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CHAFPTER 1
INTROD .CTION

1.1 Problem

There is, at the present time, no definmitive guide Far
the selection of a Data Base Management System (0OBMS)] by a2
non-technically-oriented manager (Til, 78]. The problem is
thus the development of a model which will provide & basic
instrument for use in selecting a OBM3; one that assumes at
least 2 working knowledge ocf the use of computers at the

= 2xitensive
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=4

[
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management level, but that daozs rnot presuoto
computer-science level hackgraund.

The model should zllow the manager to apply weights
or devistions to differentiate the intended application
from the '"morm', yet provide an adeguate coverage of the
many areas which mneed to be considered in the selection of
.a DBMS. The mode)l should be of sufficient technical depth
to allow the manager to ask appropriate and realistic
gquesticns of <the vendor representatives, yet at a high
enough level that & mamager can use the model without a
significant amount of outside aid.

The model must recaognize that there are a very large
number of OBMS packages presently om, or soon to be on, the
commercial markset and thus must give the manager the
capability of eliminating -- witH a minimal expenditure'oF

time -- those candidate packages which are obviously not



suitable., It must, however, allow for an investigation in
depth of those OBMS packages which appear to be reasonable
and desirable alternatives.

Fimally, realizing that the user of the model may be
8 middle-level manager who must justify the selection
process for the final papkage to a higher-level manager,
the model must provide at least minimal cspability for
quantificatiorn of the various selection criteria, plus
enough supportive data on the selection methodology to

allow the hanager to adeguately defend the product of the

selection cycle.

1.2 Solution

The original concept entailed a single-phased
selection model plus a follow-up user-questionnaire to aid
in the wvalidation aof the model. Initial attempts to work
with a8 one-level model proved unsatisfactory, since there
was no provision for a minimal expenditure of time on
obviously unsuitable DBMS packages amd the dedication of
the maximum time on those few DBMS's which appearsd to best
meet the user's needs.

The model evolved 1irto a two-phased proposal: the
First phase, designated the "filter!", was designed ta allow
an almost cursory look at all of the available packages and
a relatively rapid elimination of those DBMS's which were

unsuitable; the second phase, which was designated the



"discriminator" was designed to allow an in-depth study of
those packages which survived the éulling process of tha
filter. As work continued on the two-phased approach, it
became obvious that there was an insufficient base of data
on the criteria applied by the "real-world' user in the
selection of @ D3M8 for a commercial application. There
was also a lack of data oﬁ those factors that a present
DBMS user would consider, in perspective of the experience
with a working DBMS, in the process of DBMS selection.

The prospective-user selection model was set aside and
a concentrated effort made to 1) ascertain wha3at factaors
influenced present useirs tao sslect the DBMS they were now
using, and 2) thcse factors which they would consider in
the re-selection process, haying gained familiarity with a
OBMS in a working environment. A user questiconnaire was
designed by the author, and, after some restructuring and
"re-evaluation of the format as a result of discussions with
the various committee members, the questionnaire was sent
to twenty-one praesent users of DBMS packages.

In order to minimize the number of independent
variables interacting within the selection process, the
users to whom the guestionnaires were sent were selected
from the lists made available by the vendors of three major
éurrently-available UBMS packages: MRI Systems Corporation
(System 2000}, Cullinare Corporation (IOMS), and CINCOM

Systems, Inc. [(TOTALJ. These three systems are listed in



the Auerbach Information Management Series on Data Base

Management as three of the '"tcp five!" DBMS'’s currently on
the commercial market, and they represent a relatively
diverse data base organization: IDMS representing the

0BTG-type network with CODASYL-type standardizaticon; TOTAL
representing a DBTG-type network without the rigid CDDASYL
standards; and System EDDd representing the hierarchical
OBMS with major inverteg-list structuring.

After a review of the responses to the questionnaire
by the twelve users whao reaturned the form, plus several
telephone conversations with the Data Base Administrator aor
equivalent at the uszr sites, a moderate restructure aof
the prospective-user mocdel was made. A few guestions were

found to be either inappropri=ste to the commercial user or

of minor significerce in the selection process. Several of
the five-point reting scale descriptors were either
reworded or changed in value, and two new questions were

added to the model to fill in previous gaps in the user
discriminator areas.

Further work with the revised-model indicated that the
second phase would have to be further broken down into
subordinate parts. The model, at that point, did nrot
adequately reflect the difference between user necessities
ahd user desires or sllow any intermediate-level rating of
user requirement criteria. With the expansion of the model

into an extendsd format, it was determined that the user



could nrnot be expected to remember and compare comments
provided in nearly twenty different areas. An intermediate
compaction stage was developed to parrow the critical
factors to be considered by the user down to five limitea
groups. This intermediate stage allows the user to limit
the span of decision comsiderations, while providing a
general explanation of the impact of various user needs on
the selection process.
The fimal model thus evolved into a two-phased, seven

part structure, as follows:

I. The Filter
A set of twelve questions to aid in the
rapid elimination of DBMS’s considered unsuitable

For the specific user application

IT. The Discriminator
A. User Requirements Section
1. Identification of User Requirements
2. Requirements Consolidation Farm
3. Explanation Section (to explain .the

impact of wvarious user reguirements on

selection criteria

4, Vendor Capability Form
B. System Features Section
1. Features Evaluation Form

2. System Comparison Form



1.3 Assumpticns

1. The model is targett=d for a user who has already
made a decision to securs a 03MS. Nothimg in the report is
related to ‘''selling"” either the concept of computer use or
the advantages of using a OBMS. The model presumes that
the management is at least generally Familiar with the DBMS
concept, has made = decisioﬁ to install a8 DBMS, and is naw
in the process of selecting the best OBMS for a particular
application.

2. The model is intended for the manager who is not
technically prcficient in the details of computer hardware
or softwars,. It is spezifically not designed to be of
sufficient scope, technically, for the computer analyst whao
must conduct an in-depth technical research of various
DBMS's. It assumes a minimal working knowledge of the use
of computers at the management level. The manager of =
' data processing facility should be able to use the model,
without the aid of technical analysts, either as an
independent management-level selection tool, or 8s an aid
in making a Final =selection from an analyst-prepared report
on several OBMS’s under consideration.

3. The model is system independent; it does not
assume any particular hardware, nor does it consciously add
Weight to 8 particular OBMS package or enginmeering concept.
It will allow managers with diverse vendar systems tao

assess the 0BMS's presently available for wuse on their



present or proposed hardware -- with their present cor
proposed staff.

4. The model is intended to be used as a guide; it
damands several value decisions on the part of the user in
the assignment of weight values for areas considered key to
the enterprise application. The manager is expected to be
familiar enough with the intended spplication to laogically
and realistically determine the apptropriate value for the
various decision factors presented.

5. The present-user gquestionnaire chapter is
provided as an indicator of what some present users of
DBMS’s have repotrted about the type of application in which
a particular O0OBMS is being used, the relative merits of
various DBMS features, and the value attached to selection
criteria at the time of purchase and subsequent to a
reasonable periocd of fFamiliarization with the system.

B. To provide a reasonable set of boundaries to the
area of study, many of the mewer or peripheral concepts in
data base technology were specifically excluded from the
report, such as the concept of distributed data bases,
back-end processors, OBMS's in the developmental stage, and
consideration of RAP and other special interest aress not

presently available to the germeral public.



CHAPTER &
A DBMS SELECTION MODEL

2.1 Introduction

This Data Base Management System (DOBMS) Selection
Model is designed to aid the non-technical manager in the

selection of the most appropriste DBMS for a specific

application. The model consists of two phases: Phase I is
a rapid evaluation "filter"; FPhase I1I is a detailed
"discriminator’. The user should be able ta elimimate the

ma jority of DBEMS’s on the commercial market, with a minimal
expenditure of time, by use of Phase I. All of the OBMS’s
which survive the filtering process of Phase I are then
evaluated in Phase II in an attempt to make a final
selection among the limited rumber of alternatives which
appear to be suitable.

Passage through the filter is primarily a '"go/no-go"
proposition; any DBMS which does not meet the minimal
critéria estaklished in the filter is dropped from all
future consideration. The second-phase discriminator
section allows the user to tailor the OBMS requirements
specifications to a specific intended application and
provides a guide for the quantification of user-specific
requirements to be applied in the final selection process.

It is expected that the wuser has had some management

experience with computers in the intended application



environment and is familiar with the more commorn computer
management terminology. Pricr to beginning the selection
process via the model, the user must be familiar with at

least the following areas for the intended application:

A, Present or propcsed "mainframe" hardware

B. Present or proposed suxiliary memory devices
C. The compiler langu=ge capability available

D. The skill 1level of prospective end-users,

2nalysts, and system maintenance personnel
E. If applicable, the absclute capital budget

ceiling for the inmtended application.

The general selection process consists of two phases
and a total of seven different areas of consideration. It
is suggested that the wuser study the model Flowchart {See
Figure 2.1] and the flowchart explanation prior to the

application of the model.

2.2 Explanation of Model Flowchart

The manager may apply the filter toc all DOBMS’s which
appear to b2 reasonable altermnatives for the intended
application. Any DOBMS's which do not meet all of the
-criteria within the filter are elimimated from further

consideration; =ll DEMS’s. All DBMS’s which satisfy all aof

the criteria in the Filter are passed to the discriminator.
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The discriminator phase consists of two general areas
of inmterest: the User Requirements Section and the System
Features Section. The User Requirements Section allows the

manager to tailor gereral specification characteristics to

the aspplication and then -- through the use of the Vendor
Capability Form -- to eliminate those 0OBMS’s which do rmot
meet the minimum tailoring specifications. The System

Features Section provides the manager with a formatted
evaluation scheme by which desired system features may be
assigned values and then the vendors’® capability to comply
with user demands is rated using the manager-tailored
System Comparison Form.

All DBMS's which have not been eliminated by the model
may them be submitted for & final cost-value analysis if

appropriate to the application.

2.3 Model Application Alternatives

The manager may choose to apply the model in one of
two alternative manners:
A. Independent Manager-level Selection Process
If the manager intends to conduct the entire
selection process, the model should be used in its entirety.
After securing a list of those 0BMS’s currently available
(Slo, 77; Tan, 75; Boy, 77; Com, 78), the manager can apply
the Filter to elimipate all unsuitable candidate ODBMS’s.

The discriminator is then used to provide a framework fFor
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Bn in-depth study of those DBMS’s which pass through the

. Filter phase of the model,

B. Decision Aid Process
If the subordinate-level analysts have made thé
inpitial study of DOBMS's available for use in the intended
application, the manager may delete the entire filter
process., Phase 1I may be used to provide the framework for

8 decision study for final selection of a 0OBMS from a

limited number of candidate packages. Since the manager
L3 i

can apply =application-specific wvalues ta the various

selection criteria, the use of Phase II will provide the

manager with some measure of quantifiable support for thke
presentation of the final recommendation at the higher

management level.

2.4 The Filter [(See Figure 2.2)

A, Hardware

Is the system presently in wuse, in a commercial

environment, on your vendor mainframe ?

If you now have, or are planning a8 change to one of
the IBM 360/370-series mainframes, there is a relatively
wide range of available OBMS packages. If your mainframe

is from another vendor, or if you have older equipment or
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are planning to use a mini-computer, this question is one
of the primary eliminators of the majority of candidate
0BMS packages.

In order of discrimimatory difficulty, the question is

three part: is the OBMS compatible with your type of
vendor mainframe; presently running on that mainframe; and

meeting acceptable demands in & commercial environment. It
is not uncommon for smaller software hﬁuses to advertise
compatibility on equipment based on a care#ully-controlled
limited-user, laboratory simulation. Some vendors have
advertised compatibility for hardware for which Few other
systems are available when they believed that they could
get their package to work on that hardware. Unless there
is sufficient <time and money to subsidize this research,
demand the names of commercial establishments who are
presently using the 0OBMS on the intended application type

hardware -- preferably for the same type application.

Does the system demand peripheral disk or drum

memory 7
_—

This is oriented at the smaller user who may not have
disk or drum peripheral memory devices. If the intended
system uses magnetic tape or any of the floppy disk units,
demand the rame of a commercial user who is using the DBMS

with that specific type of device. Any system which
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advertises '"'rapid retrieval" (less than five seconds)] can
be expected to demand a random access memory (RAM) type
peripheral device -- or 3 very large amount of add-on main
memory capability. If the DBMS is to be used in a multiplé
user, simultaneous operation, or there is a demand for
rapid retrieval on any but the very smallest size data
base, the system will almost certainly require a RAM device

to avoid tedious search routines and extended search times.

Is the system compatible with the caompiler language

you now have 7

If there is a significant ﬁresent investment in active
programs or if the programming staff would require an
extensive retraining program in a new language to work with
a particular DBMS, the inability of that DBMS to interface
with the current language should be cause for elimination
from future consideration. The conversion costs for data
and storage medis, plus the applicaticn‘programs, is likely
to ocutweigh any benefits derived from the DBMS -- unless
the acquisition of a DBMS is a planned portion of a major
system upgrade or overhaul. Efficiency of retrieval would
be seriously hampered by any interface package or by any
"patching”. Select a DBMS for which the vendor can provide
a8 list of users who are limited to your present compiler

languages.
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System requires less than ---k of main or auxiliary

memory (with your maximum space as the criterian].

Calculsate the maximum memory storage space which caﬁ
be realistically devoted to the OBMS on a full-time basis.
Inverted lists, chains and rings tend to expand as the user
becomes familiar with the capability of the DBMS; make sure
that there is sufficient memory space for the expected
Future expansion of system-required pointers and links as
well as the application data expansion.

Binmary-search systems may demand that all of the data
be maintained in core to reduce retrieval times; the system
may degrade to nmear-uselessness if it is required to lock
up indices in main memory and trénsFer control to suxiliary
memory devices to locate the actual data. The constant
switching of control between main memory and auxiliary
memory devices freqguently results in "thrashing', which
can nearly stop the processing of data for the user. of
note, however, 1is that the relative memory costs are
shrinking rapidly. If the intend=sd application is for a
small data base which will expand over a period of years,
simple memory requirements may be more cost-effective on a
"sliding-scale" acquisit;on plan: use a smaller memory how

and add on memory in a few years when it is much cheaper.



17

B. Staff Experience

Actual end-user ~ skill required is within the

capability of persannel who will query the data base.

You must know the lowest level- of skill likely to be
possessed by a potential end-user in the application for
which the OBMS is gb be used. If only analysts will
access the data base, even in the future, the end-user
skill required may be realistically allowed to stay high.
If there is the possibility of aliowing personnel who do
not have an éxtensive computer background to have access to
the system, an English-Like, simple and straight-forward
query language Ffacility may be a requirement. If you are
shown a '"new" query language, check with present users for
system efficiency. If the gquery language demonstration is
part of the vendor sales pitch, demand a demonstration of a
non-standard query; look at the information available in
the sample data base, and ask for & response which would
not be one of the standard vendcr—prEpaEed replies.

Even if your application end-users are relatively
uﬁsophisticated as to computer experience, if there is a
limited set of queries which will always satisfy demands
placed on the system, there may not be a need for an
expensive "user-friendly" language facility. If there is

the intent to use the DBMS to solicit non-standard data
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combimations from the data base in order to aid in some
decision process, it may be best to limit selection to a
Qery high-level query languago or a relational-typs data

base.

System‘ maintenance skill required is within the

capability of the present staff.

This area is almost totally application-dependent. IF
the application demands a large number aof insertions or
deletions of data in a relatively short time period, find
out the skill level reguired for optimizing the insertion
process or compacting the data base after a series of
deletions. IF thera is a requirement for retrieving some
data very frequently and maintaining some other data for
only infreqguent retrieval, determine what skill level is
required for optimization of data storage location. If
‘there is a fluctuating requirement Ffor frequency of data
retrieval for the same set of data, determine the skill
level to effect amn algorithm whereby data camn "migrate™
from gquicker-access areas to slower-access areas or the
reverse. (A good example of this requirement would be an
airlines reservation system, which demands a moderately low
frequency of retrieval for flights next monmth; a very high
#raquency for the same flight "tomorrow'"; and an almost

non-existant need for retrieval after the Flight has been
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completed.)

Total man-hours required per month to maintain the

sxstem.

Because the fFilter is arranged in a relatively larger-
to-smaller-mesh order, it is unlikely that you will have a
significant number of systems to evaluate by this point,
so talk to some users of the 0OBMS. Contrary to general

memory costs, labor costs are rising rapidly, and an

extensive maintenance requirement is likely to become s

ma jor cost-effectiveness factor in future budgetary
considerations.
C. Capital Expenditure

Minimum purchase or lease price for the basic package

fFor your specific application.

At the filter level you should not be overly concerned
with exact price comparisons or specialized add-on features
pricing, but you must be aware of the budget limitations
under which the selection process is being carried out.
This question does not deal with the cost-value or aven
cost-effectiveness consideration; it is oriented at the
elimination of amy DBMS which is totally unsuitable for the
intended application as a result of major differences

between the minimal system cost and the maximum cost
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ceiling for the application.

Annual maintenance costs, if conmtract available ?

Can & maintenance contract be purchased from thé
vendor, and, if so, at what cost? Many of the smaller
vendors sell a software product for which service is not
available. Evaluate the staff which will support the 0OBMS
in the application environment: if the staff can maintain
the system without any help from either the vendor or the
software designer, the maintenance contract may naot be a
necessity. If there is no maintenance contract, however,
make sure that there is a contractual provision for your
receipt of a copy of the sourﬁe code so that an in-house

maintenance system can be developed.

Additional expense for peripheral equipment ar

training of personnel for the application 7

Does the system demand knowledge of RPG ar a similar
report generator in order to get a formatted output? Does
it interface with the peripherals persently available, or
will there be 8 need to purchase additional hardware to
accommodate the system? If the system is a CODASYL-type
OBMS, are the application personnel sufficiently familiar

with COBOL that they can easily adapt to the COBOL-like
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structure, or will there be a major retraining requirement

to satisfy the language-related requirements of the system?
D. Vendor

This is & main line business for the vendor, not a new

lime or a minor side line.

Software production is not limited te the '"normal”
computer hardware firms. A tractor company with a large
computer installation may decide to market a DBMS designed
by its own DP staff. The DBMS may be a very good one, and
it may be reasonably priced, but the potential buyer must
be aware that the software package is only incidental to
the main bugsiness of making tractors. A failure to achieve
éatisFactcry sales in the soFtwére market may result in the
dropping of all interest im the OBMS. Do not look at the
parent organization size, but at the size of the enterprise
which provides +the 0BMS service. Even an established
software house may have a relatively untested product which
proves to be umnacceptable on the commercial market. Even
if the DBMS is a product of a major hardware vendor, there
is no guarantee tHat the OBMS will continue in the product-
line. The large hardware vendor has the major vested
interest in the hardware products; if it is determined that
a new DOBMS is both more efficient and demands four more
disk drives than the previous data base package, the old

line of software may be quickly dropped.
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Vendor has been in business for more tham four years.

This discriminator is based on the relative failure
rate of new businesses. It is wvery difficult for a rnew
businéss to weather the first few years. Any business that
has remained in existence for more than four years has a
higher probability of remaining in business than one which
is just starting out. Again, however, this is application-
dependent: if the staff is fully capable of debugging any
problems in the future, and the source code is available, a

new business may provide an efficient and less-expensive

alternative For your application. If there is any doubt,
at least consider an agreement whereby a third party that
is aceceptable to you holds a copy of the source code -- to

be released to you in the event of a business failure by

the vendor.

N\ 3

/\&Vaﬂdar listed with high credit rating in Dunn and

Bradstreet, local Better Business Bureau, etc.

This is a different approach to the same problem of
dealer reliability, and the decision as to the relative
importance of &a good credit rating on the part of the
vendor is based on staff capability. If the staff can
maintain and debug a system that is available for half the

price of the average major-vendor package, it may be a good
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bargain. Consider the additiomal problem of loss of
service through civil &action by another Firm if there is

any doubt about the reliability of the vendaor with whom you

are dealing. IfF 8 theft or infringement of anocther
vendor's software is proven, you may be faced -- at a later
date -- with the option of surrendering the DBMS or buying

the system rights to the system you have been already using

from the lawful owner of the software.

2}54 Explamation of T=rminology
| A, Introduction
An  implicit assumption of the DBMS selection

model is thact the potential user of the model is at least
moderately familiar with general hardware terms -- bytes
and words, disk or drum suxiliary storage devices, relstive
and direct machine addressing, etc. It cannot be assumed,
however, that the prospective user is totally familiar with
" more advanced concepts in the data base area or the newer
Field of Data Base Msmagement Systems. One of the primary
target users of the model is the manager who has a minimal
level of experience with a 0BMS.

This section describes in general terms the three
broad classificaticns of data base organization -- network,
hierarchy and relational -- and explains some of the higher

level problem areas associated with each organization. | If

the reader is Ffamiliar with 0OBMS, this section may be
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skipped, although =a light scan would confirm that the
reader =nd author are using terminology in & compatible
sense. If the reader is a new DBMS user, this section
should be studied in depth; it is not intended to be a
comprehensive definition of data base or 0BMS terminology,
but it may point out areas with which the reader is
sufficiently unfamiliar to warrant some further study prior
to the use of the "'discriminmnator!" phase of the selection
model . |

B. File Management vs. DOBMS

A description of the data base sometimes given is
that of a8 '"pool" of information ip which the various users
go fishing for information. For a casually-interested
observer this definition may suffice, but, because of the
demand for a logical structure for the data imposed by the
storage and retrieval operations conducted by the computer,
a more definitive concept is required by the manager.

In the data base not serviced by a D0OBMS, each user
_would access the data poel through some set of common
access methods. Any user familiar with the common access
method set could access any data residing in the data pool.
There is a total lack of data security or independence,
plus an obviously unacceptable assumption that every person
who needs access to the data is familiar enough with the
computer structure to select the appropriate access method

for that specific data.
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The O0OBMS is an intermediary; it bridges the gap
between the user and the way in which the data is actually
stored in the computer. It consists of a set of procedures
anq data structures which isolate the user application from
all_o# the computer-operator details of storage, retrieval

security and hardware characteristics. The OBMS sllows a

person unfamiliar with computers toc access information held

in the computer with & minimum of knowledge. It also
‘-_____——-'————___,_____.______
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provides a set of safeguards that preclude users from
accessing information which should not be released to them.
In a graphic representation, the common access method and

the OBMS method would look like Figure 2.3 below:

Application 1 common File 1
Application 2 access File 2
Application 3 method File 3

Application 1

data base

Application 2 DBMS

Application 3

Figure 2.3

The DBMS introduces the concept of data independence

from the physical memory organization; the user does not
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need to know anything about internal computer architecture
or computer data logic. This physical data independence
makes it easier for @ user un access data, while hiding

data which is unauthorized Ffor that user.

C. General DBMS Organization
Any DOBMS provides some measure of physical dats
independence, but the manner im which the logical view cf
the data is presented to the user differentiates the types

of DBMS’s inmto two different conceptusl categories. In the

first category, the computer looks at the actual content of
each record and retrieves every record which contains d=ta
matching some user-defined set of criteris; in the second
category, tha computer traverses a set of links or pathways
through the records which has been previously mapped by the
user and retrieves the data at a user-specified leocation,
regardless of the content of the data at that location.

The first category., computer search aof actual data
content of each record, is normally called a relational
data base architecture; the retrieval of data is predicated
on some relationship bstween the searched-for record and
some user-defined guidelines. The second general type of
architectural category, in which the computer traverses
some pre-defined path and retrieves the data residing at
s user-specified location, 1is more complex for the user.

It demands some understanding of Fow information is
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physically stored in the computer, how the computer jumps
From record to record (traverses the intérccnnecting paths)
and the ability to initially construct the paths so that
there is some correct route through the data base to all of
the required data.

Martin uses a taxi driver and passenger analogy to

explain this relstionship. If the passenger desires to go

to the movie "the Godfather", the only command necessary

i for an experienced driver would be, "Take me to ‘thes

Godfather’". Even if the movie had been changed to another
theater, the passengsr would not need to be aware of that
information; the driver would find the correct theater.

With a8 less-knowledgeable driver, the " passenger might be

e

required to know the thsater where the movie was presently
playing and ask for the specific théatar; the driver would

.. then find the address for that theater. With & third

driver, the passenger might be required to loock up the

‘address of the theater and tell the driver to go to a

bl /specific street address. Fimally, with the totally

inexperienced driver, the passenger would be required to

give full directions: "Turn leFt.at the next corner ......
drive Five blocks .... turn right .... etc." {Mar, 78)

The passenger in the analogy is the application

programmer _ar user, and the driver is the software which

intarprets requests to the data base and finds the

ST TR S e

"address" of the data desired. In the relational data base

s

M

— i

A
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the user need only know what type of data is desired; the
—_— T e ————— e e

DBMS will take the appropriate actions to find the record

im -which the data is currently residing. In the second

—_———
ahchitectural type of data b?ffjm_tha passenger -- or user
o# the data base -- must have; as a minimum, the name of
the memory area in which the data resides. At the most

inefficient OBMS level, the final driver version, the user

must have the ability to specify the entire linkage path
e s e ey

through the data base to the physical storage location of

i e R oz e

thgrggtﬁrdesired.

This second general type of data base, in which the
user must have scmej knowledge of the manner in which the
daté is étcred, is normally broken down into two named
types of data bases, with the type based on the structure
of the 1inkage- paths. If the data is arranged so that
there is generally only one path into & record area, the
data base is said to have a "tres" or "hierarchical”
structure. If the data is arranged so that there ﬁay be
"many paths into any given record area, the structure is
called a 'metwork" or "plex" structure.

D. The Relational Data Base

Probably the most familiar way in which data is
represented to a viewer is the table or "flat File", The
relational data base uses a tabular or flat file format,

with the modification that each "column" must bhave a
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distinct name and that no two '"rows" may contain the exact
same data. This last requirement, the distinctive or

unique row, is based on the "entity" concept cemntral to the

relational method of data retirieval. Since the relational
model looks at data content, not at record identification
or address; tha only way a record can be unique is for the

combimation of data contained within the record to be
unique. An example of 2 simple relational dsta base would

be as shown in Figure 2.4 below:

Part Number Item Color Price On Hand

334-4587-2 Widget Blue $1.45 2,000

334-4587-4 Widget Green $1.32 450

334-45294-6 Fangle Blue $1.45 1,800

Figure 2.4

Many relational data bases use a "user-friendly" set
of Epglish-like commands to access data. Through a series
of either "relatiomal algebra" or 'relational calculus "

operations, the software associated with the .0BMS allows

the user to make gueries based on the relationships between

T T s vy — e L e =TT

the data desired and the content of the records stored in
the data base. For the simple data base shown in Figure
2.4, the user could ask: "Give me all the information

about Part Number 334-4587-2"; "Give me all of the Part



Numbers of Items whose Price is over $1.40; or "How many

Widgets are presently 0On Hand?' The relational OBMS offers
- - T

a8 capability for flexibility not matched by any of the

other systems, since no user needs to bse aware of the
._..4.————'——"’_ s S TR e e e e e e et

o g e i et

connections between records, but only of the data name

—————

abnut which information is being rEquested. The relational

ODBMS thus has the capability of offering the user the
freedom to make almost "free-form" reguests: "Give me the
Item name of all Items which are Green, with a Price aover

$4.75 and with a present On Hand value of nQer 1500." The

user-level simplicity is the major advantage of the

T e e ST
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relational data base; no other type of data base can offer

this user-friendly capability for gueries without a complex
query front-end package as an optional feature.

The relational data base has, however, a significant
_—"_ﬁ*"’_‘—r—'

disadvantage: the extra stnrage spsce requirement demanded
e

as a result of the need Fcr every recard to contain all of

PRy TS e L S o A i, S T e

the pertlnent inFormaticn. If there were five hundred

different combinations of colors, prices and parts numbers
for "Widgets", every unique combination record would need
the sotrage space allocated for the repeating name of
"Widget". if the parts inventory of a large cancern
cnntéinad a hundred thousand line numbers, &and the space
allocated for the item name was only thirty characters, the
extra storage required for the redundancy of that single

item name would be, for a standard mini-computer disk drive
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system of 10 megabytes, two extra disk drives. Additional
- redundancies could normally be expec&ed in a working data
base, further increasing the demand for extra storage
space.

The logical 1layout for a relational data base is at
the most simplistic level, and the skill-level required of
the programmer or user is relatively minimal; the extra
storage space demanded for a large number of different
types of items may be prohibitive. Although there are no
relational DBMS's available on the commercial market at the
present tims, primarily EEM?M“EE§”45~~9f~-tbﬁ'ghgmgndous
overh??d costs, the cost of memory is decreasing rapidly
and the relational datgapggamisaﬁa;tfbyﬁmanyftg—be*%ha\gng#

——

base of the 1980°s. And, as pointed out by Stocker, as the
e

—

data redundancy is raised [value is stored instead of the
address reference), searching becomes cheaper (Nij, 77).
For a Firm which spends a8 major portion of the computer

time searching the data base, particularly if requests are

unique and not a repetitive standard query, the decreasing

costs of memory are likely to make the relational data base
o _

the best choice in the near future.

ék The Hierarchical Data Base
The hierarchical model can be visualized as an
upside-down "tree". The trunk of the tree is the general

data base; the major branches of the tree are the major



subdivisions of the data base; the smaller branches which
radiate from the larger branches are the records contained
in each subdivision; and the leaves are the data areas
contained in each record. A simple hierarchizal data base

could look like Figure 2.5 below:

Figure 2.5

Hierarchical Uata Base Structure

Each level is the "parent" of the next lower level;
each '"child" of a higher level then becomes a '"parent! of

the level below itself. The major advantage over the

relational data base is that the data contzined in any
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given '"parent” record is only stored once for the entire

5 e S S A rn * s 1 e
e e, e P . ] .

parent-child set, which eliminates & considerable amount of

T e et

required storage space. The programmer who constructs the
M——’\___‘___—____,___MW, T
data base, however, must bz familiar with all1 of the ,

-

possible paths into and out of the specific data areas:

i e P T T

- e
- .. B
e e e

there is no way to get to "M' without going through -- in

order -- "A",  then "E" and finally "K".

The hierarchical dsta base is relatively easy to

visualize in small pieces, but may be difficult to &y
T e e e S T o e g

L

eonceptualize ms @ whole if th dete bmss is very large.
It is easy to see that "L" is the fFirst piece of data found
in the "YK" record; it may b= difficult to follow a twenty
level tree to get down to the "K" record. And, since the
DBMS retrieves wnatever data is at the specified location,
a request designed to retrieve "L" which incorrectly

specified a route throcugh "J4" instead of through "K" would

return a "no data present" response, since there is no

"child below "Jv, As a consequence, the programmer who
designed a utilization program _would nesad to be sware of
Sffffiz”fDE:EfEECH of  the P?EQFQ¢bﬂﬂﬂﬁs&ﬁéﬁgﬂﬂiggjijgdibE
data base. |
—

F. The Network Data Base
The network or "plex" structured data base is

similar to the hierarchical dats base model in that there
i Tar _ .

is some form of "parent-child" relationship between records




which is expressed at the physicai storage level as a

pointer or link connecting the records. The major Factor

wTEEEdEEEEiEQE;shas the network-type data base from the

hierarchical data base is that the network -llcws a "child"
m—“‘"w—-—' YRS e A T T e

to have any number of parents- there can be any number of
__/———--.__-_-a-ﬂ’-—' 7 e et e e S TR

rd fﬁ; e
links between two recard tﬁpes Thus, the hierarchical
N S r—,
data base from Figure 2.5 cuuld be connected -- as a

network model -- as shown in Figure 2.6 below:

Figure 2.6
Network Dgta Base Strqcture

Note that YE" is not longer connected with "A" as in

the more strict hierarchical model, but that "I" has two
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"parents" -- both "O" and "E"; that "G" is a subordinate
member of the "A" set as well as the "C" set; and that none
of the records are restricted in the superior (parent) or
subordinate (child) records with which they can then
ba'coﬁnacted.

Networks have nearly arbitrary connections, and, as a

e~

direct result, there is not infrequently a serious problem
- =

in "mpavigating" through the structure of the data base.

If the program specified that all of the "child" records
for "C" ‘in Figure 2.6 should be retrieved, there would be a
total of four records returned: "F", g, MH" and Y“K".
It is likely that the programmer would not be considering
records "H" and "K" as members of the set subordinate to

record "C", since they appear to be subordinate to sets "DO"

and "E"; the program, however, would follow the access
links and retrieve all records linked to "C". There is

almost always the requirement for the .combination of an

"imtelligent program" plus a knowledgeable user (Wie, 77).

There is also an increased probability that a minor error

on the part of the programmer may misroute the computer
T TTT——

path to the point that the entire data base may "crash",

i
—

requiring a complete reload of the data base -- an

expensive and time-consuming indicator of program errors.
... S

———

W s ___—F_M—’MM < e
down the retrieval time if an incorrect access path is

chosen.



36

A sub-set of the network data base is the 0BTG or
mﬂwﬁﬂn“’d“"ﬂ"m = %Mr‘mm—”-
CODASYL-type network data base. The Data Base Task Group

——

(DBTG) of COUDASYL has establiushed guidelines under which a

"standardizec" network data base should operate. To be

considered a CDDASYlL-type network, the data base must be
M e St

modified in several different areas: 1] it must include

the concept of a Data Base Administrator (DBA), who designs

the entire system and sets the limits of the data base
visible to specific applications (the sub-schemas] via a
Data Defimition Language unavailable +to ‘the individual

applicetion; 2] there must be a total separation of the

overall view of the data base [or schema) From the
e el . IOy et T

individual user view or sub-schema, w;th users PEStrlutEd

e i e

to & separate Data Manipulation Language (DOML]); 3) there
e —

is a restriction on the inter-recurd relationships allowed,
somewhat similar to the hierarchical model, in that record
links may flow in only one direction (e.g. from "parent” to
.“child"]. Unlike the hierarchical data base restriction,

o i % e

however, the CODASYL-starndard restrictions do not limit a

e N P B o At Yt i A o S
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record to a single parent as 1ung as the parent record 15
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from 8 set other thanm the one in whlch the Chlld is a
e T T ——————— i s e o e p—

member. The CODASYL concept also includes provisions fFor

DBA-controlled privacy locks down to the fField level (the
actual data field contained in any given record), and the
capability for utilizing virtual ass well as actual results

for procedural mathematics.
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CODASYL-type networks thus limit some of the forms &
data base may assume, and, in the case of a complex [N:M)
relationship between records, may require the addition

of mew records to circumvent the linkage restrictions. The

advantage of the CODASYL network is that there is at least
il S

an attempted industry standard around which any vendor can
. B mman S

structure a new data base. The programming language is the

same for all machines; programmers who know COBOL and the

o B, B B ot gt

e e ey P

CODASYL restrictions can change jobs without retraining.

e i e T o T TR

Additional long-term advantages of CODASYL-type data bases

e e e S ——— e —————

are that hardware changes do not require a change in

[ - -,

application programs; parts are interchangeable (magrnetic
B e
tapes and plug-to-plug compatibility of storage devices);

dats is interchangeable over a network; and procedural
- - =

differences between different data bases are minimized

(Fry, 76). Also, because of both the COBOL-type commands

and the requirement for & world-wide standardization, the

US government has adopted CODASYL as the governmental
e

standard for data bases.

G. Higher-level File Organizations
The demand for more efficient and more rapid
storage and retrieval mechanisms has, in many instances,
outstripped th; capabilities of present technalogy to
provide the service demanded by the user. As a result,

several second-file or higher-level file organizstions have



been developed as extensions to both the hi rchical and
the network data base concepts. The major recognized fFile
P . et -

organizatinn techniques in use today are:

1) List and multilist organizations

2) Partially or fully inverted organizations

3) Ring and chained-tree organizations

(car, 79)].

The simple 1list is a structure which links data
elements or records of like type through the use of
pointers‘ included within the record itself. Ornce the
program has located the first record of any given list, all
of the remaining members of the list can be retrieved by
following the "nmnext-record-in-the-list" pointer contained
within the record presently accessed. Normally a special
end-of-list "flag" indicates when no more records follow
the record last retrieved. The multilist organization
involves several lists, and enables the user to access any
record in one of the lists and then "thread" through the
cther lists as necessary for data retrieval; multilist
organizations are sometimes called "threaded" organizations
as a result. (See Figure 2.7)

The inverted-list technique involves the building of
exterior index lists to those sets of records frequently
accessed. If a manufacturing company frequently required a
listing of sub-assemblies manufactured by the various

suppliers, an inverted list for each supplier could be
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Oon
Rec # Part Nbr Item Name Color Next Price Next Hand
21 {334-4587 | Widget B .ue 22 1$1.45 | 24 |eo000
J
22 | 334-4592 Ring set jBlue 29 |$1.03 25 300
LS )|
e
23 |334-4534 Ring set | Red 27 |$1.18 38 1200
'N l—_*
.
24 | 336-7gg2 Bolt: Green 25 1%$1.45 End 150
\\& {
25 | 338-9832 Screw !Gr—-een 33 1$1.03 76 200

I

Figure 2.7
Muitilist Organization

constructed which contained pointers to all of the parts
.prcvided by esch individual supplier. The retrieval time
for an inverted list is limited to the exact number of
records presently on the list, since the search stops at
the end of the list. If & portion of the data base is

inverted, the structure is called a partially-inverted data

base; if all of the records within the data base are an
some inverted list, the data base is s3id to be Fully
inverted. Invertea lists require additiomnal space for

the index structure and pointers to the various records i

therefore, a fully-inverted data base is likely to be a
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wasteful extravagance. [See Figure 2.8)
Blue Green $1.45 $1.03
Items Items Items Items

21 24 21 22
22 25 24 25
29 33 end 76
etc. etc. etc.
Figure 2.8

Inverted List Drganization

The ring structure is primarily a list in which the
pointer in the final record points back to the record at
the head of the list. The ring has a minor disadvantage in
that there must be an extra mechanism to identify when one
complete circuit has been made of all the records; without
this "all-records-read" indicator, the retrieval process
would stay in an infinite loop. The major advantage of the
rimg is that the loop can be entered at any point. 1In the
list structure, the retrieval process is rEquifed to find
the first record in tha list before proceeding to read any
other records. In the ring structure, once any record in
the ring is located, asll of the remaining records in the

ring are available through the pointers. (See Figure 2.9]



41

Data Ptr

Data FPtr
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Data Pt

b
Figure 2.9

Ring File Organization Structure

The chaimed-tree structure is a complex structure in
which pointers are arranged in a hierarchy such that each
pointer set includes a pointer to both the subordinate
generation and to the next member of the same generation.
The lowest-level of pointers in the chained-tree points to
the actusl machine location of the records contained in the

chained-tree; this eliminates the the need for any key
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or index mechanism to access the records.

An additional extension is the use of doubly-chained
or bi-directional pointers ir the liéts, rings or trees.
One of the shortcomings of the single-direction peinter is
that a hardware malfunction in the read-the-pointer
sequence may cause the loss of all subsequent records in
the list. In the doubly-linked list or ring, there are two
pointers stored in each record Fisld area: ore to the
record which follows and one to the record which preceeds
it imn the list. IFf a bhardware malfumction drops one of the
pointers, & recovery mecharism can use the remaining link
to rebuild the entire structure. (See Figurs 2.10)

From a performance svalustion standpoint, the rimg
increases the capability of the "read-next-record" segquence
but may degrade noticeably if all of the records in several
interlocking rings are needed. Since sach pair of rings in
an interlocking ring structure intersects at a record, the
-record at which the intersection occurs must be read each
time a transfer is made from one ring to ancther (Wie, 77).
The multilist organization 1is not as cost-effective as
either the inverted-list or dcﬁbly—ghained crganization;
it takes as much storags space as s inverted file and more
storage space than a doubly-chained structure, yet its
access time is slower than either (Car, 79). The doubly-
&hained tree is more cost-effective than the inverted list,

however, and may, under special circumstances actually



a3

Data Ptr |Ptr

Data Ptr|Ptr

$\
“W’\*

Data Ptr|Ptr

,

Data Ptr |Ptr

Data Ptr| Ptr

Figure 2.10

Doubly-linked Ring Organization Structure

require less actual space than the original sequence of
records (Car, 79). It also has a significant advantage
during an insertion or deletion sequence, as the inverted
list requires that updates be reflected in both the index
and in the record if any key is altered.

The inverted list is more eFFiqienf for insertions or
deletions than the doubly-chained record if there is a

change of "nmon-key'" data elements, since the ohly action
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required to add a new record is to find the last member of

the inverted list and insert the pointer to the new record

following that last record. Recent sophisticated packages
using the inverted 1list have allowed an additional
capability for making very high-level user gqueries. In é

sequence very similar to the one in the relational data
base system, a relatively imexperienced user could request
the "Widgets available in Blue, at less than a certain
Price, and available in an On Hand quantity of over 1,0007".

The retrieval seguence would then fetch the three named

inverted lists -- Widgets in Blue, Less than X Dollars, and
On Hand guantity over 1,000 -- and produce a listing of all
parts which were common to all three lists. The major

difference between the relaticnél system and the metwork or
hierarchy with the inverted list option, is that the
inverted list system only works for those qualities which
have previously been considered of enough significance to

construct an inverted list for that type of query.

2.6 The Discriminator

A, Introduction
1f the model is being used as an independent tool
to aid in the selection of the most suitable DBMS for a
particular application, the majority of the DBMS’'s which

were found to be available should have been eliminated
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prior to moving into the Discriminator phase. If the model
is being employed as a decision &id to select the best DBMS
Fram a8 limited list aof generally suitable DBMS’s which has
been prepared by a subordinate analyst, the number of
DBMS's to be considered should be relatively small. IH
either case, the Ffunction of the Discriminator is to
either select the best OBMS for the application, or to
limit the number of DBMS's for final consideration under a
cost-value or other evaluation scheme as required by the
application.

The Discriminator phase is sub-divided into two areas:
a User Regquirements Section and a System Features Section.
The User Requirements Section employs an Identification of
User Requirements Form to aid tHe user in the establ ishment
of minimum tailoring requirements for the application. A
Requirements Consclidation Form is then used to demonstrate
the composite effects of user requirements on the desired
architecture. The final portion of the User Requirements
Section is the Vendor Capability Form, which is a formatted
evaluation sheet to aid in the elimination of those DBM3’s
which do not meet the previously established minimum user
réquirements.

The second stage of the Discrimipator, the System
Features Section, provides a methodology to make a final
elimination of all 0BMS’'s which do not have the specific

features desired by the user. The Features Evaluation Form
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is 8 suggested value scheme by which the available system
feastures may be evaluated and assigned weights to raflect
the value of certain fFeatures %o the ISpeciFic application.
The Ffimal component of the DOiscrimimator phase is the
System Comparison Form, which is a formatted device to =id
in the comparison of vendor compliance with the features

selected as desirable by the user.

B. Identification of User Requirements (See Figure

2.11)

1. What is the maximum number of users who may

need to access the data bhase at any cone time 7

| ore | 2-4 | s-20 | 20-100 | over 100 |

A single-user system is significantly different than a
‘two-user system. If the work is purely research, and you
are working with information that no one else would ever
rneed to access in parzllel, a single-user systam may be
sufficient; almost any other consideration demands more
than the single-user capability. If the present budget
allocated for the system 1limits the entry points at the
present time to one, make sure that there will not be =a
iater need for @ <=econd or third entry site; once. a

single-user system is accepted, it may be impossible to
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IDENTIFICATION OF USER REQUIREMENTS FORAM

WHAT 1S5 THE MAXTMUM NUMBER OF USERS WHO MAY
NEED TO ACCESS THE DATA BASE AT ONE TIME 7

WHAT [S THE MAXIMIM NUMBER OF RECOADS TQ BE
MAINTAINED ON FILE IN THE DATA BASE 7

WHAT IS5 THE MAXIMUM RETRIEVAL TIME ACCEFTABLE
TD MAINTAIN FULL OPERATIONAL EFFICIENCY 7

WHAT IS5 THE LONGEST PERIDD THE DATA CAN BE
INACCESSIBLE AND MAINTAIN FUuLL EFFICIENCY 7

HOW FRSQUENTLY W1LL YDU NEED TO INSERT OR
DELETE ITEMS IN THE DATA BASE 7

HOW DFTEN WILL YOU NEED TO CHANGE THE
DRGANIZATION OF THE DATA BASE 7

DO -YOU NEED TO MAINTAIN DATA SECURITY-
SENSITIVE TOD PERSONNEL DUTSIDE THE FIAM 7

0O YOU NEED TO MAINTAIN DATA TO BE KEPT SECURE
FROM FIRM PERSONNEL WITH ACCESS TO DATA BASE 7

HOW TMPORTANT 1S STANDARDOIZATION IN
YDUR SPECIFIC APPLICATION 7

WHAT 15 THE SKILL LEVEL OF YOUR

.EXFECTED END-USER ?

WHAT IS THE S5KILL LEVEL OF YOUR
SYSTEMS PERSONNEL 7

HOK MICH COBOL EXFERIENCE Di¥ YOUR
PROGRAMMEAS AND SYSTEMS PERSONNEL HAVE NOW 7

Figure 2.11
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add even one more parallel access capability at a later
date.

Two to Four entry sites are considered a very small
system; significantly different from the single-user
system, but demanding much less data control than a ten or
twelve entry site application. Five to twenty is a small
business application. For both of these categories,
however, you must be sure that you will not need to expand
to the nmext category in the future.

Twenty to a hundred users seems to include all but the
very large systems, which would require a significant
overhead to maintain security, subschemas, and some type of

efficiency algorithms.

2. What is the maximum number of records to be

maintained on file in the data base 7

over
% mil

less than
1000

1k -| 10k-] 100 k -
10 k 100 k % mil

This question may depend on the relative size of the
average record to be stored in the data base. IFf the
average record length is over 240 characters, you should
divide the average record size by 240 and then multiply the
estimated number of records by that factor.

Less than one thousand records is considered a very

minimal size data base. A thousand records, in typical 80-
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character card format, would require approximately 540 k
bytes of data storage area in the unformattec mode; the
entire set of records could thus be kept on two standard
cassettes. Some of the newer cassette vendors are now
advartising 120- 150 k character storage, in 88-character
blocks, which would mean that =anything less than 1400
records would Fit on one of the newer type cassettes., The
same size data base would also fit on 2% floppy disks {at
an average capacity of 300 k bytes per Flﬁppy disk], or one
side of @ double-sided diskette (at approximately 1.25
megabytes, formatted, per side), or only nine mini-floppy
disks (at an average of about 70 k bytes per mini-floppy
disk). Retrieval time would be degraded on either the
cassette [(because of required tape travel time] or the
mimi-Floppy disks (because of the necessity to change the
individual disks), but, on that small a system, it is
unlikely that retrieval time is the critical factor in the
selection criteria.

A thousand records, in an B80-character faormat, would
require about 640 k bytes of data space; ten thousand
records, in the same format, would require 6% megabytes of
space. This means that the 1,000 to 10,000-record data
base would fit on & mini-computer type disk unit (at an
average capacity of 10 megabytes), or could, if necessary ,
be stored on four or five diskette units (such as the

Shugart 850-lire); this appears to be 38 reasaonable break
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point for a moderate-sized data base.

A hundred thousand records, in an 80-character fcrmat,
would require approximately 64 megabytes of data storage
space: the data base could fit on one 100 megabyte disk
unit, such as the IBM 2314, or on _six 10 megabyte mini;
computer class disk units such as the DUec 3860. As a
consequence of the extra controller hardware to allow
ganged mainframe-type disk units or a large number of mini-
computer disk units, any data base requiring more tham 100
magabytes of data storage are= is considered to be a large
data base.

A data base storage capacity for over a half millian
records would require in excess of three of the 2314-type
disk drive units; for the typé of wuser likely to utilize
this model, a greater-than-half-million-record requirement

places that user in the very large system category.

3. What is the maximum retrieval time acceptable

to maintain full operational efficiency 7

4-15
sec

15 sec-~
1% minm

2-4
sec

less than
1 sec

aver
1% min

At the time this model was originally designed, the
industry-standard retrieval time response boundaries were

established as less than three seconds being a "query'-type
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retrieval category. In Novembher 1978 the standards were
changed, primarily as & result of the new hardware
capabilities and the consequent user demands for fgaster and
Faster respomnse times. The categories shown in the present
modgl'are the current industfy standards for "excellent",
"very good", "average", and, at anything over 15 seconds,
"poor" response times. Because this model is oriented
toward the smaller data base user, the fourth category is
set at 15 seconds to 1% minutes, which re%lects 8 time that
could be reasconably expected from a small cassette-type
system. The final category, ”over.1% minutes", is designed
to define the lack of query-response time as a& primary
factor in the 0OBMS selection process.

For & "normal'" user, only & limited few would ever
need a8 response time of less tham one second. Aerospace
applications or aircraft traffic control for a large
commercial airport might require a less-than-one-sescond
response time, but even then it must be realized that the
user is demanding that the computer fetch and display the
answer in significantly less time that it would take the
average end-user to make an entry for even the most simple
query. HRapid response time systems cost a lot of money,
with the system cost rising in a8 rapid expomnential curve
based on the query response requirements. Only the most
irresponsible manager would demand a very rapid response

system without 3 serious consideration of whether the need
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is a mandatory requirement of the application or just the
desire to have the same capability of the system owned by a

competitor.

4, What is the longest period the data can be

inacecessible and still maintain full system efficiency 7

B- 24
haours

over

24 hrs

4- 8B 2- 4 less than
hrs hrs | 2 hours

This guestion deals with the rebuild and reload time
factaors. I1If the system crashes, what is the longest period
that the enterprise can reasconably ogperate without the dats
base before losing a measurable amount of the system
efficiency? Discussions with committee members, and with
Jacob Slonim, the previous project manager of the DOMESTIC
Project, have established that the average inverted-list
and query-language data base, such as System 2000, would
need slightly over 24 hours for rebuild; that the average
CODASYL-type network data base, such as IDMS, could be
expected to allow 2 complete rebuild cycle in approximately
16- 24 hours; and that the typical DBTG-based, non-CODASYL
network type data base might complete a total rebuild cycle
in four to eight houtrs. It-must be noted that rebuild time
is almost totally size-dependent. A very small data base

may be expected to be ready to rum in an hour or less; a

very large data base may take days to rebuild and relcad.
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The fimal category, "iess than two hours", was chosen
"as an jindicator that the entire capability of the user to
conduct the business depends on access tnrthe data base.
If degredation of the entire enterprise occurs in less than
two houtrs without the data base, the primary concern of the
user is the providing of information from the data base.
Conversations with the Data Base Administrators at
several DBMS sites have demonstrated two important
characteristics of DBMS rebuild times: 1) rebuild and
reload times reported to the author by actual users of the
DBMS's in a8 commercial environment are frequently multiples
of the time advertised by the vendor, and 2) selection of
tooc short a reload pericd as 2 mandatory criterion in the
selection process can be an excessively restrictive factor

in the search for a satisfactory DBMS.

5. How frequently will you need to add or

delete items on the data base 7

500
Fer DOay

10
Per Day

Dver 500
Fer Day

Manthly lWeekly

This is a difficult area to quantify at the extreme
ends of the scale, yet a' very high or very low rate
of insertions or deletions can be a significant factor in
the selection of a 0OBMS.

A once-monthly insertion or deletion rate indicates
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that a programmer could probably wﬁite-a special program
for any necessary changes to the data basé. A  once-weekly
Eate could pbrobably be satisfied by a program stcréd on
magrnetic tape or in card deck form and brought out of
storage for any needed insertions or deletions.

Ten cﬁanges a day exceeds an average rate of one
change an hour for an B-hcuh shift, so the user would
require at least a moderately—eFFicient,- 2asy-to-access
insertion and deletion program. The final break point was
chosen as approximately 500 a day, since this rate exceeds
a change a minute. A rate of more than one change a minute
requires more than just an efficient program for insertions
and deleticns; it requires a data base =architecture which
is aptimized for group insertions or deletions. It was
decided that something less than this rate might be
satisfied by local optimization procedures, but that
anything over that rate would require special consideration
in the selection of an appropriate underlying architecture

for the data base.

6. How often will you need to change the data

base organization 7

Cnce a
Quarter

Semi-
Anrual

Less than

Yearly Yearly

Never
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This gquestion is not concerned with how often data
residing within the data base is changed, but how often the
actual . schema or major subschemas of ther data base are
altered. Changing the entire inventory line numbering
system might be dome at the data field level without any
change to the data base organization; changing to a new
product line which had subassemblies or subaccounts unigue
to the present organizational structure would probably
require &8 data base organization change.

The average user with whom the author has had contact
reports an observed rate of yearly or less changes to the
data base organization structure. With most present-day
data base organizations, however, the performance of the
data base system could be improved measurably by a careful
study of the present or intended heavy-traffic usage areas
of the data base and a corresponding recorganization of the
data base. Data bases are, almost by definition, dynamic;
if response time is a consideration for the application,
reorganization should be conducted on a mare fraquent basis

than is done by most of the users who presently own DBMS's.

7. Do you need to maintain data <that is

security sensitive to personnel outside the firm 7

8. Do you maintain data that must be kept

secure from personnel in your own firm who have access to

the ggperal data base 7
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(For Almost | On | ' All of
both) | Never| Never IDccasiDn IFPequently |the Time
These two guestions are designed tao separate the

security requirements that can be met easily with some
device or software facility -- independent of the DBMS, and
those security requirements that will need either special
DBMEB features or else a complex and tailored softwars to
meet the user's requirements.

Question 7 refers to the necessity of keeping persons
outside of the company from accessing any portion of the
data base. At the lowest end, no sscurity of any kind is
required; at the khighest end, no one should be able to sign
on the system and gain asccess to the data base without
first passing some rigorous access parameter, such as a
multiple keyword sequence or an IO password and account
rnumber match.

Question 8 refers to the reguirement fFor an in-house
security check by the user. There is & requirement to
prevent some personnel who have access to the data base
from accessing certain sensitive data stored in another
part of the data base. In a bank application, the tellers
might be authorized to check if there were sufficient Funds
in a person’s account to honor & withdrawal of a specified
amount. If the bank records were constructed on a record-

per-customer basis, it is likely that any loans owed to the
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pank would be in one of the data fields of the record of
the person making the withdrawsal. Privacy restrictions
Qould dictate that the teller not be allowed to check the
loan status on everyone who dasired to cash a check or make
a savings withdrawal, so a field-level lock -- a lock on
that portidn of the record contents that dealt with all of
the loan transactions -- would be inserted into each bank
customer’s record. Even if the teller were able to find
out the label name of the field, or the navigational path
to the dats area, a software feature of the U0BMS would
refuse to retrieve data about loans for any wuser with a
teller identification rnumber.

Although many users may feel that they need field-type
security, they may naot have the justification for spending
the extra chatrge Ffor this  feature. The opposite view,
however, is that with the rapidly-growing concern about the
inadvertant divulging of personal information, it may soon
be an economic fact of life that record-level or sven the
field-level security is the best insurance against civil

suit,

9. How important is standardization teo your

application 7

A Moderate Ma jor
lNane | Little | Comsideration Concern Concernl
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As discussed before [Section 2.5, f), standardization

may be a requirement if your firm intends to conduct any

business with the US govermment involving data base
compatibility. Even if there is no intention of working
with the govermment in a ''shared software" enviromment ,

standardization will eventually be an economic necessity.
Vendor equipment becomes a secondary consideration if all
of the programs are written in s standardized format. All
of the programmers are "interchangeable', as are storage
devices. The only argument against standardization is that
the present standardization agreement (CODASYL) may not
include the best set of restrictions, and the cast for a
change-over at the present time may be wasted if there is
a change in the standards in the near future. Arguments
tendered by the major hardware vendors should be dismissed
in most cases, since the vendors are more interested in
limiting purchasers of the mainframe to only that specific
vendor’s lime of peripherals.

There are many areas of CODASYL which are not
considered state-of-the-art in software techniques, but the
relative independence from specific vendor hardware may be
aﬁ economic Ffactor which more than subsidizes any mirnaor

changes in the present CODASYL standardization agreement.
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10. What is the skill level of your expected

end-user 7

8th HS college | computer | degree in
grade | diploma | degree ldegree lcomputer sc.J
This comsideration should include a very careful

projection of future needs; the eventual user group will
probably extend downward in skill from the ariginal
intended target group. If the data base is only fFor the
High—level management, tihe secretaries may be asked to
retrieve data for their bosses; if the data bass is set up
for inventory contrcl, a lower-level stock clerk may be
required to retrieve part numbers from the data base. If a
moderately-inexpensive training program provided by the
vendor can allow adequate éccess to the data base for all
of your personnel, at least consider the future consequence
. of the necessity for a vendor-provided training program for
users. Training time for a mnew hiree includes beoth lost
time For the naw hirea and for the experienced person
conducting the training. Two years after the installation
of the DBMS, the vendor will probably not be willing to
send & company representative to your site for training --

even though the training program is a new-sales feature.
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11. What is the skill level of your systems

personnel 7

HS
diploma

ccllege | computer | degree adv. degree
degree ldegree cptr sc. | in cptr sc.

Using the same evalustion as for Question 10 above,
select the skill level likely to be the lowest for any
possible future systems personnel. In the future, you may
not be able to afford a data base that demands an advanced
degree in computer science as a prerequisite for systems
maintenance; personnel caosts are rising much more rapidly

than are computer hardware costs.

12. How much COBOL experience do the programmers

and analysts have at the present time 7

Less than 1- 3 3 mo - over
None | one month | months | 1 year | 1 year
If all of your programming is dome in COBOL, even a

rmew trainee could be lumped into the highest category,
éince COBOL is mot an additionmal requirement for the DBMS
beyond that of the normal application work load. If only a
small portion of your staff, such as the accounting and

budget technicians, are familiar with COBOL, use the level

of experience for those personnel not in that area.



C. Explanation of Assigned Point Values
The scale values on the User 'Hequirements Form
Eange, on tne average, from 1 to 10, with a two-point
differential between the adjacent categories. This point
spread differential was chosen to give adeguate weight ta
the difference between a very high and very low choice of
category descriptors. If the scales were valued a straight
1- 5 and the user selec?ed all but one response in the
middle of the scale, the total score would be aonly two
points different from the "average" even if the category
which was not in the middle were at the very high or very
low end. With the presenc 1- 10 point scsle, if the user
selects only one respcnse at the high or low end, it makes
a five-point difference in th2 total; this should attract

some attention to the deviationm from the norm.

Several of thé assigned point values have been altered
from the average weighting scheme to reflect particular
" differences in the values considered appropriate to that
specific questiom. The First two responses for Question 3,
which is concermed with retrieval time criteria, are
considered significartly different Frqm the remaining three
responses. The difference between a "less than 1 second”
and a two-second retrieval time is significant, but, for
the expected user of this model, not as significant as the

difference between @ four-second and a Fifteen-second

retrieval requirement. The "2-4 second” category value has
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been adjusted to "2" to show this closer relationship to
the low end of the scale than to the middle of the scale.

Question 5 has been adjusted to demonstrate the
minimal difference between a monthly and a weekly rate of
imsertions. Neither of these two categories would reguire
the elimination of a data base structure which is generally
insertion-inefficient.

Questions 7 and 8 are weighted differently than the
average since they are an interactive set. The high end of
Question 7 is & "5":; the middle point of Questionm 8 is =a
"410". Any user who needs exterior security all of the time
and field-level security at least part of the time 1is
roughly equivalent to the user who needs some fField-level
security on occasion. The adjuéted weighting reflects this
equivalency -

Questions 10 and 11 were adjusted at the high skill
level end of the scale to emphasize that a requirement for
a very high level of computer skill may be a major deficit
in future budgetary considerations. Question 12 was
altered from the average to slightly minimize the effect of
just one language on the entire selection process. Since a
pfogrammer with more than three months COBOL experience is
considered to be familiar emough with the general concepts
of COBOL that there would not be & problem in learning a

CODASYL-type data base language structure, the differences

between the two highest categories were minimized.
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o. User Requirements Consolidation Form (See Figure
2.12)

AfFter you have reviewed the point values assigned
qu each response, adjust any point values which do not
appear to reflect critical areas of consideration for your
specific application. Transfer the peoint values sbove the
selected category Ffor each question to the two-column box
on the left side of the Consolidation Farm.

The Consolidation Form has five ‘special areas of
comsideration on the right side of the form. Transfer the
assigned point wvalues tao the box provided belaow the
appropriate question and add up the totals for each aof the
five areas. When you have completed the Conscolidation
Form, refer to the Explanation Section (Section 2.6-E) for
a discussion of the effects of user requirements on general

DBMS architectural considerations.

E. User Requirements Explanation Section
1. Type of Organization

As a general rule of thumb, if the total
score for this area is above 40 you should be looking at
either a relational-type data base or else a network or

hierarchical data base which has both an extensive English-

like query language and some form of higher-level file
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ARequirements Comsclidation Form

Figure 2.12
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organization mathed. If Questicns 2, 3 and 12 received
high values and this is the primary reason the total is
above 40, the best choice would probably be a CODASYL-type
network with the hkigh-level juery language and high-level
File organization method; the advantages of a relational
data base decrease at the high point value for all three of
these areas. If the total score is below 25 it is likelv
that almost any type of daﬁa base organization will satisfy
your needs, althougn the relational data base would
probably be a3 cast-ineffective choice. If there are any
values at either the very kigh or very low end of the scale
vyou should read the explaration which Ffollows for that
particular ar-ea and modify the selection to accommodate any

significant differencss noted.
Question 1: Number of Users

CODASYL-type networks and hierarchical data bases
demand specific user actions to open and close a file
Volume Table of Contents, or VTOC, in order to access a
data area. The higher the number of users, the greater
the likelihood of temporary or permanent deadlock, and the
greater the probability of a programming error on the part
of one user causing severe problems tao all other users.

The inverted-list data bases may cause problems if the

rnumber of users is very high, since they demand a series of
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index-type lists. A large number of concurrent users may
increase the chances of deadlock or data etrror problems as
more than one user attempts to access the same index-list.

As the number of users increases, there is less a
chance of deadlock or excessive waiting period for acces;
for the relatiomal-type data base than for any other type
of data base, since the relational data base operates at
the individual record level. Unless more thanm one user
attempts to access the exact same record, there is no
problem inmherent in the relaticomal concept that increases
as the number of users rises.

The prospective buyer of a relational data base must
understand that this 1lack of restriction applies only
to a "true" relational data bése. Because of the high
level of interest in the relatiomal concept, many of the
ma jor computer vendors are now in process of putting a new
"relational" data base on the commercial market, but the
data base is "relational” only at the query level. The new
relational data bases are actually network or hierarchical
data bases with a very sophisticated fromt-end query
language package which allows the user to interact with the
aata base in a free-form manner similar to the relational
data base. The underlying architecture still demands the
analyst-level familiarity with the appropriate opening and
closing of Files and still possesses the previously stated

problem areas in the access of lists and files as the
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number of users increases. IFfF a DOBMS is advertised as a
relational DBMS, make sure that the data base is relational

-- not just the front-end query package interaction set.

Question 2: Number of Records

If there is a8 very small number of records tao be
maintained on the data base, any of the organizational
types may be appropriate. As the number of records rises
those hierarchical and network-type organizations without
some higher-level file organization begin to deteriorate
because of the extensive navigation requirement necessary
to access any given record. If a large number of records
is an implicit indicator of a complex orgsnizational
structure, an inverted list structure is inappropriate; the
performance of an inverted list may be severely degraded,
since inverted lists do not handle complex structures well
(Mar, 77).

Inverted lists are well suited for large numbers of
records in an "informational" system, but gernerally not
suited for & "working operatiomal"” system (Mar, 77). The
inverted list structure is exceptiomally well suited for a
large data base where queries involve the confirmation
of record presence or absence or a check of the number of a
specific type of record presently on file in the data base.

If the general type of query is of the type "Are there any
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records which contain Blue Widgets?" or "How many Blue

Widgets are there?", the answer can be determined by =a
Simple counting of the index list -- without ever accessing
a single record. A potential problem, however, is the

inclusion of too large a gercentage of the total data base

on the indexed lists; if too many records are maintained on

the index lists, more time is spent in "check the list --
get the pointer -- find the record" than would be spent in
8 less sophisticated segquential scan. A general rule is

that the average number of records qualified by the average
query must be less than 10% of the total records in the
data base to justify the inverted list approach (Car, 79].
Relational data bass performance also breaks daown as
the rnumber of records increases. Since a relational data
base searchas individual records for actual data content,
more records to search means more time required to return a
response. In the near future it is expected that faster
memory retrieval techniques and developments in the area of
associative memory will lower retrieval rates to the point
that relative differences between the relational and other

type data bases are not apparent to the user.

Question 3: BRetrieval Times

As a very simplified rule, retrieval times for the

three major organization types vary -- from slowest to
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fastest -- in the order: relational, network and then
hierarchical systems (Wie, 77). At the present level of
technology, relational data bases are quite inefficient if

the major consideration is retrieval time. Chain and ring
structures are also on the slow end of the spectrum o%
retrieval times (Wie, 77). With the restrictions mentioned
in the discussion for Question 2, the inverted list tends
to be one of the faster structures for pure "‘speed of
retrieval”. The primary shortcoming of the inverted list,
For some applications, is the imability of inverted lists
to carry up-to-the-minute data. Most inverted list DBMS'’s
depend on off-line updates as a result of the necessity to
update both the record and a3ll lists on which the record
appears. If a high rate of insartions and deletions is
combined with the requirement for rapid retrieval, the
update complexity of the inverted list degrades the system

to the point that the user will not be satisfied (Mar, 77).
Question 4: Data Base Inaccessibility

Rebuild time for a data base is very size-dependent,

but, as a general rule, the relative rebuild times -- from
shortest to longest -- should be: relational, inverted
list and hierarchy or network. The crucial discriminator

is the number of pointers to be updated and the manner in

which the pointers are constructed. The more pointers that



70

are needed by a DOBMS, the longer will be the requirement to
reinsert all of the pointers and link them with the
appropriate records. The double-linked lists and chains do
aner additional security, since a minor malfunction of the
hardwére will nrnot lose a domplete list of records. The
reloading process for a doubly-linked structure is a very
complex and time-consuming function, however, placing any
of the doubly-linked chains and rings at the very slowest

end of the rebuild range.
Question S5: Rate of Insertions/Oeletions

Relational data bases would appear to be designed
expressly for the optimization of insertions and deletions.
There are no pointers to update, and there is no path to
navigate to ensure that the record reaches the necessary
physical location for later retrieval.

Inverted lists are very poor for insertions and
deletions, and any hierarchical data base tends to be =a
poor choice if the Ffiles are volatile (Mar, 77]. IF the
freguency of update divided by rate of retrieval is high,
the physical linkage systems would be a good choice, since
the update capabilities of the physical linksge structures
outweigh the 1limitations of retrieval speed (Ross, 78).
Or, in simpler terms, & highly volatile file that is

accessed on & maderately infrequent basis would be a good
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application for which the user should consider any of the

rings, chains or more complex doubly-linked structures.
Question 10: End-user Skill Level

If the skill level of the end-user is very low, the
obvious choice is the relaticnal data base, and the next
best choice would be a network system with & proven and

comprehensive query language which allows an English-like

interaction with the system. If the system is hierarchical
or network without the front-end query package, there is
almost nrno capability to handle the "casual user'; the user

must know how the data base is laid out in order to access
the data desired. Network data bases appear to be the
worst for the less experienced user, since the multiple
relationships available between records increases the

probability of user-induced navigation erraor.
Question 11: Staff Skill Level

As with the end—user‘skill level question, relstional
data bases favor the less experienced programmer. Since
relational data bases are arranged in tabular or flat-file
Format, a format with which most people are familiar, they
are much more easily visualized. The logic-type errors

produced by programmers are normaliy lower for relational
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data bases than for either the metwork or hierarchical type
data bases [Loc, 77). The Lochovsky study also indicated
that the hierarchical-type structure appeared to induce the
most logic-type errors, since most programmers had severe
difficulties with the position poimter, the "get nexta
command common to the hierarchical data base, and the
‘method of retrieval to guatrantee that all data which met a

specified criterion was actually selected (Loc, 77).

Question 12: COBOL Experience

The category values for this guestion were weighted so
that even a high level of COBOL experience would have a
somewhat limited effect on thé selection process. A high
level of COBOL experience does tend to weight the choice of
a CODASYL-type network data base, however, and a very low
level of COBOL experience would detract from the value of
the CODASYL-standard data base.

CODASYL-type networks are based on COBOL-like language
commands; the origimal concept of the DBTG was literally to
design a standardized set of rules for network data bases
that would use the generalized COBOL language structure,
If the staff has no experience in COBOL, there may be a
significant requirement for language structure retraining

in order to use a CODASYL-standard data base.
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2. Security

If the total for the security area is aver
12 you either presently have the need for, or soon will
have the need for, a OBMS which offers security locks cdown
to thé field level. The relational data bases have the
greatest flexibility for specific Field level locks. The
next best choice would be one of the CODASYL-standard data
bases, If there is an indication that field-level locks
may be required, it is best to get a DBMS that has that
speciFid feature; tailored software is expensive and would

be a "patch" if installed at a later date.

Iz Update Capability

If the total score for this area is over 10,
the most likely choice is a relational data base; the least
likely choice is any data base which uses sophisticated
pointers or linkage structures. IF the total score is very
low, the most cost-effective data base structure may be one
invelving rings and chains. There is an indication that
you have the on-board skill to deal with the complex
structures and linkage paths, and there is little need for
a highly-=Ffficient insertion and deletion program or a

sophisticated data base reorganization algorithm.

4. Query Response Time

Generally, if the tdtal for this area is



above 15 you should be looking at a relatioral type data
base, and if the total is less thanr 10 you should be
éonsidering some form of inverted list structure. Look at
the specifics of the application: if there are a large
number of '"Are there" or '""How many are there'-type gqueries,
the inverted list is tailor-made for the application. If
the queries are primarily non-standard in nature, no matter
what the size of the data base or the expected query
response times, your best choice is a relational data base,
and the s=cond-best category would be a BDBMS with & high-

level query language feature. Note that Questions 4 and 5

are a counter-active pair for this consideration; if one
goes up significantly, tne other must come down.
5. Standardization
I¥ you need standardization because of

present or proposad contracts with the government which
-'invulve data base interoperability -- or if you sare
planning to integrate into a data base rnetwork, you don't
reed to look at the total: get a CODASYL-type data base.
If standardization is only a conéideratinn and the total
score for this area is 5 or higher, a CODASYL-type data
base is also 2 good choice. (Note that Question 12 is a

subtractive Factor; the highest possible score is nine.)
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F. Vendor Capability Form (See Figure 2.13]

The Vendor Capability Form is designea to provide
a ‘reasonable format for aiding the prospective user in
rating_ the various wvendor packages. It is primarily a
"gc/né-gn" design. You shaould have already identified your
minimum requirements in previous stages cf the model; you
may insert either the vendor festure offered or a simple
"yes/mo" response as to whether the minimal needs are

satisfied by that particular 0BMS package.

1. Maximum number of users to access system

Vendors can be expected to use the maximum

capability figures, under optimal conditions, so make sure
that the vendor-quoted number of users exceeds your
requirement. If you desire a large system (more than 30
simultaneous users), get a list of present users who are

naw using the system successfully with at least that number

of users.

2. Maximum number of records to be stored

The primary area of concern here is that the
vendor-quoted figure applies to the same type of storage
media to be wused in the imtended application. Do not
accept storage space figures gquoted in '"“words'"; different
vendors use different word lengths.

3. Maximum guaranteed retrieval time

Retrieval time is a factor inextricably
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bound to the size of the data base. A DBMS that has a
vendor-quoted response time of less than a8 second may, if
the test data is based om & data base of i,DDD records,
return answers for @ million-record data base in ten
minutes. Determine the size of the system for which the
retrieval times are valid; if the size of the test system
is much different than your intended application, check
a user who has a data base size approximating your intended
application. The multiplicative factor for multiples of a
given size data base vs. expected retrieval times is likely
to be logrithmic or worse, so be very judicious imn any
attempts at extrapolation from vendor-quoted dats.

q, Maximum rebuild time

One of the most frequent complaints made to
the author by present users of 0BMS?!s was the difference
between the vendor-quoted rebuild time and the actual time
required in a commercial environment. The Davis book also
supports this prevalence of user complaint concerning the
requirement for extensive rebuild times for a commercial
application (Dav, 75). This area should be wvalidated by
contact with a present user of the system with your type
ﬁF application before much credence is placed in vendor
claims.

5. Ease of imserting or deleting items

The manner in which items are inserted or

deleted may alter the capabilities of the system to



efficiently bhandle the problem. Chaining, for instance,
may be very efficient for an item-at-a-time insertion, but
breaks down drastically if the user attehpts to make a
large rnumber of insertions at one time. Make sure that the
"ease of inmsertion” claim applies to your specific expectea
pattern of effecting this task.

B. Ease of changing data base organization

This is a frequently overlooked area of
concern. Most of the users contacted during the early part
of the study reported an exceptionally infreguent
restructuring of the data base organization, so do not base
your requirements on present-user comments. If the DBMS
does not have some facility to periodically compact the
data base and purge the system aF all unnecessary data, the
efficiency of the OBMS is likely to degrade noticeably over
time. As familiarity with the DBMS increases, it is likely
that some restructuring would be beneficial. 0Oata bases
are dynamic, and there should be the capability of adapting
the method of accessing the data base to best meet the
changing structure of the data base itself. Many present
users do not restructure because of the complexity and
ﬁime requirement of the process for their 0OBMS package --
not because of a lack of need to reorganize.

7. Exterior security locks

If the system uses the schema/ sub-schema

concept, there will be some measure of logical data
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independence even without some added security features. IFf
your present system has an adequate security lock-out
feature as part of the operating systeﬁ, the built-in
security lock as a OBMS feature may be a needless expense.

8. Security lock down to field level

Hand-tailored software is expensive; . iF
there is even a possible future need for field-level locks,
get a 0OBMS which offers the locks as part of an integrated

approach package.

g. Meets CODASYL standards
The issues have been discussed; if you need
standardization, or if you believe that the benefits of 3
single-language, single-protocol training are worthwhile,

look for a CODASYL-type DBMS,
G. Features Evaluation Form (See Figure 2.14]

This form is a check of those minimum areas which
need to be addressed with the wvendors. The point values
appearing in parentheses are only a guide, based on the
previous general range of 1-10, with a two-point difference
between levels to adequately demonstrate a very high or

very low rating.

1. What is the =skill level required by the

"gnd-user" for your specific application 7
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FEATURES EVALUATION FORM

1 WHAT IS5 THE SKILL LEVCL REQUIMNED BY THE
*END-USER" FOM YDUA SPECIFIC APFLICATION 7

2 WHAT I5 THE SKILL LEVLCL REQUIRED 8Y YODUR
BYSTEM MAINTENANCE AND SERVICE PERSONNEL 7

3 KHAT 1S THE SKILL LEVEL NEQUIRED BY YOUR
STAFF TO MDDIFY THE SYSTEM FOR FUTURE EXPANSION 7

4 HOW MJCH TRAINING WILL YODUR OWN "END-USERS"
NEED TO INTEAAGT SUCCESSFULLY WITH THE SYSTEM ?

=3 HOW MICH TRAINING WILL YDUR OWN SYSTEM
MAINTENANCE STAFF NEED TD SERAVICE THE SYSTEM 7

B ARE COMPREHENSIVE USER MANUALS AND USER
TRAINING PRUGRAMS AVAILAGLE FOR THE SYSTEM 7

? WHAT 15 THE EXPECTED RESPONSE TIME
FDAR TELEPHONIC SERVICE REQUESTS 7

B8 WHAT [YPE OF VENDOR DIRCCT-CONTACT IS
AVAILASLE FDA SERVICE PADBLEMS 7

L:} HOW MANY USFR NAMES WILL THE VENODA SUPPLY
FOR CONFIAMATIGH OF VENUOR/ SYSTEM HEL1ABILITY 7

Figure 2.14

Bth grade —--c—cae--w [(10)

H3 diplomée ----- == (7]
College degreo ----- [5)
Computer dngrees ---- (3]

Degree Computer Sc.- (1)

HS diploma --——-—--- (10)
College degree ----- (7))
Computer degrea ---- (5)
Degree Computer Sc.- (3]
Adv deg/ Cptr Sc. -- [-1)
HS diploma ==-e-=w-= (10)
Collcge degren ----- {7)
Computer degrea ---- (5)
Degree Computer Sc.- (3]
Adv deg/ Cptr Sc. -- [-1]
Less than 3 hours -- (10)
3 to 8 hour's =-=—==---— (7]
2 to 3 days -——---= -= {[5)
4 to 5 days -—=-==—-=-- (3}

Morae than ono week - (1)

3 to B hours —cacea- (10)
2 to 3 days ----—--- 73
4 to b days ------= - (®)
6 to 10 days ------= (3)
More than 2 weeks -- (1)

Included with system (40)

For moderate Fee --- [7)
Dne arca limited --- [5)
Both sreas limited - (3]
No "good' manuals - (-1}
24-hour survice ---- (10)
48t shift only sve - [7)

return call w/i 1 day (S)
return call w/i 2 day [3)
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Many lsrge branches
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No dirrct contact -- [-1)
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40 genoral users --- ([5)
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less than 3 usera -- (-1)
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The key is '"for your specific applicatian'. If the
intended application is primarily Peséarch, it may be
Eealistic to accept a requiremcent for a very high level of
user skill irn order to circumvent the additional expense of
a sophisticated high-level query language. If the intended
application is For l=ss-sophisticated end-users, make sure
that the lowest skill level person you are likely to hire
will be capable of meeting.the vendur—speciFied mimimum

end-user gualifications.

2. What is the skill level required by your

system maintenance and service personnsel 7

3. What is the skill level required by your

staff to modify the system for future expansion 7

Both gquestions are user-dependent and should be
addressed by the vendor only after the exact application is
understood. Ncte that &an advanced degree in computer
science is given a rating of a negative 1 -- indicating
that this may be a detrimental requirement in the future.
It may be of major interest to check on your legal
capability to make system modifications, since many of
the vendors demand a contractual agreement which precludes

any modification of the software.
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4. How much training will your own "end-users"

need to successfully interact with the system 7

5. How much traiaing will your own system

maintenance <staff need to service the system 7

This is a factor which must be considered in view of
expected personnel turn-over for the specific application.
If personnel turn-over is. vary low, a one-time trasining
program may be a valid expsnse; if the turn-over is very
fhigh, find out how new persomnel will be able to attend

vendor training sessions.

E. Are comprehensive user manuals and user

training proygrams available for the system 7

Many of the smaller systems on the market include a
thirty-page or less user manual. Ask to see the user
manual if there is any doubt as to the quality of
information. Lack of a reasonably comprehensive manual for
the user is considered a deficit to the system rating, as

is the absence of a vsndor-suppoﬁted training program.

7. What is the expected response time for

telephonic service reguests 7

Present-user response has indicated that users seldom
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if ever require a service representative on site after the

initial installation. The capability of reaching ]
knowledgeable service representative on short rnotice,
however, is a major selection factor, since the user may

have a totally disabled sysﬁem until the vendor replies
with the corrective action technique. If the system is
widely used and the vendor has a large base of experience
with user problems, a 24-hour answering service of semi-
skilled user-oriented technicians may be adeguate to soplve
any prcﬁlems. If the system is new to the vendor it may
take some detailed study by more sophisticated technicians
+po uncover the user problem and repair it. Find out what
the actual response time is from a user who is working in

your general application field.

8. What type of vendor direct contact is

available for major service problems 7?

Although geographiec locale has 1little to do with
vendor responsiveness, the highest level of vendor response
can still probably be expected from a major.vendor which
has its main offices in the same city as the prospective
user. A high number of branch offices will be satisfactory
for most users, since the majority of wuser problems which
would normally be encountered have probably been solved

many times over by the vendaor. It should be noted that
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many users felt that as a system became more accepted, the
level of response to the user dropped severely (Dav, 75).
it may be advisable to check with new users of the
widespread systems; the vendor may have provided excellent
service while in the initial acceptance stage, but may not
be providing the same level of service now that the product

is well-established.

3. How many wuser names will the vendor supply

for confirmation of vendor or system reliasbility 7

The primary interest is the type of users whose names
are provided. Every attempt should be made to secure a
list of users who have a similar applicstion to the one For
which the DBMS is being .selected., Note that less than
three users is assign=sd a negative value, since it is an
indication that either the system is so new that your firm
may be helping in the ‘'shake-daown run" for the vendor, or

else there is a lack cf satisfied users.
H. System Comparison Form (See Figure 2.15)

After you have adjusted the values of the System
Evaluation Form to reflect a realistic appraisal of the

specific application for which the DOBMS is intended, the

use of the System Comparison Form is primarily a decision
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as to the level of each érea which =pplies to the system
being rated and the assigrment of the appropriate points to
that system feature. If, for example, tHe system being
rated has a requirement for a high school diploma skill
level for the end-user and you have decided that the high
school diploma level is adequately weighted at 7 points,
insert a "7" in the Question 1 box for that system. When
you have assessed the vendor capability to meet all of your
requirements fFor each of the nine areas, add up the total
points and elimimate those DBBMS’s which have the least
rumber of total points.

If there are no major differences between the nine
areas for your intended application, one possible way to
emphasize relative weights for your application would be to
employ 8 weighted-ranking scheme. HRank the nine areas in
order of their relative importance to your application.
After you have rank ordered the areas, assign nine points
to the most importamnt area, eight points to the second most
important area, etc., down to one pnint Far the least
important area, Using the numerical point value assigned
as a multiplicative factor of relative importance to your
aﬁplication, multiply the vendor feature points from the
.Features Evaluation Form by that relative value. {IF the
prospective end-user skill required was the most critical
consideration and the rated system demanded at least a high

school education, the points awarded for that system for
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Question 1 would ke 9 x 7 or 63.)
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CHAFTER 3
USER QUESTIONNAIRE

3.1 Introduction

The User Questionnaire (See Figure 3.1) was used as a
validation instrument for the UOBMS sslection model to
determine what pressnt users of DBM5's considered as the
important criteria in the OBMS selection process. Any data
guoted is based cnh @ non-statistically sound sample; no
attempt was made to gather enough data to provide a sample
whicn would have preovided statistically significant

results.
3.2 By-0uestion Analysis

What is the maximum rnumber of users who could access

your data base at any one given time 7

The question was used to investigate the possibility
of one of the thrze 0OBMS packages being favored over either
of the other two For 8 large or smzll number of yusers, and
to help define what the reasonable bounds of the number of
users on the sel=ction model should be.

Response from the users, discussions with the Data
Base Admimistrateors, and consultations with the committee

members have indicated that these figures are valid as an
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USER QUESTIONNAIRE
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Figure 3.1
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indicator of relative user size, =2nd that the break points

were acceptable for the prospective-user madel.

What is the average number of records you maintain on

file in the data base 7

The question was designed to determine if the relative
number of records on file -- or the resulting amount of
auxiliary memory stcrage demanded by the number of records
on file -- was 3 determinanmt in the choice of a DBMS.

¥

The majority of users who replied maintain eithsr
large or very large data bases, so the present ussrs’
replies méy irdicate that the scale is too low. It was
decided that the target user may need a scale which allows
the choice of a sm2ller data base, so the scale categary
break pocints were retained for the model. Since the
vendors have provided namas of primarily large data base
users, the bias reflected by the present users’ replies is
not considered a reflection of the primary acdience of the
model.

A few members of the committee Felt that the question
might be reworded to reFlecﬁ "hbyte" size instead of the
rnumber of records. This would be a wvalid criticism of the

model for a manager with extensive computer technological

background, but it is likely that the manager for whom the

model is designed is more familiar with records than the
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ccmputer—science terminology of bits, bytes and ward
lengths. Even the most non-technically coriented manager is
going to be familiar with the gross number of records which
are pregently maintained on file by the application for
which the DBMS is being selected. In order to maintaiﬁ
this reference criterion for the target user, the category
descriptors using records instead of bytes were maintained

for the selection model.

What is the maximum retrieval time vou camn accept ard
T

still remain at fFull cperational efficiency 7

The industry standard changed during the interim
between the design of the user.questionnaire and the fimal
production of the selection model. The author believes the
new standards may be unrealistically biased toward the
extremely short response times, but the committee decided
that the model should reflect the industry standard. As a
compromise, the author included an explanation of how the
prospective user should realistically appraise the scale

'Figures in the verbal explanation of the model.

Do you maintain data in the data base that is security

sensitive to persomnnel outside the firm 7
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Does any department maintain data which must be kept

secure from other persomnel with access to the data base 7

These two gquestions were designed to establish the
diFfeEence between general data base access rights and the
requirement for field-level security. AResponse to the
user guestionnaire and discussion with the committee
indicated that these were valid guestions, and that the
range of values offered is satisfactory .tn establish this
difference in user requirement.

L

What was your actual purchase price' or anrnual lease

price 7

This question was designed to find out how closely the
vendor-advertised purchase and lease prices reflected the
contractual prices paid by the users. The prices used as a
base line were selected Ffrom the 0BMS Technical Report
(Slo, 78) and discussions with the committee. Of note is
that the prospective user would probably make some type of
cost-effectiveness or cost-value study of the final number
of contending vendor packages, so this guestion was
eliminated fFrom the final model. The only guestion in the
model which refers to cost is the area in the filter which

is designed to eliminate those DBMS’s which are obviously
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unsuitable for the intended application as a result of a
ma jor difference between the system cost and the budget

ceiling established for the application.

What 1is the skill level required by the real

Yend-user" in your specific application 7

What is the skill level required by the personnel who

maintain or service the system for you 7

These two questions were designed to check the
validity of ven;Dr claims For minimum skill levels reguired
for acceptable interaction with the system -- both at the
end-user and systems personnel levels. The author felt the
levels might be low-biased, buﬁ comments by the present
users indicated that the ranges are realistic, or possibly
even slightly high-biased. The majority of present users
reported required end-user skill level at the 8th grade
to high school diplema level, and the required sysfems
personnel skill at the high school diploma to ccllege

dégree ( hon-computer science) level. The ranges were left

intact for the model.

How freguently do you add items to the data base or

delete items from the data base 7

There was some feeling that this scale might also be
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moderately low-biased, but user response indicates that the

scales are generally realistic for the commercial user.

How frequently do you change the general structure of

the data base 7?

Discussion with committee members, particularly Dr.
Maryanski, indicated that the commercial users of 0OBMS’s
seldom restructured their data bases. The academic

experience of ?he author indicated that a restructuring
should be conducted on an approximately semi-annual basis
for any large data base. User response was nearly
unanimous, however, in that restructuring was very seldom
conducted on large data bases. This is an area which would
be of significant interest for another study (e.g. how much
efficiency is lost as a result of either the unwillingness
or the incapability of the commercial user to restructure
the data base on a regular interval schedule), but it was
determined that this area was peripheral to the model. The
ranges for the restructuring question were maintained in

the selection model.

Can your staff modify the system to allow an expansion

of the present application 7

When the questionnaire was written, the author was
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unaware of the prevalence of vendor contracts specifically
prohibiting users from modifying the system software, or
the general practice of prohibiting users from securing a
copy of the source code. The users contacted were 3ll
using major-vendor DBMS’'s, so there is less probability n#
those particular vendors doing out of business abruptly.
The prospective user of the model may not be interested in
one of the larger vendor packages, however, so the model
includes the gquestion plus some explamation concerning the
necessity for gaining access to the source code if the
vendor is very\small, new to the business, or if there is

any indication that the vendor might not be available in

the reasonable future.

What is the average response time when you request

help from the service representative 7?7

This scale had to be restructured because of the
replies from present users. The scale was originally bssed
on a geographic span-cof-control conceﬁt, since the author
assumed that the vendor representatives would make personal
Qisits in case of software failure. Response to the user
questionnaire indicated that the majority of present users
had never had a vendor representative visit the user site

after the initial installation phase was completed. The
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present users raported a preponderahce of vendor-user
contact by telephone, so the model was modified to reflect

this Finding.

How important is standardization to your application 7?7

The requirement for standardization is difficult to
define in quantitative terms. The users appeared to view
the pravided scale as a reasonable measure of the area, so
the scale was laft intact.

™

How mary users of the U0BMS ycu chose did your Ffirm

contact prior tu selecting the system ?

A fFew of the users who.replied to the questionnaire
were in the initial installation phase of that particular
OBMS by the primary vendor. There was some indication that
most of the present users who were not one of the initial
installations used '"other-user satisfaction'" as one of the
primary selection critericon for their application. Study
of the type of DBMS salected by tHe present users indicates
that the type of DBMS which was selected was not the
optimal OBMS available at the time of selection. The
dependence on comments from other users is not a realistic

sole criterion for O0OBMS selection, although other user
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comments are @ valuable source of information about the
service reputation of a veﬁdor. This qﬁsstion was altered
in the fimal model to demonstrate that user environmént is
a major determinant of DBMS field performarnce and to
encourage prospective users to solicit comments primarily
from users.who have an application similar to the one for

which the DS8MS is being selected.

3.3 By-Respondent Analysis

The authoq expected that there would be some scort of
correlation between the type of DBMS chosen and the general
type of application for which the DBMS was chaosen. The
study of present users did not demonstrate any defimable
correlation between DOBMS .chasen and type of Epplicatibn,
except for the obvious exception where the type of hardwars
possessed limited tihne choice of DBMS’'s to a single package.

Discussions with the piresent users provided much more
data than appears on the questionnaires returned by the
users. In order to provide background data for future werk
in this area, a general verbal description of each user is
provided to demonstratz some of tHe factors which were used
as primary selection criteria by actual users. It is very
obvious that most of the users did not use a model such as
this one during the selection of the DBMS. This may appear

to cantradict the validity of developing a rigorous
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selection model. The author feels that the failure of the
users to employ a8 selection model graphically demonstrates
the nmeed for a comprehensive model at the present time. IF
the present users had had access to a good selection model,
there is an increased probability that there would havé
been more correlation between the DBMS selected and the

user requirements.
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USER A -- TDTAL (See Figure 3.2)

A large university, with over 100 entry sites and in
excess of one million records on file. With primarily an
academic requirement, retrieval times which might be

slow for commercial applications are considered adeguate by
the institution. Privacy laws and the amount of data on
students maintained in the data base demand some internal
data base security options [(for which TOTAL was not the
best choicel). The purchase price is within the ranges inm
the OBMS Technical Report (Slo, 78), and the annual cost of
majintenance is\within the range advertised by CINCOM.

End-user and staff skill level are about average, with
the user stating a high school diploma requirement for both
‘areas. The rate of insertions and deletions is moderately
high, and the user reports a general restructuring of the
data base on a yearly basis because of the need to reF;ect
yearly academic class schedule changes.

With the university computer personnel available, this
user indicated the staff could modify the system for almost
any task, although CINCOM does not provide a source listing
and excludes the user from modifying the system.

Standardization is of moderate impact (also not @ good
reason for selecting TOTAL); the hardware available at the

time of purchase was listed as the second most important

criterion in the DOBMS selection process.



WHAT IS THE mAXIMUM NUMDER OF USERS WHO COULD
ACCESS YOUR DATA BASE AT ANY ONE GIVEN TIME 7

WHAT 15 THE AV<PAGE MUMBCA OF RECORDS you
MAINTAIN ON FILE IN THE DATA BASE 7

100

WHAT 15 THE MAXIIMUM RETRIEVAL TIMS YOU CAN ACCEPT
ANO STILL RSHAIN AT FULL CPERATIONAL EFFICIENCY 7

DD YOU MAINTAIN OATA IMN THZ DATA BASE THAT IS
BECURITY-S5ENSITIVE TO PERSONNEL OUTSIOZ THE FIAM

?

DOES ANY DEPARTHENT MAIHTAIN DATA WHICH MUST BE KEPT
SECURE FROM UTHER PERSONHIL WITH ACCESS TO THE DATA DASC?

ACTUAL PURCHASE PAICE
ANMUAL LEASZ FRAICE 7

WHAT WAS YCUR
OR

WHAT 15 THE
BUT IRCLUOE

WHAT 15 THE
v END-USER"

SKILL LEVEL PEQUIRED BY THE REAL
TH YOUR SPECIFIC AFPLICATICN 7

{ ) Purchased et
[ ) Leosed Tor

AVERALGE ANNUAL MAINTENANCE CCST (O0MS OMLY,
IN-HOUSE COSTS IF IN VENDD CONTRACT) 7

WHAT TS THE SKILL LEVEL REQUIRED BY THE PZASONNEL

KHO MAINTAIN [Q SEAVICE THE SYSTEM FCA YCU 7?

HOU FREQUENTLY OO0 YOU ADD ITEMS TO THE DATA BASE
Ut DCLETE ITEXS FROHM THE DAYA EBASE 7

HOW FACQUENTLY DO YOU CHANGE THE
GENERAL STFICTUAS OF THE DATA BASE 7

CAN YOUR OWN STAFF MDOIFY THE SYSTEM TO ALLOW
AN EXPANSION OF THE PRESENT AFPLICATION 7

WHAT IS THE AVERAGE RESPDNSE TIME WHEN YCU
REQUEST HELFP FROM THE SCAVICE AEPRESENTATIVE 7?7

HOW 1MPURTANT IS5 STANDAROIIZATION TO YCGUR APPLICATION 7

{ GOVEANHMEMT CONTRACTS; KETWOAK CAPATABILITY; Et

HOW KANY USERS OF THE DBH3 YDU CHOSE DID YOUR
FIAM COMTACT FAJOA TO SELECTING THAT SYSTEM 7

|

PLEASE RANK-CRDCR THE SEVER
FACTDAS CY THE AIGHT TO SHOW
THE PRAOPCATIONAL WEIGHT
ACCDADED EACH AAZA AT THE
TIME THE LOM5 WAS 3ELECITD.
{1= ¥OST IRPLATANT AREA;

7= LEAST 11FORTANT AAEA) i

2

h]

Ca

FACTGRS

_h_‘----t:us‘r-~-.._&___
_&. HAROWARE AVAILABLE _ gl
i_ PEEA AECDM
M - secuntry oevions <Y
_L - USER SKILL-LEVEL -

DATION _ 3

Ona 2 -4 I 5 - o0 Izo-w?) Iuvorliod

| 1 1 1 1
< 1000 | 1o0D- 110,000~ 100, 630F 5% 1
millicn

40,000 100,000 £00,000
1 L J I ) 1
KK 3 ceod 351D 70 foc- | 35 win-1320 min.
{query) BBO. 1% min. 30 min.
i _J 1 I 1 1
{ never lolmear | on I 'fricg- | ell of
hevor occosion wently tha time
[] ¥ ] I 1
I navor lnlEnEL ! on I freg- I olt of 1
never occasjon wcntly thoe time
1 ! ; 1" ] |
T lecs 1 2ap00 -155000- 1215,000-1 aver |
$§1000.00 5S0D0 $15,000 $53,000 £350,000
| ! ! V’ 1 1 1
{loss than $250-1310C0. [Z5030- [eover |

$250 $10D0 S5000 $15,000 515,000

1 ] J 1 ] ]

I'eth Th3 Tcollege V cernarer cegrree |
grode diploaa gegrea expor=  in com-
J fence puters

1 ) | ! |

Ihs ‘callege lcospotel ccoree ladvarced

diplona degreo degrea  cotputer degrec in

scicpse cooputers

I 1 1 1 1 I
[ronthly | woexly l=< 0/)cay < 200 lever 1

o ooy 500/ cay

\/ !

1 1 ]
roo ycerly lcnice  lguarter]i-
than yeorly yearly or less

v .

|For eny 1
Cesirud
task

1
I rnevar

| =] ! |
o, evch with [Frotablyl For
linlted

with help hslp
expension

1 1 / I 1 I

o rep {return | Firsorol_visit ficon o
evailable call w/i w/ i

w/i a
2 days 2 dyﬂ
|

week
1 [}
T1itcle | o Iroceretd wajor |
impect cansider-  jm- impact

ayn pact
|

] !
ore ) 5 -2 1 3-50 5 -

th
cay

1
| ma
impact

] i |
10 lover 10}

PLEASE RANK.CRDER THE SAME SEVEN
FACTORS, GIVEN THAT YCU ARE
FAMILIAR WITH AT LEAST ONE DAKS
ANO HAVE EZEN HIAED TO ACT A5 A
CONZULTAHT FOR A FIAHM WHICH IS
INTERESTED IN SELLCYVING A 0OM3,
(1= AREA WHICH 5Srf?LO BE GIVEN

AEQUIRELTHTS
; ) | MOST COMSIDCAATION TN YOUR
-—l— ETAEF SKILL=LENEL 2o TYPE OF APPUICATIGH;
| AEOLINCIENTS g 7= ARCA CF LEAST SIGHIFICANZE
' | - stanpanoizaTION - FOA YOUR TYPC OF APFLICATIUN)

Figure 3

.2

User A



101

USER B -- TOTAL (See Figure 3.3)

A large government institution, with over a hundred
remote entry sites and nearly 12 million records. Maximum
acceptable retrieval times was in the 3010 second range,but
there was a requirement for security lock-outs and record-
level security all of the time.

The purchase price was $38,000 in 1972, with an annual
maintenance contract of $1,000. End-user skills required
were assessed at the 8th grade level, but the systems skill
level was college degree. Additions and deletions are now
processed usiné a macro data language, and structural
reorganization is done on 8 less-than-yearly basis as 3§
result of the major expense involved.

Some modifications have been performed to meet ' the
security requirements, but there is only a limited on-board
modification capability within the staff. The DOBA stated
that there had never been a contact with the vendor after
the installation, although service was available if needed.

Only 3 or 4 users were contacted prior to selection,
but tﬁis is one of the first CINCOM iﬁstallatiuns. The
user has IBM 380/65's and 370/168's now, but, at the time
of purchase, TOTAL was the only package that would fit the
hardware possessed. Hardware was thus the most important
consideration at the time of purchase, but would be the
second least important criterion now. The user said a OBMS

with better security features would be a better choice.
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USER C -- TOTAL (See Figure 3.4)

A large eastern city system, with 16 entry sites and
approximately 140,000 records on file. Maximum retrieval
was listed as 5 seconds, and no 0OBMS security was required
at the data base or lower levels. [(The DBA stated that the
privacy restrictions do not affect municipal governments in
that state.)

The system is leased at $1,000 per month, with a
maintenance agreement as part of the package agreement from
NCA. End-user skill requirement is low (8th grade) but the
systems staff ékill requirement is high (degree in computer
science)]. Insertions and deleticns are done at the rate of
approximately 400 a day, and the system has never been
reorganized. The user stated that modifications could be
made with minimal help from the vendor.

Vendor on-site contact has been non-existent, but any
telephonic requests are returned within 2 days. Only tHree
users were contacted prior to the selection of the system,
and standardization is considered tec have no impact.

Hardware was considered the primary criterion at the
time of acquisition, but would be the least important
factor naow. Because of a desire for future interaction
with the federal govermnment, standardization would be the

primary factor in any future selections.
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USER D -- TOTAL (See Figure 3.5)

A major southern wholesale house, with 450 entry sites
and over s millieon records on file. Query response time
requirements are 4-5 seconds maximum, and exterior security
is considered mandatory =a3ll of the time, with interior
security a freqguent consideration.

The system was purchased for $30,000, with an included
maintemance contract for $1,500 a year. The system cost is
moderately low; thé maintenance agreement is slightly high.

Both end-user and systems skill level were judged to
be at the hfgh school diploma level. Insertions and
deletions (primarily inventory adjustments) are conducted
at a rate of over 500 a day, but data base reorganization
is done less than yearly. Some systems modification has
already been performed in order to interface with DATBAS,
which is another ODBMS in use by the firm.

Vendor service response was said to be good, with a
return telephone call within one day. Standardization is
of no concern, and only two previous users were contacted
prior to selection of the system.

The primary selection criterion at the time of system
purchase was hardware; for @ reselection process, the staff

skill level requirement would be the most important point.
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USER E -- System 2000 (See Figure 3.8)

A large southwestern manufacturing company, with only
three entry sites, but over a half million records. The
maximum response time to queries was 3 to 10 seconds.

| Exterior security was needed on occecasion, but interior
security was almost never demanded -- primarily as a result
of the limited rnumber of entry sites.

The system was purchased for less than $50,000, with a
maintenance contract of over $1,000 a yéar. The end-user
skill regquirement is & high school diplnma; with @ systems
skill level cF‘a non-computer sciénce college degree. The
insertion and deletion rate exceeds 500 a day, and, in an
unusual response, the user stated that reorganization was
conducted semi-annually. The staff could modify the system
for any desired result (guestionable with MRI’s normal
restrictions); standardization was of moderste importance
[not a good selection criterion for choosing System 2000).

Four other users were contacted prior to the selection
of the system, and hardware possessed was the major point
of interest at the time of purchase and is still considered
the most important selection criterion [(even though the
firm has a 370/158, which allows many different options).
The second-most important area for selection was the skill
level required fFor staff personnel, with the third- most

important criterion as peer recommendation [ higher than is

normally admitted.)
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USER F -- System 2000 (See Figure 3.7)

A large manufacturing concern, with several data bases
operating within the system; nearly a hundred users; and an
average of 14,000 records on any given data base. The data
base retrieval time considered satisfactory was 10 secnndé
to one minute.

External security was almost never a consideration,
but the user stated that intermal security was done on 3
frequent basis (unresolved by the author). Purchase price
was $85,000, with an annual maintenance contract of $8,500.

»

End-user skill level was listed as requiring a high
school diploma, and staff skill level was listed at the
college degree level. Insertions and deletions were made
at a rate of less than 500 Va day, but the system
was reorganized guarterly -- a8 unique response.

The primary weight for the selection process was the
necessity to port the system to both COC and Univac; the
user contacted twenty present users of the system prior to
making the final OBMS selection. The user alsc stated that

Flexibility and expandability would be the major considered

criteria in any future selection cycle.
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USER G -- System 2000 (See Figure 3.8)

A large university, with over 100 entry sites and over
450,000 records. Because of the primarily academic ztype
operations, retrieval times of ten seconds were considered
adequate. Since the registrar maintains seven levels of
security, there was an interface with a CICS TF mornitor to
insure exterior security.

Price was not disclosed, but there was no maintenance
contract with the vendor. End-user and sfaFF skill levels
were about average at high school diploma and college
degree PESpEGt£VEly. Insertions and deletions were made at
a rate of nearly 10,000 & day, and the system was
reorganized on a yearly basis. The DBA felt that the staff
could modify the system for any purpose.

The system is resident on an IBM 370/158, and the user
talked to more than ten users of TOTAL, DATBAS and IMS
prior to selecting System 2000. A major complaint of this
user was the excessive reload and redefinition time
required for such a large data base, with an average quoted
time of three days on Ffull shift (not, according to the
users, anywhere near the figure originally quoted by a
vendorl]. The user slso noted that the design was geared
for good response with fewer keys, but degraded the ad hoc
query responsiveness. User skill was the primary weighting

factor during selection, with staff skill level next.
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USER H -- IOMS (See Figure 3.9)

A large university, with nearly a hundred entry sites
and a record base of over 100,000. ARequired response times
were given as 10 seconds to 1% minutes. Exterior security
was demanded all of the time, and _intericr security waé
needed on occasion.

The system was purchased for over $50,000, and there
is an annual maintenance contract for slightly under the
$5000 per year break point. End-user skill level was given
as high school diploma, and college degrees were required
of the systEms‘personnEl.

Insertions and deletions were conducted on a8 once-a-
month basis, with reorganization being accomplished on
an annual basis. The user is ﬁrohibited fFrom modification
of the data base, but felt that the staff was able to do
any modification necessary.

Standardization was emphatically not a necessity, with
more than 60% of the selection weight based on just the
present hardware (COC). The mext most important area was
user skill level, followed by securify options. In a
reselection process, the user would place security options
at the top of the criteria list, since there is some

dissatisfaction with the present system security.
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WHAT 15 THE MAXTMUM NUHDER OF USEAS WnD COULD
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SECURITY.SENSITIVE TD PEASONNEL OQUTSILE THE FIRM 7
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USER I -- IDOMS (See Figure 3.10)

A moderate-sized airline company, with approximately
40 entry sites and over 60,000 records on file. Query
response times of less than 3 seconds were considered a
mandatary requirement, and both exterior and interior locks
for security of the system were considered a requirement.

The system is leased at $2,700 per month, with a 10%
annual maintenance contract. Insertions and deletions are
conducted at the rate of about six per day, and the system
is reorganized annually.

The DBA d{g not believe that the staff had the skills
to modify the system, and also stated that contact with the
vendor was not applicable to that spplication (no specific
reason was given, but the supposition is that the DBMS is
part of an overall systems package, provided by either the
hardware vendor or a third-party vendor).

Standardization was & moderate consideration, but only
three users were contacted prior to the final selection of
that DBMS. Selection criteria weights were led by staff
skill level, followed by security options and then user
skill level. Hardware was the least important factor, as

the system is resident on a series 148 mainframe.
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WHAT 1S THE MAXTAUM NUMDER OF USEAS wnd COULD
ACCESS YOUR DATA BASE AT ANY ONC OIVEN TIME 7
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USER J -- IOMS (See Figure 3.11)

A ma jor stock exchange, with 300 eﬁtry sites and over
a half million records -- all of which were cleared each
day from the data base [clearly one of the more volatile
record environments). Response time required is less than
3 seconds; external security is needed all of the time and
internal security is needed at least on occasion.

The system was purchased at $98,000 (a little highl,
with a 10% annual maintenance contract. The end-user and
staff skill levels were slightly lower than average, bsing
8th grade and high schocl cdiplomas, respectively.

There were 80,000 to 100,000 imsertions and deletions
per day [(which does not correlate with the half million
records, all cleared each day, unless this indicates a
change to nearly 100,000 records inserted that day), and
the system was reorganizecd on a less-than-yearly basis.

The staff could perform limited modification to the
system, and standardization was of only moderate impact.

Of major interest is the vendor response area: the
user demanded one-half day on-site vendor service, and a
contract was awarded the vendor ﬁho met this demand.

Staff and entry skills required were the second and
third most important criteria; hardware and cost were tied

for the least important selection criteria.
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USER K -- IDMS (See Figure 3.12)

A large eastern hospital, with over 100 entry sites
and a record storage requirement of between 100 and 500
records [which computes to an occasional ratio of anm entry
site per record -- most unusual). Response time was listed
as less than three seconds maximum, and both internal and
external security locks were full-time necessities.

The user would mot discuss costs, stating that this
was not the policy of the hospital.

End-users and staff skill levels were estimated to be
»

high school diploma and college degree, respectively. An
insertion and deletion rate of more than 500 a daylwhich
also does not correlate well) was given, with a complete

reorganization on a semi—annual.basis,

Five users were contacted prior to the selection of
IDMS: peer recommendation was listed as the major criteria
for selection of that DBMS, followed by requirements at the
staff level and security options. End-user skill is seen
as one of the least important features during a process to
select a new OBMS. Flexibility of desﬁgn, recovery and
rebuild capability, and customer support would be the ma jor

considerations for any future DBMS selection process.
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ACCESS YODUR DATA DOASE AT ANY ONC GIVEN TIME 7
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3.4 Analysis of User Trends
A. Introduction

The user questionnaire was sent to a very select
group: users of either IDOMS, TOTAL or System 2000. The
list of wuser names was solicited from each vendor, so it
should be assumed that the vendor chose only those users
who were satisfied with the product. The entire populatian
of the user study is logically expected to be biased toward
the product which they are presently using.

Davis noted that many of the established vendors of
DBMS’'s tended tao take very dood care of the initial
customers, but, =a2s the popularity of the DOBMS grew, the
vendor was able to give a proportionately lesser quality of
service to new customers purchasing the product (Dav, 75].
Since the majority of the users are '"older" customers, it
is likely that they received the best of treatment while
attempting to adjust to the concept of a new OBMS.

Fimaily, most of the users contacted were large firms
with a well-establisned processing center plus a greater
amount of =vailable cash with which to shop for a product
than weculd Ete possessed by thé ""average" wuser. The
ma jority of users expressed the foeling that cost was one
of the least considersd selection criteria; if cost is no
object, the user can purchase expensive features which add

to the power of the "stripped" 0OBMS available to the less

wealthy average user.
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B. User Selectiom Criteria Ranking
All of the users were asked to rank the selection
criteria factors for the time of selection of the DBMS and
for a subsequent reselection of a 0BMS. The seven factors

provided from which the users had to choose were as

Follows:
1. Peer Recommendation
2. Capability for Standardization
3. Cost
-4. \Security Features
=) Level of reqguired skill for the End-user
B. Level of required skill for the Staff
7 Hardware Available

The limited rumber of users who replied to the user
guestionnaire, plus the biasing factors mentioned above,
preclude =ny attempt at making statistical inferences from
the sample. Several fFactors were evident from the user
replies, however, and they are presented here as
observations of a few present users of ODOBMS’s in a modern
commercial environment.

IDMS is the only CODASYL-type data base management
system of the three; it could be expected that a user who
was interested in standardization wcula be wvery interested

in IDMS. In fact, the averags'repiy of the users indicates
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that the TOTAL users placed the security criteria higher on
the ranking list than did the users of IDMS. One user of
System 2000 stated that stancardization was the number one
criterion in the selection gprocess; furthsr questioning,
however, revealed that the user was interested inm
compatibility with znother subordimate firm which had COC
hardware -- not in the CODASYL-concept standardization. No
System 2000 cwner chose st%ndardization as being anything
other than the least important consideration in the
selection of & DBMS; this would support the view aof System
2000 being one of the less-standardized systems. The
crossover between TOTAL and IDMS users is not so clearly
explained. (See Figures 3.13 and 3.14)

System 2000 would rormslly be expected to be chosen by
users with a low level of end-user computer experience; the
company that needs a "user-friendly!" DOBMS is more likely to
chose the powerful front-end query language of System 2000,
" which is ore of the ma jor selling points of that system.
In fact, however, System 2000 was slightly below IDMS in
the average ranking of the importance of user skill during
the selection process. TOTAL was also considerably lcwer
than IDMS in the number of users reporting user skill as a
primary consideration st the time of DBMS purchase.

System 2000 owrners did report the lowest concern for

cost of tha three different owner groups; this could have

been expected, since System 2000, with just a few optional
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features, is one of the mofe expensive DBMS’s. TOTAL and
System 2000 each exceeded the user concern with hardware of
that reported for IDMS, but this was not unexpected since
TOTAL operates on one of the most varied sets of hardware,
and System 2000 runs on both COC and Univac systems as weil
as IBM equipment.

The IDMS group chose security as one of the more
impaortant criteria in the selection process; the capability
of lower-level structured locks would more easily satisfy
the user who desired DBMS security, so this was alsco
an expected response. The slight lead that IDMS shows in
user concern with skill level demanded by the system is
somewhat puzzling, =since many users consider IDMS more
complicated than TOGTAL. |

Only ome Firm selected peer evaluation of the product
as the least important criteria, and they were using TOTAL,
which already had the most widely spread and best known
system available. A more thorough check of the user reply
indicated that there were no peers using the TOTAL 0DBMS
at the time of installation for that user, since it was one
of the First installations by CINCOM. This indicates that,
#or lack of & better instrument to use in the selection
process, other-user satisfaction is one of the most used

devices for the entire selection process.
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CHAPTER 4
CONCLUSIONS

The gosl of this research was to design a model that
would -aid a relatively non-technical manager in the
selection of a data base management system for a8 primarily
single-machine, non-distributed data base environment. The
proposed model appears to be a workable solution.

The madel needs to be tested statistically in  the
field, and there should be some validation of the suggested
weights and scdres provided throughout the model. The
model does not include marmny of the more recent developments
in the area of data base technology: back-end processors;
distributed data bases; 0O0BMS’s in the developmental stage;
and RAP and other special interest areas not presently
available to the germeral public.

The model, does, however, provide a two-phased method
to handle the selection process: the "filter" to eliminate
those DBMS’s that are not applicable to a specific intended
usage; and the "discriminator" to allow a quantification of
in#ormatinn about potentially useful systems. This phasing
of the model allows the manager to expend a minimal amount
of time on the less acceptable DBMS’s, while focusing on
the characteristics of most concern in the intended area in
which the model will be applied. Since there are nao othsr

previous models for reference, this model does provide the
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point of departure for future weork in the expansion of the

selection model concept.
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ABSTRACT

~This report describes a medel for use in the selection of a Data
Base\ﬁanagement System (DBMS) within a single-site, non-distributed
environment. 7The model is aimed at the middle and higher-level manager
who may not be fuliy-qualified in the more technical concepts of the
field of computer science. '

The model consists of two phasz2s and a total of seven sections,
Phase 1T is a rapid evaliuation filter which aids in the eliminatior of
those candidate DBMS's which are obviously unsuitable for the user.
Phase 11 is a detailed discriminator which allows the user to tailor
the selection criteria to the specific application for which the DBMS
will be used.

The model consists of the following parts:

I. The Filter
A twelve-quection rating form to eliminate those
DIBMS's unsuitable for the user application.

IT. The Discriminator
A, User Requirements
1, Identification of User Requirements Form
A twelve~question format to establish
the minimum tailoring requirements for the
user.
2, Requirements Consolidation Form
A formatted evaluation sheet to consoli-
date user requirement effects on desired
system architecture,
3. Explanation Section
A narrative section to explain the trade-
offs between user requirements and user demand
and system architecture.
4, Vendor Capability Form
A rating format to aid in the elimination
of vendors which do not meet minimum user
requirements.
B. System Features
1. Features FEvaluation Form
A suggested value scheme by which system
features may be weighted by the user.
2. System Comparison Form
An evaluation sheet to compare vendor
satisfaction of user-weighted feature demands.





