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ABSTRACT

This interim report presents the results of work performed by
Teledyne Brown Engineering (TBE) under NASA contract NAS3-31488. 1t
describes data base managsment techniques and applicable equipment and
contains recommnendations which will assist potential NASA data users in
selecting and using appropriate data base management tools and techaiques.

The report is organized to present the primary areas of investigatiom.

Part 1 surveys classes of currently available data proéessiug
equipment ranging from basic terminals to large minicomputer systems, as
they apply to the needs of potential SEASAT data users. It alse includes
cost and capabilities projections for this equipment through 1985. Part
2 describes a test conducted by TBE of a typical Data Base Management
System, the results of this test, and recommendations to assist potential
users in determining when such a system is appropriate for their needs.
The representative system tested was UNIVaC's DMS 1100. Part 3 presents
the requirements that potential wsers will have for NASA data. Based on
these requirements and the data reporting plans for several NASA programs,

it also discusses the resulting impact on user eguipment needs.
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PART 1

SURVEY AND CAPABILITIES PROJECTIONS FOR
SEASAT USER DATA SYSTEMS

Part 1 of this document surveys minicomputer and microcomputer
equipment available to potential users of SEASAT data. Complete processing
systems appropriate for SEASAT users are described, each of which can
provide local access to central data files and a particular level of local
processing power. Projections of system capabilities and costs through
1985 are also presented, Just as user needs can be categorized by re-
quirements for local storage, processing power, and equipment sophistica-
tion, the systems described in this report have béen categorized for ease
of reference, The categories presented are: telecommunications terminals
(communication only with no local processing), microcomputer based systems
(provide basic processing capability), small minicomputer systems (added
processing power and graphics capability), and large minicomputer systems
(powerful systems able to support large processing projects and networks

of users).



1, INTRODUCTION

The potential users of SEASAT data will vary widely in terms of
the data processing theilr applications will require, the resources they
are able to commit to these projects, and their own techmical capabilities.
To assist them in the precurement and analysis of SEASAT data, they will
require data processing equipment ranging from the most basic terminals
to sophisticated, relatively independent computer systems. This report
describes and predicts the future of applicable data processing and
communications equipment from simple communications terminals through

larpge, stand-zlone minicomputer systems.

The equipment discussed in this report has been categorized into
four classes of configurations. Each configuration provides users of
SEASAT data with a different level of processing capabilitias. Such
aspects of user requirements as thé amount of data which must be mani-
pulated, the amount of proceséing to be performed, and the computer
sopuistication necessary for their tasks were used to define these
categories, The following section on the survey and projection approaches
used for this report describes these classes and indicates their applica-
bility to SEASAT data processing. Potential users should first examine
this next section to determine the type of equipment of most interest
to them. They should then examine the corresponding portions of Sections
3, 4, 5, and 6, which describe these configurations in further detail and
present the results of our survey of curreat, rep;esentative systems.
Section 7, which presents capabilities and cost projections for the
equipment through 1985, can be used to help in formulating future equipment

acquisition plans.



2. APPROACH

The fdllowing subsections describe the approaches used in perform-
ing this survey of currently available equipment and in predicting the
future of this type of equipment. Also noted are significant assumptions

used during the course of these activities.

2,1 SURVEY OF CURRENTLY AVAILABLE EQUIPMENT

The categorization of current equipment used in this report is
summarized in Table 2-1. This table also indicates the applicability of
each category to SEASAT data wveers. The range of equipment available in
each category makes it impossible to define distinct boundaries between
categories. TFor example, a sophisticated microprocessor system may
actually be more powerful than an inexpensive minicomputer based system.
Thus, users should have their requirements clearly in mind and be prepared
to examine a wide variety of equipment to determine what suits their needs

best.

In the following four sections, equipment representative of each
category is déscribed. A major objective in choosing this representative
equipment was to demonstrate the variety of capabilities and technologies
available in each category. In most cases, this equipment is from the
larger, more established vendors. These vendors generally have the most
complete systems and offer widely available service. These advantages,
however, do have their cost, usually evident in total system price. Often
by mixing mainframe and peripheral vendors, users can obtain superior

performance and lower cost. Users must balance the simplicity of inter~
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A/

BASIC SYSTEM

TYPE OF 0 P T10NALY SEASAT DATA PROCESSIUG
_ APPROX. -
EQUIPMENT COMPONENTS price | COMPONENTS | CAPABILITIES
g Interractive Inquiry Te
$1000 Locate Appropriate Data |
1 - Telecomnunications Typewriter-like or , to o Limited Receipt OF
Only {See Section 3) CRT Terminal $4,800 SEASAT Data
. Same As Above Plus:
Microprocessor: For iy )
. 9000 . ¢ Formatting Data Requests
2 - Microcomputer Based g;g%;;‘miggtgﬁ?§§;§1ng ; ¢ e Print?r And Decoding Responses
Terminal N1th_50me board and Display 0 [ Gragh1cs From QentraT System To
Local Processing Local Data Storage: - $16,000 Equipment Simplify Communication
Capahitity (See F1 Disk ges o Automated Storage And
Section 4) c Oppit 1% or Examination of Limited
asseite lape Amounts of SEASAT Data
, @ Hardcopy ’ e s
Minicomputer (16-Bit | $50,000 device for | o gig:hﬁza?b?xgusigsﬁﬂd
3 - Small Minicomputer Yord Size) graphic out Examination of SEASAT
Based System With Small Mass Storage- to put Data
Graphice Corapility | Disk ond g Teve 197,000 |y yigher spee| o ore Pracessing pover
Reader 1/0 devices
Graphics CRT
Minfcomputer (32-bit ' . Same As Above Plus:
Vord Size) with large | $137,000 }s Higher Speed s Able To Support Extensive
4 - Large Minicomputer Memory to 1/0 Devices| Stand-Alone Processing Of
Based System lith Med. to Targe mass - e Color CRT Large Vc]umeg of SERS@T
Graphics Capability storage-disk and mag, | $153,000 pata, Including Graphics

(See Section 6)

tape

Med. speed 1/0 devices~
printer and card reader
Graphics CRT

Hardcopy device for

Graphics output

¢ Able To Support Hultiple

Applications

Users orEven A HNetwork
Of Terminal Users

TABLE 2-1 SUMMARY OF CURRENWT EQUIPHMENT CATEGORIES AND CAPABILITIES



conaecting components and the clear assignment of maintenance responsibility
in single vendor systems aganist the potential cost savings of multiple
vendor configutations. The prices quoted in the following sections are

list prices for single unit purchases. Comparison pricing of competitive
products at the actual time of purchase may disclose price changes or

negotiable discounts.

2.2 CAPABILITY AND COST PROJECTIONS

Currently, computers are referred to as micro, mini, or just plain
computers (milli and maxi have also recently appeared as vendors attempt
to stress the uniqueness of their products). The basis for this classifi-
cation has been the technologies used (e.g. LSI in microcomptuers), the
system cost, the level of support available, and in some cases the historie
product lines of manufacturers. As the gaps between the categories are
filled by new products; as various technologies and levels of support
become available on all sizes of computers; and as costs respond to
technological advances, the fate of these individual classes of equipment
will become impossible to follow. Similarly, it is difficult to choose
a level of processing power and to follow that level of processing over
time since expected advances in capabilities and even approaches to pro-
cessing will soon outdate current standards. Therefore, the types of
SEASAT user applications appropriate for the equipment categories defined
in the previous subsection will serve to define the categories of future
equipment projected'by this report through 1985.

Although computer peripherals often include mechanical components,

computer systems are predominstely electrical devices. Thus thedir cost



aﬁd capability trends are expected to be similar to historie trends for
other electronic devices. *HNuch of the basis for the projections in this
report is the dramatic design and manufacturing advances historically
present with useful electronic devices and the subsequent reductions in
the price of these devices, Also, computers themselves have existed
long enough to have established some of their own cost and performance
trends, which were used in formulating the projections presented in this
report. Projections based on such methods, however, assume a relatively
continous refinement and development of improved products. Dramatic
breakthroughs which cause major deviation from the current trends in
technology or costs cannot be anticipated.. All costs in this report

are expressed in terms of 1976 dollars.

= BILITY OF THE
Ceeap3, vAGE I8 POOR



3, TELECOMMUNICATIONS SYSTEMS

A basic telecommunications terminal can provide users with a
minimal cost point of access to SEASAT data. Such a terminal can not
process data itself, but can request processing by a central site computer
and can receive responses. Depending uvpon central site capabilities,

users may be provided with processing such as the following::

1) Searches of available SEASAT data for that meeting
specific eriteria (i.e. all coverage of a certain
location on a specified date with less than 15% cloud
cover)

2) Central site processing of SEASAT data (i.e. determining
wind speeds from specified SEASAT data)

3) Summary output of either of the two above tasks
transmitted to the terminal or dumped to hardcopy

media at the central site and mailed to a specified
location.

The communication process itself can range from a strictly formatted
procedure to an interactive system where the central site assists the
user in defining his requests. Because of their lack of local processing
capabilities, all data to be displayed by one of these terminals wmust be
transmitted in the form it is to be displayed. This, coupled ﬁith the
relatively slow speed of these devices (many functiom at 10 to 30
characters per second) make them practical for receipt of only limited
amounts of data, In additon, these devices generally can only handle
alphanumeric data, which rules out display of graphic images derived
from SEASAT data. Since the bulk of processing for such terminals is
handled by a central site, inquiry from a large number of these devices

produces a heavy processing lead at this central site. The low cost of
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such terminals therefore must be balanced aganist the costs for telephone

service and powerful central site processing capabilities.

The specific devices falling into this category are the "dumb"
typewriter-like and CRT terminals (soc named because of their lack of
processing power). Themost familiar typewriter-like teyminal is the
teletype. The CRT's resemble small television sets with a typewriter
keyboard attached. In order to communicate with a central computer site,
these devices also require a modem (integral part of some of the ter-
minals) to interface with voice-grade telephone lines. Some optional
features available to users include editing capability to allow modifica-
tion of data before transmission, CRT hardcopy devices, and on-site
storage to accumulate requests or replies. The primary advantage of
typewriter—-like terminals is that hardcopy output is a natural by-
product, whereas it is expensive to produce from a CRT. In contrast,
CRT's are generally faster and much quieter to operate. Table 3-1

summarizes equipment representative of this category.
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TABLE 3-1 TELECOMMUNICATIONS TERMINALS

“ DISPLAY COST
MANUFACTURER AND MODEL | COMMUNICATION OPTIONAL — COMMENTS
SPEED TYPE - S1ZE FEATURES BASIC* OPTIONS :
Beeline Terminals Mini 110-9600. 80 Char. X $1,795
fee 2 Bits/Sec. CRT 25 Lines B _
: : CRT (5 % 7 , Built-in ’ “Istandard: Character/Line Transmiss-
Up to. 9600 80 Char. X 5 jon, Line Editing, Cursor Contro}
DEC VT55 - Dat Hatrix Lines Hardcopy 2,405 | $3,295 With 100 10 s L ress
91ts/Sec. Characters ) 24 Lin Device §2, Mardcopy Scroll Rey, and Basic Graphics
' ; Full Screen can be Buffered For
1200-7200 " 40 Char. X i -an fered For
R R s 4,770 plock Trapsaission, Miouing Ecicie
' - CRT (12" With| 80 Char. X | 24-Line Dis-j
Lear Siegler ADH-3 g?g?éguo 5 % T(Hatﬂx I 12 Lines = | play,Numeric] $995
c. Characters) : Keyboard
- E tmpact Printind 72 Paper Tape Heay : ;
t < . y Duty Line Available
Teletype 33. KRS 110 Bits/Sec. (%:);nﬁggg?} Char./Line Reader/Punch $735 ¥l-bde] 35) ¢
‘ ' . PBtorage For 2 ~ |8450 For Ad- [Standard: Full Cursor Controi,
110-4800 80 Char. X |Screen Imagesy $3,525 ditional Stor-Storage of full Screen, Full Edit-
- | 24 Li $3 “Forl
Teletype Model 40 Bits/Sec. CRT nes  Hmpact Printey agebi}ﬁ%ﬁ? Forling and tany Special Features
_ el Hard- a0 bortable with - This Hodel is_one of T1's Sijent
: : 110-300 c . Dot Modem and 1,395 11 74 700 Series. The Line Ranges From
Texas Instruments TI 743 || pfts/Sec. °p”f4§,.’t‘11 BtY char./Line | ;fmu?ﬁﬂ s $1,995 the TI 743 to Prograrwable Hodels
' Characters) ~ foupler (745) pith Dual Tape Cassettes

* A1) Systems Wil Require Modems To Communicate Over Voi

ce-Grade Phone Lines, This Additional Device Will Cost Approximately $450.



4, MICROCOMPUTER BASED SYSTEMS

Microcomputers represent the lowest cost approach for SEASAT
data users to héve loeal processing capabilities, TFunctionally, micro-
computers can perform virtuvally all operations that larger computers
can. QCurrently, however, they are lacking in processing speed. Also,
support in the form of software and peripherals commensurate with the
microcomputer's low price is not yet available in a large variety or
guantity. Asa minimwm, wmicrocomputer systems could carry on interactive
communications with a central SEASAT data repository much like the
terminals described in Section 3. In addition, they can ephance this

interaection with the following capabilities:

1) Editing of user requests before transmission to the central
site - users can enter a request and examine it to verify

it is correct before transmission

2) TFormtting of user requests into a standard coded form

o Could zllow users to use a variety of reference systems
for geographical locations but all would automatically
be converted to a standard for communications with
the central site.

¢ Could reduce zmount of data to be transmitted,.

3) Decoding of repiies from the central site

s Could convert a standard reference scheme to that
of one currently being employed by the user.

e Could greatly reduce amount of data which must be
transmitted since the local processor could expand
it for display purposes or directly store it to
an intermediate wmedia before processing.

4) Local manipulation of SEASAT data, such as searchlng or
' comparing locally stored data, :

4



Limitations of microcomputer based systems lie mainly in thedir
lack of speed and their customarily small mémory and mass storage devices.
Both limit thedir abi;ity to perform complex compufations or mgssiva
data manipulétion without consuming much time and programming effort.

Of the categories of equipment discussed in this report, this
one is currently experiencing thé most rapid rate of evolution. Micro-
processors themselves are relatively new and their potential is just
now starting to be realized. WNew, significanﬁly mofe powerful ﬁroducts
are continually entering this market. The fepresentative equipment
described below is priﬁarily from well estaﬁlished and reliable vendors;
Competition in this field is sure to cause improvements in price and
performance, In fact, a number of smaller vendofs are currently ocffering
microprocessor systems in kit or assembled form at gxtremely low prices
compared to these major vendors. They are also offering increasingly
complete lines of peripheral equipment. O0f course, religbility and
vendor support may prove real problems, and software development is
left primarily to the users of these systems. They do, however, indicate
the rush of such‘equipmeht we can expect in the near future. Wany qf
the capabilities assigned to minicomputers in this report will no doubt
bécomé'avéilabie in microcomputer systems over the next few years.

' Following is a list of the equipment suggested for a microcomputer
.ﬁﬁnfigﬁratiOng éﬁd Sﬁme oﬁtions'which may be appropriate for particular
applications.

| 1) Basic Sﬁétemé'-

¢ Microprocessor for control and computational capability
{(requires programming language)



Mo na—

s Communications capability

¢ Local storage media-small volume such as floppy disk
or cassette tape

s Small memory-approximately 16K words

e Control monitor (keyboard and display)

2) Options

& Printer

Card Reader

Graphics capability (would require CRT)

L3

Zwo types of systems currently fall inte this category. They
are the packaged, "desk-top" units such as the IBM 5100 and the HP 9830,
and those made of components centered around a ﬁasic processor, such as
the PDP 11V03 or the GA 16/220. While the packaged units are easiest
to set up and begin opgration with, they are usually limited in memory
size and potential for memory expansion. They are also generally
limited in software and programming languages. .In contrast, the com-
ponent systems have near1§ all the flexibility of full-sized computer
systems. They are completé with operating systems, programming languages,

assemblers, compilers, and a wide variety of peripherals.

One particularly uniqué piece of equipment included in this

category is the Tektronix 4051. This device offers as standard, a

"micrdprocéSSOr controlled graphics dapaBility. Table 4-1 describes and

prices the devices chosen as representative of this category. A wide

variety of packaging and capabilities are include& in this sample, and

these unique features are noted in the table.

4-3



TABLE 4-1. WICROCCMPUTER BASED SYSTEMS

HANUFACTURER

COMMUNICA-

- CONTROL .

| Joystick cursor

Cnntro]

WORD SIZE{  MEMORY LOCAL OTHER BASIC
AND . {|TIONS SPEED MONITOR \ STORAGE SOFTHARE AVAILABLE SYSTEW COST*
R - . OPTIONS OPTIONS AVAILABLE OPTIONS COMMENTS
‘Data General {[50to79,000{ - ASR 33 ~ {Up to 84K Dual Floppy  [Disk Operating ; T
Micro NOVA || Bits/Sec. | Teletype 16 Bits | B8ytes | Disk Standard [System, FORTRAN|  PROM The Basic System quoted
{Component o Assmbier, Programmner $12,285 System Referred to 35
system) - Library (With 16K RAM) [rheir Development
o X ' T & : : System
Digital Equip-[)30 to 9600 LA 36 Keyboar: . _ _ Y
ment POP 11va3 || Bits/Sec. \Printer or CRT o |Up to sex | pual Floppy | fasemblers $12,225
{Component For Same Price 16 Bits Bytes Disk Standard Time Upérating FORTRAN ($700) i(with 16K RAM)
System). : System '
|General Auto- Hyp 1o 9,6 | Floppy Disks : i 6.35 Fully Compatible With The
| pation e 1o/ rtersae. “ﬂmeEhgﬁT)(512 1k Disk backs e FONTRAN.GASIC, | Operating 6&%&?'%%& GA 167140 (iniconputer)
omponent ' : 16 Bits : i 3 and Can Use Same Software
' Systgm) ‘ Modules Cassette and Optional COBOL (§¥S§SE) Heory) and Peripherals
. B Cartridge Tape !
Hewtet Packard{Up Eo 1,800igyi 1£-in 32 ., |Tape Cassette  |BASIC,Operating CRT,Card $10,500 (With
© hP 9830 Bjts/Sec. Eﬁ;raclgr Dis- 8 gotggk 1 Standard Systeﬁ,App]iCa- Reader,Ful] Line]5,aog Bytes of
(Packaged . play 16 Bits 4 Optional 4.84 tions. programs |of Printers, RAM)
fSYstem% . : ' Byte Mass Storage ' F’ffﬁggaela”e
' ' i1t-in 3 Up to 64K .
181 5100 (Pack-jilp to 300 ?Eu‘-lﬁi;"gﬁﬂ 60 |18 Bits | puies Rat | Tape Cartridge | BASIC, APL, $8,975 (Mith
aged Syslem) { Bits/Sec. P inas] 1us 2110 q00K | Standard Mpplications 16K RAM)
§ : _ Char. X 16 Lines) parity | UP 1O ] pplicat
: _ : Bits) Bytes ROM Programs
: : 163 ' BASIC,Operating] Graphics Hard- 199,145 (With tstandi &
{Sﬁﬁigglﬁ 11 1é?t§?s§2°“ (??11§¥éﬁaﬁ§¥ 16 Bits gyggs3%§ Thggagggﬁsidga System,graphicg copy ?ﬂﬁg- Ex- |16k Meméry) lﬁerﬂ?ssﬁi?t is 5:: e
System) g * Graphics CRT) 8K Modules Cﬂl’ﬂﬂandﬁ %g;g? P'IO?"%E!", : Graph'ica] CﬂpabﬂihES

* The Basic System'lncludes:

Small

Memory

;dmmun1cations Capability
tocal Mass Storage (Floppy Disk or Magnetic Tape)

Contral Vonitor (Keyboard and Display}

g



5. SMALL MINICOMPUTER. BASED SYSTEMS

Minicomputer systems can offer SEASAT data users graphical data
entry and disPIsy, as well as provide on-site processing capability
superior to that of most microprocessor systems. Most graphical systems
have been developed for wminicomputer and largervsystems, and can benefit
greatly from memories and mass storage devices larger than those generally
associated with microprocessors. The processing advantage of minicomputers
over microcomputers is a result of both their generally higher execution
speed and their currently more sophisticated software. They provide userswith
higherfievei languages (i.e, FORTRAN and ALGbL),Ifils handling software,
and some even have generalized Data Base Management Systems (DBMS's). Such
‘support heips make machine oﬁeﬁaﬁion-of iess a concérn to usexrs. The'
minicomputer based systems described below cnﬁld handle all the functions
described in the previsus section on micsoprocessors‘(i;e..csmmnnicaﬁe
with the central'site, forﬁat‘requests, decodebreplies, and provide local
‘prscsssing sf SEASAT dats); plﬁs the following: | |

l)._graphical display of SEASAT dsta and3maps,

e users could reference points on their display which
would automtically be converted to a standard reference
_fnp,commqnics;ions with.ths.centrsl site

» geographical overlays csuld be stored op-site and com
munication with the central site would only have
to be concerned with changes or additioms to these.
overlays (grsat redustios in required transmission)

» data to gemerate SEASAT maps could be transmitted on

a standard media through the mail for loecal use and
to add to local libraries of data

- 5-1



2) More computatiomal capability due to faster processors,

more storage, and more extensive software.

The systems included in this category have a:great deal of pro-

cessing potential, but in order to limit their price, they have been

restricted to 16-bit word machines with only minimal memory and périphErals.

They can handle graphics and are adequate for most kinds of stand-alone pro-

cessing, but could prove awkward for large data manipulation problems.

The following lists of basic system and optional components specify

the tvpes of systems included in this category:

1) Basic Systems

@ 16-bit Minicomputer
® communications capability to interface with central site
over voice-grade phomne lines ‘
e 10 million byte disk
¢ magnetic tape umit _ .
e medium sized memory, approximately 32K words (64 K bytes)
o slow speed printer and card reader
® gréphiés cé@ability with CRT
2) Options
® hérddopy for.graphics
e higher speed 1/0 devices
e 7ore memory and mass storage

Table 5-1 summarizes some of the equipment curfently available

in this category. As technology advances and microprocessprs exert more

pressure to take over the tasks of small minicomputers, we can expect com-

petition in this arcs to become even keemer. These systems can provide

an excellent starting point to be upgraded and éugmented into ultimately

very powerful systems.

(41
1.
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TABLE 5-1 SMALL MINICOMPUTER BASED SYSTENS

£-¢

: _ BASIC
MANUFACTURER AND MODEL HMEMORY -~ { LOCAL STORAGE SOFTHARE GRAPHICS PRINTER CARD. READER | SYSTEM COMUENTS
: _OPTIURS : OPTIONS AVAILABLE SYSTEM OPTIONS. OPTIONS COST* .
8 to 128K Diskettes FORTRAN 150 to 1000
words Cassettes ALGOL, BASIC 80 to 60D 5
Data General Nova 3/12|| | flag. Tape neseapler | D- 6. 6012 Tpm cards/min. | $59,000
. Disk Packs -
: 8 to 128K Bisk Packs FORTRAN, Vs a0 300 to 1200 Hardware fleating point optienal,
Digital Equipment PDP [\ Words (4K for| Mag. Tape BASIC, PDL, | Graphic 60 to 1200 i1 $87,065 . . _
11/34 " Systems) gassette Plotter DisS]ay Tpm, cards/min, user micro?rugramming. Memory Mana- }
. _ Tape Package,l.ibrary SYStem gement Available
_ . | Disk Packs ‘
General Automation GA Uﬁi{%igge' | Mag. Tape _ Fgg'sr?‘éfjt Teﬁgggnix 200“1]:&1000 322r§g)g}$ﬂﬂ 460,350 |Hardware memory mapping, multi-
16/440 : Words Cassette or Assembler - . user BASIC Available
- Cartridge Tape _
. It :
‘ 8 to 16K Cartridge Assembler, | Honeywell 240 to 600 300 to 500 Hot
Honeywell Level 6 Vorde Di-sksg FORTRA ED% 1pm. cards/min. Ava-;'il;ab'le Hardware multiply/divide standard
. This Time
: Disk Packs (U : 200 to 600 [400 to 1000
B to 64K to 300M Bytesg Assemblier, Tektroniz Tom cards/nin 70.000
Interdata 7/16 . - | tag. Tape " FoRTRAN, 4010 pm. / $70,
. Hords
: ' Disk -Packs Assembler, Tektronix | 300 to 600 {300 to 3'1{_300
Madcomp 11 (26) Up to 64K Mag. " Tape FORTRAN, 4010 - 1pin. cards/min. { $72,546
Hords Floppy Disks BASIC
. Disk _ FORTRAWN Tektrond 300 to 1000
Up to 256K | captridge |- pssembler, | aciq . | ©0te 110 S min. | $78,500
Prime 300 Hords Disk Packs | ' oasic, ' | - ‘oM Tom. cards/min. ’
' Mag. Tape Library

* The Basic System Includes:
& 16-bit Minicomputer
@ Communication Capability
& 10 Million Byte Disk
2 Magnetic Tape tnit

32K Vords of Memory

Graphics Capability with CRT

STow Printer (approximately 250 1pm.)

Slow Card Reader {approximately 300 cards/min.)

& B O o




One device which does not easily fit into Table 5-1 ié the
printer/plotter. Generally, employing a thermal process of matrix dot
printing, these devices can function both as medium to high speed
printers and as graphical hardeopy units, Their cost rivals that of
either of these devices, making them an attractive alternative. Operating
costs, however, are higher and must be considered. Manufacturers of such

devices ineclude Versateec, Varian, aud Gould.



6. LARGE MINICOMPUTER BASED SYSTEMS

Whareas the minicomputer systems described in the previocus Section
were limited to minimal configurations to minimize their costs, the
minicomputer systems included in this Section are designed primarily for
computing power. These systems are powerfiul enough for massive data mani-
pulation problems. In order to take advantage of their computing power,
most have software available to support communications with networks of
processors or terminals. All have the capability to execute batech jobs
while performing real -time processes (such as interactive communications).
Again, graphics capability is 2 primary feature of these systems, parti-
cularly for SEASAT applications., The following are the primary capabilities

of the large minicomputers described in this Section:

1) Intelligent communication with a central'computer
or network where requests can be coded to a standard
form and replies can be decoded in terms of the users
points of reference

2) Extensive graphical display and processing of SEASAT
data (same as for small minicomputer systeﬁ, but able
to handle larger awounts of data more efficiently)

3) Able to support multiple users and could even be con-
figured to support a network of users with their own
terminals. It could be a local or regional center for
data from SEASAT and other projects

4) 1Its stand-alone potential would make it appropriate for
a wide variety of local applications.

5} The system could support color graphics



Of course, such processing power is not inexpensive. These systems would
be appropriate for shared Ffacilities where total coat ié dafrayed over

nany users. Thesg users must balance having the power of such a system .
part-time against Having a smaller dedicated system. The following list

specifies the minimum and optional components of systems in this category:

1) Basic System

# 32-bit minicomputer

o Communications capability to interface with central
gite over voice-grade phone lines

50 million byte disk

Magnetic tape unit .
Large memory, at least 64K words (256K bytes)

* B

Graphics capability with CRT

L

Hardcopy for graphics

@
s Medium to high speed printer and card reader
2) Options

# Color graphics
# Higher speed I/0 devices

@ More memory and mass storage

The 32-bit word length specified zbove ilnsures that arithmetic accuracy

is adequate for almost any applications.

Table 6-1 presents those systems chosen as representative of
this category. Juét as for sﬁall miﬂicomputer.sysfems, tﬁe.printer/
plotter does not easily fif into the table,.but should be considered as
a pdssible:part'of:ény af these systems. Currently, thé lafge mini- .
computer fieldris not nearly as crowded_as_the small minicomputer field.

" This, however, is expected to change as minicomputer companies become
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TABLE 6~1 LARGE MINICOMPUTER BASED SYSTEMS

MANUFACTURER . CARD GRAPHIC BASIC
i HEMORY LOCAL STORAGE SOFTHARE GRAPHICS | PRINTER :
AND READER - HARDCOPY § SYSTEM COMHENTS
MODEL OPTIONS OPTIONSt AVAILABLE SYSTEM OPTIONS OPTIONS " DEVICE COST* .
. 20k To . {cartri dge Disk,Magd FORTRAN, | Tektronix {200 To 600 | 400 Te 1000 | Tekironix $138,000 { N Support OEN Coloy Graphics
Interdata 8/32 H i Bytes | Tape, Cassette Tape Asgﬁagllaéer, 4010 1pm. Card/Hin. True 32-Bit Machine
- Assembler, | Tektronix |so0p To 600 | 300 To 1000 { Tektronix | $153,000 | Uses 16-Bit Memory and Double
Modcomp TV (25))] 64K To :@aving Head Disk, | ~FORTRAN, 4010 “ ' - :
| W Bytes| = Hag. Tape BASIC. Tpm. .Car::,mn. Fatches for Each Word
: Application .
' Library
._ T 12 " | Assembler, | Tektronix |300 To 1700] 300 To 1000 | Tek 137,000 | Yirtual lemory  Copabiity,
Prine 400 _ m}; B;tes Cartridge [Ijsk, : FORTRAN,’ 4014 1pm, : carg/!ﬁn. Tektronix | $ Requires 15-Bit Memory, Two
: I Disk Pack,Mza. COBOL, _ : Paraliel Fetches for each
- - Tape BASIC Word {Memory Bus is 32-Bits
Yide) -
. Cartridge Disk FORTRAN, | Tektronix {300 To 600 285 To 1000 | Taktronix | $148,400 | Virtusl Memory Capability
SEL 32/55 {32k 4 hag. Tape Assembier, 4631 1pm, Card/iin, ! True 32-Bit Machine
_ ytes - . Application ' :
] ) Library
* The Sasic System Includes: s 32-Bit Minicomputer o Graphics Capability with CRT
S . - -8 Comunications Capability & Hardcopy for Graphics
s 50 Million Byte Gisk s Medium Speed Printer (approximately 600 Tpm.)
s Hagnetic Tape Unit ¢ HMedium Speed Card Reader (apprnximate]y IUOD Card/Hin.}
a 54K Hords (256K Bytes) of Hemory
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more sophisticated and offer more complete systems which can compete with
larger computers. Although the systems described in this section are

mini's, many are as powerful as the full-sized computers of a few years

ago and at a fraction of the cost.

6-4



7. EQUIPMENT PROJECTIONS THROUGH 1985

User requirements and technological advances will be the forces
that shape the future of computing systems. Of course, these forces are
interrelated in that techmological advances help o stimulate new user
requirements, while user_requirements often prompt research in particular
areas, Some of the expected changes that can be attributed to technological

advances follow:

1) Costs will drop dramatically for equipment to pro-
vide a given level of capability. This will be a
result of the historical cost trends for electronic
devices.

2) Machanical components will be increasingly replaced
by electrical components, This is most applicable
to the peripheral area where we expect more CRT's,
electronic mass storage. and electronic print
mechanisms (the transporrting of physical media,
such as printer paper of course must remain mech-
anical, but even the quantity of this operation could
be significantly reduced by using such media as
microfilm). The reason for this trend will be the
continuing drop in electrical component prices while
mechanical devices have basically reached a price
plateau.

3) New architectures will be developed and perfected to

take advantage of the evolving relative cost re-

lationships between compenents. For example, as

processor costs drop in relation to peripheral

prices, it becomes cost effective to develop multi-

processor configurations with common peripherals.
Some less technological responses to user requirements can also be predicted. As
cost go down and corresponding capabilities increase, computing will gain
even further acceptance accompanied by an increasing variety in the sophisti-

cation and financial resources of users. The f£ollowing repraesent some

expected responses;
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1) More complete system support will become available,
particularly for small systems (currently the small
minis and micros). Historically these small systems
were used by specialists for specifiec applications.

As the power of these gystems increase and their costs
decrease, they will be attractive for a more general
group of users. In order to serve this potentially
huge market, vendors will be prompted to offer added
service so that machine operations become of less
concern to their users. '

2) Standard software packsges will become more prevalent.
In general, equipment prices are dropping while_soft-
ware development costs are not. Software packages
will allow the defraying of developm.utal costs over
many users. As such packaging becomes more prevalent,
we can expect to see more competition and improved
products.

3) Computer systems will become more modular so that they
can be easily configured, assembled, and upgraded.
Peripherals in particular are becoming available from
such a variety of vendors, that these vendors must
strive for compatibility to insure their very Ffuture.
Hopefully, we will see more interface standardization.
Adding dedicated processors to peripherals and to peri-
pheral handlers will provide added flexibility in
interfacing equipment from various vendors.

The following subsection examines the individual categories of
equipment discussed in Secticns 3 through 6 in terms of expected changes
in capabilities or configurations, while the final subsection presents

projection of system costs through 1985.

7.1 CAPABILITIES BY EQUIPMENT CATEGORIES

This subsection examines each of the equiﬁment categories dig-
cussed in Section 3 through 6, and des~ribes the type of equipment ex-
pected to be available in the future tu meet SEASAT data processing

requirements,

<PRODUCIBILITY OF THRE
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7.1.1 Telecommtinications Terminals

Telecommunication terminals are appropriate when z single, central
data base must be accessed or when local processing capabilities are not
adequate. Many SEASAT data users will bé'interested'in oﬁly data for
their particular region, which could be made available directly to them
at their own sites. Currently, however, on-site processing of SEASAT data
requires equipment considerably more expensive then telecommunications
terminals. Communications costs are not expected to drop as significantly
as costs for computers. As costs of small cdmputing systems approach costs
incurred in using telecommunications terminals, SEASAT users will switch
to local processing capabilities, if even only to perform minimal data

coding znd decoding.

As logical devices (i.e., microprocessors) drop in price, they
will incréasingly become an intergal part of most teleprocessing devices.
They will add flexibility to deviece control (various interfaces could be
provided by different control programs for the processor) and provide for
easier use (on-site editing and user-specific commands could easily be
supported). Similarly, as storage media becomes less expensive, it will
be more practical to store intermediate data on site, pefhaps for editing, .
refersnce purposes, or block transfers of data. Currently, many tele-
communications terminals still employ impact printing techniques. Price
graphs show that while these devices have experienced minor cost reductions,
CRT terminals are in midst df a steep price decliné, with some already in

the same price range as the impact devices. Basicly electronic devices,
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CRT's should continue this price decline, replacing impact terminals where _
hardcopy output is not necessary. In fact, various electrostaﬁic printing
techniques are becoming increasingly popular both for reasons of price and
reliability. It is expected that such techniques employing standard paper
will be perfected and displace the impact devices. A likely configuratian
will be a keyboard, CRT, and optional electrostatic hardcopy device. Such
configurations will offer reliability, quiet operation, and a price below

current telecommunication terminals..
7.1.2 Microcomputer Systems

In the previous sectioms, microcomputers represented the least

expensive and least powerful level of computing appropriate for individual
SEASAT data users. The 18I components which previously delineated the
category of microprocessors are now finding their way into even the largest
computers. By 1985, microprocessors will have surpassed the performance
available in rodays minis and will be compoments of all sizes of computers.

Thus, the category of 1985 equipment safisying the requirement for a small

system, low in cost gnd_responsible for a single applicatien at a time

will be refered to as a small personal computer (without reference to tech-
nqlogies used). Similar to the microcomputer systems discussed in Section

4,. SEASAT data users would require on-site storage, a processing language,

and communications capabilities.

_ The smalI_L personal computers of 1985 wi;fi.l be a response to a demand
for such capability from a wide variety'of.uéers; As such,.ease of opera-
tion will be a kay improvement over tqdays small_systems. Higher level
languages, speciél purpose languages, ana.a ﬁatiety of péekaged software.

will be available. P:ocessing_speed,eveucntthese lowpriced systems is likely
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to increase, but overhead from operating syétems providing services to

the users will impact throughput. In order to increase speed and flexi-~
bility, even these basic systems are likely to have distributed processing
with individual processors dedicated to particular applications (e.g. user
interface, peripheral control, and arithmetic computation). Some of the
mass storage on these systems is likely to be electronic in nature, but

regardless of technology, total capacity will be much increased over the

“present media. Higher packing densities, improved media, and new storage
approaches will lead to this improvement with a certain decrease in cost.
Small CRT's integrated into these systems will be very popular as their
prices drop well below that of current terminals. Many may also have
hardcopy devices which can be used on demand to generate a permanent
image of the CRT screen. It will be important to SEASAT data users that
this sytem is able to efficiently acquire SEASAT data. This may be
through high speéd‘éommunications relaying déta to mass stdrage. A
simpler approach, however, would be to allow for some removable mass
storage media. Data in standard format could be supplied to users on
this media for immediate incluSi&n into their systems.

By 1985, graphical reporting will be very popular. By then, required
equipment will be ipexpeusive and it will be practical to dedicate pro-
cessors to generating graphical output and to simplifying user interface.
In fact, it is reasonable that by 1985, a small personal computer with a
CRT monitor as described above could be augmeneted with a graphics module

for very little cost. The increased processing load would be primarily

handled by the graphics module itself.



7.1.3 Small Minicomputer Systems

As indicated previcusly, the destinction between mini and micro-
computers will become blured in the future. Further, the sm2ll minicom-
puter Sjsteus described in section 5 were configured for SEASAT date users
requiring graphics capabilities, and by 1985, intelligent graphics
terminals capable of interfacing with even very small computers will be
available. This category of equipment will continue to respond to the
demand by SEASAT data users for relétively powerful, dedicated systeﬁs.
With such a system, a user can access the system and any of its stored
data on demand, By adding special @rocéssors, even the traditional
"number—crunching' types of problems could be handled by relatively in-
expensive machines (affordable for individual users). For projection
purposes, we will consider this class to be those computer larpger than -
the minimal systems described in the previous section but without facili-

ties or software for supporting multiple userxs simultaneously.

As steps are taken to make these computer systems easier to use,
operating systems will be refined and user communications simplified.
Data base management features will become available with virtual storage
so that users will be able to easily reference very large data bases.
Graphics usage will expand as intelligence in graphics terminals allow
extended capabilities. Price reductions in storage media will make
colored graphics feasible for individual applications. Considering the
usefulness of multi-color geographic representations of SEASAT data, we

expect wide application of colored graphics by these users.
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The basic equipment configuraﬁianOf-ﬁhese future systems will be
similar to_that of the small minicomputers of section 5. Mgch larger
electronic mass storage devices will no doubt be incorporated into these
systems. It is likely that mechani;al printers will be replaced by some
.ﬁype of eleétronic printing mechaﬁisﬁ.which will also be aﬁie.tb produce
graphiecs output and images of the GRT.screen7 It is also possible_that
éard readers will be reﬁlaéed by magnefic data inpuﬁ devices in'mény;

instances.
7.1.4 large Minicomputer Systems

The large minicomputer category will be very hard-to-deiinEaté
in the future. Their current trend is toward general purpose capabilities
and they ére making serioué inroads into the full—sized'computér field.
For p;ojectiou purposes, we will consider this category torevclve to a
class of multi-user, general purpose éomputers'with capabiiities aﬁjwhere
from their current level to that of our more sophisticated current computer

systems.

Notable advances expected in this category include:

1) Very large, on-line mass storage devices (electronic
in nature)

2) Virtual meﬁcry and Data Base Management Systems

3) Multiple processors, allowing these systems to service
large numbers of users concurrently and to fully
utilize all components

4) BShift from punched card input to magnetic media data
input ) ‘ ' o

5) Wide use of electronic printing devices also capahble of graphics
6) Colored graphics on CRT

7} Colored hardcopy of graphics output, perhaps dirsetly
te film rather than paper

8) Advanced microfilm output.
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These systems will continue to be most appropriate for groups of SEASAT

data users able to share the use and cost of such systems.,

As shown above, we expect both refinements of existing capabili-
ties as well the addition of others. This usually is the trend for
general purpose equipment. Currently, large miniceomputer systems are
just building their reputations as complete and well supported systems.
Over the next few years, we will see major efforts by vendors to supply
support and software to make them more attractive to the general computer
using community. As in all levels of computing, use of many processors
to control devices and provide computing power seems inevitable, just as

the move from mechanical to electromnic peripherals,

7.2 SYSTEM COST PROJECTIONS

The cost projections presented im this subsection are based on
recent price trends for computer equipment and the historic price curves
for other electronic devices, These projections are for complete pro-
cessing systems, as described in previous subsection, rather than for
individual components (except the category of telecommunication terminals),
All cost projection are in terms of 1976 dollars. Table 7-1 summarizes
how the nam.;i.ng and price ranges of these categories are expected to evolve
by 1985. This evolution of names is based on the uncertain future of
such terms as micro and mini. TFigure 7-1 presents cost curves through
1985, showing continuous cost projections for average systems im each

category.



CURRENT EQUIPMENT || 1985 EQUIPMENT
CATEGORY SYSTEM COST CATEGORY SYSTEM COST
. . i $137,000
Large Hini computen t0 Med i um-S1zed $100,000
$153,000 General Purpose And Up
Small Minicomputer] § 525000 Meqium—Sized $'128000
Based . $87,000 Single User $ 30,000
Microcomputer 5 25000 Small Personal $ 13000
Telecomunications $ 15000 Not Applicable
Only $ 4,800 For SEASAT
? i Users

TABLE 7-1 SUMMARY OF EQUIPMENT CATEGORIES AND COSTS

The category of telecommunications equipment is not carried
through 1985 on either Table 7-1 or Figure 7-1. This is not to imply
such equipment will not exist by then, because certain applications surely
will continue to require it (where a central data base is required or
where local processing is impractical). In the near future, however, it
is expected that the cost of small personal computers will approach that
of the telecommnnicaticns terminals and it will become more appropriate
for even very small SEASAT data users to acquire such systems rather than
simple terminals., Thgse systems will be:able_to accept. SEASAT data, per-
form searches and comparisions of the data, and probably even dispiay it.

egraphically,
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SYSTEM COST IN $1000's (1976 DOLLARS)

140 —— Large Minicomputer

130 ———
] Medium Sized
120 General Purpose
110 ——
100 ——
90 ——
80
70 —3 Small Minicomputer
60 — |
50 —
a0 —
30 — Medium Sized
] Single User
20
_ —Microcomputer ‘
10— Small Personal
—Telecommu} - Computer
M
1975!'1977 | 1978 | 1979 { 1980|1'981 |198’2'|1983' |1984 |1985 | -
‘ YEAR
*As the prices of small personal systems apgroach those of telecom-

munications terminals, most SEASAT users are expected to choose
the small computing systems over the simple terminals.

FIGURE 7-1 COST PROJECTION
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As illustrated in Figure 7-1 the relative slopes of the various
cost curves are not the same. The systems configured for single users of
specific applications (small mini's and micro's) are shown decreasing in
relative cost much faster than the larger, more general purpose equipment
(large mini's and the telecommunication terminals). Historicaliy, equipment
designed for specific applications tekes advantage of technological advances
primarily by lowering costs rather than by significantly increasing cap-
abilities. On the other hand, users of general-purpose equipment tend to
acquire and use as much equipment as they can afford. As new capabilities
become available and component costs drop, they will oftem maintain their
level of investment or even raise it to acquire significantly improved
equipment., Of course, the cost for a fixed set of computer capabilities
(if even definable) will drop dramatically over this time period, but in
this general-purpose categoty, we are expecting these drops to be offset
by additions of capabilities and new components. Cost per processor may
drop substantially, but each system may employ many processors along with
expanded vendor and software support. The telecommunications terminzls
show a gradual cost reduction because of their dependence upon mechaﬂical

components and because they are further along in their evolutiomary cycle

than the other devices discussed.
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PART 2
DMS 1100 TEST AND EVALUATION

Teledyne Brown Engineering (TBE) recently exercised the Data Base
Management System DMS 1100 as installed at NASA's Marshall Space Flight
Center. This exercise was designed primarily to obtain quantitative
measurements of the implemenﬁation and operating overhead introduced by
the use of such systems, in terms of added manual and computing efforts.
Part 2 of this report describes the tests performed, the results of these
tests, TBE's evaluation of the results, and recommendations to potential
Data Base Management System users to assist them in deciding when such a
system is appropriate for their needs. Specific comments relating to

DMS 1100 as a representative system are included with these recommendations.



1. INTRODUCTION

Data Base Management Systems (DBMS's) have been hailed as the
major software advancement of the 70's., In concept, they certainly hold
much promise in terms of centralizing data management responsibilities,
reducing data redundancy, and providing users with more flexibile data
access., In terms of product life, DBMS's are still in their formative
years and can expect many refinements in the next few years. Standardiza-
tion, ease of use, and more efficient operation are all areas which should

see improvement.

Many reports have been produced comparing the availability of
particular features in various DBMS's. Frequently, these reports ailso
assign weighting factors to determine those best suited for a particular
application. Few potential DBMS users, however, have actually worked with
such a system. It was the purpose of this study to evaluate a representa~
tive, well-established DBMS by actually exercising it with typical data
access operations. A benchmark set of operations were developed to obtain
quantitative measures of the operating overhead introduced by the DBMS,
Emphasis also was placed on determining the level of effort and time
required for data processing personnel academically familiar with DBMS

approaches to initiate and use a typical DBMS.

The DBMS examined by this study was UNIVAC's DMS 1100, as im-
plemented on a UNIVAC 1108 at NASA's Marshall Space Flight Center. DMS
1100 was selected because: it represents a major vendor's DBMS; it is
operational at a number of sites; it conforms to the Conference of Data
System Languages (CODASYL) recommendations for DBMS's (current moves
toward standardization appear to be in this direction with most new DBMS's
also conforming to these recommendations); and it was installed and
available for exercise. Standard COBOL file management software was used

as a point of reference for comparison purposes.

The following Section describes the tests performed and presents

the quantitative results. Section 3 analyzes these results and their
causes while Section 4 presents recommendations on when and how to use a

DBMS with particular reference to DMS 1100.
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2. TEST PROCEDURE AND RESULTS

This test of DMS 1100 was intended to provide quantitative measures
of the overhead (both man and machine) introduced by the use of a typical
DBMS rather than the normally available system utilities for data manage-
ment. The enviromment and applications tested were chosen to be represent—
ative of those for many of the organizations now contempleting implementation
and use of a DBMS. The following subsection describes in detail the tests

performed, while subsection 2.2 presents the quantitative results of this
effort.

2.1 TEST DESCRIPTION

There were actually two parallel parts to this test, One task was to
exercise DMS 1100, while another was to perform corresponding benchmark
tests with COBOL using system-standard file handling software. The fol-
lowing subsections describe the operating environment, file structures,

and operations used for both parts of this test.
2.1.1 Environment

The computer environment for this test was a2 UNIVAC 1108 installed
at NASA's Marshall Space Flight Center. This installation operates under
the EXEC 8 operating system and jobs were submitted in a batch mode. Due
to their heavy computing load and the low priority assigned to large jobs
such as these data base tests, we were able to average only one batch of
computer runs per day. Local memory and disk space constraints did not

interfere with the execution of the tests.

Version 5A of DMS 1100 was used for this test since it was the
most recent release available. A single thread configuration was used,

in which each user of the system has to incorporate his own personel
vergion of the DMS 1100 software into his program. Multi-thread con-

figurations also exist, where a single copy of the DMS 1100 software
resides at the operating system level and may be accessed by multiple

users. Overhead for a single program to use DMS 1100 should be
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sinilar for either configuration. Only in multiple concurrent user
situations should the multi-thread configuration reduce total memory
requirements. At the time of these tests, the multi-thread version uas

not available for our use.

In order to use DMS 1100, users must first design and create
their data base. The data base design in itself is a major project in
that requirements for the dat. must be established and the data base
design optimized for efficienc; and ease ofuse. The data base is defined
using a special Data Definition Language (DDL) which is passed through
a DDL Processor to produce an Object Schema. This Object Schema describes
the structure of the data files for the computer and is referenced during
processing of file manipulation commands. These commands are written using
the Data Manipulation Language (DML). The DML is not an independent lang-—
uage, but rather uses COBOL zs a host language (Version 5A of DMS 1100 uses
UNIVAC's Fieldata COBOL). These DML commands are imbedded into COBOL pro-
grams and pre-processed by DMS 1100 software Wh;ph translates them into

CORQL compatible calls to the DMS 1100 Data Mzmipulation Routines (DMR's).

For benchmark purposes, standard file manipulation facilities
available in UNIVAC's Fieldata COBOL were used to establish reference
statistics. The Indexed Sequential File Management System (ISFMS) soft-
ware package was included in the version ot COBOL used to provide added

fiexibility in data access.
2,1.,2 Files

The files of data used for this test were designed to be re-
presentative of the types of files in many large data management systems.
In fact, they were modeled after an existing inventory control and
reporting system. These files varied in size and record length as

follows:



RECORD LENGTH IN WORDS
FILE NUMBER  NUMBER OF RECORDS OF COMPUTER MEMORY
700 Records 7 (42 Characters)
16,000 Records | 21 (126 Characters)
23,000 Records 14 (B4 Characters)

Fach file was first created as a COBOL file and then a corresponding DMS
1100 file was constructed using the DML, All test files were created
once, stored on magnetic tape, and loaded to disk before individual test

Tuns.

2.1.3 Operations on Files

The operations performed and timed for this test were those that
occur frequently in updating and accessing a large data base and included
operations requiring random access to stored data. Table 2-l describes
the data manipulation activities tested and the particular operations used
in DMS 1100 and Standard COBOL with the ISFMS to accomplish these activities,

In addition to the data manipulation activities desecribed above,
it was our original intention to examine the operational attributes of
DMS 1100 in an expanding file environment. It is a well known character-
istic of the standard indexed sequential file handling package, ISFMS, that
as vecords are added to a file, causing a large number of entries in the
overflow area, the time required to fetch or stors new records increases
dramatically. This increase is due to additional time required to search
the sequential overflow area and can be alleviated only by reorganizing
the file. We had intended to investigate the behavior of DMS 1100 in a
similar environment. However, in examining the DMS 1100 documentatiocn,
we discovered that DMS 1100 uses the standard file handler and contains
no special provisions for automatic file reorganization. We expect DMS
1100, therefore, to exhibit the same increase in overhead as ISFMS in an

expanding file environment.

2.2 QUANTITATIVE TEST RESULTS

DMS 1100 required significantly more rescurces to operate than

the standard COBOL file management utilities. The programming effort
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required to use DMS 1100 consumed many times that required by the
standard COBOL, and computer execution time for those parts of the
programs attributed to data access and management were .tripled by DMS
1100. Tiwings for the operations tested were acquired using a system
utility which allowad measurement of elapsed CPU time at any point in a
programs execution. The timing results obtained for DMS 1100 and for
the reference COBOL environment are summarized in Table 2-2., The

following Section analyzes the results of these tests.



DESIRED ACTIVITY
e ——— ——————————

® Locate A Record With
Known Key

e Sequential Scan Through
File

o Insert New Records

¢ Operations Normally
Associated With Updating
A Record (Random Read,
Rewrite The Record, And
Reread The Record As A
Check)

# Delete A Record

DMS 1100 COMMAND

e ———————

Random "FETCH"

“FETCH NEXT RECORD"

Random "STORE"

"FETCH", "MODIFY",
AND “FETCH"

Random "DELETION"

COBOL ISFMS COMMAND

Random Read

Sequentially Read
Next Record

Random Write

Random Read, Rewrite,
And Reread Of The Same
Record

Random Delete

TABLE 2-

IR, Jib TR

1 OPERATIONS PERFORMED FOR TEST
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MEAN CPU TIME
REQUIRED PFR OPERATION

MULTIPLE OF COBOL ISFMS

OPERATION (IN MILLISECONDS) TIME REQUIRED BY DMS 1100
DMS 1100 COBOL ISFMS
Random Read 8.50 2.95 2.9
Sequential Read 2.20 1.00 2.2
Insert New Record 11.07 4.60 2.2
{Random)
Update Record (Read,] 13.60 3.60 3.8
Rewrite, and Reread
The Same Record)
Delete Record 9.90 2.78 3.6
{(Random)
Average 8.85 2.99 3.0

TABLE 2-2 QUANTITATIVE RESULTS OF TESTED OPERATIONS




3. ANALYSIS OF TEST RESULTS

These tests showed an unexpectedly high overhead in the use of
both manual and machine resources required to operate this representative
’DBMS. The following subsections comment on these two aspects of overhead

and note their causes,
3.1 EASE QF TUSE

Ultimately, DBMS's should rediuce the amount of programming effort
necessary to use large data files by providing easier, more powerful data
manipulation capabilities than are currently available instandard systems.
Furthermore, a wmified data base should centralize responsibility,
optimize the data structure, and ultimately result in long term savings.
Such a refinement of DBMS's was not evidenced by this test. The potential
for such personmnel savings no doubt exists in DMS 1100, and probably
becomes tangible after users become very familiar with the system. Our
test, however, which emphasized initiating the use of such a system,
pointed out that the user interface portions of the system still need

much refinement.

The easiest way for a persom to learn to operate a new system is
to have the assistance of someone who has already used and is famildiar
with the system. Unfortumately, that body of persommel is relatively
small for DBMS's. Thus, most new users will have to "go it alone" to
some extent. Such was the case for this test. We were able to locate
few current users of DMS 1100 at MSFC and the operatiomal applications
did not use all of the facilities to be tested. Faced with such a sit-
uation, system documentation and program "run-time" diagnostics became
the primary sources of information and assistance. In general, both of
these sources were found lacking in completeness and clarity. This is
not surprising for such a major, relatively recent product, but does

point out a weakness expected in most current DBMS's.
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3.1.1 Documentation

In using DMS 1100, the following documentation was used:

DMS 1100 Schema Definition —(UNIVAC Pub. No. UP-7907,
Rev. 2)

DMS 1100 ANS COBOL (FIELDATA) Data Manipulation Language -
(UNIVAC Pub. No. UP-7908, Rev, 1A)

ANS COBOL (FIELDATA) ~(UNIVAC Pub. No. UP-7845, Rev.C)

Programmer Procedures Manual —(MSFC Publication)

CODASYL Data Description Language - Jourmel of Development,
June, 1973 - (U.S. Dept. of Commerce Publication - NBS

Handbook 113)

Date, €. J,, An Introduction to Database Systems,
.Addison Wesley Publishing Company, 1975.

The first three manuals listed above represent the UNIVAC documentation
'appropriéte for DMS 1100 users. This documentation assumes a great deal
about a potentlal user's background in database management systems., Some
cr1t1ca1 terms were poorly defined or r not defined at all and an overview
of system operation was not included. Also lacking were hints on how to
structure individual databases to take advantage of the inherent internal
structure of DMS 1100. Such information is valuable but difficult to determine_,
particularly by new users. Most emphasis in the UNIVAC documentation

was placed on deseribing the comstruction of valid commands {syntax),
while much less effort was given to completely specifying the actiom
caused by these commands (semantics). In both cases, some omissions and
ambiguities were noted, but primarily in the area of semantics. The other
documents referenced in the above list had to be consulted to augment the

UNLIVAC manuals, and even then, not all questions which arose could be

answerad.

3.1.2 Program Diagnostics

Poor run—time diagnostics have been a traditional complaint of
programmers, and new, large systems are generally the worst offemnders. It

must be appreciated that the larger and more complex a system is, the more



eritical are these diagnostics since it is particularly difficult for
users to comprehend these systems. Some of the problems encountered with
DM§ 1100 diagnostics are:

s The DDL Processor failed to detect some syntax errors

s Some of the error messages produced by the DDL
processor were ambiguous

s Some of the run time diagnostics were totally in-
appropriate for the commands they referenced

& Some errors during file generation were not reported

Such problems are serious, particularly for a new user unfamiliar with the
system, and even more so when they represent the only programmer assistance
available (no experienced users for consultation). These difficulties
significantly added to the DMS 1100 programming time required in this

test and similar experiences are expected for other new users of DMS 1100.

3.1.3 Comments on System Design

The syntax of the DDL is very similar to COBOL, but in many
instances, punctuation rules are different. Although the DDL commands are
assembled to form an independent pregram which builds the object schema,
COBOL serves as a host language for other DMS 1100 operations. Therefore,
it seems reasonable that the DDL should be as similar to COBOL as possible.
Further, it appeared that this punctuation was in fact unnecessary, but
improper use of it still caused disastrous results. This design feature

contributed to unnecessary difficulty in initializing DMS 1100 files.

3.2 MACHINE RESOURCES

Considering the additional capabilities and services provided
by DBMS's over standard file management software, it is to be expected
that they will require added machine resources. The fact that CPU time
required for file related processing with DMS 110C was three times that
for standard COBOL with the ISMFS, was surprising. If, for a particular
application the capabilities offered by DMS ilOO are necessary, or if savings
in programming time can be established, such a price may not be mreasonable.
Such an analysis, however, requires the context of a particular application,
and therefore is not appropriate here. Instead, we can examine the source

of this overhead.
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The added processing time and data storage facilities generally

required by DBMB's can be attributed to:

» maintenance of intricate data structures and presenting
this data to users as if the data were stored in a2 form

defined by the uset

¢ logging and access checks to maintain data security in

a multi-user environment

¢ activity logging to provide back-up protection.

A1l of these activities are likely to add processing and storage overhead,
hut the effect on storage requirements of the first (maintaining data
structures) is particularly dependent upon the environment and tbe data
structure that would be used without a DBMS. Given a single file, con-
version from a standard environment to a DBMS enviroament may require

up to three times the storage space. This will vary depending on the
system and the interrelationships inherent in the data. When multiple
files are combined into a DBMS, however, the change in storage require-
ments will also be affected by the reduction in data redundance that was
present in the original files. In fact, there are cases of conversions
to DBMS's where the increase in storags required per data element was

totally offset by the reduction in the number of umique data elements.

A potentially serious drawback to the use of DBMS's is that
these added computer requirements are often significant enough to
aectually necessitate added eguipment. Computer facilities traditionally
operate at near capacity, and the addition of a large DBMS data base

often means upgrading the CPU and disk subsystem.
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4, RECOMMENDATIONS

The conversion to and use of a DBMS is a major step and must be
carefully considered. DBMS's are by no means a cure-all to data manage~
ment problems and in certain cases they are not even appropriate at this
time. The following subsection presents guidelines to help potential
DBMS users decide when the use of a DBMS is appropriate. The fina; sub~

section addresses recommendations on the use of DMS 1100 as a representa-
tive DBMS.

4.1 WHEN IS A DBMS APPROPRIATE

In determining if a DBMS is appropriate, a potential user
should first obtain a clear picture of the benefits offered by DBMS's
over those available with standard file management features. If these
benefits would be significant for the projected applicatioms, then
individual DBMS's should be investigated in terms of their particular

features, acquisition costs, and operational costs.

The major potential advantages generally offered by DBSM's
are:

® Responsibility for acquisition, update, and maintenance

of data is centralized.

@ Charing of common data among multiple users is
simplified since each user, internal to his own pro-

gram, can define an appropriate structure for the data.

#» Sophisticated data access techniques (i.e., indexed

sequential with multiple keys) are available.

s Data Security is provided by DBMS's with various
levels of access allowed individual users (in some
systems down to the data element level).
These advantages are most appropriate for large data systems with multiple
users and much common data, some of it priviledged or for restricted usage

(such as a company-wide management information system including personnel
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records and salary information). Probably the driving force for develop~
ing DBMS's was the elimination of redundancy in data bases and the
centralization of control over data. Data security features developed
out of necessity for privacy in this environment. Often these advantages
can actually reduce programming overhead by centralizing data management

responsibilities and providing sophisticated data access procedures.

The benefits afforded by any of these capabilities, however, must
be balanced against those disadvantages generally associated with DBMS's

and summarized below:

# High Initial Costs

4 Purchase of software, support, and training for
the DBMS

4 Additional equipment cogts ~ additiomal processing
capability may be needed for the additional processing
overhead, and storage requirements certainly will be
increased over standard file maintenance {(disk overhwosd

faetors of 100-300% are common for DBMS's depending on
the structures of the data).

A User training - few people are experienced with DBMS's
and the complexity of these systems does not lend itself
to self-instruection.

A Conversion of existing data bases will cost both pro-
grammey and computey time.

e There is no standard DBMS5S (CODASYL's recommendations are
very popular and are likely to provide the basis for any

standard developed).

s Reliability is crucial because of the difficulty in providing
good back-up proc'edures-for a disk-resident data base. DBMS's
have various schemes to allow "roll-back" to remove erroneous
data entries but such schemes are quite complex and introduce

much system overhead.

The high initial costs noted above probably constitute the most serious of

the problems. It is rare that a new users' first application of a DBMS
will save hia money or effort because of these high costs. Once these
costs are absorbed, however, operational costs may be very similar to

those before implementating the DBMS. Computer operational costs will
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probably rise since more processing and storage may be required, but pro-

gramming cosis may decrease,

0f course, the significance of any of the considerations noted
above must be assessed in terms of their potential environment. DBMS's
are still relatively young as commercial products. With time, their
advantages will increase, no doubt with an accompanying reduction in
disadvantages. Once z user decides the use of a DBMS appears appropriate,
he should search for ome with particular capabilities suited to his needs.
The following subsection comments on DMS 1100 as z representative of well
established DBMS's.

4.2 DMS 1100

DMS 1100 has been operational at various sites for a number of
years. Without experienced assistance, however, we found the system
very difficult to use (a characteristic we expect of most DBMS's because
of their complex structures). Contracted support and training may be
the most efficient approach to beginning use of this system. It is not
anticipated that continued use of the system would be unreasonably
difficult. Unfortunately, available documentation was much less than

ideal and therefore new users would probably also require extensive training.

A definite advantage of DMS 1100 was its use of COBOL as a host
language. With this configuration, the programmer is using a familiar
medium and has all of its capabilities at hand along with the added
Zeatures of the DBMS. As expected, processing overhead, however, was
high and definite advantages must be demonstrated to counterbalance this

cast.
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PART 3

NASA DATA USERS’ REQUIREMENTS
FOR PROCESSING EQUIPMENT

Part 3 of this document categorizes potential user requirements
for NASA data in terms of urgency, processing required, appropriate
presentation media, and data retention requirements. Selected example
users are then described in terms of these categories of requirements.
This Part of the document further discusses these categories in terms
of the effect of specific requirements on users' needs for processing

equipment and suggests appropriate equipment to meet these needs,



1. INTRODUCTION

Prospective users of the scientific and geographic data originat-
ing from NASA programs will have a wide variety of data requirements,
which will in turn necessitate z wide variety in the processing equipment
appropriate for eachwser. Based upon an investigation of potential user
data needs and the data acquisition and reporting plans for several NASA
programs, this report discusses the associated user requirements for data
processing equipment. The following Section addresses user data needs,
while the final Section discusses the impact of these needs on equipment

requirements.
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2. USERS’ DATA NEEDS

Because of the wide variety in the data needs of prospective NASA
data users, it is impossible to describe a typical user and his data
requirements. We can, however, examine the various types of data re-
quirements expected of prospective NASA dzta users: Each potential user

can be considered as a composite of various of these needs.

2.1 CATEGORIZATION OF DATA NEEDS

The following list represents a categorization of the requirements
users will impose on the NASA data made available to them. It was
selected to emphasize those aspects of using NASA data which would most
influence how the data was made available to these users and what pro-
cessing equipment these users would require.

¢ Urgency/Timeiiness

» Processing Required

s Presentation of Data

# Data Retention Requirement

In the above context, urgency refers to how soon after a user
identifies a need for certain data he must receive it. Timeliness refers
to how old the data is before it is received. Thus, a user may have an
urgent need for old historical data. 1Im contrast, if a user has a need
for timely data, his need is also urgent, since delivery time for the data
effects its timeliness., Interractive real-time request and receipt of
data is of course the most responsive answer to urgency and timeliness

requirements. The next level of response would be that where users are
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able to interractively identify and request appropriate data, but actual
transmission of that data to the user is by correspondence. When data
urgency and timeliness is ¢f less concern, the mail service represents a

convenient mode of communicatioan.

The data processing that a user must provide in order to obtain
the information he desires can range from none (an entirely manual system)
to sophisticated data manipulation capahilities. Included within this
range is the processing necessary to locate appropriate data (interractive
directory assistance) and that which would allow a user to extract parti-

cular data elements from master data files.

The data presentation desired by a potential user will depend a
great deal upon his need to consider spatial relatiomships. If this need
is high, the need for graphical presentations will be high. Graphical
presentations can also be used to effectively summarize data (e.g., bar
graphs). Tabular presentations, however, are simpler to produce and
virtually all users will desire some tabular'output. Photographs re-

present still another data presentation available from certain NASA programs.

Data retention requirements refer to users needs to maintain
historical data. Whereas some users will use only current data and have
no need to retain it for future reference purposes, others doing projection

and analysis studies will require extensive historical data files,

2.2 EXAMPLES OF POTENTIAL USERS

This subsection is included to illustrate how particular users

can be classified by the above categorization of user needs. The example
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users choosen are typical of those at the state and loecal levels of
government who will be intevested in NASA data. These specific examples
illustrate that a single user's needs will vary from one application

to another. " Table 2-1 summarizes the data requirements of these users

in terms of the categorization outlined above.

State and Couaty agricultural agents represent a group of often
cited potentizl LANDSAT data users. In particular, LANDSAT data can be
used to determine much crop-related data, such as acreage of various crops,
crop maturity, and levels of disease or inseet infestation. To be of
help for the harvest or protection of a current crop, this data must be
made available as soon as possible. For analyzing acreage trends, however,
historic data is necessary., In either case, large f£iles of sensor data
must be processed to identify those areas with the desired characteristics.
This represents a heavy processing requirement and could mean hours of
computing on a small system. Much of the data desired could be presented
tabularly (i.e., number of acres of certain crops), and locations could
be referenced by coordinates, but graphical presentations would also be
useful. Photographs generated from the LANDSAT data are available and
would be valuable in illustrating the geographic relationships of crops

and terrain.

Land-use planners at the state, county, and local levels could
.0 use satellite datz on land characteristics. Rather than the periodic

needs of agricultural users, these planners would be interested in data on
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DATA

REQUIREMENTS

USER URGENCY/ PROCESSING PRESENTATION OF RETENTION OF
TIMELINESS REQUIRED DATA DATA
— p— e b — e e
Locate Appropriate Tabular Current for Monitor-
- Critical for Crop | Data (Much Central araphical ing Purposes, Histor-
Agricultural Pro?e?t1on, Processing to Extract Photographic ical for Studies
Agents Less Critical for Desired Data) ‘
Studies
. Primarily Concerned
Land Use Data Must Present Locate Appropriate Graphical . A
Current Land-Use | D@ta (Much Central Photographic With Current Data
Planners Processing to Extract
Desired Data)
Critical , .
for Monitoring Locate Appropriate Tabular Current for Monitor-
. ing Purposes, Histor-
Conservationists || Dangerous Conditions, Data (Much Central Graphical i g] £ P Studi
Less Critical for | Processing to Extract Photographic ical 10r tudies
Studies Desired Déta), énd
Local Manipulation
for Studies
TABLE 2-1 Data Requirements For Selected NASA Data Users




particular areas as changes in land use for these areas are considered.
Generally, such planning activities can tolerate lead time to acquire data,
and the data itself need only be timely enough to reflect the current

land use. Graphical displays would be desirable since the spatial re-
lationships of phenomenon are in question. Generally, once the graphical

representations of a particular area of interest are developed for specific

characteristics, further processing is not required.

Conservation officals also can gain useful data from NASA programs.
In particular, terain, vegetatian, and pollution levels can be observed
from satelites. As a particular example, we can consider a conservationist
studying beach erosion and river delta formation. Here, a combination
of both LANDSAT and SEASAT data appears appropriate. Data on ocean
currents, river flow, and shorelines could be examined for historical
trends. Such a study may even call for projections into the future of
these characteristics, possibly requiring added processing capabilities.
Urgency of data acquisition would generally not be cruecial for this user,

but graphical presentations would mo-doubt be necessary.
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5. INFLUENCE OF DATA NEEDS ON EQUIPMENT REQUIREMENTS

In this Section, each of the categories of user reporting needs
presented in Subsection 2.1 is discussed in terms of its impact on user

equipment requirements.

3.1 URGENCY OF DATA

Urgency requirements for data will vary from needing data as
soon as possible to being able to tolerate written correspondence and
manuval processing of data requests. Of course, no processing
is required in this last case. If urgency is such that interractive
inquiry or even interractive data retrieval is necessary, then processing
needs can be met by a variety of devices, This equipment could be as
simple as a teletype~like terminal with only communications capabilities,
or as complex as a full computer system. The common component, however,
would be the capability to communicate with a central site over trans-

migsion lines (such as phone lines).

3.2 PROCESSING REQUIRED

The equipment required for a user's local processing of NASA
data will depend upon that user's total processing requirements and the
amount of processing performed by NASA at central sites. The least
amount of processing would be that sufficient to help users locate data
pertinent to their application. A basic teletype-like user terminal
supported by an inferractive central directory service could meet this
need. The next level of processing would include the capability for an

individual user to obtain actwal data over communication lines. The basic
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teletype-like terminal mentioned above would be adequate at the local
level for this application, but added central =’ .e capabilities would be
necessary. Providing access to such a large svore of data would be a
major task, and any tabulation, summarization, or computatiomnal service
would add to this effort, Once the user is able io receive data, he can
perform virtually any level of local processing, provided he is able to
justify the needed equipment. Generzlly, added local processing capa-
bilities will allow the user to examine large quantities of data and
physical media(i.e., magnetic tape) may be more appropriate than

communication lines for data transfer between NASA and the local user.

3.3 PRESENTATION OF DATA

Tabular presentations of data will be the easiest to produce,
but unfortunately are poor for presenting the spatial relationships which
can be derived from such systems as LANDSAT and SEASAT. Virtually any hardcopy
or CRT device can be used to display tabular data., Graphical data,
however, requires a graphical CRT, a plotter, or a printer/plotter.
Although coloxr CRT's are available and pen colors can be changed in
plotters, at this time these devices are generally limited to single color
presentations with shading. If color presentations are needed, (i.e., for
complex graphs or to depict multiple characteristics on a single geographic
presentation) the more expensive color CRT's or the electronie generation
of color photographs become necessary. The generation of such color
photos from digital data requires very sophisticated equipment and is
often available only through central service bureaus or in very large
companies. The photographs taken by various NASA programs represent a final

presentation approach, but have little impact on equipment needs,
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3.4 RETENTION REQUIREMENTS

User's requirements for either current or historic data can
influence their needs for various types of storage umedia. Current data
is usually needed for a brief period of time, after which it wmay or may
not be retained for historical purposes. For such applications of current
data, large on-line storage media such as magnetic disk systems would
farilitate manipluation of the data., For long-term storage of historic
data, inexpensive non-volatile media is necessary. Currently, magnetic
tape i. a good media for such purposes. Often, needs for historic data
are unpredictable and therefore, it would be desirable for NASA central
sites to serve as repositories of historical data, To use this data,
users would have to be equipped to receive and read data in the form and

on the media supplied by NASA,
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