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ABSTRACT

A framewock for the construction of an ecomomic analysis

DL NN

podel is suggested for the selection of microcomputer hard-
ware and operating systems. The 1odel is sugygested in order
to juide a frospective Navy microcoaputer purchaser through
the large nuaber of available microcoaputer systeas. The
model is designed such that common “spreadsheet" software
programs can be utilized to manipulate the model and store
data on available systeas.

In addition, ccaparisons are male of current popular
microcomputer systems and operating systems, in order to
provide a frame of reference for the use of the model.
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I. INIBODUCTIION

A. BRIEF BICROCOMPUTER HISTORY

The microcomputer market is generally believed to Lave
tegun when the Micro Instruments and Teliemetry Systems
(4ITS) Altair 8800 computer kit was introduced in late 1974.
MITS expected to sell 200 or 300 of the computer Kkits in
1975. Instead they were deluged with orders for over 2000,
selling over 200 in one afternoon alone. In 1977 Aggle
Comaputer Inc., began shipping its Apple II microcomputer and
promptly began growing at a rate of more than seventy
peccent annually. The market demand for microcomputers is
still bpeing underestimated in 1984. Wwhen International
Business Machines (IBN) introduced its Personal Computer
(EC) in Rugust of 1581 few could have predicted the phencam-
enal demand for the froduct. It has been estimated that
over one million IBM PC's were shippel in 1933 and that IB™
expects to ship two milliom in 1984. Despite the vclume
rany customers must wait months tO receive their orders and
the shortage has created a large market for I3M compatiktle
microcomfuters.

One of the reascns for thLe excessive demand 4is that no
one reaiized that large and small corporations would puy the
IBY 2C and other micrccomputers in voluae. One example is
Travelers Iosurance Co., which purchased 2000 IBM PC*'s and
has indicated with a letter of inteant to buy 10,000 more
[Ref. 1]. Universities are another larje buyer of personal
picrocomnputers and in particular the IBM rersonal Computer.
The University of Waterloo, popular for its teachiag and
learning compilers, purchased over 30) PC's to shift under-
graduate programming and engineering courses off their IBXM
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3033 mainframe to the 2C's. Almost weekly there is a new
arnouncement of ancther college or university that will
reyuire all incoming freshman to purchase a particular
school endorsed microcomputer. Even graduate scnools nave
joined the trend with Harvard University acnouncing that all

eLtrants to its business school will be rejuiredi to purchase
IEM Personal Coamputers.

B. THE MICEOCOMPUTER MARKET

Microcomputers now accourt for 32.3 percerct of the total ]
available ccaputer prcduct market, and is growing at a rate '?j
of 26.9 percent per year. This is coampared to a 5.5 percent o

A

growth seen in the maiuframe and supercomputer market. -

A

There are now over S00 companies manufacturing microconm-
puters. These companies combine to Jaorm over 950 different
models of microcomputers from which to choose [Ref. 2].

The cover story for the August 8, 1983 issue of Business

|
Week [Ref. 3) is entitied "Computer Shock Hits The Office: -
A 7ild Proliferaticn of Desktop Units is Confusing ﬁfﬁ
Everyone", The article is accompanied by a cartoon that ??%
shows a customer standing in a coaputer store with rows and —

)
Iy

rows of microcomputers asking the sales clerk, "Do you have
one that can help me decide which is the one for me?".,
Certainiy the personal computer and microcomputer market is
experiercing what many have termed explosive growth. Jcseph
Ferreira, a vice-president for Diebold Group Inc., 1in the o
article states that executives are sufferiag fror oftion
snock and cannot handle all the choices [of aicrocoamputers])
coming to theam. Later Ferreira also states that they vwill
"suffer paralysis by analysis", aimplying tonat the choices
are so many that a consensus decision cannot be reacthed.
With over 950 models of wmicrocomputer systems available rfor e
cormercial and consumer use it is edasy to unlerstand how AN
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someone given the task of selecting the best system for a

particular application might consider the task near
impossible.

C. GCALS OF THESIS

The Navy purchaser is therefore lerft wita a complex maze
of <choices for microcomguter purchase options. As the
overall cost of microcomputer systems continues to rfall, the
individual incentive to perform a groper and accurate
systems and cost analysis for a single and isolated micro-
computer purchase decreases. Tais is not to say however
that a complate needs and economic analysis should not be
performed, rather tke Navy purchaser mast be made aware of
the overall conseguences of not perforaing the proper anal-
ysis. #Wnile the isolated purchase of a single microcomputer
systen may.‘seem inconsequential, when viewed and totaled
over all Navy personnel making such decisions, there exists
an enormous potential for waste Of valuakle VNavy dollars.
Further, and more fundamental, the Navy purchaser nmay
acquire a system that will not satisfy user needs.

It is therefore desirable to provide an effective deci-
sion support model and criteria to aid the Navy purchaser in
the selection of microcomputer systeas. Tnis thesis will
develof and describe a conceptual framework from which it is
ff; hoped that an effective decision support model can be

constructed for selection of microcomputer systenms. It is
hoped that taoe model design can be iaplemented on comzon
"spreadsheet” software programs to allov manipulation cf the
model and storage of data on available systenms.

The proposed model is intended to apyly only to single
Ticrocomputer purchases, and be only part of a conmplete
system and c¢ost analysis. It is felt that automating as
aucn of the apalysis process as possible not only reduces

1

............................................
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the time and cost of conducting the analysis, but produces
an incentive for Navy decision makers to conduct a aore
complete analysis. Further, and in answer to tke cartoon in
Business Week, microcomputers can be just the tool to aid
the analysis process.




II. BACKGROUND

A. BICRCCONPUTERS IN THE NAVY

Within the XNavy, the Naval Data Automation Command
(NAVDAC) is assigned overall responsibility for micrccom-
Futer support. NAVDAC has assigned primary responsibility
for the development of aicrocoaputer technology and its
applications to Navy Regional Data Automation Center
(NARDAC) Norfolk, Virginia [Ref. & ). NARDAC Norfolk is
tasked with the follcwing microcomputer support functions:

1. Develop standards for microcomputers, including
interfacing with mini and larje host computers.

2. Develop a standard Reguest for Proposal (RFP) for
bompetitivé procuhenent leadiag to a contract for
microcomputers, associated maintenance support, and
licensing of software for Navy-wide use.

3. Develop micrccomputer guidelines oh procurement,
system software, hardware and application program
selection.

4. Develop an inventory of Navy owned software, and
listings of available vendor nardware, software, and
training.

5. Develop microccmputer training courses to be given by
NARCACs and Naval Data Automation Facilities
(NAVDAFs) in support of area activities.

6. Host workshops on microcomputers for Navy-wide users.

In order to guide the prospective Navy amicrocoamputer
purcLaser NAVDAC developed guidelines for eguipment and
operating systems rfor 8-bit aicrocomputers [Ref. 5].
Microcomputer technology however did not allow 8-bit micro-
computers to remain entrenched for lony. NAVDAC's initial

13
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response to 16-bit microcomputers was that most users ;rob-
ably did rot need a 16-bit aicrocoaputer system and
continued to refer users to the recoammended gJguidelines for
8-bit systens. As 16-bit systeas becaae increasingly aore
popular it was realized that standards shoula also te devel-
oped for 16-bit systeas. In the interia NAVDAC recomaended
that 16-Lit systeas be purchased as a complete microcomputer
systen including hardwvare and softwvare irom a single vendor.
This was to insure that all components worked togetner amnd
to provide a single gcint for vendor support.

It was not long before NAVDAC decided that 16-bit
systems had matured to a point where they no longer recoam-
mended microcomputer systems tased on d-bit technology. The
16-bit pwmicrocomputer systems were recognized to have
superior capabilities and the sophisticated software devel-
oped for these systems were addreésing more dser neéds, and
running existing applications gquicker and more efficiently.
For 16-bit microcomputers a preliminary decision was made to
not specify bhardware requireaents but to recommend compati-
Eility with a particular operating systea only. This is in
light of 1increasing numbers of @microcomputers beccming
"compatible" with each otner. The initial operating systea
chosen was Microsoft's Disk Operating System (MS-DOS) due to
its wide acceptance as a de facto standard. Over 96 percent
of the 16-lkit microcomputers use eitner MS-DOS or 1IBM's
PC-DOS which is essentially eyuivalent to 45-DOS.

The popularity of the IBM Personal Computer and compat-
ible machines is having a significant iampact on thke micro-
coaputer market. This impact is resualting in application
software (for microccmputers) beinyg developed almost exclu-
sively for the I34 PC and compatiple systeas. NAVDAC relt
that some level of IBM PC compatibility was therefore neces-
sary in establishing 16-bit standards. The guidelines for
16~-bit @microcomputers have teen irarted and are avaiting
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; approval. These guidelines as developed by NAVDAC regqaire %iﬁ
- . operating system and mediat! (data) compatibility with the T;J
2 IBY PC. Further, the iratt guidelines will replace the :&;
' 8-bit hardware and software standards and 8-bit microcca- 35;
j: Futer systess will nc longer be recoamended. :jf
) NAVLAC Advisory Bulletin No. 54 [Ref. 6] arnnounced the —

avard of a joint Air Force/Navy contract with Zenith Data :

Systemas for the Jelivery of up to 500 systems per month of

the Zenith 2-120 Microcomputer systenm. The Zenith 2-120 -
. Microcomputer is not rrogram compatible with the IBM PC. 1In :L:
i cther wvords, 4 program writtern for the IB{ PC wiil not L
- necessarily run on the 2-120. The two systeas are media 'i
& compatible and share almost identical operating systeums. 153
: P

NAVDAC therefore faced the possitility of recommending
guidelines that were rot coampatible with the chosen systen.
Therefore data compatibility is the oniy dritéria' for the
NAVDAC 16-kit guidelines. 7
= The joint Air Force/Navy contract allows the prospective ;‘
Navy purchaser of a 16-bit aicrocoamputer to obtain the -
Zenith 2-120 at a substantial discount from the joing market
- retail price. The user base for the Zeaith 2-120 in the '
. Navy is therefore expected to be large. Taere are however e
largye nurbers of IENM PC and coapatible machizes already
. purchased and in use. In addition, although there is an
'j increasing number of software packajes availakle for the .»;
X Zenith Z-120, there are thousands of software [fpackages :
written for the IBM PC and other coamapatible systeams that
will not operate on the Zenith Z-120 because the systems are
not progras compatible,

1Media coapatibility in tais context ameans that Jata is
Y stored on_ eguivalent external storage devices ir the sage

physica. foriaat and therebz allouwing the data produced by —_—
one systea to be read or aciessed by tne compatible systen. e

15




Further, pmedia coampatibility Joes not necessarily mean
that the data produced can be used by another systea. An
exanple of this is an application program that indexes or
perhaps hashes its data elements in order to increase access
speed and sinimize storage space. This imposes a certain
logical structure on the iata elements. Anotner systea taat
is only media coapatikle may be able to physically read the
data disk, but the data will appear as a random stream of
bytes with 1n> useful meaning. Only the same applicatior
program or cne especially developed for that data can Jecode
the logical data formats to a useful, readable or original
fornm.

B. HBICBCCOMPUTERS AND SYSTEMS ANALYSIS

It should be enphasized.that.standatd systems analysis

must te performed wken possible. If anything, the large-

numaber of microcomputers in varyinj degrees of compatibility
make systems analysis even more iaportant tham beiore.
NAVDAC guidance and standardization efforts go a long way to
eliminate some of the difficulty, but since 1no single
machine or hardvare staniards are exclusively recoamended,
not all of the purchasing problems are solved. Therefore,
the need still exists to perform systeas decisions, and the
criteria of data compatibility only 1limits the field of
choices available. Furt her, as 16-bit microcoamputers
continue to evolve, a method is needed to easily evaluate
the changes and their effect on the existing reccmmended
standards.

Any proposed aodel for evaluatinj microcomputer systeams
should fit into standard systems analysis technigues. In
those cases where a full systems analysis is not performed,
the method should provide a useful and accurate tool for
microcoaputer selection consisteat with standard systeas

16
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analysis goals. One of those goals 1s to acqguicre the "Lest"
.- system rfrom among the chosen alternatives at least cost.

. . Traditional systems analysis can be broken down into
- four broad categories in a systea life cycle ccncept
& [Ref. 7].

i They are:

o S
YA RTRIY
WY

1. The Study phase.

: 2. The design phase.

= 3. The development phase.
- 4. The cperation fhase.

o The prospective Navy purchaser of microcomputers .
5 however, when faced with a buying decision, does not orften
see the purchase of a microcomputer as a part of a partic-
ular larger informaticn systea. The microcomputer is seen
as the entire systeam, vhere no design or developmert is
requiread. Design and developzent have already been accoa-
plished. " The bperatiod phase is reduced to zefely e
purchasing an extended warranty contract, vhere no real or ﬁt
‘ siganificant operating costs are seek or envisioned. The
prospective amicrocomputer purchaser therefore sees their

...; “ 3

N role 1limited to the study phase. That study phase is 35
f{ limited to selecting which nmicrocoaput.rs from among aany ﬁ%
y will be purchased.
- The above assumptions attempt to point out the realities i}
i: of the purchasing situation as opposed to what [frorerly 1?
j; should ce done. NAVDAC cautions the prospective purchaser ;
< [Ref. 5] that indeed the first and most important considera- :
; tion is to perform a proper activity reguireaents and needs -
;f analysis to economically justify the purchase of microcom-
o puter systems. Further, the microcomputer should be consii- .
= ered as Jjust one g[part of an information system witha i“.
. particular lLardware, software, personnel, arnd facilities :
j support requirements and evaluated wvithin a full syster life G:i
» cycle concept. “‘x"
s £
o
': 17 “E:-:::
2
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NAVLCAC PUB. 15 [Ref. 8] provides guidaace and procedures
on hov to conduct economic analysis. Particularly empha-
sized are the procedures for performing present value anal-
ysis apd discounted f[payback analysis. NAVDAC PUB. 15 is
oriented towards large automatic data processing (AdP)
system decisions. As such it provides analysis tecaniques
that evaluate among widely differing alternatives such as
whether to install or change the current ADP system in-house
or utilize an outside service organization ADP systen.

The technijues provided by NAVDAC PU3. 15 can be applied
to ricrocomputer systems. Figure 2.1 from NAVDAC PUB. 15
will ke used as the tasis for describing bhow the froposed
model fits into the economic analysis process.

C. BETHOD AND ASSUMETIONS

The proposed decision support model 1is a method to be’
utilized for evaluating thLe differences amony many microccom-
puter systems. The differences can be among several config-

urations of the same system or between several sefparate
systeas. The nmethod utilized will be to quantify systen
attrikutes and parameters where possibie ard formulate a
model that allows ccaparisons of the system attributes and
parameters against cost data. .

The model forms its comparisons by first calculating )
cost/benefit ratios for each of the given parameters or
attributes. The model then leads the user through coapari-
sons between the alternative systems or configurations unde:
consideration. The comparisoas are calculations in the
changes Letween benefits and costs of the alternatives. The
key to the model is the calculation of delta's, or the
changes retween benefits and costs. It will be shown that
the calculation of «cost/benefit ratios alone as per NAVIAC
15 is not sufficient. Rather it is the change 9or deita
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Pigure 2.1 Bconomic Analysis Process.
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;. value (change in benefits/change in costs) between alterna-
. tives that should be among the factors considered when -

comparing alternatives. The model is a tool aad is merely
- designed to perform the calculatioas, it does not neces-
- sarily recommend or determine the "best" systea.
- In reference to Ifigure 2.1 it is assumed that the user
g has defined ‘his objectives, formulated the assumptions, and
- chosen the possible alternatives. Tne model performs the
o task of interfacing the costs and benefits for each alterna-
= tive, and therefore assumes that costs aad benerfit data can
be determined. The model then displays the resultant data
and calculations in a form that allows the <comparison of
, alternatives. The model is designed to be used for ccmpar-
;i ison of microcomputer system attributes and parameters only.
Again it should e emphasized that this process should
‘normally be only fpart of the complete system analysis
process. It assuneé that the need for a microcoaguter
h system anas already been justified and established. Further,
3 commands must realize that the cost of the microcoamputer
{u itself will not be the only cost in the 1life-cycle.
o Application programs, update fees, accessory ejuipment and
supplies, maintenance contracts and for some coammands
training of personnel are just some of tne additional costs
that should be considered. These costs are separate from }:ﬁ

the cost of the microcomputer after a selection has been

N pade, and in some instances may provide the overridiny <Y
] factors in the decisicn. 5:3
e The use of the proposed model alone would assume that 3

33 the follow-on costs are basically equai, anl this is not a e
' valid assumption for many systems. It is hoped taat the ;“j
model however will provide a means to choose aaong microcoa- ]
futer systems wvhen complete systeas abnalysis is rnot T
performed and all of the significant Costs are considered. B
Furthermore, it is hoped that it will cve an excellent addi- )
tion to the complete systeams analysis process.
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Most orten system coaparisons of similar products is
I . pecformed using matrix parameter taonles. These tables
o usually 1list the particular systems along oae axis and
system attributes along the other axis. These tables are
:: often large and ccnfusing with wany attributes listed.
i Citen a particular system is just represented by a check
mark or Lullet point if it possesses 4 certain attritute,
better evaluations may give more descriptive or amplifying
: information for the agpropriate entry.
I More often than not the attributes listed are parameters
i that can be guantified. One of the basic tenets of systeams
and economic analysis 1is to gquantify attributes where
possible. Once quantified, tne difficult-to-analyze matrix
can give way to useful figures that not only compare alter-
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patives tut alsoc indicate the relative advantages of one
system over another. o A

_ Further, the reguirement of findiny tne data to ke quan-
i tified is often difficult in itself. This is where a simple
. tut effective model is useful. It is hoped that the data
} required to develop the model can be easiiy obtained. This
- is normally true for amicrocompguter systeas. If they
i rejuired data cannot be obtained to generate the model, then
obviously the model loses its viabiiity. The amodel should
therefore te as simple as possible, put care aust be taken
K to ensure that the data and parameters caosen are complete
enough to make the mcdel valid.

Another key aspect of comparing alternatives is tnat
there must te a baseline from which to coampare. Normally
e tihe baseline is to Le developed froa the current systea in
E use. For the Navy purchaser of microcomputers a current
systea @ay ndt be in place. The baseline can then be
derived in two wvays. First, would be to use the existing

8-bit or 16-bit standards and guidelines as developed by i
NAVDAC. Second, apd more preferabie, would Le to use a .




baseline developed from user requiresents as wpuch as
. possible. This would assame that the prospective purchaser
is able to quantify requirements in context to the model
developed. If a current aicrocomrputer system is in fplace,
. then that system can be used as the Laseline.
i Care mnust be taken not to confuse Laselires with
weighting factors. Reightiug factors are criticized as
beirg arbitrary and often ckosen to favor particular
systeus. The Ltaseline Jdoes not maodify the parameters tut
» provides only a figure for comparison. This allows the
figure tc show how the proposel systea compares relative to
the existing system or the developed NAVDAC standards. The
proposed model utilizes no weightiny factors and modirfyiny
- the model with weighting factors is not recommended.

The proposed model evaluates singjle user, single task
microcoafuter systems. Current microcomputer technology has
reacked the point where multiple users and wmultiple tasks
can be performed. Extensions to tae model to cover multigle
users and multiple tasks must be developed when these micro-

computer systems beccme more comrercially available and are 5?
under consideration. :%ﬁ
& Another criticism of any guantification scheme is the —
I arjument over the wvalidity and wuserfulness of tne chosen
parameters., This @model design intentionally attempts to
keep tle clLosen parameters as simple as possible. This 1is
done for two reasons. First, is to ensure that the param-
eter data can easily be obtained ty tne Navy purchaser.
Second, the model must be easily understood so that people :
will use it. Coaplex simulations, gueuiny models, tenchaark iﬁﬁ
tests, and other methods are all important tools, but are
useless to the average Navy purchaser Jf a nmicrocomputer
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.. system who nas neitbher access to tue regquired data nor the
understanding to effectively uatiiize then. Further, a
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sinple wmodel may lead to the same counclusion as those
performed Ly complex analysis.
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The Arsy/Navy Computer Family Architecture Comaittee
[Ref. 9] and {Ref. 10] performed a study orn aine cardidate
computer systems for possible selection for a future rugjed-
ized version for military applications. Only three systenms
were acceptabie <frcm what was defined as an absolute
criteria standpoint. Further aralysis was performed on
gualitative criteria and results were that the same three
systems came out on top. Exhaustive bercamarks, program
performance and statistical design tests were performed ani
resulted in the same relative rankings as resulted from the
qualitative criteria.

The proposed wmodel is not intended to Le static, bat
ratner a dynamic device to be utilized as necessary by the
prospective purcnaser. The prospective Navy purchaser is
encourajed to add cr delete chosen parameters when more
detailed paraaeters are desired or certain parameters cannot
te oktained.

23
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IIT. DECISICN MODE]L ERABEWOBRK DESCRIPTION

A. HODEL ENVIRONMEN1I

The proposed model 1s intended to be implemented on any
of the common "spreadsheet" type jprogjrams. As such, no
specific details of implementation or how to construct the
rodel are described. The methods Jiscussed are nmerely
intended to provide a framework from whica 1t is hoped that
ar actual complete working modei can be constructed. The
calculations and data manipulation performed by the rodel
are all easily withir the capabilities of any of the popular
spreadsnheet programs.

A spreadsheet program merely serves as a very vaiuakle
tool to help analyze rodel data; it is not required. All of
the calculations and analysis can be performed by hand. It
is rLelt however, that the automation of as much of the anal-
ysis as possible will provide incentive to pertorm the anal-
ysis Ly removing the time required to perform rLumerous
detailed calculations by hand. Further, an automated
spreadsheet database once constructed can be used by many
and the charging and updating of the required data is easily
performed.

Spreadsheet programs that offer two additiomal capakili-
ties would provide even more utility. The capabilities are
graphing and the atility to construct macros. Graphing
ailows the data to Le viewed in a more beneficial visual
form. The ability to process macros a.lows the model to
begir to perform as ar elementary decision sugport system by
allowing the model construction and operation to be menu
driven and user prompted. There are a number of advanced
spreadsheet programs tkat offer these additional capakili-
ties, particularly for 16-bit microcomputers.

24




B. HBODEL DESCRIPTION

The model comnsists of tables of cost and benefit irnfor- :
mdation. The benefits consist of various amicrocomfputer ?i
system techrical parameters tuat have measurable and compar-
ative attributes. The technical parameters or performance
attributes are being used as surrogates £or actual  user
tenefits, this is the best the user can do lacking detailed
irformation and @measurement of the actual benefit to the
user. Sxamples would be size of systea random access menory
(RAM) or speed of system operation in megahertz. Chapter 4
discusses various system parameters that could be utilized,
and chapter 5 and 6 detail these parameters for current
componexnts and systens. The costs should be the specific
cost of the particular attribute involved. For example, if -

secondary disk storage devices are being compared, . tke cost
of the devices alone should be entered and not the total
system cost.

There will obviously be parameters wnere separate cost
data cannot be olktained. In these cases the cost data can
utilize total system cost when the configurations are iden-
tical except for an attribute of the of the user's reguire-

1y

ment. The analyst ©wsust be extremely careful however that ::
alterrative systems costs are associated with identical Eﬁ
configurations, i.e. the alternate systems in that partic- :
ular comgcarison should egually satisfy user reyguirements.
Ir the configurations are not identical, then the difier-
ences in benefits must be among parameters wnose differences
are rot considered important to the decision process.

An example of this would be comparing two systeas that
oifer different display screen resolutions wnere Lo separate -
costs can be identified, but one systea has color capability
ard the other does not. Screen resolution could be a param-
eter renefit and comfpared 3gainst total system cost only if
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color capability is nct a system reguirement and not consid-
ered a decision parameter by the user. If separate costs
cannot be attributed to particular paramseters, then this
model cannot be used for <cost benefit analysis of those
rarameters.

After the system costs and benefits nave been entered
for all technical attributes relevant to user needs, tbhen
the model calculates benefit/cost ratios for all aiterna-
tives. Berefit/Cost Ratio (BCR) is derined as the guantifi-
able parameter measure divided by the cost of that
parameter. This assumes that the associated costs are one
time initial costs. NAVDAC Pub. 15 provides techniques to
calculate unifora annual costs (UAC) and net present values
(NPV) if reguired. The benefit/cost ratios are then
displayed and maintained for referemnce purposes.

The model then calculates the delta or change valuaes in

the Dbenefits versus the costs for pairs of alternatives

under consideration. Depending upon the specific model
construction and spreadsheet program in use, this <c¢aa be
automaticaliy calculated for all opposing sets of alterna-
tives or calculated as a result of user proapts. Normaidy,
the delta (change ) values should be calculated between the
known baseline, and various alternatives (If there are aany
alternatives, pair-vise calculations will rise
exporentially).

As stated previously, the baseline can either be devel-
oped from user needs and specifications, NAVDAC current
standards, or against a current system in operation. The
delta <calculations then show the highest Dbenefit-cost
differeace relative tc¢ the selected alternative or baseline.

The individual analysis (comparison of alternatives) and
conclusicns drawn frcm the Lbenefit/cost ratios is then left
to the analyst. NAVDAC Pub. 15 provides guidance on the use

of benefit/cost ratios. According to this publicaticn,
Cd
Cd
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benefit/cost ratios are normally utilized waen the alterna-
. tive systems have unegual costs ani unejual tenefits. This
is the most frequent case at present wnen trying to evaluate
the differences among many similar aicrocomputer systeas,
when one system has some attribute slightly different than

the others. NAVDAC Pub. 15 provides jJuidance on cornciusicns 27
to be drawn from benefit/cost ratio analysis.

TABLE I o

BCR Comparison of Alternatives <-él

costs Benefits Basis for Recoamendation ,W,i
Equal Onegual Most Benefits P~:1
Unegual Egual least Costs : ;;
Unegual Unegual Highest benefit/cost ratio ~_:i
Equal Equal Ot her Factors ;;;E

It will be shown that when comparing alternatives, the
anailyst must look at both the delta values for the BCE and Pf¢¢
tne individual BCR's themselves. This is the key point to e
this model construction and method. Further, the key aspect T
to examining the delta values is to begin with the least ;541
cost aiternative that satisfies user regyuirements and L

examine the delta values increment by increment progressiag
from one alternative to arother. Many alternatives can be
eliminated by bounding the cost and attribute data by
maximum available £funds willicg to spend £for cost, and »
minipum acceptable measure of a particular attribute. The i;i?
aralysis then shows how much incremental cost is required

for scge increaent in performance. A decision is reached o
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when the incremental cost is not considered worta the incre-
mental benefit or vice-versa.

No attempt will Le made to list or detail all thke system
attributes that should be considered in the analysis, or how . :F:
the cost/benefit ratios and the changes in cost benefit
ratios should be calculated for each attribute. Rather the
iitent is to make the prospective Navy purchaser aware of
the technigue of conducting change analysis, and suggesting
that autcmated spreadsheet tools provide the ideal environ-
ment for conducting not only cost/benefit analysis, but the
entire economic analysis process.

In order to guide a prospective builder of an actual
working model, several model examples will be discussed.

C. EXABPLE ABALIYSIS

Assume that user reguirements have specified a needA to-
display graphics. The wmodel should scan those systems
entered into its database and select those systems with
graphics capabilities as the alternatives. Table II is
displayed for consideration and Figure 3.1 is made availatle

TABLE I1II
Grarhic Display Optioas

vend Pixel Tota Cost Total
: tender  mfflution it o oSt fRgRt
A 64Qx 225 144000 350 411.42
B 640x200 128090 400 320
C 600x200 120000 4 8Q 250
D 64 0x400 256000 4380 533.33
E 720x 348 250360 500 501.12 -
F 720x 400 288000 540 533.33 ~
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for viewing. The data necessary to jenerate Table II ani
graph 3.1 represents actual cost data for six different
sanufacturers of graphic Jdisplay options for the 1IBM
Personal Computer. Vendor A offers a graphic screer resolu-
tion equal to that of the Zenith Z-120 adopted by NAVDAC.
VYendor A will therefore represent the baseline.

Examining the BCR's and following the NAVDAC guidelines,

the analyst might be drawn to recomsmeni Vendor F. Vendor F
and Verdcr [ have the highest BCk's, but Verndor F offers a

p considerably nigher vertical resolution. Assuaing that all
other factors were the same, this would be an erronecus
[ conclusicn for two reasoms. First, the conciusion is not
[ Lased on need. Vecrdor A should be selected because it
; represents the least cost solution, assuming Vendor A would
{ satisfy the user requirenment. In tnis case even thkouyh the
1 ‘coscs and Eenefits are unequal, the énaiyst must be careful
to evaluate unegual Lenefits first against the stated need.

If all the alternatives ejually satisfy the user need, then
in actuality, all of the alternative penefits are egual, ani
tte least cost alternative should be selected. Secornd,
assuming that Vendors D and F were tne only two alterna-
tives, it must be remembered that evea thouga the costs and
- attributes are unequal, if the systeas are of egqual benefit
- to the user, and tte BCR's are equal,taen the least cost
recomnerdation criterion should apply.

If we assume nowever that Vendor A represerts the Lbase-
line of a current systeam, or the user need specifies b
exceeding the baseline parameter, ther an evaluation of S
delta values must be done. The @model or user wvouid then ]
calculate the delta functions between the baseline and the ??
otner alternatives.Delata values should be calcuiatedl in all
- cases where actual benefits and costs are unequal. L:Q

When Vendor A is compared to Veador D the change in gfﬁ
pixels equals 112,000 and the change ir cost egualis 139, ‘:

o

.......
-
P Y IR L L
e B AR LS S W et et e
. % D .

A VRSP I A R PRI WA VR I W YR




~ « < TR T Tt

yielding a delta BCR of 861.54. Whea Vendor A is comfpared
to Vendor F, the change in pixels ejuals 144,000 and tae
change ir cost equals 190, yieldaing a delta BCk of 757.39.
From the chanje analysis the analyst should be led to reccam-
mend Vendor D, which oifers the most extra benefit at least
extra cost. If possible the dispiay of the delta BCk's
should also be shown in a table for all alternative pairs.
The next exanmple will exaaine differences amorng manufac-
turers of Hard Disk Drive options for amicrocomputer systens.
Ajain, the data represent actual cost data for manufacturers
of harl disk cpticns for IBM compatible microcomputer
systens. Table III and Graph 3.2 would be displayed by the
model calculations. Verndor D represents the baseline NAVIAC

standard.
TABLE III
Bard Disk Options
otal

Vend Ca Cost gt gga
tendor Capagity "iﬁ %ﬁé&%tz to Baselire)
A S MB 1540 .0032 --

10 MB 1%“8 .085“ -

15 MB 231 «0J05 « 2056

20 MB 2550 .0078 .0289
B 12 MB 2180 .Q055 «2226

20 MB 2440 .0082 «0098

26 MB 2630 .0099 «0132
C 10 MB 1495 .0067 - o

23 MB 2250 .0102 . 2157 o]
D 19 NB 1422 .0070 Baseline :f:::%

- 1

o

-4

As in the first exaaple, the least cost system is repre- x
sented by the NAVDAC standard. This alternative snould be ;ﬁ
3 i
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selected unless user reguirements specify a reed for
secondary storage capacity greater thaun 10 Megabytes.
Assuming greater secondary storage is required thar the
amount offered by Vendor L, then the aralysis data irndicates
that Vendor C's 23 MB unit offers kotk the hijhest BCR and
delta BCR froa the estavlished baseline.

The last axanple examines the analysis orf different RAM
- exparsion options for a single systen. Assume an existing
V system already has 256 kilobytes of user KAM installed. Two

i vendors manufacture wmemory expansion options. Vendor B's
froduct canly has the capability to expand to 256 KB (for 512
KB total); Vendor A can expand an additional 384 KB (for 640
KB total), tut at additional cost. Tabie IV and Figure 3.3
=y represent pcssible data dispiays.

TABLE IV
RAN Expansion Optioans

Iotal Rasm 226 320 384 448 312 376 64
Vendor A Cost 295 3590 495 460 515 570 625
Total BC .868 .914 ,948 .974 .93 1.01 1.024

Vendor B Cost 229 284 339 334  4u9 ]
Total BCR 1.12 .13 1,13 1.14 1.14 )
B
"
: The cost data for the two Vendors is also taken from K
; actual memory expansion options for IBY Persomal Computers. }?
.ﬁ Memory add-on boards are an extreaely popular option, and ?l&
) the graph and tatle represent a common occurrence where one - —

vendor offers more expansion capability Lut at a higher
pTice. Either exparnsion board can be filled wita memory at
egual additional cost. The takle shows tnat traditional
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tenefit cost rvatios indicate the lowest price vendor (B)
should be recomaended throughout tne range of the expansion
options.

There are several different chanje rfunctions that can be
calculated far this case. If the model calculates the
difference in expansion capability based on the initial
l cost; then Vendor A can expand an additional 384 KB at a
: cost of 295, giving a delta BCk of 1.30. Vendor B can

expand an adiitional 256 KB at an initial cost of 229
yielding a deita BCR of 1.12. Taoe model could alsc calcu-

late the diiference at full cost inciuding cost of memory.
Vendor A at the 384 KB change, full memory cost is 625;
Vendor B with 256 KB change, at full memory cost is 449,
This yields delta BCR's of .6144 and .570 respectfully.
} Thus the BCE wher measured as the difference between expan-
sion capability from the system initial capability indicates
that Vendor A, the kigher priced vendor, should be reccm-
mended, assuming the user requires this added capacity.

It must be emphasized again that the above analysis is
not based on a1 user need requireaeat. Only vwhen the actual
need is considered can actual recoamendations be made. For
the akove example, expansion of memory capacity beyond what
l was originally a maximum reguiremeat occurs fregueatly, tut
. if it is determined that 256 KB of memory is the absolute
maximum requirement, then the least cost option should be
selected.

D. HODEL ENHANCENENIS

The above three examples are representative of how
tenefit/cost analysis can be performed ia reference to
comparingy alternatives among microcoaputer systenms. An
actual working model wculd be constructed based on the indi-
vidual decision makers or apalysts reguireaments. These
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requireaents should Le quantification of w®measurable systen
' attributes based on user need. As such, many dirfferent
parameters vwould have to be compared. Ideally, a
constructed m>del would be preloaded with attribute and cost
: data on ail known alternative systeams. The user would tken
I extract those parameters necessary, and conduct the indi-

vidual analysis on each of the chosen paraameters.
f In the realm of decision support system theory, the
modei could be just ore of a series of models used ir making
microcomputer selection. If a rule dictionary could be

developed for user reyuirements an ideal aecision supzcrt
systea could be constructel that would automaticalliy select
the appropriate evaluation parameters based on the stated
N user need. The cost/benefit anaiysis would be just one of

several models that a prospective user is guided through in

- the decision process. Other models would utilize such

N factors as net present value and total life~cycle cocsts for

- each of the complete alternative systems with all necessary

! options installed. in short, there is much room for expan-

N sior and improvement over the basic nodel description

iy presented.

i In the context of simple spreadsheet progran, the
results of each of the individuali parameter wvalue Lenefit/
cost analysis would then only provide additional dinput to
the complete analysis process. Other factors may always

) provide an overridiny reason to select systems contrary to

% waat may show to be the ‘"best" canoice strictly by the
numbers. Vendor reliakility, maintenance costs, etc., and

'; the wealth of other considerations must naturally be

é conbined when making the f£inal Jecision.
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IV. GENERAL MICROCOBPUIER DESCRIPTION

A. BASIC CONCEPTS

The approach taken to describe a amicrocomputer system is

to utilize the concejpt of levels of abstraction. Levels of
abstraction allow a general understandinyg of a syster by
; teginning the descriptions at the most jeneral level first,
h: and then proceeding to increasing levels of detail. The
upper level descripticn is often called the macro or systenm
view, with lowver levels the detail or micro views. Levels
L - of aLstraction also fcllow the intuitive concept of tofp down
design. This approach also allows limiting the descriptions
to an appropriate level of abstraction without proceeding to
levels of detail beyond the necessary scope. The following
descriptions are not intended to detail the exact operation

of microcomputer comgonents, but are intended to identify
some of the aspects to be considered when evaluatirg amony
microcomputer alternatives.

There are three main functional units to a single-user,
single~task microcomfputer systea. They are an input device,
a system or processing device, and an output device, dany
however may consider a storage unit aud aeamory unit as main
functional components and describe a aicrocoaputer system as
consisting of five main functional  units. The choice of
three main fuactional units howvever better describes current
microcomputer systems where the storagje and memory units are
pnysically Lbtuilt into the system or processing unit.

The above <chosen functional units represent a physical
orientation in describinj the systen. There are however,
other ways of describing systems based on logical relation-
ships or internal hardware design. Oae coaaon method Ltases
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descriptions on the architectuce of tae internal micropro-
cessor and its relationsaip to connected @major components.
These methods however are not useful to aost users.

An input device normally consists of a xeyboard. Most
business and commercially oriented aicrocomputer keyboards
have a significant opumber of extra keys over 4 standard
typewriter layout. These extra keys are necessary to
provide additional ccntrol signals for the computer systenm
and attached peripheral devices. Some keyboards have added
a calculator type numeric keypad at ose side of the keytoard
that allows easy entry of numerical Jata. Some keyktoards
provide a —rumber of "function" keys that implement coaaon
conmand segquences to save repetitive typing chores.

Further, some systems allow the function keys to ke rede-
fined under program ccantrol. current NAVDAC mirimua stan-
dards call for the use of a "QWERTY" style keyboard with a
shift key and control key. '

The keyboard for the IBM Personal Computer is controlled
by its own dedicated umicroprocessor andl can therefore be
conpletely controlled by software. This feature allows the
entire keyboard to ke redefined into amny configuration as
desired. This feature is particularly useful when used to
prevert erroneous data entry. Aiso, trnis feature has
significart benefit for handicapped persons Who can now
define their own key configurations aad eliminate tke aced
for simultanedus multiple key strokes (suca as shirft keys
for capitals).

There are a number of other iaput devices supplenmertiny
the keykoard device in many current microcoaputer systeas.
These devices consist of touch screens, digitizer tablets,

graphics tablets, joysticks, trackballs, iightpens, barccde
readers, mouse devices, voice activated input, and rezote .
device communication channel irput. All of thke above CAr
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devices have gquantifianle parameters for coamparison and

decision purposes if reguired. IR
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An output device normally consists of a cathode ray tube
(CRT) display screen or video display terminal (VDT), in
either monochrome (single color) or color. Microcomguter
CRT screens are normally classified as to the amount of
character information they camn display in text applicatiors.
Currernt NAVDAC standards recommend a minimua of 80 amber or
green characters per line by 24 lines on a twelve inca diag-
onal screen. The new proposed NAVDAC standard calls for a
pinimum of 80 characters by 24 lines with a 25th 1line for
status information.

Graphics applications norsally view the screen as a
number of displayable dots or pixeis. Each dot is sejpa-
rately addressable, and dependingy upon the application
program and microcomputer system, can be shown in different
colors and attributes (such as blinking or intensified).
The numker of hLorizontal and vertical displayable pixels

defines the screen resolution. A typiCal microcomputef‘

system might have 320 by 200 pixel resolution. NAVDAC does
not presently specify a standard for graphics.

The other major class of output devices is the hard ccpy
printer. Printers for microcomputers are presently of two
major types, dot matrix, and fully formed letter guality.
Itk jet ard laser printers are also just beginning to agpear
in low cost models. The new proposed NAVDAC standard calls
for dot matrix printers to have a minimum print speed of 39
characters per second and letter Juality printers to aave a
pinimum 15 characters per second print speed.

Most present microcomputer systems support asynchronous
serial communication. NAVDAC recommends that rfpurchased
microcomfuter systems be able to provile full duplex asynch-

ronous serial communications at speeds from 300 bits/second
to 9,600 bits/second. Additionally the system should be
able to transfer over standard telephoue lines connected to
a modem at either 300 bits/second or 1200 bits/second usinjg
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standard protacols. Since this capability is an absclute
requirement and does not vary significantly from system to
system, asynchronous communications is not considered in the
Eroposed model.

The proposed model therefore considers a microcomjuter
system to be composed of a keyboard input device, a system
or processing unit which includes memory and a secondary
storage device, and a CKRT display output Jevice. These
three functional units will fe gquantified to formulate the
hardware portion of the proposed wmodel. The major three
functional components are also normally purchased together
as one unit from the same manufacturer.

The @microcomputer operating systam will be the final
component of the proposed model. Without the operating
system and an application prograa the aicrocomputer is a
useless device. The proposed NAVDAC étandard recommends
compatibility with the MS-DOS operating system or an oper=
ating systex that carn execute M4S5-D0S compatible prograas.

The next level of abstraction will detail the major
componerts of the microcomputer system and processor unit.
The most important component of the entire microcompguter
system 1s the microprocessor. The cnoice of the micropro-~
cessor virtually determines and dominates every other asgect
of the entire microccmputar systea. The microprocessor is
often called the central processing urnit or CPU. The CPU
tarough various perigpheral and support electronic comgonents
or chips enable and interpret input from the keyboard device
and formats and processes the output to the CRT device.

The CPU processor must have access to memdry to store
the list of instructions to operate on and to store results
of processirg and other outputs. Memory in a microcomputer
system is normally composed of caips called dynamic random
access memory or DRAM (often abbreviated to RAN) and reai
only memory or kONM.
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The term dynamic refers to the fact that RAM memory is
not permanent. RAM memory must be periodically and elec-
tronically rechargyed or refreshed. Tnis wmeans information
in RAM memory is only retained while power is available and
the micrccompater system is rulning. Turning the microccm-
puter off or any interruption in power causes loss of infor-
mation stored in RKAM wmenmory. The term random refers t¢ the
fact thrat each individual storage locdation can be indepen-
dently accessed. RAM memory is also often called read/write
memory, Lecause new information can be written into and read
froa the memdry. It is conmonly used for the storage of
user programs and data.

Read only menmory hovever can only be read. ROM nmemory
is still random in that individual storaje locations can be
independently accessed. ROM memory usually contains the
icstructions necessary for the microprocessor to automati-
cally oring the microcomputer to a state ready fcr user
input. ROM based routines often contain sophisticated diag-
nostic and device initialization routines. This process is
normally termed "booting"® the systea and refers to the
aralogy of rulling oneself up by ones bootstraps automati-
caliy without intervention. If tne ROM routine necessary to
start a system must read inforaation on a secondary stcrage
device this information is appropriately called the boot-
strap loader.

Anotker type of memory found in microcomputer systems is
static KAM which does not need to be refreshed but still
loses its contents when power is lost. Static RAM is amore
expensive and currently does not offer the storage density
of DRAYN. Therefore it is not usually seen imn general
purpose gicrocomputer systems.

Memory iz microccmputer systems has an access time asso-
ciated with it. This access time is ameasured in nancseconds
{ns) . A typical @microcomputer system has a RAM @memory
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access time of 400 ns or less. Significant improvements in
system performance can be seen simply by using faster access
memory (often constrained by microprocessor clock speed).

Another form of memory is bLubble memory wanich retains
its contents even when power is 1lost; this is also read/
write memory. Bubble memory, however, has significantly
slower access times than RAM or KOM and also is not preva-
lent in @microcomputers as main memory. Bubble ameaory is
keginning to be utilized in microcomputer systems, however,
as a small size fast access secondary storage device.

In order to save the contents of information stored irn
RAM, a secondary storage device must be provided. 1In aicro-
computer systems this secondary storage usually takes the
form of floppy diskettes. The floppy diskette is the aedium
the informatior is stored on. The device that reads the
medium and transfers information from the floppy diskette to
memory is the floppy diskette drive. The diskette drive or
drives are normally part of the system unit but can be
contained in external cabinets.

Micrccomputer systems originally contained disk drives
that bandled disks that were eight inches in diameter.
Current pmicrocomputer systeas usually utilize diskette
drives that handle diskettes that are five and one Juarter
inches in diameter. 1Industry practice distinguishes cetween
the two sizes by the disks (8 inches) versus diskettes (5
1/4 1inches) terminology. This verbal distinction is
becoming increasingly bilurred however as even smaller disk-
ettes enter the marketplace. This next smaller size is
three and one half inch. The physical size o5f the mediun
however is unimportant to most users. The important charac-
teristic is how much information the medium can store.

The unit of measure for these devices is nrormally the
bfte. A byte consists of eight bits of information. By tes

are measured in multiples of powars of two. Two to the
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tenth power represents 1,024 bytes or one kilobyte (KB).

. Two to the twentieth power represents 1,048,576 bytes or cne
megabyte (MB). Kilcbytes and @wmegabytes are the standard
units to measure capacity ¢r @memory and secondary storage
devices.

The disk medium can be e€ither soft-sectored or hazd-
sectored. Soft-sectored means that the sector information
is stored under software control. Hard-sectors physicaily
separate and define the sectorinj inforaation. The disk
medium can also be either single-sided (information on one

side only) or double-sided. Furtaer, tkere can pe sinjle,
double or juad density which refers to the compactness vith
which the irformation is stored by tracks. Single density o
store approximately 24 tracks of data per inch, double
density 48 tracks per inch and yuad density 96 tracks per

inch. NAVDAC proposed standards call for a minimum of two 'fq
five-and-one-guarter inch, soft-sectored, dual-sided, dual- l}%
density diskettes drives. t:
Diskette based systems are considered to be mediun Lff
storage devices in teras of tane voluae of information %i
stored. If large vclumes of information are required haarcd k%
i

disk or fixed disk storage devices are used. Hard disks or
fixed disks usually are capable of storing thirty times or
more the volume of a floppy liskette. Hard disks have
significantly faster access times tnaa floppy disk. The
proposel NAVDAC standards recommend optional 10 megakyte
hard disk when storage reguireaments exceed that of floppy
diskettes. i

The CPU or microprocessor is nordaiiy connected inside
the system unit to main memory coansisting of ROM and RAN, to
several types of interface chips or controilers, to an input )
device, and an output device. Two common interface chips or iﬂ
cortrollers in aost microcomputers are the direct wmemory i
access (LMA) ccentrcller, and the peripheral input/output
(FI0) contrcller.
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The DMA controller allows input/output to ke placed
directly from an input/output device or secondary storage to
main memory and vice-versa without joing through or inter-
rupting the microprocessor. The PIO controliler handles the
necessary ccntrol and formatting information for communica-
tion between the nmicroprocessor arnd the input/out;ut
devices.

The CPU, ROM and RAM, the controllers and input/output
devices are connected toyether by a system bus. The systen
kus carries the pecessary address, data and control signals
that allow various componerts connected to the bus to
exchange information. The system bus rnormally consists of
three separate bus structures. They are the address bus,
the data bus, and the control bus. Some awicrocomputer
systems may multiplex cne or more of these buses on the same
physical lines, Eut most current systems maintain at a least
double bus structure.

The address bus carries address signals that identify
the separate meaory locations and the input/output locations
to the CEU. The data bus carries actual data information
froa the CPU or one component to another. The control tus
carries the necessary control and timinj signals under the
direction of the CPU that coordinates the action of the
adidress bus and the data bus, arnd carries out the instruc-
tions that the CPU is perforaminy. The control bus, for
example, would contain the control signals to determine
whether a memory access is a read operatior or a vwrite
operation.

Important aspects from the gquantiiication point of view
focuses on the address bus and the data bus. The control
bus while being the most important bus, since 1t contains
the control sijnals, is basically transparent ir its ofera-
tion and not noraally available for use by the user or tae
system programmer. The address bus and the data bus however
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determine some fundamental aspects and aeasurable parameters
. of the microcoaputer system.

The address bus and data bus operate omn a specific
nunkter of bits in a rparallel fashion. The specific nuaker
of bits that these busses act on at one time is often cailed
the bus width. Thus if the data ous operates on eijht bits
of information (one ryte) in paralleil it is said to te an
eight bit data tus.

The more information that can be haandled at one tiame,

the faster and more e€fficiently a microcomputer system will
operate. For example, if the unsigned number 512 vere to be
transferred on an eight bit data bus, it would have to cccur
in two cycles. The pumber 512 rejuires a representation of
at least nine bits and the first cycle would transfer the
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first eight bits and another cycle would be ,h necessary to
- 3 transfer the remaining bit. Intuitiiely, the 1larger the
; data bus, the more data that can be transferred efficiently.

The size >f the Jata bus is often used to determine or
name the classification of microcomputer systems. If the
data bus is 8 pits wide the microprocessor and microcomputer
is termed to be an 8 bit device. If the size of the data
bus is 16 bits, a 16 bit microcomputer results. This clas-

sification tecminology is not universally accepted however.
Similarly, the size of the address bLus determines the

maximum amount of memory or devices that can be directly

accessed by the system. An address bus that is 16 bits wide

R ~1
A can access directly sixty-four kilobytes (64 KB) of memory

'Qi (assuming the microccmputer is equipped with at least 64K3 u%
:j; oi memory). Due to the binary aature of the address tus ;a

every additional bit in width doubles the direct addressable -
o memory. An address Ltus of twenty Ltits can directly access

i% orne megabyte (14B) of memory.
) As application programs become more complex, ever

S
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increasing needs for large amounts of directly addressable 1
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memory become necessary. In addition, and similar to main-
frame coamputers, multitasking and nmultiuser microconmputer
systems vwill require relatively large amounts of directly
addressable memory.

B. THE MICROPROCESSOR

The last level of abstraction will be the basic internal
structure orf 1 typical microprocessor. It nust be realized
that microprocessors have advanced to a staje waere general
purpose descriptions no longer adequately portray the many
ard varied design philosophies. The proposed NAVDAC stan-
dari recoamends microcomputer systems utilize the 1Intel
8083,/8086 microprocessor or eguivaleat.

The major functicnal areas inside a general purpose
microprocessor designed for microcomputer systems almost
directly parallels 'the gehetal purpdée description of the
microcomputer system itself. The CPU must have interpal
data, address and ccntrol Lusses. It 1s important to
realize and distinguish that the internal widtk of the CPU
busses can be and often are a different size than the

external tusses. An example of this is a CPU that has an
external 8 bit data kus but internal 16 bit data bus. The
CeU wili fetch two 8 bit bytes sequentially and then carn
execute on the entire 16 bit value simultaneously.

The CPU busses are normally connected to CPU registers,
and ingut ard output ruffers. The registers are an arcay of
internal storage locations inside the CPU that hold address,
data, and intermediate values awaiting or resulting froa
computations. Some microprocessors have input/output data
and address buffers separate from the register set, winile
others will utilize the register set itself to act as the
necessary buffers. Additionally, soae microprocessors dedi-
cate specific registers for specific functions. The aost
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comaon register-specirfic function is to have one register
dedicated as an accumulator.

A CPU, in addition to the general [urpose registers,
will have a set of storage locations Jdedicated to other
specific furctioans. An iastruction register contains the
instruction that is currently being ekecuted by the micro-
processor. A program counter contains the address of the
next instruction to le executed. Finally, a status register
will maintain certain status information about the state of
the microprocessor, or flags that are set or reset depending
on results cf specific operations.

An i1mportant internal component of the CPU is the arith-
metic and logical unit (ALU). The ALU performs all calcula-
tions, data marnipulation, and diata comparison functions.
This includes executing such ofperations as comparing values,
complementing values, ani éhifting val&es leit or right. If
the CPU has a dedicated accumulator register, the results of
operations performed ty the ALU are returned or placed into
the accusulator.

The control unit within the CPU performs all instruc-
tions not directly reguiring use of the ALU. This includes
operations such as transferring the value of one register to
another or transferring the contents of registers to memory
cr the I/0 devices through the system bus. The control unit
aiso cocntrols the ofperation of the ALU and in corjunction
with it, executes the entire set of instructions tke CPU is
capakle of performing.

Within the control unit willi be encoded the entire
irstruction set of the microprocessor. This instruction set
is a fixed set of <cfrerations that the microprocessor is
capable of parforaing. The instructions are executed on
operands that determine the exact nature of the instruction
to be executed. For example an add instruction may add
values rrom one register to another, froua a register wita a
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value in memory, or from a value in memory to another memory
I location that points to yet another memory location
S containing the actual value. The different ways an instruc-
tion operand affects the control of tne instruction are
5 calied addressing modes. Addressing aodes extend the capa-
i bility of an instruction set by allowing different ogera-
tions to take effect on a single instruction based on the
operands of that instruction.

C. HBICRCCOMPUTER SYSTIEM CONSIDERATIONS

There are several important considerations involved when
trying to evaluate microcomputer systems. Tnhough the micro-
processor utilized is an important system component, there
is more to evaluating the microcomputer system than only

assessing the hardvare capabilities of the . microprocessor
alone. | | ‘

The way tne system is capaole of interacting with
various I/0 devices is another consideration. It has been

SRR, T

shown that systems with DMA offer improved capability and
Ferformance over systems where all I/0 activity must go
N through the microprocessor. Additionally, some I/0 devices
. may possess tneir own processing capapility, waich frees the
main wmicropracessor from [performinj what are sometines
g called housekeeping functions.

Some microprocessors have the capapility to address 1/C

Bi S

devices separately frcm memory addiresses. This capability SR
E . is called 1,0 mapping and has several advantages. Because ;i
e ar I/0 address can ke significantly smaller than a memory fo
) address, the I/0O address can be specified directly without -fﬁ}
an address calculation. The shorter address also results in -

shorter I/0 commands. The alternative to this is memory
2 mapped I/0, where certain memory addresses are reserved for

3 particular I/0 devices and other information they might
: SRR
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o need. This rasults in less memory available for application
i . prograas. However, the same instructions which are used for
memory operations caan be used for 1I/0 operations and I/0
data transfers do not have to go tarough an internal
. register,
Il Arother consideration is whether the system suprorts
o interrupts. Interrugts allow the I/0 devices to sigrnal the
microprocessor only when they need servicing or reguire an
5 information transfer. Without interrupt «capability the
ii picroprocessor will have to spend unnecessary time polling
I/0 devices just to see if servicinjy is reguired. Most
current microprocessors support interrupts, but how they are
implemented and the nuater supported can have significant
D impact upon system performance and capability.
Finally, the speed tae system operates at is of primary
importance. There is often a distinction between the.
internal speed of the microprocessor and the speed oif the
ii rest of the systen. Current microprocessors operate in a

twvo to twelve megahertz (MHZ) range. RAM memory on the
ii other hand operates in the 50 to over 450 nanosecond (mns)
access time range. A 4 MHZ nmicroprocessor with a 250 ns
Frocessor cycle time operating with 200 ns memory attacaed
will  obviously exhikit better performance than the same
system witk 400 ns memory caips attached, because in the

former case the processor wiil not have to wait on memory
;‘ accesses. Similarly, a 6 MHZ version of the same processor
: . would achieve better performance. These two interdependent
- times are often critical in their interaction and canrot
» often ke changed once the system desiga is set.

%ﬂ The speed of operation of a mwmicrocomputer system is

o usually contralled by a crystal oscillator. The oscillator
ﬁ provides an input to the microprocessor, where the resulting
]

timing signals are critical to the operation of the cortrol
ur.it. Cne must be careful, however, Lot to base systen
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performance on crystal fregquency ailone as often the
| frequency is modified or divided Ly support chips to provide
one or more actual oferating frequeacies. Also, the actuai
speed of the processor is not a true inlication of system
speed, as inlicated above with reference to aemory access
tinme.

l In attempting to provide an accurate but simple guanti-
fication method for microcomputer system selection, «careful
attention &must be fpaid to compoaents or parameters that

» significantly afiect the operation of the entire system. IrL

this context one must be fully aware orf the positive and

negative interactive aspects of the cnosen parameters, and
insure that the parameters <chosen reilect system cafpabiiity

- aLd performance tnat are relevant to the user's application

and needs.
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V. CURRENT 16-BIT MICROPROCESSOR DESCRIPTIONS

A. INTEL 8086,/8088 MICROPROCESSORS

The 8086 and 8088 manufactured Lty Intel Corporation are
current.y tne most widely used 16-bit aicroprocessors in the
microcomputer industrye. This is a direct result in the use
of the 8083 in the 1IBM Personal Coaputer and compatible
machines. The 8088 is in such demand that Intel anas seconi
sourced its manufacture to both IBM and Commodore Business
Machines. The 8086 and 8088 were first coammercially intro-
duced in 1978.

The 8086 is a true 16-bit processor aaving both internal
and external 16-bit data paths. Tane ALU is 16-bLits wide and
can perform both byte and 16-bit word operations. Zhe
address btus of the 8086 is 20-bits wide jiving the 8086 arn
cne megakyte physical address range (1,048,576 bytes). The
8086 has 97 basic instruction types which include a hardware
multiply and divide instruction and various string manipula-

tion instructions. The 97 instructions work in corjunction
with 24 dirfferent addressing amodes. All instructions are "
byte oriented with po instruction rej uiring more than six Y
bytes of operands. Additionally, any instruction can start

W

at ary address point.

The 8086 microprocessor is divided into two major parts, T
an execution unit and a bus irnterrace unit. These two farts
are 1independent and form the implezentation of the 8086
pipelined architecture. This ameans that ainstructions and
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data are prefetched ty the tus interface unit and gplaced
icto a six byte gueue or pipeline and then are ready for
irmediate execution Ly the execution unit. This results in
Jreatly iaproved performance characteristics tecause the bus
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interface unit <can fetch instructions and data simultane-
ously while the execution wunit is executiny irstructiorms.
The pipeline mﬁst then only be cleared and refilled when
program execution transfers to a non-seguential address.

The 8086 includes a totai of fourteen 16-bkit wide regis-
ters. There are eigat yeneral purpose registers, four of
which <can be accessed with either 1o-pit or 8-bit data.
There are four 16-bit segment registers wionich are used for
address calculations. Finally there are two 16-bit cortrol
registers cne of which is the flags or processor status
register ard the other the instruction pointer register.
There are many 3086 instructions that restrict tane ofperand
values to te placed in designated register locations, there-
fore the register set does not provide completely Jeneral
purpose registers.

The instruction fpointer register is nofmally called'the
program cocunter in cther microprocessor iaplementations.
Intel refers to this register as the instruction pointer
tecause this 16-bit quantity is combined with one of the
16-bit gquantities in the segment reygisters to form the
20-tit address. The appropriate 16-bit segment register is
shrfted left four bits and added to the instruction pointer
to fora the address. Another reason for the change in
terminology is that the 8086 instructiorn pointer points to
the nrext instruction to be fetched and not the next instruc-
tion for execution (which is in the six byte pipeline).

In addition to supporting the one megabyte [fhysicail
address range the 8086 can address 64 kilobytes of 1I/0
Fortse. The 8086 instruction set has special input ani
output instructions to send and receive data from the I/O
ports specified by the port address. Ihe processor and
address bus distinguish Dbetween memory address ani 1I/C
address ty special ccntrol signals. The use of serarately
aadressed 1I/) ports allows the 33086 to use Loth memory
napped and I/0 mapped devices.
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An example of both memory and I/0 mapping occurs in the
IBM Personal Computer where the display screen is @memory
mapped but the cathode ray tube (CRT) «control circuitry khLas :
its own processor controller witn additional rejisters that %f“
can be changed via the I/0 ports. This results irp the
display screen attributes and cursor controls to be under
prograamer cr application program control. 1I/0 mapping also
saves memory space in that device control informatiorn does
not have to be stored or utilize a portion of system memory.

Another important characteristic of the 8086 processor
is its interrupt handling capacility. The 8086 processor is
designed to autilize toth hardware and software interrupts.
A total of 256 different interrupts are supported. The
first 1024 tytes of memory in 8086 systems are dedicated to
hold an interrupt vector table. Woen either a hardware or
software interrupt occurs, the inﬁerrupt instruction e
retrieves an address pointer in the interrupt vector table L
ard tftranches to that address to perform the interrupt —
servine rcutine. This allows all interrupt service routines
to be written or changed by the user. This can be done
€either by replacing the existing routine with another or U
changing the address of the interrupt vector pointer to a A
rew location that contains the desired service routine. 4

The 808€ processor was originally desigrned to be drivern
by a 5 MHZ clock for timing and control purposes. There are
now 8 MHZ and 10 MHZ versions available.

The 8086 design allows for couplinjy with other 6086 N
processors for parallel execution or it can utilize two o
special cofprocessors. Tne 8087 Numeric Processor Extension
(8087 N2X) can be utilized to iaplement fuil 80-Lit IEEE
floatiny point arithmetic operations oy addirj an additional
register set of eight 80-bit registers and 68 new floating
Foint arithmetic instructions. Tne 8039 Input/Output
Frocessor (8089 IOP) 1is a separate microprocessor with its
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own instruction set that can be linked with 8086 systems for
high speed I/) contrcl of systems witn numerous I/0 devices.
The 8089 in general acts as a sophisticated and aigh speed
I/0 and CMA controller.

The 8088 is functionally equivalent to tae 8086. The
ouly difference is that the 8088 has an 8-bit external data
bus vice 16-bit and the instruction pipeline 1is four Lytes
long versus six. Internally the 8088 frocesses data and
instructions identically to the 8086 and all prograas and
applications jeveloped for 8086 systems will run on 8088
systems and vice-versa.

Irtel Corporatior is providing a family of processors
and coprocessors beginning with the 8088/8086 that are
upward ccmpatible. The next set of processors in the series
is the iAPX 186,188 (80186/80188). These two processors are
functionally equivalent to the 8088/8086 but additiorally
have several peripherai support chnips designed into the
microprocessor itself. The 80186/80188 series combine clock
generation, two independernt DMA channels, programmakle
interrupt <controller, three projrammable timer/counters,
programanable aemory-select and peripheral-select logic, a
programmable wait-state generator, and a local bus
controller Systems designed with iAPX 136/188 need approxi-
mately tventy fewer chips which siamplifies the circuit toard
design and reduces cost.

The chips also have improved internal design resulting
in significantly faster execution for many instructions.
Additionally, ten new instructions have peen aided for more

efficient coding of higher level languagjes. Address calcu- -
lations use a dedicated Lardware adder whicn significantly 3
increases the speed at which the bus interface unit can fill
the execution unit pipeline. Both <chips also have newly

Ad vy v N
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designed coprocessors the iAPX 187 and 139,
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Another microprocessor in the Intel family is the iARPX
286 (80286). This is a greatly improved 8086 rmodel
supporting one gigabyte of virtual memory and up to 16 mega-
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> bytes of physical memory for use in multiuser and multi-

o tasking applications. All memory management functions are
Fuilt into the chip. In development is the Intel iAPX 386
vhich will be a full 32-bit microprocessor and still rlan-
ning to tke upward comjpatibple with applications develofped for
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8086 systems.

B. 2ILOG Z8000 MICROPROCESSOR

The Zilcg 28000 was introduced im 1979 and is availacle

.,
A“"l'."""

from 2ilog Corp., and is also seccond sourced from Advanced

Micro Devices (AMD). 28000 1s the name for a family of
Processors.. The Z80 8-bit microprogessor 1is not upward
compatible with the 23000 as the 23000 employs a totally new
and different architecture. Zilog <claims however that

L

conversion of 280 programs to the 78000 is relatively
straightforward.

r

PR

r

The Z800) is also a true 16-bit =rmicroprocessor
supporting 16-bit data paths both intermally and externally.

! P

Additionally the Z80C0 instructions are either 16-bits or
32-pits wide with the instructions mostly word oriented

’
s

(16-Lits). The ALU is 16-bits wide and supports individual
bit set and clear operations in addition to byte and word
data tyres. The 28000 can directly aldress eight megakytes .
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of memory. The eight megabytes of directly addressartle

physical memory is divided into 128 segments of 64 kilobytes

each. The 128 segments is proviied by an additional seven

rits or address lines giving the 28000 twenty-three address -

lines (verses 20 for the 8086).
The Z8000 provides 110 Lasic iastructions implemented by -

random liogic. The instruction set can operate on 8, 16 or
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32 bit guantities and instructiosns vary in length from two
to eight bytes. The instructions however are rejuired to be
word aligned, which means tney must begin on even bjte
addresses and must have an even number oI bytes. The 28000
has eignt different addressing aodes.

The 28000 implements a single word pipeline. Only the
next single word is prefetched from memory into am instruc- L
tion pifpe. This canp only occur duringy the current instruc- N
tion execution and only if the current instruction does not
require the use of the address bus. Although this is not as
a sophisticated instruction pipeline as the 8086, ancther .
element of sophistication is added by ailowing the ,ii
preietcned instructicn to be decoded in the buffer. Zilog :fﬁ
calls the hardware portion of the processor that performs ’
this a Lcokahead Instruction Decoder aad Accelerator.

The 28000 containé a ﬁotal of tweﬁty¥tqu 16~-bit regis- iy

ters. There are sixteen general purpose registers. of

these, all but one of the registers can be used either as
accunulator, index pointer or memory pointers. Thus the
28000 does provide true gemeral purpose registers. In addi- L
tiorn the first eight registers can be accessed with either Z;ﬁ

byte or word values, and the first sixteen registers can ke
contined to form either eight 32-bit registers or four
64-bit registers. This allows the 28000 to easily perform
16-bit and 32-bit multiplies and 32-bit and 64-bit divides.
This also allows relatively faster string wmanipulatioa
instructions.

The remaining registers are composed oi two registers
for implied system and normal stack pointers, one progran
counter register (PC), one projram sStatus area pointer
(ESAP) register, which <contains tane seyment rnumber and
offset, one flag and control word register (FCW), and a
refresh counter register.
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The 28000 like the 8086 supports separate I/0 addressing
arnd also supparts 64 kilobytes of I/0 ports. Additionally
the 28000 has a special system mode of operation thnat allows
the addressiny of an addit ional 64 kilobytes of I/0 sfpace.
This additional 1I/0 space will not be considered for tae
single user evaluaticn, but should be added for multi-user
ard multi-process implement ations.

The 28000 supports 256 different interrupt types and
like the 8086 the interrupt pointer taples are easily modi-
fied. The pointer taoles are not stored in the lowest
segment of memory however, but rather at a locatior pocinted
to by the PSAP register upon systea initialization. The
28000 is currently available in 4 and 6 MHZ versions.

28000 is actually the general designation of a family of
21109 RiCroOrrocessors. The above descriptions apply to the
actual 28002. Zilog-offeré‘the 28001 ﬁhat pfoviﬁes a cougle
of extra registers that when comkined with the Z8010 Memory
Management Unit (4MT) extends the adiressing range of the
28000 to 48 megabytes of physical memory. This is acccm-
plished ry managing six segments of eignt amejabytes each.
Tiue MMU also 2llows randomly relocating tae 128 segments (64
kilobytes each) in any of the six larger segments.

C. THE MOTOROLA MC68000 MICROPROCESSOR

The MC€8000 was commercially introduced by Motorola
Semiconcuctor Division ian 1980. The MC68000 due to its
later release has gained a technological sopnistication
reyond the Intel 8036 and Zilog 28000. Tne MC68000 contains
a very complex internal architecture witnh over three tinmes
as many transistors igplemented in silicon over the 8386 and
zZ3000.

The MC6€&000 is more than just a 1lo-bit aicroprocessor.
The MC68000 has an external lo-bit data bus but is
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Ki internally 32-bits wide for all data and address registers.
i Therefore depending c¢n how classificatioa of the processor
is done the MC68000 microprocessor could be considered a
32-bit microprocessor. The ALU however is only 16 rits waide
and can operate on bit, byte, 16-bit word and 32-bit double
word Lkasic data types.

The MC68000 is packayed in a 64-pan chip and icplements
a separate 16-bit data bus and a fuli external 23-bit
address bus. The address bus is not aultiplexed with the
data tus as in the 8086 and 28000. The 23-bit external
address pins are used in conjunction with a 24-bit internal
program counter. This inmplementation allows the MC68000 to
have a cormpletely linear sixteen nmegapbytes of physical
adiress space. The address space is completely iinear in
that there are no segments that break the address space into
sep&ratély addressable blocks. All addresses are specified.
by the full 24-bit value.

The internal design of tae address bus is 32-bits wide.

The external 23 address lines were limited due to packaging
linits only. Therefore the MC68000 has the capability to
expand to a full 32 tits of address supporting four giga-
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kytes of physical uwmemory merely by changing the chip pack-
aging. No redesign of the interrnai chip architecture is
requaired.

The tottleneck in the MC68000 restricting 1t from teing
a full 3z-bit microfprocessor internally is the 16-Lit wide

’
PP

. ALU. All thirty-two kit operations zrom the 32-bit registers
must be accomplished in two consecutive cycies through the
16-bit ALU.

The MC68000 microprocessor tnerefore is basically a

1
tad

16-tit Jevice with significant extensions. The architecture
as implemented is not as symmetric (32-bat data and address
tus internally, only 24-bits addiress bus curreatly used,
23-bits of address bus externally, 16-bit exterrnal data cLus
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ard 16~bit internal ALU) as the 28000 or tne 8086, but
. offers a large physical address space and increased expan-
sion cppertunity.

The MC68000 has only 61 basic instructions which are
inplemernted in microcode. Instructioas vary in length from
two to ten bytes. The lovw rnumber of instructions is some-
vhat misleading in that there are a number of higa level
instructions that would regqguire the use of three or four
instructions on cther fprocessors. This advantage is offset
by the <fact that the ¥C68000 contains no specific string
manipulaticn instructions. More coambinations of MC68000
instructions and programming effort are required tc imple-
ment word frocessing functions. Instruction execution on
the MC68000 requires that instructions be word aligned

The MC68000 implements a single prefetched ipstruction

pipeline similar to the 28000.  Tae p;efétch mechanisa
contains enough information to execute current instruction, :
decode next executakle instruction, and prefetch the =

following instruction from memory simultaneously. The mech-
anism also attempts to predict the most 1likely address for
tranch instructions. e

The MC68000 contains a total of 19 registers. All of —~
the registers except the status register are 32-kits wiide,
with the status register 16-bits wide. The register set
contains eight completeiy gerneral purpose data registers,
seven address registers, two system stack pointers, a e

. Frogram counter regjister, and the status register. The two
system stack pointers are designated as a user stack pointer
arnd supervisory stack pointer.

All of the data registers cam be accessed as eitlker
kyte, word cr double word values. All addressing modes and
ipstructions can use any of the eijht jeneral purpose regis-
ters for ofperands. The eignt address regjisters allov easy ol
iaplementation of multiple stacks, data, and program areas.
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The MC68000 is completely memory mapped and offers no

separate address space for I/0 devices or ports. This is
not considered a restriction because of the larje address
space available. This does mean that iu a system implemen-
tation <certain areas of memory aust be reserved for I/0
control information. The programaer nust taen insure that
application programs do not interfere with the designated
areas. With the linear address space of the MC68000 keeping
data and program areas separated is totally the responsi-
bility of the progranmaer. There are no segments to allow
the placing of various program parts (program, data, stack,
I/0) autcmatically into separate areas.

The MC68000 suprports 256 vectored interrupts virtually
identical to the 8086 metlkod. A ipterrupt vector table is
located at the lowest memory addresses. Unlike the 8086 and
the 28000 Lowever, the MC68000 starts at the lowest address

to begin execution upon initial power on sequence. This

means solRe initial interrupt pointers aust be availakle and
fixed in a system RCM. Once loaded the interrupt vector
taple is as easily changed and nmodified as the 8086 and
28000. The MC68000 is now available in 8,10, and 12.5 MHZ
versions.

The MC68000 has a series of coprocessors available to
extend the capability of the basic processor. There are
also several versions of the basic 1C638000. There 1s a
MC68008 similar in concept to the 8088 that is code compat-
ible with the MC68000 but has an 8-bit data bus and utilizes
only 20-kits of address bus for one megabyte memory systeas.
The MC68010 is an enhanced MC68000 that supports virtual
meaory and wvhen combined with the MC63451 Memory Manpagement
Unit can additionally support up to 64 ¥B of address space

and sophisticated wuser and supervisor modes. Finally
Motorola is testing the MC68020 which is a £full 32-kit
microprocessor with 32-bit data, address, and ALU
capability.
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VI. EXASPLE 16-BIT COMMEBCIAL ORERATING SYSTEMS

A. DIGITAL RESEARCH Cp/M-86

Control Program for Microcomputers (C2/M) was first
developed fcr an Intel 8080 microcomputer system. CP/M was
later adapteld to 8C65 and 280 nmicrocomputer systems ani
tecame the de facto 8-bit operatinj system standard. NAVIAC
recommended that all 8-bit rmicrocomputer systems for general
Navy use be compatilkle with CP/M Version 2.2. There are
literally thousands of serious business applications
designed to run under CP/M and all CP/M systems can exchange
data with standard 8 inch disk formats.l

CP/M-86 is the version of CP/M developed for 16-kit
microcomputer systets using the 3086/8088 microproceséor.
It maintains virtually the same user interiace and command
syntax. Applications developed to run under CP/M 2.2 will
not run under CP/M~8€ without considerable conversion.

CP/4-86 is composed of three major parts. They are the
Basic Input/Output Orerating System (BIOS), the Basic Disk
Operating System (BDOS), and the Console Command Processor
(CCP). C(CP/M~B6 requires a minimum of 57 kilooytes of memory
in order to execute user programs. The CP/M-86 prograa
itself when loaded into an user machine occupies agfgroxi-
mately 13.5 kilobytes of KAM and the remaining FAM in the
user system is designated as tae Transient Program Area
(TPA) . Although CP/M~86 normally resides in the lowest
segnent of memory after the interrupt vector takle, it is
designed to be relocated in ary location as necessary.

CP/M-86 is designed such that the BDOS and CCP present a
common user interface in all CP/M-86 implementations. Tais
means tnat the BDOS and CCP are the same and implement their
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functions through calls
portion of
specifically tailored

dependent

picrocomruter systea.

device independent to

to the BIOS.
the operatiny
custonized

The BIOS is the device

system ard must be

or for each dirfferent

This design allows CP/M-86 tc afpear

the user or appiication rprogran.

Also, due to the simpilarity of tame BDOS and CCP in all CE/M

versions, users can immediately begin to use the C2/M cper-
ating systeas on a wide variety of microcomputer systems.
The BDOS is the nucleus

providing

of the CP/M-36 operating systen

W
-
-
-
)
e

the necessary routines to manage the

to it

seccndary

storage medium and act on commands passed from the

CCP. CpP/M-86 (Version 1.1) provides 49 different BDOS func-
tions. This includes 17 additional functions over the Ci/4
2.2 8-bit functions. These functions provide for suca

elenentary operations as open file, close file, rename file,
read random record, and bésic user consolie functions such as
real a character from the keylkoard and
All Cp/M-86

iaplemented by placing the function

display a character

on the CRT screen. BDOS fuanction calls are
nunber and other infor-
mation irnto designated registers of the 8386,/8088 processor,
and then issuing a reserved interrupt reguest.

The BIOS of Cp/M-86 provides 21 functions for the appli-
programmer. BDOS
through the BIOS, some of the BIOS fuanctions duplicate func-

tions availakle in the BDOS.

cations Because sonme functions pass

The two most notable examples

are character input/cutput froam the
The BIOS
because the BIOS contairs oniy

keyboard to the display
BDOS
enouga irformation tc¢ aardle

screen. does not duplicate the exactly

tne specific hardware functions of the system machine, while .
the BDCS provides many routines that do not function o
directly with system hardware. Some other examples of :Qy
specific BICS functions are select disk drive, track, and i%}
sector, or read selected track and sector. Thus the BIOS L
provides those functions necessary to deal with physical _ j
e
62 3]
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the user machine while
aspects of applicaticns prograss.
70 functions for the applicatioas

The Corsole Command Processor
all user

facets of

preting and acting on

keyboard. The CCP receives
parses tnpe input
system conmand, a command to load
prograa,

te nandled ty an errcr routine.

input fron
to determine if the input

the BDOS acts on logical
In total CP/M-86 provides
projramaer.
is responsible for inter-
typed from the
the keyboard ani

comaands

is an operating
and execute an application

or a command CP/M-86 does not understand that must

Tone CCP presents the user

interface for the particular microcomputer systen.

The CCP has
those comaands

two major parts.
operates on directly and are

ever
CP/M-86 calls these "Built-1In

when

and their associated routines
internal to the CCP.
routines and commands are immediately
the operatiny systen
Commands",

The first part contains
that CpP/M-86
These
available to the user
is loaded and active.
C?/M-86 contains

six such commands. There are two types of directory commands

which list the
secondary storage device,

rename file names, a command to list (type)

a file, and a
CP2/M-86 allows the designation of

tive file protection purposes.

names of either systea or user
two coamands to either

coamand to change

files on the
erase or
the contents of
the active user number.

16 user numzbers for priazi-

The seconl part of the CCP takes action when the current

comaand is not one of the
the CCP assumes that the command
execute a program ccntained on a
The CCP then
prograa.
zation routines
contrcl to it for execution.

CP/M-86 provides

them "Transient Utility Commands".
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built in coamands.

actives the device and searches

to load the progranm

thirt een external progjrams and

In this case
is a directive to load and
secoadary storage device.

for the given

If found, the CCP performs the necessary initiali-

into memory and pass

calls
These prograas provide
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status information for secondary storage and routines to
' transfer files from one device to another. There are .
several external prograas that provide functions not founi

@

iz many microcomputer operating systeams.

L g
s

These functions include a help program which provides an
on-line help facility for all CP/M-386 commands and their
correct syntax. This is a significant coantribution to user

friendliness for a microcomputer operating systen. An
Zi 80868038 assembler and debugger are also provided as part
B of the operating systea. These two programs cam cost

.
—
Vol

handreds of dollars for particular aicrocomputer systems
when they are not providel. CP/M-86 also provides a limited
line oriented editor for program developaent.

In the CP/M-86 implementation specifically for the IBM
Personal Computer, two additional external commands are
providéd. One is a wmenu drivern setup program £hat uses
function keys to easily set and assign system parameters,
such as commurication port initializations, printer selec-
tions and other functioms. The second commacd is a crint ..
utility that provides for limited virtual spooling of output ;Ju
for an attached printer device. 0

Current versions of CP/M-86 can support up to sixteen
attached floppy disk drives. The transient utility ccmmand o
"DISKMAINT" (for disk maintenance) is the CP/M-86 routine 57{
toat sets up arnd initializes floppy disks to the CP/M-86 L
format. This format will support eitner sirngle-sided disk- '
ettes or double-sided diskettes. The format routine 1in
DISKMAINT will format 40 tracks per side creating either 156
kilobytes or 316 kilobtytes of secoandary storage capacity iﬂﬁ
respectively. Cp/M~-86 divides a disk into thirty-two phys- .
ical sectors ard records 128 bytes per sector, reservirj one ??
track of information for interpal use. CP/M-86 will allow a %
total of 64 directory entries (files) per diskette. ' DA
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No support is cvurrently provided for hard disk drives.
However, most hard disk manufacturers will provide a custca-
ized version of the CP/M-86 BIOS to support their particular
hard disk. The file structure implementation and storage

Maburues o &
L]

Pty

capacities will then depend on the hard disk manufacturer.

B. MHICROSCFT MS~-DOS AND IBM PC-DOS

Micresoft Corp. developed the M35-DOS (Microsoft Disk
Operating Systean) orerating system under contract by IBM
specifically for the 1IBM Persona.s Computer. As such wahen
IBM relecased the Perscnal Computer the operating system was
sinply rnamed DOS (Disk Operating System). Because there are
some bminor dirfferences2 between the version that Micrcsoft
now parkets independently and the version for the IBM
Personal Computer,  the Persornal Computer version is gener-
aily referred to as PC-DOS.

When Microsoft developed PC-DOS the CP/M oferating
system for 8-bit micrccomputers was considered the de facto
standari. Microsoft wanted to maintain some CP/M compati-
- kility so that it would be easy for developers to corvert
d Frograms for the new system, buat also felt that CP/M could
be improved in a number of areas. The result is that PC-DOS
ard CE/4 or CP/M-86 share similar functional structure bat
differ on exact details of implementation and command
syntax.

- e
Lot

2MS-DOS and PC-DOS, are exactl identical version for
version to the applications programher. All internal furng-

S
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tions and operatin sgstem callSs are precise.y identical in
- operation. The only differences ace sdome command names that
g are slightly chan%ed'agd the addition or deletion of scme
: eLterna ;rogram utilities deBend;ng on a particular vendor.
Most systemS utilizin MS-

] y S 0S incClude an ob;ect module e
iibrary utilit that i not include in PC-DJ35. _ PC-20S T
allows tte linkipg of separate object modules or libraries |
but does not include the utility tO add object modules to an AN
existing litrary. RN
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lLike CP/M, MS-DOS is composed of three major parts, and
these parts are equivalent 1in purpose. I3M names tihese .
parts the IBMBIO (IEM Basic Input/Qutpat System), IEMDOS
(IBM Disk Operating Systenm), and the COMMAND Processor
{(Micrcsoit rames these parts I/0 System, MDOS, and COMMAND).

The 1IBMBIO contains the device specific information
necessary to communicate with the physical devices attacnhed
to the IBM Personal Computer. In the MS-DOS version this
also contains the necessary device information for the
particular machine implementation. Zp/M~-86 builds its own

set of Jjump vectors that perform similar to an interrupt
vector table. CP/M-86 BIOS functions are then implemented
through this set oi jump vectors. MS-DOS on the other hand -
implements all operating system internal fuactions througn -
the vector interrupt table of the 3088/8086 microprocessor.
MS-DCS reserves 32 of the 8088/8336 interrupts for its
oWl use. Cne of the intarrupts is reserved for operating

- ]

system function calls that act in the same manner as CP/4-86
BDOS functions. The similarity between MS-DOS and CP/M-86
is shown by the use of the same function numbers for a large
majority of the operating system calls. Because MS-DCS is
totally interrupt driven, the I/0 system remains more trans-
parent to the programmer than CP/M-86. As igplemented
MS-DOS makes no distinction between the I/0 system calls and
the disk orerating system calls. AS-DOS (Version 2.0)
provides a total of 120 operating system functions of which
83 <can ke considered user functions (MS-DOS reserves 24 _
icterrupts and 13 interrupt driven function calls Ior its i}k
own internal use). L)
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The MS~DOS COMMAND processor hLas been significantly :'q
expanded and siapglified over <CpP/4-86. The wmajor driving
factor rcr the current expansion 1S tnat the latest version #?
of M4S5-DOS provides internal support for hard disk drives. -
MS-DCS <contains 26 internal coamands and 18 external
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commands or operating system utilities. MS-DOS has incorpo-
rated more of the <common operating system functions as
internal c¢cmmands and attempted to simplify the command
syntax of these commands.

An example of this is the method of «copying files fron
one device to another. CP/M-86 provides a transient utility
command named PIP (Peripheral Interchange Prograa) to accom-
Flish this task. The syntax for use of the command is:

PIP device:lestination-file = device:source-file options
MS-D0S provides an interrnal command named COPY which the
syntax is:

COPY device:source-file device:destination-file options
From this example tle similarity between the two ofperating
systems can be seen. In jeneral however, MS-DOS provides a
simpler and easier understood user interface by employing
more Euglish-like compands tkan CP/M—86. Current versions
of 4S-DOS provide no help facility however.

Another difference is that MS-DOS does not provide 1its
own assenpkler. It is offered as a separate product froa
Microsoft. Microsoft normally substitutes its own BASIC
language irnterpreter with the operating system product.
MS-DOS does provide a simple 1line oriented editor (EDLIN)
and an 3088/8086 delugger (DEBUG). The latest versicn of
DEBUG (2.0) will assemble 8088/8086 and 8087 anemonics tut
offers no maccro or named address facility.

The major difference betweern CP/M-86 and MS-DOS occurs
in the manner tnat MS-DOS handles the seconiary storage
pedium. MS5-DOS can support up to 250 attached drives and
has built in support for hard disk drives. M5-D0S for
floppy disk drives will support either single-sided or
double-sided nediun. M5-DOS formats tae floppy disk mediun
at 40 tracks per side and either eignt or nine sectors of
512 bytes each per side. This jives d45-DOS either 160, 180,

320, or 360 kiiobyte drive capacities, A45-D0S does rnot
67
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reserve a dedicated track for its own use unless requested.
This allows more information to Le stored on 3Jata disks as .
] toe operating system itself is not stored on the disk.

%7 Normally MS-DOS willi allow 64 files per disk for
. single-sided disk or 112 files per disk for doukle-sidel
disks. MS-D0OS (Version 2.0) also supports a tree structured
file system that allcws the creation of separate directories
and sub-directories. This was implemented as part of the
support for hard disk drives. The result of the tree struc-
tured directories 1is that XS-DOS can support a virtually
unlimited numbter of files. The numper of files is limitel
only by the physical size of the storage mediuama and is not
restricted by the operating systen.

It is difficult to compare operating system features at
any given point in time because the manutacturers are
constantly updating them. The above comparisbns discuss two
relatively different versions of the two nanufacturers oper-.
ating systems. The prospective Navy purchaser should
realize that different versions of the same operating systenm
car have siganificantly different features and capability,
and should become cognizant of the differences berore
considering a purchase.




VII. CONCLUSIONS AND RECONMEFDATIONS

F. ' There are currently so many options facingy a prospective
ii Navy microcomputer purchaser, that to 3iecide upon one system
among the hundreds that are availabie certainly seems an
iumpossible task. Standards a4and guidelines developed by
NARDAC Norfolk, under the direction of NAVDAC, go along way

to eliminate some of the confusion ani lead the prospective
purchaser in a forward direction. NAVDAC Pub. 15, Economic

Analysis Procedures for ADP, provides guidance on hcw to
conduct economic analysis. The procedures described by Pub.
15 can te utilized to conduct analysis between the many
differing microcomputer alternative systems. It is recca-

mended however, that when 'conducting cost pen2fit analysis

cost Lenefit values be exarmined, put in addition, the
changes in benefits versus the changes in costs, Lbe examined
for the different alternatives under consideration. It is
reconmended that NAVLCAC Pub. 15 be updated to reflect tais
change.

A framework for the construction of a model to perform
the charnge analysis has been suggested using the functions
available 1in common spreadsheet type frograas. It is
further suggested that these prograams provile a means to
store and easily manage the now large amount of data neces-
sary in evaluating amonj nany microcomputer systenms, It is
hoped that the use cf these automated tools will provide a
positive incentive to perform a more complete and taorough
economic analysis. It is recommended that further research
Le done, particularly in the area of decision sugport
systems and tahe construction and integration of autonated
ecoromic analysis models not only for evaluation of

among many differing systems, that not only the absolute
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picrocomputer systeas, but to be iaplemented or micrccca-

Futer systeus. y
It is recommended that NAEKDAC Norfolk, having the micro-

computer systems and cost data availivle, be a starting

point in the construction of some initial working models.

Further, since NARDAC Norfolk wili begin teaching instruc-
tional <classes on the use of microcomputer spreadsheets,
tnat these classes will provide an excellent opportunity ror
the construction of a working microcomputer decision sufpport
nodel.
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