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Abstract

Logistics concerns such as reliability and saintain-
ability are the results of product design. Logistics models
are the tools used by the lagistics engineers to analyze
these logistics concerns. Currently, logistics sodels are
run prisarily on mainfrase computers and at later stages of
the design process. If logistics models were adapted to
microcomputers, the models would be more accessible to the
logistics engineers, thus resulting in products which are
more reliable and more sasily maintained.

A further step would be to interface these models with a
computer—aided design (CAD) system. CAD systems have proven
to be a very useful engineering tool during product design.
The interfacing of these models to a CAD system would allow
the logistics enginesr to analyze design earlier, thus
achieving greater flexibility in the design process.

This research examines the difficulties of selecting
models for incorporation intoc a CAD system and the use of
microcomputers to run these models. A selection function was
developad to identify models for specific types of analysis
and their suitability for incorporation into a CAD system.
The literature on micraocomputers was examined to determine

the limitations of microcomputers to run large logistics
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models. To further define these limitations the Realiability
Maintainability Cost Model was adapted to an IBM-PC micro-

computer.
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ADAPTING LOBISTICS MODELS TO A U

MICROCOMPUTER FOR INTERFACE WITH . A
COMPUTER-AIDED DESIGN SYSTEMS G

I. Introduction
Background/Justification - :
During tihe last ten yesars the engineering design process . '_?
has been changing. Several key developmsents have played a 'E
major role during this transitional period. Engineering News- ;w -i
1

Record (Decamber 1981) identifies the development of Computer-

P

Aided Design systems as one of the most significant events in

the history of the design process (11). The design engineer

translates the product requiremsnts intoc a hardware design.

The product design sets the upper limit of performance. Per-
formance cannot be manufactured; therefore, design engineers -;;;;
spend countless hours trying to insure a product is properly
designed before it goes into production.

Computer—-aided design (CAD) is a tool, developed over

the last ten years, which has aided engineers in their quest

for increasing product performance. An engineer using CAD

A -7
PO RSP LI B

can now make numerous design changes to a proposed product )
and run several engineering analysis programs on the new {3;Q3
NN
COeTNT
design within minutes. This increases the total number of gﬁ¢ﬁ
designs the engineer can study thus increasing the likelihood ;.i~}
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of a favorable design being developed. Other benefits besides
improved product design are also realized when a CAD system
is used in the design process (24:233):

~ The designer is aided in solving design problems

that are not easily tackled without a computer,

-~ Reduced design costs are realized through a
reduction in sanhours,
t ) ~ Companies are able to reach their full productive
potential by avoiding bottlenecks in the design office, and
L ~ Product design time is reduced.
The next major svent to impact the design process was
the realization that logistics concerns such as reliability,

supportability, and spares requirements are also the result

of product designy and like performance, they cannot be
manufactured but must be designed into a product. With this
realization came the development of Loﬁisti:s Support
Analysis (LSA). "“LSA efforts, to be of maximum effectiveness,
should commence when system/equipment concepts are being
forsulated [(34:19]." Blanchard (4:114) offers the following
description of LSA:

LSA constitutes the application of selected quantita-
tive methods to (1) aid in the initial determination
and establishment of logistics criteria as an input
to system design, (2) aid in the evaluation of vari-
ous design alternatives, (3) aid in the identifica-
tion and provisioning of logistics support slements,
and (4) aid in the final assessment of the system
support capability during consumer use. LSA is a
design analysis tool employesd throughout the early
phases of system development and often includes
maintenance analysis, life-cycle costs analysis,

and logistics modeling.

....................................................................
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“"Up—~front analysis and design is imperative if the re—
sulting design is to be supportable in a cost-effective aan-
ner [23:1]." This requires the logistics enginesr to be a
part of the product design from the earliest possible mosent.
The LSA system is a step in the right direction and a tremen-
dous improvement over the previous system; but LSA also has
sevaral msajor shortcomings (39:12-35):

= Creation of redundant data bases increases
developaent costs and chances for data error and

- Analysis of the data and communication of the
findings to the design engineer often occur too late to allow
for effective design changes.

CAD technology has thae potantial to overcome the draw—
backs of LSA and "could very well become the next—generation
tool for both maintainability and logistic support analysis
[23:211]1." During design of an item on a CAD system, data
regarding the design is captured and stored in a data base.
This data is then available for all interested parties to use
and the need for duplicate data bases is eliminated.

The current iterative LSA process would also be brought
a step closer to the design engineer. A logistics engineer,
for example, could analyze, on a timely basis, a new product
design for maintainability if the appropriate computer models
ware available and interfaced with the CAD system. This
ability would aid the logistics engineer in achieving his

goal:s

A
P
AR LR
s Jasetele v,
. ] PPN -
) 1, “ .
At s ‘e I
PP ST

e

el
Tt
P

A
L P L ol

.
aal.




...........

« » to evaluate the overall system, define the
.l-nonts involving high risks, conduct trade—off
studies to evaluate the risks (or various design
approaches), and document all data so that all
elements of design and support can be tailored to
produce an optimum overall system {4:18].

Additional benefits would be achieved a.40 if logistics
models were interfaced with CAD. "The logistics engineer is
considered part of the design teamj but normally, he becomas
no more than a data collector and his role as engineer is
ignored (40:12)." A logistics interfaced CAD system would
help the logistics engineer in the performance of his data
collection task.

Research by the Air Force Human Resources Laboratory at
Wright-Patterson Air Force Base offers the following reason
to interface logistics models with a CAD system:

1f¥ maintenance and logistics requirements can be

incorporated into the automated (CAD) engineering

design process, design for maintenance will becomse
technically, organizationally, and motivationally

& standard practice [37:21].

Lockhaeed Missile and Space Company already has begun to

use CAD to determine maintainability of design. The maintain-

ability engineer cperates ADAM (Anthraopometric Design Aid
Manikin) from a CAD terminal.

ADAM identifies maintenance interfaces and estab-
lishes relative scale and technician working
positions which help the designer to more fully
appreaciate the maintainability implications of
his designs. The use aof ADAM does not interfere
with the engineer’'s prerogatives, but provides a
realistic basis for discussing the best means of
meeting maintenance requirements such as access,
reach, and working postures [(8:121.
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Problem Statement

The question now becomes how doss one go about inter-
facing logistics models with CAD. Several alternatives
exist. One could mspecifically design logistics models and
tools (such as Lockheed’'s ADAM) to run on a CAD system.
This poses several drawbacks:

~ The cost of providing or insuring adequats access
to a CAD terminal for each logistics engineer could prove
prohibitive.

-~ "The inherent lack of portability of CAD programs
from one host machine to ancther is a major factor in the
limited availability to users [26:4]1." This would limit
the logistics engineer to running only those models imple-
mented on the CAD system which holds the design data.

- The CAD system’'s computing power could quickly
become overburdened. “With many users vying for limsited
resources, a user’'s turnarcund time to complets a particular
design problem can be significantly degraded [26:41."

The interfacing of a CAD system with an alternate com—
puting source offers a more flexible response:

- The CAD system’'s computing power would be taxaed
only when transferring required data to and from the alternate
computing source.

- If a coonmunication link was used in the interface,
the alternate computing source could tap into several CAD

systems, thus allowing the logistics engineer to analyze each




design using any logistics model available.

The Air Force Husan Rescurces Laboratory at Wright-
Patterson Air Force Base is currently studying the problems
of interfacing an alternate computing source with a CAD

system. The initial thrust of this study has focused in two

areas
1. How does one interface with a CAD system and

its data base? .

e
2. What problems and constraints are encountered e
if a microcomputer is used as the alternate computing source?
It is the intent of this thesis to investigate and answer the ;;LQ

second question.

Why a Micro?
The selection to use a microcomputer was based on

saveral factors:

- People have axperienced problems in using large

timesharing systems on mainframe computers (3:1112; 26:14).
- The increasing computational power coupled with f;i
the decresasing cost of microcomputers offers an attractive 5f;
o

alternative to the use of a large mainframe or minicomputers. mor

The computational power of microcomputers is discussed in

Chapter 4.

= Microcomputers have introduced a new dimension to

CAD. No longer are CAD systems run only on large mainframe

computers or dedicated processors. For example, CAD systems RO

now exists for the Apple computer (CAD-Apple System by T&W
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Systems) and the IBM-PC (MicroCAD by Computer Aided Design,
AutoCAD by Autodesk, Inc., and The Drawing Processor by B8
Graphics). Considering that Intel and National Semiconductor
have already begun to market 32-bit microproccessors (Intel:
iAPX432 and National Semiconductor: 16032) that approach
mainframe computational power, it should only be a short
period before microcomputers support multiuser CAD systems.
- With the migration of CAD systems to micro- _
computers, a distributed processing environment would allow
a natural interface to exist between the design engineer’'s
workstation and the logistics engineer’s workstation. .
- Cost of a computer system is an important factor.
An LSA computer system described by Naas and Eames (29) costs
approximately $25,000. Twenty—five thousand dollars would _;;
purchase five to six microcomputer configurations described .

in the following section.

Scope and Limitations _—
For the purpose of this research a microcomputer was |

defined to consist of the following hardware:

1. Intel’'s iAPX 88/10 (8088) microprocessor,

2. Intel’'s iAPX 88/20 (8087) numeric data processor,

3. 912K random access memory,

4. graphics capability,

5. ten megabyte fixed disk,

6. one floppy disk, and

7. communications gear for operation at a minimum

...............................................




speed of 1200 baud. ".z;f_'j
By defining minimum hardware requirements, we insure upward :;15
compatibility with the majority of computing systess avail- 'tf
able.
L
Resesarch Objectives -“}
An underlying theme of this thesis is the isprovesent of )
E the logistics analysis process during the design of a product. . Et;
i We do not want to identify problems with implesenting just .fivﬁ
any model on a microcomputer but only those logistics models ?;f{
which would be usaful during the design stage of a products ;;;g
therefore, the overall ocbjective of this research is twofold: !jf“ﬁ
1. 1ldentify models considered useful by logistics Z;f;;
engineers during the design stage of a product. ;;aj
2. Identify constraints and problems one encounters Fﬁ;ﬂ
in the implementation of these models on a sicrocomputer. i;fg
Research GQuestions

To achieve the first research objective the following

questions must be answered:

1. In the warly design stages, what type of »
analysis does the logistics engineer want to perfora?

2. What problems are associated with the use of

logistics models in the early design stages? i;;"
To achiaeve the sacond research objective the following
questions must be answered: ;f;?

1. What are the hardware constraints imposed by D;

..........................
........................................

....................................
------




!
E
¢ the use of a microcomputer?
3
2. What are the software constraints imposed by
E the use of a microcomputer?
u Summary

This chapter has presented a brief introduction to the
subject of this research effort. Justification for the
study has been given and cbjectives identified. The re-
maining chapters present the methodology used in achieving
these objectives, documentation of the results, and conclu-

sions and recommendations.

- :'
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I1. HMethodology

erview

f The validity of any research is often questioned and
this is only reasonable. Research delving into a new area
is subjected to even harsher scrutiny, It is with these

4 thoughts in mind that the methodology of this research effort
was developed. The methodology sust not only aset the
obhjectives of this research but also support the validity of
; conclusions put forward. To achieve this goal a methodology
of three parts was developaed:

‘ 1. Literature review

2. Interviaws

3. Implementation of two logistics models.

Literature Review

A literature review was conducted in two parts. The
first part of the literature review attempted to determsine
which logistics models should be interfaced to a CAD systenm.
It was felt this was an important first step because one
could be quickly overwhelmed by the number of models avail-
able to study. We also assumed that the problems encountered

in implementing just any logistics model on a microcomputer

were probably not the same as implementing models dealing
with product design.
The second part of the literature review focused on

micraocomputers. This review of microcomputers was directed

10




in three areas. First, the current capabilities of micro-
computers were discussed. Answers to the following questions
ware sought:

- Does the processing speed of microcomputers msake
it impractical to isplesent the desired models?

- Do msicrocomputers possess the required numeric
capability required by the desired models?

- Do aicrocomputers have snough mesory esxpand-
ability to allow isplesantation of the desired aodels?

- Do sicrocoasputers support the peripheral devices
required by the desired aodels?

Next, the current state of software development was
considered. Answers to the following quaestions were sought:
= What probless have others encountered in imple—
eonting prograss on microcomputers?

- Are the operating systess currently available for
aicrocompu. i sophisticated encugh to support concepts such
as program overlays and aesory paging?

- Are the prograsming languages currently available
for microcomputers sufficiently developed to make programming

practical?

interviews

Structured interviews were conducted with individuals
knowl edgeable in microcomputer software development and
with logistica engineers. The purpose of the interviews was

to confirm and enhance information found in the literature

11




........................

regarding the quastions listed above.

Separate interview instrusents were developed for esach
topic of discussion (refer to Appendices A and B). Each
instrusent was validated by conducting two trial interviews

with individuals knowledgeable with the subject material.

Isplementation of Two Logistics Models

To further define and refine the problems and constraints
that are encountered when using a microcomputer to implement
logistics models, two logistics models were selected for
implementation. The models selacted were identified by
logistics engineers as useful for perforaing analysis during
a product ‘s design stage. During the implementation process,
specific attention was paid to the following factors:

- What input data would be provided from the CAD
data base versus what information would be provided by the
logistics engineer?

- The technical feasibility of implesenting the
models (for example, do the algorithms used by the models
require modification to allow the models to be isplemented
on the microcomputer?)

- What type of programming effort was required to
implement the models?

= Do the models provide results comparable to the
results from previocous host computers?

~ Do the output of the models lend itself to a

microcomputer application?

12
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Summary

This chapter presented the asthodology used in develop-
ing the criteria for model identification. The topic of this
research called for a methodology that was not based upon
quantitative rigor but a data gathering synthesizing approach.
The relative lack of research data in this area also dictated
a methodology based upon what many would call common sense.
The next two chapters present the inforsation gathered from

the literature and interviews.

13
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IIl. Logistics Modeling

l viaw

We have have put forth the concept that involving the
logistics engineer earlier in the design process will enhance
the overall design of a system. This is not a novel concept
but one that is readily supported in the literature.

Consider the following statements:

kY I

Banjamin Blanchard:
« « « auperience has indicated that a great deal of
impact on the projected life-cycle cost for a given
system or product stems from decisions made during

- the early phases of advance system planning and

| conceptual design [4:5],

Terrance Sterkel:
Logistics driven design offers cost effectiveness,

minimum technical risks, and adherence to system
requirements [40311].

Edward Naas and Susan Eames:

Logistics must be considered as a design paramsater.

We must influence the design with relative quickness

s0 that the end item can be maintained and supported

[293:11].
What is interesting is that each of these individuals offers
a different viewpoint as to why the lagistics engineer should
be involved in the design process, but they all support two
common themes:

1. The logistics engineer should become involved

in the design process as esarly as possible.

oo
S
. IR
g a1y F

2. Logistics models provide the logistics engineer

v e
g

.

the tools to analyze a system or product’'s design from

ORI
L

FEI02)

several different perspectives.

The second aof these two themes is explored in this
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chapter. We begin by offering some motivation for the use of
logistics models. We then focus on the classifications of
models and the inherent problems/limitations of using these
sodels. Lastly, we developed an evaluation technique for
identifying logistics models suitable for incorporation into

a CAD system.

Motivation for Using Models

The benefits derived from using logistics models are
numserous. Perhaps the most important benefit derived from
the use of models is that the logistics engineer is allowed
to analyze the design of a system from several different
perspectives "before substantial money and time is spent on
its development [32:vil."

Models also allow the logistics enginser to deal more
easily with the increasing complexities of designing, pro-
curing, and maintaining a system (14:11).

A more subtle benefit derived from the use of models is
the aid in repetitive analysis. Once a model is designed and
implemented, it aids the logistics engineer by reducing the
time required to analyze several design trade—offs (35:127).

Blanchard offers the following six reasons why models
are useful (4:403)3

1. Models allow numerous interrelated elements of
a system to be treated as a whole.
2. Models allow many different alternatives and

variations of the system to be studied.
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3. Models aid in solutions to problems that other-
wise might not be sclvable.

4. Models aid in identification of high-risk areas.

S. Models aid in processing large amounts of data
efficiently.

6. Models aid in assessing the impact of alterna-
tive actions on the total system.

To be fair, it should be noted that the use of logistics

S models is not all rosy in that many models are nat praoperly

vearified or cannot accept estimated data.

h’ Classification of Models

With so many benefits possible, it is no wonder that the

use of models throughout the logistics community has been
increasing. Several of the applications in which models are
used to perform analysis are (14:12):

- life cycle cost,

- maintenance repair policy,

- spare parts purchase and distribution,

- resource usage and requiresments,

- maintainability design,

= reliability design, and

- supportability design.
By no means is this an exhaustive list. If one couples the
numerous applications in which models can be used with the
proliferation of models, one becomes faced with the complex

task of selecting the proper model for the job. This prablem
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is even further compounded by the lack of a consistently
used scheme to classify models. While it was not the intent
of this thesis to develop a madel classification scheme, it
was necessary for us to delve into this question to be able
to identify models that are appropriate for use in the early
design stages of a system.

Perhaps the easiest way to classify models is by their
solution technique: simulation, mathematical, statistical,
networks, and miscellanesous (1:13-4). One can further
break down these main categories:

- simulation
= continuous change models: make use of fixed
time increments as the timing mechanism in the model.
- discrete change models: make use of the next
event concept as the timing mechanism in the model.
- mathematical programming
- linear programming
- integer programming
- nanlinear programming
- goal programming
- dynamic programming
- statistical
- regression analysis
- exponential smoothing
- sampling

- hypothesis testing

17
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-networks
= PERT
- CPM
- miscellanecus
- quauing theory
= inventory theory
- costing/accounting theory
= heuristics
“A particular methaodology will probably be dominant rather
than exclusive in a model [32:112]" but the soluticn technique
needs to be known by the model user. Different solution
techniques could and probably would yield different results
when applied to the same problem, thus the smotivation for
classifying models by solution technique.

Classifying models by solution technique has several
drawbacks as does any classification scheme. One particularly
large problem created by this classification scheme is that
it offers no insight into when the msodel should be usmed for
analysis or the function of the model. Thus we have classi-
fication schemes for models by life cycle phase and by
application.

Blanchard has broken the life of a system into six
distinct phases (4:317):
= Conceptual phase: the need for the system is
defined.

- Advance development phase: systam configuration

18

....................................

.......................................

=




is defined.
- Detail design and development phases the systems -
and all their support items are designed and tested.
- Production and/or construction phase: the system
and its support items are producad. iy%gi
= Operational use phase: the system is deployed.
- System retirement phase: the system is phased out.

Models used in one phase may or may not be suitable for
use in another phase due to data requirements (availability
and validity) or analysis performed; therefore, it is impera-
tive for the logistics engineer to know what madels apply at -
a particular stage aof a system’'s life.

There are several classification schemes for categoriz-
ing models by application. Paulson, Waina, and Zacks (32) »
used this scheme in classifying 46 models into seven appli-
cations categories: spares, aerospace ground equipment (AGE),
personnel , maintenance posture, operations, life cycle cost, »
and project managament. The Defense Logistics Studies
Information Exchange (DLSIE) produces catalogues of laogistics
models using five major categories but provides a further "l:
breakdown by a secondary coverage index to provide a total

of 49 categories:

Major Category Number of Sub-Cateqories »
Accounts 3 .-
Facilities 7 L
Material 22
Military Operations 12
Personnel S

- e
II‘ '.‘.

The prablem that arises from using just any one of the
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classification schames by itself is that the logistics

engineer has no imsediate means to identify a model that is ;4~;

used in the specific phase of a systea’'s life cycle and

which performs a particular type of analysis and which uses a

particular solution technique. =
Interviews conducted suggest that logistics engineers

use only several factors in determining which model to use

for analysis. Not suprisingly, which factors are considered ® o

important varies among logistics engineers (for example, esase o

of use, availability, and solution technique).

We choose to represant the appropriateness of a model .' i
for performing the desired analysis as a function of n

variables:

being considered

Value R; represents a rating assigned to the i ‘th model and

e
each variable ;5 reprasents various characteristics of the :
model that the logistics engineer considers important. There .
exist several methodologies for implementing a function of o

. 4

this form.

First, one could describe the set of characteristics

for sach model under consideration and apply the function to

the set. The models yielding a value greater than or equal ,j{f
to a minimum standard rating would then be considered appro- Z?ﬁ
priate for performing the desired analysis. ;'n

A second method would be to describe the function in

20
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terms of a decision tree where sach variable represents a
node of the tres. This method becomes very difficult to -
implement as the number of branches increase. :

We can enhance the usefulness of the rating function by

. A v
[ L

redefining the function using two classes of variables:
critical and noncritical. The function now takes the forms

Ry = Flxj99 coe Xjny Vige cco Yig!) (2) ]

8 .

Each LY represents a critical variable. A critical variable
is a characteristic that if not present in the msodel forces
the rating R; to zero. Each y; represents a noncritical if:”
variable. A noncritical variable is a characteristic that :ii:#
makes the use of the model desirable to the logistics engin- gi;ij
ear, but does not negate the use of the model if not present. ;%;f

This definition creates the problem of determining which ;iiﬁﬁ
variables are critical and which ones are noncritical. This iifi
is not a new problem; as mentioned we found little agreement irij
on this matter in the interviews we conducted. One is also
faced with the quantification of these variables. So the
function we are describing is not a numerical function but .-v

the decision process the logistics engineer uses to sslect a

model to perform the desired analysis. Paulsan, Waina, and
Zacks accurately describe the situation: "It is incumbent !--
upon the decision maker to be sure he has selected the proper -
tools for the tasks [32:114]." With this thought in mind we

offer the following questions based upon various opinions put ’

21
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class of variables that pertain to the suitability of using
‘2 the model in a CAD environment. The new function would have R

the following form:

(Ril’ Riz) = “"il' ase xin, Yil, see yill' zit, weso z“‘) (3

The value R;, represents our original value R which was defined
to be the rating of appropriateness of the model to perfornm
the desired analysis. Value R;, represents a rating of the
suitability of the model to operate in a CAD environment.
Each z; g represents a variable to be used in determining this
suitability value. The following questions represent possible
variables of the rating function:

CAD Variables.

1. Is the model interactive?

- If not, can it be made interactive?

2. Are the results of the model representable in

graphical farm? .
3. Is the run time of the model of a short to medium i
duration (1 to 5 minutes)?
4. Does the model require data from the CAD data basae?
5. Is the model compatible with the CAD hardware and
software?
Three major ideas should be extracted from the preceding
discussiaon:
- The number of variables that come into play in the

selection of a model to perform a particular type of analysis

23
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is large.

- The varying classification schemss focus only upon
one major aspect of a model at a time, thus hindering the
logistics engineer in his decision process of selecting a
madel .

- There exist wide and varying opinions about which
characteristics of a model should be used in the selection
process.

With these ideas imparted we now turn our attention to some

of the problems and limitations of using models.

Problems and Lisitations
A model, whether a logistics or engineering model, is an

abstraction of reality; therefore, inherent problems and

limitations are associated with its use. One of the most
limiting factors encountered is the data the model processes. i&;g?ﬁ

Data requirements vary greatly from model to model ;;;;i
« « « « Whatever its requirements, however, a mod- e |
el ‘s effectivenaess is dependent upon the quantity -

and quality of the data available to drive it [(32:171.

Generally, the further the system has progressed through the i?;}?
design process the more data is available to process. The b;A
accuracy of data also improves. As we attempt to move in the -
other direction (earlier in the design stages), data availa-
bility and accuracy become limiting factors the model must be
able to handle. Fortunately, methodologies are being devel-
oped to aid the logistics engineear in overcoming these prob-

lems. For example, a logistics risk assessment methodology

24
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described by Wood (44) establishes data estimates and assesses

associated risks of using these estimates. Wood offers the

following motivation for using such methodologies (44:1):

The objectives of a logistics risk assessment meth-
odology are to: (1) generate an acceptable and
supportable point estimate rather than a composite
of subjective cstimates which is difficult to jus-
tify, (2) provide management with an associated risk
assessaent of given paint estimate, (3) provide a
consistent methodology for adjusting the initial
point estimates as hardware definition reduces the
ranges of realistic paramesters, and (4) provide a
computerized model for evaluating complex interre-
lationships contributing to resultant point estimate.

It should be noted that the availability of only estima-~
ted data should not stop one from using models for analysis.
The user needs only to understand the limitations imposed by
the data.

Evan when the uncertainty cannot be easily quanti-

fied, models can be used to explore system design/

support cost interactions and thus define at least

the desirable ranges of system parameters [32:471.

Another problem associated with using models is the

requirement for the logistics engineer to understand haow the

model treats a particular variable. For example, if an
output is computed from data estimates, the output will be an

estimate of less precision (5:27). Considering the number

PR
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of variables possible this can be a large task. Table I
gives a good indication of the numerous variables a madel may

process. ﬁti;j
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TABLE I

Logistics Model Variables (32:8)

Item Repair points
Unit Cost Manhours to repair
Reliability Maintenance skills
Waeight Parts cost/repair
Volume Labor rate

Procurenent lead timse
Procurement cost
R and D cost

System
Program for utilization
Geographic deployment
Force size
Force life
OR rate
On-equipment maintenance cost
Training cost
Interest rate

Stock points
Spares lavel
Supply effectiveness
Supply administration cost
Reorder policy

A problem also arises in data compatibility. Data may

be available but not in a form usable by the model. Proces- —
sing the data to ocbtain the correct form could be expensive fﬁk:
or even worse cause the accuracy of the data to be diluted. : j
Besides data problems, Blanchard offers two additional ;‘ ;
problems stemming from the use of models (4:4035): ‘ %
1. There is a chance the logistics engineer may EEEQ

become so enamored with the model that his concept of the

problem becomes distorted.

2. Models are only tools and not a substitute for

experience and judgment.

Maintenance postures

Repair cycle length

Order and shipping time

NRTS rate

Condemnation rate

Distance for next echelon

Packing cost

Shipping cost

ABE cost (acquisition,
installation, O and M)

ABE weight and volume

ABE quantity

Facilities cost

Technical data pages

Technical data cost




Decision Function Formulation

With the conceptualization of the decision process behind
us, it is now time to turn our attention to a generalized
formulation of this function. The decision function takes the

follawing form:

(Ril' Riz) = *(Xii' ".xiﬂ’ yil’ ses Yi.’ zix, sse z“‘)

0 if x,,N X, =@
13 3 for any j = 1, 2, .ac N

Rii = else
L] 1 if Yij = Yes
= a; ¢ where c; = el se
b B | 3 o
J=1
L3 1 if 235 = Yes
Ri2 = ij € where c; = alse
J=1 o

where

Ril = the appropriatensss rating of the i °‘'th model
Rio = CAD adaptability rating of the i°th model

Xy ™ set of attributes representing the j’'th critical
variable of the i ‘th model

Yij ™ attribute representing the j’'th noncritical
variable of the i’ 'th madel

z4; = attribute representing the j'th CAD variable of
the i "th model

XJ = get of allowable values for the j’'th critical
variable

a; = weight given to the j’'th noncritical variable

bj = waight given to the j‘'th CAD variable
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A specific example will aid in understanding how this
I function can be used. The following example is aimed at
identifying a model that is suitable to be used in the con-
ceptual design phase and at the same time lends itself for
incorporation into a CAD. Data used in this formulation is
taken fraom Appendix C. Appendix C gives a summary the two

models considered. The data listed for each model was synthe-

sized from reports about the particular model and is not in-
tended to serve as a detailed description of the capabilities
of the model. It alsoc should be noted that one is not limited
to using only the variables listed below but can define any
number of variables in any class for which data can be gathered
for sach model.
The critical variables and allowable values for these

variables were defined as follows:

1. x4y represents the set of life cycle phases
to which the i ‘th logistics model is appropriate and

2. x;o represents the set of the types of
analysis the i ‘th logistics model performs.
- 3. X4 = {(Conceptual Phasel
: 4. X, = (Reliability Analysis, Spares Analy-

veis, Life Cycle Cost Analysis, and Maintainability Analysis}

Noncritical variables were defined as follows:
1. vy;ji represents the answer to the question: Is
the solution technique appropriate to the type of analysis

being performed?

28 Ry
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2. Yi2 represents the answer to the question: Is
data available in this life cycle phase to run the model?

3. Yiz reprasents the answer to the question:
Will the model accept estimated data®?

4. vy;4 represents the answer to the question: Is
estimated data suitable to the level of analysis being per-
farmed?

S. Yis represents the answer to the question: Is
the model ‘s ocutput in a form usable to the logistics

engineer?

&. Yio represents the answer to the question:
Does the model perform multiple types of analysis?
l 7. yj7 represents the answer to the question:
V Can the model operate without special peripheral units?
8. Yig reprasents the answer to the question:
‘| Does documentation for the model exist?
CAD variables were defined as follows:
1. Z1 represents the answer to the question: Is
the madel interactive?
2. z2;o represents the answer to the question:
Can the model be made interactive?
_ 3. 2;x represents the answer to the question:

Are the results of the model representable in graphical

form?
4, 254 represents the answer to the question: Is

the run time of the model of a short duration?

29
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S. Z;= represents the answer to the question:
Will the model accept input from the CAD data base?
&. Zjy represents the answer to the question:

Will the model run on the CAD system or an interfaced micro-

computer?
To simplify calculations for this example each a; and bj
- was defined as one. Using the data from Appendix C for the
v
Reliability Maintainability Cost Model (RMCM) and the Network
Repair Level Analysis Model (NRLA), we can obtain the values
for each variable.
)
Variable RMCM NRLA
X1 Conceptual Devel opment
- Xi2 Reliability Level of Repair
| Yii Yes Yes
Yi2 Yes No
Yix Yeas Yo
Yia Yas No
Yis Yes Yes
i Yise Yeas No
Yi7 Yeas Yes oo
Yie Yes Yes B @
252 Yes Yes SRR
- 213 Yes Yes e
) Zia No No ]
Zis Yes Yes oo
254 Yas Yes EARS
Applying the decision function (page 28) to the above values, Ti
. )
] the function yields a value of (8, 5) for RMCM compared to a K

value (0, 4) obtained for NRLA. The first value indicates

that RMCM satisfies the critical variables and satisfies many
) of the noncritical variables. The first value for NRLA

indicates the model does not meet all the critical variables.
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The next value for each of the two models indicates each

aodal has potential for interfacing with a CAD system.

Summsary

Wa presented in this chapter what we believe is an accu-
rate representation of some of the difficulties a logistics
engineer faces in selecting and using logistics models. We
also presented a methad for empirical evaluation of the appro-
priateness of a model to perform the desired analysis and to
identify models suitable for incorporation into a CAD system.

We now turn our attention to the topic of microcomputers

to better understand their capabilities and limitations.
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I1V. Microcomputers

Overview

The microcomputer offers the logistics engineer a chance
to increase productivity just as the timesharing terminal did
a4 decade ago. Several logistics models have been implemented
on microcomputers but these models were scaled down versions.
These undertakings have alsoc failed to produce documentation
as to the problems encounteraed in using microcomputers. Why
did the models nead to be scaled down? What was the impact
of the microcomputer ‘s memory capacity? What hardware limi-
tations were encountered? What software problems existed?
We attempted to get answers for some of these questions be-

fore we began modifying the Reliability Maintainability Cost

Model; hence, this chapter.

What is the GQuestion

The last decade has sesn a unprecedented growth in micrao-
camputer technology. This growth has transformed microcom—

puters from toys into productive, useful tools. This growth

has also led to the "gradual disappearance of demarcation ST
lines between mainframe computers and microcomputers [36:2361"

and has fueled the debate on whether or not microcomputers

will replace mainframe computers. Heally suggests that this

is the wrong question to ask: "technological revolutions are

with us already; computing, however, is about solving problems

and providing services, not just about technolagy [19:120]." )
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1f we focus on solving problems, an entire new set of
questions can be raised:

1. Why use microcomputers instead of mainfrase
computers?

2. What type of probless should be solved on
microcomputers?

3. What are the limitations encountered when using
microcomputers?

In answering the first question, we find there are
several advantages microcomputers offer over the use of
mainframe computers:

- "Cost is perhaps one of the strongest arguments
for using a microcomputer to do engineering and scientific
problem solving [(38:17]." This incentive will continue to
increase as microcomputers’ prices fall due to advancing
technology. The cost per byte of memory capacity for a
microcomputer is five cents and for a mainframe computer is
forty cents. A cost comparison of processing speed per
dollar is even more dramatic:

The CPU processing time for a large computer is

about an order of magnitude faster than that for

a4 microcomputer, wheresas the overall purchase

price is three orders of magnitude greater (38:71.
Miscellanesous costs of running a microcomputer are also less
than those of operating a mainframe computer. For example,
support equipment (such as special air conditioning units)
is not need as microcomputers function in almast any reason-

able environment.
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Since microcomputers are connected tao CRT screens

or to slow-speed printers, it would seem prudent to

restrict their use to problems requiring moderate

amounts of overall processing time and moderate

amounts of output [38:71].

We believe that these opinions are not an accurate
representation of the capabilities of a microcomputer. Baer
offers a flexible opinion concerning the capabilities of
microcomputers:

« =« » if computations are to be performed primarily

on 14-bit or larger entities micros should not be

be selected. This might be wrong by the time this

book is published but then the same argument could

be repeated by changing 16 to 32 [2:433].

Time, as alluded to by Baer, has allowed technology to create
a variety of microcomputers that are capable of handling
programs that once were feasible to run only on a mainframe
computer. Current microprocessor technology has produced five
classes of computers (36:257):

1. Microcontrollers: 4- to 8-bit processors used
in process control applications, toys, and calculators. They
are capable of handling only small, well-defined tasks.

2. Microcomputers: more versatile than microcon-
trollers. It igs in this class that one finds the personal
computers such as the VIC-20, Commodore 64, and TRS-80 Model
4. Based on B8-bit processors (for example, 8080, Z80, and
M&6800) , these machines are suited for use as word processors,
smart terminals, and educational tools. The processors of

this class have a memory addressability of only &4k bytes,

which limits the ability of these machines to handle large

35
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and more complex problems.

3. Minimicrocomputers: use the 8088, 8086, and
80186 family of processors. These processors are capable of
performing 105 to 10% operations per second and have the
ability to addres= I megabyte (1 million bytes) of memory.
The IBM-PC and TRS-80 Model 2 computers belong to this class
of microprocessors.

4. Maximicrocomputers: based on processors such as
the Z8000. MC&48000, and the B80286.

S. Supermicrocomputers: use the iAPX 432 or NS16032
processors.

The hardware reasons behind shunning microprocessors for
use in large applications have been focused in the following
areas (38:9):

- processor speed,
- memory addressability, .;f¥
- accuracy and speed of numeric computations and, :T;
- input/ocutput capabilities.
The last three classes of microprocessors overcome these
barriers. The remainder of this section focuses on these
barriers in relation to the last three classes of micro-
processors. Alsoc note the term microcomputer will be used
to represent a microprocessor from any of the five classes.
Processor Speed. Consider the microcomputer config-

uration set forth in Chapter 1, which is a member of class 3.

The IBM Personal Computer uses an Intel 8088 microprocessor.
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In terms of raw computational capability the IBM-PC
has the ability to outperform by a wide margin the
previous generation of personal computers. A com- o
puter graphics benchmark which scales 16,384 pairs Y
of 16 bit integers by a fractional scale factor runs .
ten times faster on a S5 MHz 8008 than on a 6 MHz
Z80B [17:1341].

This speed comparison is in relation to a microcomputer from

-

class 2. Turning around and looking at how the IBM-PC

compares to mini and mainframe computers we can see that the
implementation of large processor bound applications becomes
feasible in this class of microcomputers. Table II displays
the results aof an IBM-PC versus various minicomputers using
the Whetstone test. This test was developed by Wichman and
Curnow and performs integer and real number calculations in

a variety of loops and subroutine calls (43:48).

TABLE 11 .!_
IBM-PC versus Minicomputer Comparison (43:49)
Speed -
1000 Whetstone L
Machine Instr/sec
IBM—-PC + 8087 72.8
PDP 11/34 181.0
PDP 11/44 252.9

VAX 11/780 6468.3

In a test performed by BYTE magazine CALPASS3, a program
used to predict energy use in conventional and passive solar ﬂé;ﬁ
buildings was converted to run on an IBM-PC. Runtime for

CALPASSI approaches one minute on a large mainframe compared

37
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» » demonstrates that it is possible to integrate
thc full functionality of a high-end 32-bit minicom- '
puter or mainframe computer onto a small number of L
chips in a conservative NMOS process and achieve a »
performance-to-price ratio which compares quite
favorably with such systems (21:1557].

3
I
)

An attractive performance—-to-price ratio is achievable.
Stritek, Inc., of Cleveland has developed processor circuit »
cards utilizing the 16032 or 80286 processors that plug into

an IBM-PC which effectively converts it from a class 3 micro-

computer to a class 5 microcamputer for a cost of less than P

[ $2500 (12; 22).

h Memory Addressability. It may be the increase in
microprocessor speed that makes running a large program ’

practical on a microcomputer, but it is the increase in the

processor ‘s memory addressability that makes it possible.

The 8088, 80846, and the 80184 processcors are capable of
addressing 1M bytes of memory. This is 16 times the memory
capacity that a processor of class 2 can address. This fact

baecomes even more remarkable when we consider that the IBM

SR DI N

360/30 has only 65K bytes of memory and the IBM 1401 had only

12K bytes of memory. Processors of class 4 and S are even

more powerful supporting virtual memory implementations.

Virtual memory allows you to combine a minimum of
y expensive primary storage (main memory) with lower-
; cost secondary memory. In this way, you can take

full advantage of extremely large operating system ) '
software and applications programs (now offered

on large mainframes) without worrying about the

hardware limitations of your asystems [25:353].

Table III1 displays the memory capacities for various processors.
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TABLE 111

Microprocessors Memory Capacities
In Bytes (253 43)

Real Virtual

Microprocessor Mamory Memory
8088 M -
808s 1Y, | —
80186 M ——
80286 16M 16
16032 amM 16M
iAPX 432 16M 10248

It should be apparent that the memory capacity of a
microcomputer no longer presents a barrier to using the
microcomputer for large applications.

Numeric Capability. Numeric computational accuracy is
another concern in computer applications. A typical mainframe
computer has a 32-bit word (4 bytes) which is used to store a
single precision floating-point number. Double precision num—
bers require &44-bits. Mainframe computers alsoc have special
arithmetic processors that efficiently process floating-point
calculations.

Earlier microcomputer architecture did not lend itself
to numerical applicelions for two reasons: memory capacity
and numeric processing speed. Applications requiring large
arrays could not fit into memory. For example, if you needed

to multiply two 100 by 100 single precision matrices together,

40
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array storage would require 80,000 bytes. Even if the arrays
were small encugh to fit into memory, floating—-point calcula-

tions were performed via software emulation which created an

. .
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averhead that effectively nullified any significant numerical
analysis programs from being implemented.
As mentioned, class 3, 4, and S5 microcomputers have

overcome the memory barrier. They also have overcome the

spead praoblem of numeric processing with the development of
special numerical data processors (NDP) which are specific-

ally designed for high performance numeric processing.
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Intel ‘s 8087 NDP is one of these processors. The 8087 :ili
NDP acts as a coprocessor performing all floating-point
calculations. The 8087 NDP also frees the programmer from
worry about accuracy as all computations are performed using ;;Q
80-bits, allowing the 8087 NDP to represent numbers main-
taining 44-bits of accuracy with powers as large as 104932,
Few applications will exceed this capability. The 8087 NDP ;%j
is also efficient. Table IV gives comparisons of the speed -
of selected instructions of the 8087 NDP compared to software f&p

aemulation using an 8086.
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TABLE IV

Floating-Point Execution Speed
In Microseconds (45:3-181)

Instruction 8087 NDP 8084 Emulation
Add/Subtract 17 1,500
Multiply (single 19 1,600
precision)

Multiply (extended 27 2,100
precision)

Divide 39 3,200

Compare 4 1,300
Square Root 36 19,600
Tangent 90 13,000
Exponentiation 100 17,100

The 8087 NDP is not the only numeric data processor available.
The 80287 and 16081 NDPs are used in conjunction with the
80286 and the 16032, respectively.

Input/Output. The final hurdle of implementing large
programs on microcomputers deals with input/ocutput (I0) capa-
bilities. 10 is discussed from two viewpoints: the data bus
and the physical I0 devices.

The data bus links together the microprocessor, memory,
and I0 devices and establishes the maximum data transfer rate
between components. Faster and larger mass storage devices
have been developed, but one should not expect to improve the

performance of a program by simply attaching these faster
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devices to the computer. An example will serve to demon-
strate this idea. The Winchester disk used in the IBM-XT is
capable of transferring data at a speed of 625k bytes per
second (44:11-196). The data bus of the IBM-XT is capable of
handling data transfer at a maximum of only 350K bytes per
second; therefore, attaching a disk drive capable of even
faster speeds accomplishes nothing. In reality we even fail
to drive the data bus at its maximum rate because the disk
controller operates at speeds slower than the bus. What we
eventually achieve is an average data transfer rate between
60K to 90K bytes per second (9:307).

There are several ways to increase this average transfer
rate. First, a faster disk controller can be produced but
this leaves us bound by the maximum speed of the data bus.
Second, if a faster controller is produced, one could then
make use of the faster data buses found in class 4 and S
microcomputers. Third, software techniques of caching* and
spooling can be implemented but again we are bound by the
maximum rate of the data bus.

Each of the previocusly mentioned solutions would in-
crease the data transfer rate but does not allow for multiple

simul taneocous data transfers as found on mainframe computers.

*a software program which maintains blocks of
frequently used disk data in memory so they will be readily
available for processing (12:356).
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1. operating systems,

2. supporting language processors, and

3. the application progranms.
The last aspect will not be discussed here but is covered in
the next chapter dealing with program implementation.

Operating Systems. It is the responsibility of the
operating system to perform 10, maintain file structures, and
manage memary allocation. Given these tasks, operating sys-
tems "often determine the ultimate potential of a computer
system [3I3:188]1." Only recently have ogperating systems for
microcomputers become sufficiently sophisticated to properly
handle the hardware at their disposal. Slow-speed devices
are now being spooled, which makes more efficient use of the
processor. Caching techniques have been implemented to
achieve greater data transfer rates to and from mass storage
devices. Hierarchical files structures are also allaowed by
several operating systems.

Memory management has also taken a giant step forward
with the implementation of memory overlay structures. For
class 3 microcomputers this was an important step since
microprocessars in this class do not support virtual memory.

Language Processors. As with operating systems,
language processors have also improved. Several years ago
the only high-level language available on a microcomputer was
BASIC. Today, one has the choice of FORTRAN, Pascal, C, LISP,

and APL. The availability of these language processors has
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V. Implementation of Two Logistics Madels

Overview

This chapter documents the events that took place during
the modification of the Reliability Maintainability Cost
Model (RMCM) and the Network Repair Level Analysis (NRLA)
model to run on the microcomputer described in Chapter 1. The
events identified during the conversion process by no means
represent an all-encompassing experience but do serve as a

starting point for future endeavors.

Model Selection

We began in December 1983 trying to locate source code
and documentation for logistics models dealing with product
design. We first turned to the DLSIE catalogues of logistics
models. These cataloguss are published on a quarterly basis
and contain the descriptions of newly developed and in-work
logistics models. Each catalogue covers several categories
of models (for example, personnel, training, and maintenance).
We identified several potential candidates and ordered
additional documentation. Unfortunately, the documentation
provided was only a more detailed description of the model
including the assumptions and mathematical formulations
used. Computer source code was not provided. Calling the
contacts listed in the DLSIE catalogues we found we could
obtain source code listings for several of the models while

source code listings for other models were held under
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proprietary rights.

We continued aur search by talking to instructors in the
School of Systems and Logistics and personnel at the Human
Resources Laboratory as to what logistics mod.lp were being
used at Wright-Patterson AFB. It was though these conversa-
tions that the RMCM and the NRLA models were identified to us
as not only being suitable for testing the capacity of a
aicrocomputer to handle large logistics models but also could
be used to validate the ability of our decision function in
selecting an appropriate model. We also received the added
benefit that computer source code for both models were avail-
able. Source code for the RMCM was located on the CDC Cyber
6600 mainframe computer and the source code for the NRLA

model was located on the Harris 500 mainframe computer.

Obtaining the Source Code

Even though the source code was available, we could not
access it because we lack accounts for both mainframe compu-
ters. Though it was not particularly difficult to get an
account as AFIT students, it still toock us a week before all
the paperwork was completed.

After obtaining account numbers, we discovered we still
did not have authorization to read the source files as they
were protected by passwords. This required us to contact the
owners of the files for permission and luckily they were kind
encugh to allow us access.

With access allowed, we opted to use telecommunications




..........................

to download both models to the microcomputer. This eliminated
the problem of entering the source code by hand, which is a
tedious process and prone to errors. Although telecommunica-
tions saved us the undesirable task of entering the code by
hand, telecommunications is not withogut its drawbacks:

1. The microcomputer user must have an account on
the mainframe computer.

2. The microcomputer and mainframe computer must
have telecommunications capabilities.

3. Data transfers at 300 baud are slow. Even
at the faster speed of 1200 baud, data transfers of large
programs can be quite time-consuming. The RMCM model ‘s file
size was approximately 376K bytes and the data transfer took
almost 45 minutes.

4. Data transfers using telecommunications are not
always error—-free. In the transfers of both models we were
fortunate in that the errors generated were obvious as they

were of the garbled data type versus dropped characters.

What Do They Do?

With the source code for both models downloaded to the
micraocomputer, we turned our attention to understanding just
how the programmers made the models do what they were sup-
posed to do. We started with the RMCM. Sitting down with
the listing of the program and the documentation manuals, we
began to trace line-by-line through the program to under-

stand how the program worked. This was quite time-consuming
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and it was at this juncture in our research that we realized
that we would not have enough time to process the NRLA model
in & like manner. Althaugh, it took approximately four weeks
to complete this process, it was time well spent because

during this process, we discovered where the major thrust

of the conversion process would focus —— the translation of

1 character string variables.

k; It should also be noted that this process was facilitated
by the abundance of comment cards found in the program list-
ing and by the well-written documentation manuals provided.

u. With a basic understanding of the program, we began the

i process of adapting the program to the microcomputer.

Source Code Conversion

The particular version of the RMCM we obtained was
written in CDC FORTRAN IV Extended. The following cbstacles
were encountered in the conversion process:

Editing Capabilities. The line and screen editors
available for the IBM-PC could not handle editing the complete
source file of RMCM; therefore, it was necessary to break the
program into smaller source code segments. This proved to be
a nuisance in that it limited the use of editing capabilities

such as global search/replace and block copy.

Nonstandard Statements. CDC FORTRAN IV Extended

provides for several statements not implemented in FORTRAN 77

and uses different syntax structure for some statements found

in FORTRAN 77. The PROGRAM and OVERLAY statements in CDC : , 7
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FORTRAN IV Extended have no counterpart in FORTRAN 77 but
luckily could be disregarded during the conversion process. .
[

SUBROUTINE and CALL statements allowing for alternate returns
required modification due to differences in syntax. ENCODE
and DECODE statements allowaed by CDC FORTRAN IV Extended

required conversion to READ and WRITE statements using )
FORTRAN 77 internal file capabilities. 'ﬁiig

Character Data. The use of character data was the most .

difficult problem to overcome during the conversion process. °

This problem stemmed directly from the 64-bit word of the CDC

Cyber 6600, which is capable of storing 10 characters per ;;A
word. The IBM-PC is able to store only four characters per 'i
word. The use of the CHARACTER statement, which allows ;f;
variable length character strings, provided in FORTRAN 77 ,;i

3

facilitated the conversion but in turn created a waste of

storage and hindered run time efficiency.

Program Debuqging
With several FORTRAN 77 compilers available for the

IBM-PC, it was necessary to decide which compiler we would
use in the conversion process. Not all FORTRAN compilers
support a complete implementation of FORTRAN 77; far in-

stance, Supersoft FORTRAN produced by Small Systems Services,

Incorporated, allows for only 14-bit integers and does not

support input/output statements defined by FORTRAN 77. We

selected Microsoft’'s implementation as being the closest

implementation of FORTRAN 77 we could find.
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With the source code modified to FORTRAN 77 it was time
to begin the process aof debugging the modified version of the
model. The first step was the elim’ jation of the syntax
errors created during the conversion process. It was during
this process that the capabilities of Microsoft’'s FORTRAN 77
Version 3.1 proved to be a nuisance. The compiler was unable
to handle large source files and frequently aborted giving
the message “"internal compiler error.” To avoid this problem
it was necessary to further break the source files into
smaller segments. Since separate compilations were required,
the ability of the compiler to check for differences in com—
mon block sizes and improper argument types for subroutines
and functions was nullified. The overall process of just
removing syntax errors took approximately four days.

With the syntax errors removed we were ready to begin
operational testing of the converted model. Testing was
greatly facilitated by the presence of example data files and
outputs in the documentation manuals. Besides the obvious
errors of spelling variable names incorrectly and misunder-—
standing the logic, we encountered three significant pro-
blem areas:

1. Support provided by CDC FORTRAN 1V Extended for
disk files differs from support provided by FORTRAN 77. When
opening a nonexistent disk file for output in FORTRAN 77, the
file attribute must be specified as NEW; therefore, it was

necessary to extensively modify the subroutine CHECK to handle
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this situation. The program kept crashing until we identified
all the places from which disk files were being opened, and -koae
modified the calls to subroutine CHECK.

The End-0f-File function also works differently. The
logic in the program worked under CDC FORTRAN IV Extended,

but it was necessary to modify the program to handle this

difference. To alleviate the praoblem the end-of~file de-

tection capability allawed in READ statements was used. s

2, The numeric accuracy of the CDC Cyber &400 ?. 
differs from the numeric accuracy of the IBM-PC. Using a
single precision variable, the Cyber carries fifteen signi- ;;'71
ficant digits compared to seven significant digits for the :f;
IBM-PC. When using a microcomputer, this problem can be ;33
overcome by performing all computations in double precision. ss;;¥

Double precision variables on a 32-bit computer allow fifteen

digits of accuracy to be carried. Double precision usage is
not a total panacea in that it doubles core storage require- j:;;;
ments and reduces computational speed. R

Table V shows the difference in accuracy using single and

double precision calculations. Since data normally consists ’;':'

of only estimates during the conceptual design phase, the

user should note that computations using single precision

calculations may be acceptable. 1‘Rl




TABLE V

Comparison of Single and Dauble Precision Calculations

Percent
Computational Item S8ingle Double Change
i. Life Cycle Cost 69,951,620 69,985,582 ~04%
2. Recurring Cost 37,991,720 I7 ,625,673 « 09%

3. Annual Recurring Cost 2,506,115 2,508,378 «09%

4. Non-recurring Cost 32,359,910 32,359,907 «00%

3. Microsoft’'s FORTRAN 77 Version 3.1 uses the
IEEE standard for representing floating point numbers. We
noted this situation only because the program creates two
binary files to be used by a separate report generator pro-
gram. This is of no concern as long as language processors
supporting this standard are used, but it is a user—-besware
situation. For instance, Microsoft’'s Basic Interpreter uses
a different real number representation than the I1EEE stan-
dard, which effectively prohibits passing binary files be-
tween programs produced by these language processors.

The use of binary files also made it difficult to deter-
mine if the correct data was being written. Reading a hexi-
decimal data dump is quite tedious. To aid in debugging and
program compatibility, the program was modified to support
extra files. These extra files are the ACSII representa-
tion of the binary data files.

With these three problems identified, the debugging

process became an iterative process of running the model,
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noting errors, determining the logic fix, modifying the
source code, and recompiling the program. The debugging

phase took the better part of three weeks.

Running the Model

M.,,”,,
o I
R = L

No changes were made in the operational commands of the
madel. The commands operate as documented in the RMCM User’'s

BGuide. Input data file itructuru also remains the same.

" I

Procedures for starting the model have been modified and
reflect operation of the model on the IBM-PC using DOS 2.0

for its operating system. Operating procedures are found in

'

Appendix D. Appendix E has examples of the model ‘s inputs

and outputse as computed when run on the IBM-PC.

Summary

The above discussion represents a summary of the activi-
ties that took place in converting the RMCM from the CDC

Cyber 6600 to run on the IBM-PC. The occurrences of the

problems mentioned were often random and not readily obvious

but took more time than anticipated to overcome; therefore,

we were unable to maodify the NRLA model to run on the

IBM-PC.
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V. Conclusions and Recommendations

Conclusions
In this research we have attempted to develop a method-

olagy to identify logistics models suitable for use in a CAD

function can be forced to select any particular model if

environsent and demonstrate the feasibility of using a micro—- ,‘
computer to run the selected logistics models. }.
Logistics Models. In the process of identifying the : :
twe logistics models to adapt to a microcomputer, we noted i ,.‘
the following: »‘Z'j
1. Much confusion exists as to what models are ;,; 4
actually useful to the logistics engineer during the concep- . : ﬁ
tual design phase. It was this confusion that led to the i;ff;
general selection function developed in Chapter 3. The ;::;2
LI

the weights are assigned with bias; but if the function is
used properly, it forces the logistics engineer to consider
aspects of the model that could easily be ignored in a hasty
decision process.

2. Current logistics models are not designed to
take advantage of a microcomputer’'s gQraphics capabilitys
therefore, it might be best to develop models from scratch

versus converting them from mainframe computers. This paral-

lels the thought of one logistics engineer who read a draft
of this report. He commented that in his experience the most

useful models were the simple, small ones written for a spe-

cific purpose by the engineers warking on the design.
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3. Logistics models are used primarily due to con-
tractual requirements, but the model ‘s use is only an after-
thought and not normally used in the decision making process
concerning a system’s design. Most of the individuals inter-

viawed beliesved that if the models were readily available,

easy toc use, and produced easy to understand outputs this

attitude towards use of logistics models would change.

Microcomputers. The conversion of the RMCM demonstrates ;-tf;
that microcomputers are capable of handling the task of

running logistics models. The follaowing conclusions are ?fﬁfﬂ

supported by the RMCM conversion.

1. Run time for the microcomputer version of the
model is not prohibitive. The run time may be greater far
other logistics models but with faster microcomputers be-
coming available run time should not be a major prablem.

The model provided reasconable response times in all
but aone situation. This was the use of the model ‘s GLOSSARY
function. The GLOSSARY function searches a sequential file
to provide the model ‘s user definitions of key terms. The
search times of this sequential file using various disk medi-

ums are listed in Table VI.
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TABLE VI

Glossary File Search Tises

Type of Disk arch Ti ¢ t Entry)
1. Floppy Disk 63 seconds
2. Hard Disk 47 second