3UdAad pue Aveq 1 n x 2 HOSN
3onpoad paxoeil yoea 103 puewap 3Idonpord DFISowop Te303 pabexsae Ayreryuaucdxy o S N O ¢
3onpoxd pax)oPI3l YOED I0J PURWSP DTISIWOP [FI03 IPp-03-193Ien)d o § S N a 1 .-Ex:mk
sse[d> 3jybrom
Aq s,0Q uOTINTOS-UT DYl 03 S,D0W 8yl 3O yYoed woij paddrys ybTom Byl jJo SIOIFINUMOOV ¥ 0 S § N a T20WDa
sse1d Jybyam AQq §,DQ uotlIN[O8-uUT 3y3l jo yoea worj paddrys 3IYHTOM Y3l JO SIOIPTNUMIDY H S § N a WNOVIM
sAep I1 pue 6 ‘L ‘G ‘f UTyitm siapio jo suorizodord 4 S S § N a 2
sXep TT pue ¢ ‘L ‘G ‘€ uUTy3Tm sieop Sa[es jo uor3zodoxg 4 S § S N Q T ,S101D0
s103P[nuMOOP sales 3ybtam pue 1ejrop Arisizenb ‘orisawog ¥4 S n N D TVSWOA
s103eTNUMDOE Sa[es YbTom puer IeTrop Aradjzenb ‘reuorbay ¥4 S n N O VSO
3805 butipury pue butrdiizedo Aiojuaaup 4 S n N O 9
3s00 A3tyrtoRyg 4 S n N O s
350D SuUOTIEDTUNUWO) ¥ S n N O ¥
3s05 3ndybnoayyr 4 S n N DO ¢
350> uorje3jrodsuexy punoqul 4 S n N O ¢
3500 uotjejrodsueIy punoqano ¥ S n N O 1 prmouuo
wo3t SuTry 13d 3ILOD aTqETIRA 4 n n x 0 ¢
29p20 15d 350D drqETIEA ¥4 n n x 0 ¢
203003 3ISOD paxTJ ¥ n n x 0 1 m_Ur_.IOU
adA3 da pue 2218 Aq 8IR[[Op IUBWISIAUT obeiIdAY ¥ n n x 0 L1SAANT
adAy pue az21s D>q Aq punod 1ad a3ex 3sod Indybnoiyy ¥ n n x 0 DdNUHL
sobejuooxad 311ds ieyrop IBawo3isnd [euorhoy o n n x 0 dlTdSO
wa3T aury Iad 3IS0D0 B[qePTIERA ¥ N n x 0 ¢
13pio 1ad 3500 aTqeTIRA ¥ n n x 0 ¢
10359] 380D PaxTJ 4 n n x 0 1 v_au::Ou
wa3y auTy Jad 3OO arqerIep 4 0 n x 0 ¢
19pao 1ad 3800 @lqeTIEA ¥4 n n x 0 2
2030%3j 3IB0D pPIXTJ ¥4 N0 n x 0 1 n_zUIIOU
sseyd 3ybrem Aq so3ex ybrai1j DDW-DAQ TeTIUIIOd 4 n n x 0 7ddq
oa 3o az21s Aq jurerisuoo KA3roede) ¥y 0 n n x O 2d4v2da
sabueyd Pajeral §,uotILDTUNWWO) 1 n x 0 s
sobueyd bBuripuey sTeTIdIEW IO UOTIRZTITUN 1 n x 0 ¢
sabueyo Aoyrod juswsbeurw Axojuaaur I n x 0 ¢
sabueyd pejelar uorielzodsuerl I n x 0 2
ber3 sabueyd Aaryroe; ad 1 n x 0 1 ndant
83uUd3u0d 3 s 3 s O 3 1 T JueN
a ¥ % 4 % d 1 [o]
0O 3 4 O W X a o
W KW €L

*pPANUTIUOD--°T1 XIANIddV



283

La Ld

(7100) O 0--dnoas Aq [r1e3ag xdoTd uuvuOma

(700) W3Qdl--puewaq 3IdOnpoxd o«um!._oam,H

(102) SIQLOO--8uoT3z0do1d BWTL 3T2A) I8p10 TRWION

(1702) DWWOD --8d&L DQ pue 8z21s AQ 83ISOD WWOD DA [eT3Iua3od
(700) ADWWOD --53803 WWOD DY3sowoq
(702) ¥DWHOD--S3IS0D WWOD Teuotbay

ST
129

1 €1
(7102) LS0ODA--83TITAYIOVY ad 203 3ISO) DA :oqusuowncaea (70D) danI--sabuey) waisks xo3 sberd o3jepdn nm~a
z93xenb sty3 esadcoxd o3jur 3Ind s,5d FJO IOQUODN o s N O NI1DQN
$,0Q 219161713 103 sares ng paidadxa dg jo umns o s N D wWnsoa
$,00 pue Suotbal O s3SI DBUTYIom DIW 103 pasn Lexxy a9 s N O 1SITd
ot3yex A3toeded sayes o3 I1eryop dd y S N D 0ILVdS
JUDWIOUT 3IELODI0J SITPS OTIsowop ATYIUOW ¥ S N V¥ ONIX
350> butiapIo 3onpoxd paxoerg Y S N O LSOO
K3tjuenb 1apyo STwouodsd 3Ionpoxd paxderl DA o s N O 0oa
%2038 I333nq 3onpoad paxdery da Ed S N O dng
oq 12d puvwoap ATiep 6ae 3onpoxd payoelIl JO UOTIRTAIP pIvpuris o S N O ads
y3buar porrad M3TAdI JO UOTIRTADP pIPpUTIS o S N O S
SWT) pedT IOPIOII JO UOTIILTAIP pIiepuelg - s N O 11S
puewsp ATtep abexaae 3onpoid paxoely DQ q S N O w3a
103093 UOTIRDTFTIpow seles DQ Burjerndored 103 pasn uorizodoid 9014108 3O [2A3T [en3Ide DQ o s N O SLOVOa
sates 3jybrom Teuotbaxr QLD TeIOL - s N O LMKNS
(s)abueyos wo3sks gd jJO I103eDTPUI 1 s N O SHOsad
83Tun otydeiboab [T I0J JUT[/3ISOD d[QeTIPA [E3IOL 4 S N O 10A
s3tun oyydeiboab [rTe I10J I8pI0/3ISOD DTQPTIPA TP3IOL ¥ S N O 024
s3Tun oTyderbosb [re 103 3ISOD pPaxIj [viol ¥4 S N O o4
satiobaied 3ybram DAy jo 1dqumn 4 s N O ¥TOAI
satiobajed 3ybram Had Jo Iaqumpn 4 S N O dTOAT
Io3oej pow 231 jusudrys patood d>ad 4 s N O 241004
aybtom pajernumdoe ‘Ariaizzenb ng o3 da ¥ s N O IM
@oUE}ISTP pRPOX NQ 03 DA 4 s N O 1sIa
1035903 UOTID®1100 93el adA3-dq ¥ s N O a4
1313tpow uotjerode13xa Axobajes Axojuaaur 4 S N O WO
JKS 103 posn 1ajaweied UOTSTOaP LDO [P3I03 I3wO3ISND 4 n n x 0 NOJAVO
2aqumu UOTIEDTITIUSPT-DAd 3O 3beroys Axeioduay 1 S N a dW3Lda1
d-DQ¥ ©3 PaILDOTIP XO0Tq I9PI0O JO JUIDIAJ 'y s N a 2d1d
DQ BUTT-TTNJ O3 Paed0OT[® XDO[Q I3pIO JO U134 a S N a 2doad
T1e39p 3onpoid payoeiy }201q IdpI0 ¥ n n X a v
ejep Aieuums sayes I2pI0 IdYIO k- n n X a ¢
Kicuums 3jybram seyes YD0Tq I2pI0 o n n X a z
Kxeuums 1e{1Op $3[eS XJ0Tq I2p10 ¥ nn X @ T duoguo
8UOT63X UOTINTOS-UT JO TBqUMN 1 nx 0 SOMN
§,D0W UOT3INTOS-UT JO 19QuUMN I a n X 0 SOOWN
A3tr7003 DQ Buyistxa ue puedxs o3 awry Aeyag ¥ n x O YANIWL
At193zenb pue AyTedT3isewop pappe 9q ued Ieyl $,50 FO IIQUNU UMWTXTRW I n x O aavoan
8,00 3O DAY Ut pasn aq o3 uy3itiobre jJo a2dhk3 o3 se bery I n x O av3adal
30U IO SUOTSIOIP D@ UO SIUTLIISUOD TPUOTHDI 03 se bery 1 n x O NOJOTY
30U IO SUOYSTOIP D UO SjuUTPIISUCD OTISIWOp 03 se berq 1 n x O NOJLVN
Kep 103 sares pajernuys da o s N a STVSOa
I3wo3snd ro(ew Aq IojeTNUMOO® IeTTOp SaTeS 'l s N a OVS1SD
I2wo3snd Jo0({PW AQ UOTIEDOTTR IBTTOP SBTPS 'Y s N a TYSLSD
0a puv na Aq $edTPuU} Po3IYbTaM @3IETNUNIOE O3 Pasn aTqerIep ¥ S N D 2OVIM
I2wo3snd Iofew STYI IOJ SYDOTQ I3PIO JO IIQquUMN I s N a SYTET
pessasoad §3007q 19pI0 Iswo3snd 3sed JO Iaqumn bs s N a S¥TEdI
pessaooxd buraq odA3y zawo3snd 10(lel 1 3 N a adALDT
UOTIPOOTTP S3TPS $,I2WOISND ° UTPII® O3 ISTITPOW XD01q IBPIO Y s N a WH0
Po3oa1as ATwopuer useq sey 3Pyl XOOTQ IIPIO FO IIQUNN b3 s n N a ADOTdI
pessaooad Butaq 13p10 jO laqumpy 1 s n N a [e3{0) ¢
3seda103 1eTTOp 8aTes ATrep SY3IsAWOQ 'l s a N a Dsa
uo¥3INTOS UT 398 Butaq D 3O 8pod 1 S N O NOVOaT
pessecoxd butaq D Tey3ueiod jo 8pod I nnnNns NGa TONDAT
pessacoxd buteq DJ UOTINTOS-UF JO XIquUMN I nnoNnsNGa ONDaI
Juswubrese D>q j3ueseid uo peseq passadoid buraq nNg FO IdQUMN I S S n S N a TONNAT
pessadoxd buraq ng jo requUMN I s s S N a oNnat
Arreotisewop pejerep Huraq 8,0a §89501d-ut jo IoqumN 1 s N O SIAgWN
xe31vnb 3sed X073 swyy 9724> I9p10 [v3I03 ebeisav oy3sawoq 4 S 8 N D LSYWOaQ
z933enb 3sey I2a0 weisks gd 103 3ISOD TvI0L ¥ s s N O 1solad
wa3sds g4 UY §,D0q 30 Iequmn I S N O SOAWNN
we3sis 03 peppe 5uyeq §,Dd UT IUIWISAAUT IRTTOP OdTiIsewoq 1 s N O SdSANI
$,00 UT SIUIWISBAUT IP[TOP OT3ISIWOP Te3IOL 1 s N O SISANI
Attesy3isewop peppe buteq 8,00 §8@201d-uy jOo TOQqUNN 1 S N O SANIRN
8835501d UT PIMOTTV JUSWIEIAUY JIRITOP OTISBWOP WNWTXEW 1 n x 0 SJAAIXW



APPENDIX 2

RPG DC~-BASED SAMPLE REPORT FORMATS

284



* % * ¥ % ¥ % ¥ * ¥ % *

% % % & % K Kk ok Kk Kk kK Kk J Kk kK Kk kK K d dodk Kk k kg d kK g dek ok kg ok ok dkdkkkkkkkkk

* *kkkk % ek kkk %k k kR % J% % Rk %k
* * * * * * *
* khkkkk *kkk khkkkk

*kkkk
* * * * *
* * * * * *
*kkkkx * * kkkkk * kkdkkk

khkkhhkhhkhkhhhkhkhkhkhkhkkkhkkkkhhkhkhkkhhhkhkhhkhhkkhkhkhkhhkhhhkhhkk

LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR

MICHIGAN STATE UNIVERSITY
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TABLE OF CONTENTS

END OF CYCLE SUMMARY

QUARTERLY SUMMARIES

DISTRIBUTION CENTER DETAIL REPORTS
SALES REPORT
COST REPORT
ORDER CYCLE TIME REPORT
REORDER REPORT
INVENTORY CONDITION REPORT
IDENTIFICATION REPORT
NORMAL ORDER CYCLE TIME REPORT (DOLLARS)
NORMAL ORDER CYCLE TIME REPORT (ORDERS)
WEIGHT CLASS ACCUMULATIONS REPORT (DC TOTALS)

WEIGHT CLASS ACCUMULATIONS REPORT (MCC1l)

4-43

44-ON
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LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 3
MICHIGAN STATE UNIVERSITY
DATE 09/05/70

END OF CYCLE SUMMARY

DC SALES CcosT PROFIT OC TIME INV OH

LOCATION 1

LOCATION 2

LOCATION 3

LOCATION 4

LOCATION 5 WAS NEVER IN SOLUTION
LOCATION 6

LOCATION 7 WAS NEVER IN SOLUTION
LOCATION 8 WAS NEVER IN SOLUTION
LOCATION 9 WAS NEVER IN SOLUTION
LOCATION 10 WAS NEVER IN SOLUTION
LOCATION 11 WAS NEVER IN SOLUTION
LOCATION 12 WAS NEVER IN SOLUTION
LOCATION 13 WAS NEVER IN SOLUTION
LOCATION 14 WAS NEVER IN SOLUTION
LOCATION 15 WAS NEVER IN SOLUTION
LOCATION 16 WAS NEVER IN SOLUTION
LOCATION 17 WAS NEVER IN SOLUTION
LOCATION 18 WAS NEVER IN SOLUTION
LOCATION 19 WAS NEVER IN SOLUTION
LOCATION 20 WAS NEVER IN SOLUTION
LOCATION 21 WAS NEVER IN SOLUTION
LOCATION 22 WAS NEVER IN SOLUTION
LOCATION 23 WAS NEVER IN SOLUTION
LOCATION 24 WAS NEVER IN SOLUTION
LOCATION 25 WAS NEVER IN SOLUTION
LOCATION 26 WAS NEVER IN SOLUTION
LOCATION 27 WAS NEVER IN SOLUTION
LOCATION 28 WAS NEVER IN SOLUTION
LOCATION 29 WAS NEVER IN SOLUTION
LOCATION 30 WAS NEVER IN SOLUTION
LOCATION 31 WAS NEVER IN SOLUTION
LOCATION 32 WAS NEVER IN SOLUTION
LOCATION 33 WAS NEVER IN SOLUTION
LOCATION 34 WAS NEVER IN SOLUTION
LOCATION 35 WAS NEVER IN SOLUTION

TOTALS
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LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 4
MICHIGAN STATE UNIVERSITY
DATE 09/05/70

SUMMARY FOR QUARTER 1
DC SALES COST PROFIT OC TIME INV OH

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION

AUt WK

TOTALS
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LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 44
MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 SALES REPORT
R DOLLARS WEIGHT CUBE CASES LINES ORDERS
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LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 45
MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 COST REPORT
QTR OBC IBC TPC COM FAC INV TOT
1
2
LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 46

MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 ORDER CYCLE TIME REPORT
QTR TOT OCT BO PEN NOCT §SD NOCT OBT SD OBT
1
2
LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 47

MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 REORDER REPORT
MULTI PRODUCT AVG LEAD TIME
QTR MCC 1 MCC 2 MCC 3 MCC 4 MCC1l MCC 2 MCC 3 MCC 4
1
2

LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 48
MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 INVENTORY CONDITION REPORT
QTR IOH TSO TRO PCUBO AVG SD SD ASD
1
2
LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 49

MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 IDENTIFICATION REPORT
QTR NO OF DUS S-M FACTOR DU WI SUM DOL SIZE IND
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LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 50
MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 NORMAL ORDER CYCLE TIME DOLLAR PROPORTIONS
PROPORTION OF SALES DOLLARS WITHIN DAYS
QTR 3 5 7 9 11
1
2
LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 51

MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 NORMAL ORDER CYCLE TIME ORDER PROPORTIONS
PROPORTION OF ORDERS WITHIN DAYS
QTR 3 5 7 9 11
1
2
LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 52

MICHIGAN STATE UNIVERSITY
DATE 09/05/70

LOCATION 1 WEIGHT CLASS ACCUMULATIONS IN THOUSANDS
QTR 0-50 51-200 201-1000 1001-uUpP
1
2
LONG RANGE ENVIRONMENTAL PLANNING SIMULATOR PAGE 53

MICHIGAN STATE UNIVERSITY
DATE 09/05/70

DC-MCC WEIGHT CLASS ACCUMULATIONS IN THOUSANDS FOR
LOCATION 1 FROM LOCATION 3
QTR 2M-5M 5M-24M 24M-UP
1
2




AVG
AVG SD
BO PEN
COM

DC

DOL SIZE IND

DU WI SUM
FAC

IBC

INV

INV OH
IOH

MCC

NO OF DUS
NOCT

OBC

OBT

OC TIME
PCUBO
PROFIT
QTR

S-M FACTOR
SD ASD

SD NOCT
SD OBT
TOT

TOT OCT
TPC

TRO

TSO
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GLOSSARY OF ABBREVIATIONS

AVERAGE

AVERAGE STOCKOUT DELAY

BACK ORDER PENALTY TIME
COMMUNICATIONS COST
DISTRIBUTION CENTER

DOLLAR SIZE INDICATOR

SUM OF THE DU WEIGHTED INDICES
ALLOCATED FACILITIES COST: LAND,
INBOUND SHIPPING COST
INVENTORY COST

AVG CUBIC INVENTORY ON HAND
AVG CUBIC INVENTORY ON HAND
MANUFACTURING CONTROL CENTER
NUMBER OF DEMAND UNITS

NORMAL ORDER CYCLE TIME
OUTBOUND SHIPPING COST
OUTBOUND TRANSIT TIME

ORDER CYCLE TIME

PERCENT CASE UNITS BACK ORDERED
SALES LESS DISTRIBUTION COST
QUARTER

SALES MODIFICATION FACTOR
STANDARD DEVIATION AVG SD
STANDARD DEVIATION NOCT
STANDARD DEVIATION OBT

TOTAL

TOTAL ORDER CYCLE TIME
THROUGHPUT COST

TOTAL REORDERS

TOTAL STOCKOUTS

EQUIP
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