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Tnis tnesis presents the specification, +=2sizr aac
i~plementation of 3 prototype microcomputer syster tOr tae
tirgetr information saction of tne Marine Corps fire support
cecordination ~enter. Currently, 1the tarset izrorrmation
section wusss 4& seriss of 1ndex cards, ndndwritten lists,
acatate covared battle maps and eresse pencils te pertorm
the target information functions.

The thesis examines and analyzes taese functions in

detail and preposes & solution in tnhe form of a system, cata
base and inrteractive user tesign. The resultant

MIcsrocomputer System tor Tareet Iatormetion (MISTI) empioys

an ALTOS 7-3¢ microccemputer, tne JCSD Pascal operating

system, a usar ftriendly intertace and data bdase technoloey.
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I. INTRODUCTION

A. THE PROBLEM

More and more of tne applications of modern amphibious
warfare, from real-time combat systems to0 tne data Dpases
that control the men, materiel and resources needec to wage
war, have turned to computerized solutions. The products ot
the technological explosion nave enabled the Navy-Marine
Corps amphipious team to do more, to do it faster and to do
it with a dsgree of efficlency and accuracy previocusly
unobtainable.

This evolution of mnodern tecanology nas not yet reached
the Marine Corps tactical command posts establisred on tae
beachhead. The target information section of tne Landiag
force fire support coordination center (FSCC) plays a
signficant role in the conduct of effective coordination of
t;ctical air, artillery ana naval gunfire support on targets
of high priority. Yet the target intormation orficer ard nis
staff accomplisa their important task by the use of index
card files, cross-reference tiles, hand written 1lists of
targets and colored grease pencils on acetate-covered
tactical maps. This metnod is time consumine, slow 1in
response to inquires about target information, tedious ard

difficult to maintain in a3 current status and does not

provide information 12 a sufficiently timely anc accurate
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manner. It 1s 4@ year ol1 tecanology 1im the age of
computers.

Tne requirement to automnate many of the functions otf thne
tactical command post nas been ldentified and tzne command
post ot the tuture is beine planned tor and developed  now.
Until it arrives, there is a need to provide an interinm
capability to the landineg force. Ar automated solution to
the target information function will simplify the task of
the tareet information section considerably, will provide
rapid, accurate and timely target intformation to the members
ot the FSCC, and can be made operational now, tive tull
years before tae planned introduction of tne computerized
command post.

Tnis thesis contends taat thae automation of tne target
intormation function is necessary to improve the operatioral
capability of tne landing torce FSCC and tnat implementation
of a suitable and =ftective tareet intormation system {is
possible. Tais tnesis will prove tris conteation ¢ty
implementing and designing a working prototype whica will
increase operational eftectiveness immediately as well as
provide a testbed ard learning model for the future
automated command post. The prototype will be desiened 1o
perform all the duties and functions of the target
intormation section as currently .tated in doctrianal
publications. The interim system will nopefully coatribute

to the development ot the future system and identity aress

14




of concern and improvement betore the future Mdarine Corps

system becomeS operational.

B. BACKGROUND

An important aspect of ampnibious fire support
coordination (the planning and 2xecution ot tactical air,
artillery and naval gunfire support so that targetls are
adequately covered by a suitable weapon or group Of weapons)
is tne function of target information. One of the major
duties of the tire support coordinator, tnat member ot the
landing force staff responsibie for coordination of fire
support, 1is to ensure that the tire support coordination
center receives and disseminates available tareet
information to all statt sections and commands requirine the
information., He also must work <closely with tne tar-get
information officer and tne commander and ais staft in the
selection of targets and assignment of classitfication aad
attack priorities.

Tarzet information is the direct application ot rombat
intelligence to fire support and 1is & Key to tne proper
employment of supporting arms in conjunction with eaca of
the plans of the amphibious operation. Effective ftire
support coordination and the planning of ampnibious
operations geenerate a continuine requirement ftor tarest
acguisition, dissemination, evaluation and recommendation

for attack.

15




To accomplish this important task, the commander ot the
ampnhiblous task force assigns a target intelligence officer
to the supportine arms coordination center (SACC). This
officer operates tne target information center (TIC) and
worEs closely with the air intellisence officer, tne landing
force targeting representatives and the supporting arms
coordinator. The commander ot the landire force nas a tarzet
information officer (TI9) who operates tne target
intormation section (TIS) as an inteeral part ot the landine
force fire support cooraipation center and 3 target
intelligzence officer who ¢tunctions 1in the larding torce
intelligence center.

The Navy staff wuses a computerized target information
system wnich is part of the snipboard Ampaivious Support
Information System (ASIS) and maintains the list of targets
as part of a data base, Target information operations in tne
SACC are thus computerized and, while the ASIS target system
is not tne most modern of data base systems, it 1is
efficient, eftective and tast. dhen the tunctional
responsibility for maintaining targets 1s passed asnore to
the landine force TIO, the computer system is replaced by an
index card filing system, waicn, wnlle eftective, 1s neitiner
tast nor efficient by comparison. Additionally, the index
card system lends itself to ipnaccuraclies and omissions 1in
target data, particularly whem the {nformation must be

maintained in a timely manner. The tactical requirement tor

16




accurate and timely target information is no less critical
or important when the landing torce is on tre bdeach, yet the
system to accomplish this task is antiquated and cumbdersome.

The statt of the TIS manually transfers the tareet
information data contained in tne ASIS cata base to £ Ly 8
inch tarset cards, After duplicatine the entire tareet tile,
tne TIS must construct a cross reference file to 1list tne
target by grid location and a cross—index tile to keep track
of certain types of targets. In addition to the target
cards, the TIS also makes up lists of particular categories
of targets which may bde of interest or value to members of
the FSCC.

The TIS obdtains ‘ntellizence {ntormation ¢rom landine
force and supporting arms agencies, converts tnis to target
intormation and enters the intormation into the target card
files. The 1information is made available to the supporting
armns representatives in the FSCC ard, based on the TIO’s
recommendations, a decision {5 made when ana now to attack a
particular tareget. Results of attacks on targets, front line
reports and intelligence intformation are used to refine tne
tarzet 1ist and delete or deprioritize +those tarsets that
present a diminisned tnreat to the landing force,

Access to specific information trom the tareet list (fcr
example, more than one category of tne cross—index files)
rejuires paysically searchineg through each 1ist and

constructing sub=-1ists 10 determine the appropriate
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information. The <constant avaiiaoility of timely and
accurate target {farormation is required tor the etftrective
employment of supporting arms and planning of tire support.
The TI5 plays a key role in providine this information and
the constant process of adding to tne target list, selecting
targets for attack and deletineg tareets once neutralized is

performed by tne TIS staftf using tne tareet card file,

C. INTEGRATED FIRE AND AIR SUPPORT SYSTEM

One of tne most conpiex asvects of modern ampnibious
warfare is tne control and cooraination of supporting arms
particularly in the transition of responsionility from tae
Navy in ampaibdbious snips to tne Marine Corps combat units
ashore., The grease pencils, map boards and trield raiios that
nave served Marines so well since tne days of Guadalcanal
will, in the future, be eclipsed by the automated system
called the Marine Integrated Fire and Air Support System
(MIFASS).

MIFASS is part of tne Marine Corps integratea command
and control systam called MPACCS (Marine Tactical Command
and Control Systems), & collection ot eignt major sfsnens
which will give the Marines a capability of exercising
real-time command and control of combar forces in tne
post—13680 time frame. MIFASS 1is designea to perform the

fuactions of the fire support coordination center, (FSCC)

the direct air support center (DASC) and, to a degree, the




artillery trire direction center (FDC) at one central
location called tne Fire and Air Support Center (FASC).

It is 3 iistributea processine system ia whi-~h
microcomputers control interactive displilay devices, marnage
data bases, perform computational tasks and 4rive printers
to provide nard-copy records of messages ana operator
decistions. It 1is currently in full scale engineering
development witn an initial operational <capabdility planned
for the 1986-1987 time frame. MIFASS addresses tze
requirement for target information by providine the TIO witn
a digital display 1evice which will have bota a grapnical
representation of the target on a battle map and a video

screen for alpnanumeric 1isplay of target informarion.

D. NATURE OF THE PROBLEM

An automated solution to tne target information function
will not be realizea until tne introduction of tne MIFASS
conputers into tne Fleet Marine Forces. Until sucn time as
the system {s delivered, the tarszet intformation tunsctiorn of
tne FSCC 1is tied to tne current doctrine and tne target card
£iling system.

In this report, an interim systems solution to tne
problem of automating the target information function ot the
FSCC is presented. It computerizes those basi~ tunctions ot
thne TIS in a simple, inexpensive and effective manner. It

simplities the tasks of the TIS, provides a mechanism tor
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rapid and accurate retrieval ot target irformation ana coula =

inprove the operational capadility ot the FSCC.

8. NATURE OF THE SOLUTION

Tne amount otf target intormation tnat needs to be
processed is sufficiently small tnat a microcoemputer is tze
most sulitable piece of tardware ¢tor implementation. The
current versions of microcomputers are very versatile witn
erricient operatine systems, various input/output media
including video terminals, 1inexpensive and relatively

portable secondary storage media (floppy diskettes and

cassettes), nign level language programming capabilities and
even scaled down versions of data base management systems.
Tnus, the tecnnology in nardware as well as sotftware
currently exists in the commercial margetplace and it {is
possible that a practical system can result trom etticient
and careful design and implementation.

The design task 1is broken down 1iato taree distinct
parts, eaca of waoicn 1is iafluenced by tne overall design
characteristics and is indivicdually addresseda in separate
cepapters.

Tne design of the physical and logical acta tdse is
intluenced by -the 3esire to nave a simple yet sutticiently
informative data model, a rapid, real-time response anrd &
restricted, single application system. The system cesign {is

influenced by tne microcomputer eaviroanment wanicn restricts
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tne user botn in main memory space and tae speed of access
10 secondary sStorage 3and the requirement tor an eftertive
interactive system for a non-sophisticated user,

The desien ot the sottwar= to implement bdoth the data
vase and the system s overwneslmingly influenced ®y tae
requirement tnat the system support real-time, {nteractive
processing of a casual, not-prograrmer, Termed  Marine
proof” in the vernacular, it reouires a sophisticated
intertace employing wuser rriendly dialseue tecnnigues to
ensure that the operatlion is sSimple and etticient. For this
reason, ang 10 facliiltate system portability, a
microcomputer compatable nigh level proerammine laneunage 15
employed in implementation.

In order to vetter identify the user environment and to
obtain 4an understandine of the tfunctions or target
information, tne next cnapter describes tae mission and the
current procedures ot the target information section. It 1is
from tals information that the system characteristics were
developed and the desien based. The intrormation was obtained
from Navy and Yarine Corps doctrinal publications as well as
current operatiae procedures ot a Marine Division tareet
information section. Chapters III through VI cevelop in
detail, the reasons tor the parameters selected and the
decislons made 1in tne design of tne overall system, tne
logical and pnysical data Dbase and the applications

software,
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Chapter VII a3daresses tne implementation of the system
and further implications ot system application in the Marine
Corps, as well as tactical employment and interface with
current and tuture systems. Conclusions and recommendations
are included in the last crapter.

The source code listine, which has been 4eveloped as a
result of tnls tneslis, na&s been publisned 4&as & Naval

Postgraduate School tecnnical report entitled A Prototyre

Program for Target Iaformation (NPSH2-81-¢¢7). A data

dictionary ani an -example of the system intertace are
included 1in tne appendices. A bibliograpny of applicabdle
reterences and a 1list of abbreviations wused are also

iacludea.
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II. TARGET INFORMATION PROCEDURES AND EMFLOYMENT

A. GENERAL

A precise understanding of the Jduties of the target
information otticer and procedures used by the tareet
information section is required petore detailed reyuirements
for an automated target intormation system can be stated.
This chapter is devoted to that purpose. It discusses and
examines in detail the doctrinal duties and functions ot the
target information officer and tne current proceaures for
executing taese functions.

The tareet information otticer is a member of the tire
support coordination center (FSCC). He and nis sta#f provize
target intormation to the tire support coordirator so that
effective employment of supportingz arms is driven by <timely
and accurate target intellizence. He works directly wita tne
artillery representatives, tne air officers and tne naval
gunfire support officers in aiseminating appropriate target
information and obtaining surveillance 1information. Ee
assizns battle damage assessments tor attacked tarzets and
turther refines the tareet list.

His relationsnip witn botn the ampnibious task force
target intelligence officer and the fanding force target
intelligence officer is extremely important since it is from
these sources that he obtains the target iateliigence wnicha

generates the target intormation.
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B. DUTIES OF THE TARGET INFURMATION OFFICER
The TIO is a Marine Corns officer wno performs nis

duties uander the statt coenizance of the ¢ire support
coordinator (FSC) and works ciosely witn tne laanfing frorce
operations and intellieence sections. The primary aoctrinal
publication for tne Marine Corps 1s Fleet Mariage ZXorre
Manual (FMFM) 7-1 (Fire Support Cooraizatioan’ whnich outlizes
nis duties as trollows:

1. Eeeping the FSC and tne otner fire support

representdatives in the FSCC intormed of the status ot

targets.

2. Ensurine tnat pertinent tareet intelligence is postad
on the FSCC target and/or situation maps.

3. Preparing and maintaining target tile cards.

¢, Entering tareget attack evaluations and surveillances
on the target cards.

5. Supervisine the operation ot the target ia*ormation
section (TIS) of the FSCC.

5., Preparine the landine torce list or tareets orT the
Marine air-ground task force (MAGTF} target iist for
promulgation by the operations officer, Tne FSCC will
provide targets, to 1include tneir «classitication ara
priorities, wnlcn are to be inciuded in tne taerget list,
tarzet dulletins and/or lists of targets.

7. Preparine and releasine tarsget odulletins when control
of tne target list nas jeen passed to the commander
landing force or when the MAGTF is -engaged irn land
wartare,

¥, Keeping tne target intelliigence officer acvised of

target information available tarough supporting arms
sources.
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C. FINCTIONS CF THE TARGET INFJ2MATION SHECTION

The functions ot the 7IS are oriented 10 tne
rejuirements of the supporting arms (air, naval gunfire and
artillery) 1in the preparation ot rire support plans and the
command regquirements for target ianfrormation. Tne TIS uses
all oY the availabdle intellieerce =zathered by the agenries
of tne ampnivdlous tasx force and tne lancding torce. Tanese
agencies 1include landing 1torne and amphnibious tTask torce
targetr intelligence sections and iantelligence ageancies of
the supporting arms.

The TIS is responsible tor recordize all ctareet
informatior, analyzineg this target informaticn, maintaining

records and maKkine recommendations o0f targets which are

appropriate for attacg. FMFM 7-1 lists tne tollowing

tunctions of the TIS:
1. Maintaining required tarset ana sitvation maps.

2. Maintaining tareet cards and tareet triles, includine
cross—indexed tfiies ot targetr information.

3. Consolidating, evaiuating and displaying tarzet
information.

4, Recommendiing classification and attacg prisrities to
tne FSC.

5. Collectine :trom all aeencies and sourres, ary
information pertaining to tne resulteg of attacg on
targets by tne supportiag arms.

6. Consolidatine and evaluatine results ot attacks by
tne indiviaual supporting arms and the metnods ot
attack, and recommending additional measures taat aprear
necessary from the overall results and analyses.
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7. Coordinating on all matters witn tne landing torce
target intelligence officer and the artillery unit
intellieence otticer tor tareet and countertire
intormation and correlation of records and tiles.

8. Maintaininz current counterfire target lists to
include counter-mortar, counter-battery and SEATD
(suppression of epemy air defense) li1sts and proviaing
this inrormation to the supportiae arms representatives
as well as eansuring dissemination to tne landine torce

3s a whole.

3. Preparine and 1isseminatine tarzet buliletins
(TARBOL s) after controcl of tae target list nas teen
passed 1ishora,

12. Maintainine a nuclear and cnemical target toiaer to
assist in the selection, evaluation and planning of

attack by supportine arms utilizine cuclear aoca zsnemi-al
munitions.

The composition and organization of tae TIS varies wita
the FSCC level put typically at tnhe lanaing torce level 1t
consists of one officer (TIO) and frcm one to taree enlisted
personnel. Personnelil are usually treined in target
intelligence, supporting arms capablliities ana limitations,
organization, fire support cooraination principles and
communications.

While the 1runctions and duties ot tareet intormation
personnel are determined by the doctrinali pubdlications, 1iz2e
actual procedures (o0 accomplisn tnese functions will ditfter

sligntly from one organization to another, nowever tnese

variations are minor.
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D. TARGET INFORMATION RECORLS AND FILES

The records and tfiles of tareet information consist
prinarily ot situation maps, target ftile cards, terget licts
and cross—indexing tiles at the landing ftorce Level, They
are the tools used to catvalogue, analyze dand dcdisseminate
target information.

The tareget map proviies a visual reterenre 0t tarezets
appropriate for atvack by supporting arms., The friendly
situation map contains all intormaticn pertinent to
supportine arms operations and typically includes
objectives, front lines, fire support control measures, unit
boundaries and unit tocations.

Tne bulk of tne Tecolrd Keeping ircvolves the target file
zard. The frile or 5 Dby & inch cards contains a separate
target card for each known or suspected target both bty
target naumber anl by &rid coordinates. Fleure 1 is an
exanple of a target card. Information appearicg on tze
target card includes the tollowine:

target symbol (conventional map symbol)
targetl number

target classification

attack priority

target location (erid cooriinates)

target elevation in meters

map reference

tareget description

assignment of supporting arms attack means
source and date of target iaformaticn

photozraph anumber ani erid location
remarks of additional significance
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Classification —
[Target Number Map Symbol - Gr.d Coordinates
NARISZ — /5 -~ 7650
Target Classification v Elevation
- ? 12" | dso M
Target Priority “Map ‘iumber
£ ;
Description
EFSNSE L -1 4
£ £ £, ¥ P &
Assligned to: Alr Naval Guntfire Artillery
{ ) Other Support Weapons:
Source and Date of Information
API P76 131452 Juk 3 —
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Group Firing Unit and Type Reported Assess«i
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The target cross-index fiie consists of one carc or list
tor each type ot tareget (e.g., cournter-battery, armcr, SZAD,
fortification, etc.). Eacn card or list typically includes
only the tareet numbder of each tareget, it’s opriority, thre
recommended metnod of attack ana tne ftinal dispocsition of
tre tareet.

In a typical ampnitious operation, tne landing torce
usually operates wita 31 maximum of approximately 2¢d-35¢@
targets. ¥ith a separate target cara for eacn target by
tareet number as well as by arid coordinate and a
cross—-index card for tne 1¢ to 15 target types, the target
file can weasily exceed £S04 -caras. An example ot a Marine
division target card file oreanization 1is 1illustrated in

tigure 2.

ACTIVE TARGETS INACTIVE TARGETS

AN

DEAD FILZ

CROSS—-INDEX FILE

TARGETS BY GRID LOCATION

TARGETS BY TARGET NO.

Figure 2. Target Card File Organization.




. THE TARGET LIST

A semantic distinction must be made between tre ~target
1ist” and the “list of targets . The “tareet list’ is a
collection of targets wnich is maintained ana promulilgated by
the senior echelon o0f command. There is only one tareet
list”. It contains targets wnich are pertinent to the
landine torce as 3 whole and which are to be taken uader
attack by supporting arms. A "list of targets is maintaired
at anpy echelon orf command and includes those cornfirmed,
suspected or possible targets for information ana planning
purposes as well as for possible attack by supportine arms.
The "target list  is a subset of the list of targels .

Subordinate uuits use the target List as their pasic
source of targetls ant also 1include tarzets that nave a
sienificant but specific or “short-lite  value to their
operations in their  unit list of targets. is an
illustration, a battalion would only include those tareets
from tne landing force target list wnich were located in »r
adjacent to their zone ot action.

Targets can be furtner describea as active or iractive,
An active tareet is on2 which {s on the tareget list or 1list
of targets and presents a vonafide curreant or future eneny
capability to interfere with operations. An inactive tareet
is one wnicnhn nas been overrun by friendly ¢forces or
destroyed by supportine arms or has shown no activity tor 72

nours and no damage assessment nds been made, altnough these
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latter targets are inactivated wita caution. The 1inactive
targets are placed 1in a deadtile ana reactivatea it

necessary. Fisure $ depicts tne target list termincliogy.

ACTIVE TARGETS INACTIVE TARGETS

LIST OF TARGETS
DEADFILE

TARGET LIST

Figure 3. Target List Terminology.

F. TARGET CLASSIFICATION

Targets are clascified by the eftrect wnicn taeir
existance or elimination may nave on tae ampaibious task
force and by restrictions imposed by the commander on tne
attack of certain targets,

The primary doctrinal publication for ampaibious
wartare, NWP 22-2 (Supporting Arms in Ampnibious Operations)
list the foiliowing target classifications:

Class A...Targets that threaten snips, aircrare,
minesweeping and undervater demolitions
operations.

Class B...Targets that threaten assauit torces in the
snip-to-shore movement 4and assault of the
beach.

Class C...Targets tnat tnreaten or oppose tanding torce

operations afterlanding or affect the ability
of the emnemy to continue resistance.
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Class D...Tareets that will not ce firea on prisar to
D-Day.

Class E...Targets that must not re destroyea (unless
specific orders for suca destructiorn are

{ssued by the amphibdious task torce or landine
force commander eitner ©because ot probavle

future use by our own torces or for
humanitarian reasons. These installations may
be peutralized, hnarassed or 1interdicted i¢
prior approval is obtained from the commancer
imposineg the restrictions.
G. TARGET PRIORITY
The target information otfficer, in coordination wita tae
target intellieence otticer, the ¢tire support coordinator
and the supporting arms representatives reviews and
recommends the assignment of attack priority. The tareet
priority 1is established to determine the sequence of attack
and/or the eftort to be allocated to a ziven tareget. Tre TIC
establishes tne priority based on the target’s effact on the
accomplishment of the landine torce mission and its relative
importance as compared to otner tarzets.
FMFM 7-1 1ists the tollowine target priorities:

Priority I.....Targets capable ot preventing the
execution ot the plan of action by the
landing torce and 1ts eiements.

Priority II....Targets ~capable of 1immediate serious
interterence with the plan of action oY the
landing force and its elements.

Priority IIl...Targets capable of ultimate serious

interference with the plan of action ot tne
landing force and its elements.

Priority IV....Tareets capable ot 1limited 1interterence
with the plan of action of the lianding

force and its elements.




H. THE TARGET BULLKTIN

In order to maintain vuyp-to-date target information
records, it s essential that reports of the discovery of
new tarzets anid the analysis ot supportine arms attacks on
existing targets be reported to the appropriate units. Tae
TIO evaluates and consolidates reports of target intormation
and supporting arms Dbattle damage assessment (EDA) and
prepares a tareet bulletin (TARBUL). Uponr approval, it is
released to interested commanders of nigner, lower acd
adjacent elements ot the amphibious tasx torce.

The TARBOL is normally transmitted over existing
teletype or radio circuits and typically adds new taregets to
tne target list (giving +ttne target number, location,
elevation, opriority, classirication and description), eives
danage assessment to existing targets waicn hnave heen
attacked by supporting arms, canceils tareets tfrom the
target list (relegating tnem to the  deadtrile) and
reactivates previously canceiled targets. TARBUL’s are

serialized and issued on an as—-needed basis.

I. OPERATIONS OF THE TARGET INFORMATION SECTION

While tne target information section is neaviiy involved
in the early phases of the operation, the most important
witn respect to tnis thnesis occurs durine tne preparation of

the objective, ship-to-shore movement and operatiors ashore.
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The target 1ist 1s 1initally maintained by the SACC
tarzet 1intellieence otticer. The target intormation {s
stored in a data base of tne ASIS system and a navy computer
operator workine 3in the SACC operational spaces uses the
QUEST data base query language to access targets and target
intformation trom <the data Ddase. Requests tor a tarzet
listine and for special purpose reports must be composed in
the query languaee each time. Response 10 the query is
displayed on a video dispiay unit in tne SACC. Tne report
printouts are available trom a printer located in the main
computer spaces.

During tais period, tne TIO is monitoring ard
duplicating tne target list with the target cara files. It
typically is an opportunity for the TIS staff to become very
fanmiliar witnh the target card file procedures, althougn 1t
requires almost a complete duplication of effort tetween tne
TIC and tnhe TIS.

When the TIS goes ashore witn tne landing force FSCC,
they obtain computer printed copies of the latest tareet
list as a backup to tneir card file, Cnanges to the target
list durine the phasine of the TIS asnore are covered D0y a
TARBUL issued by tne commander ampaibious task force,

Operations ashore are characterized by constant
refinement of the target list, adding newly acquired targets
and the employment of supporting arms on existing targets.

Wnen targzet 1information is received, tae target is plotted
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on the target map, a classification assiznea, a target card
prepared and all available intormation evaluated. A priority
of attack is assigred and a recommendation regaraing attack
by supportine arms is made. The tarsget card is then added to
tae target number file, tne grid location ftile anda toe
cross—index file if necessary.

As fire support missions are executed, tne TIS attempts
1o expedite the surveillance reports from the available tire
Support sources. A damage assessment is made based on tae
reported surveillance. The intormation is added to the tack
of the target card and the target is ugpdated as Treqguirei.
The primary sources of tnis 4information are artitlery
forward observers, naval gunfire spotters, forwara air
controllers and liaison ofticers.

New targets are reported to the landing force TIS from
the tareet intformation sections ot subordinate units who
nave uncovered targets of sufficient 1importeance 1o be
recommended for inclusion on the target list. Targets are
also received from tne titarget intelligence otficer, tne
artillery target acquisition battery and acoustic and
setsmic sensors. Based on tne accuracy of tals intformation
(confirmed, probable, possible or unknecwn), a determination

is made wnetner to add tne target to tne target list, tne

1ist of targets or the inactive tile,
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J. OPERATICNAL CHARACTERISTICS
The operations of tae TIS focus on two major tfunctionsj
the maintenance of the tareet card tile and the grapnical

represéntation of tne targetr informatiorn on tne target map.

-The former tunction appears to lend itselt to an ettective

automated solution. The following items are tne signiticant
recurring requirements for maintenance of tne target card
file:

adding a tareet to the file

deleting a target from the file

chaneine information about a tareget in the file

cnanging tne status of a target (active-inactive)

updating the cross—index file

Tne products of tnis maintenance are used by tane TIO and
the staff of the FSCC for eftective tire support
coordination and deliivery of supporting arms. An analysis of
these products 1inaicate that tne tarzet card tile provides
the followine specitic capatilities:

provides all target information for a specific target
difterentiates between active and {nactive tarsets

sorts or catalogues targets vy various parameters (wnicn
include target No., coordirates, classitication,
priority, tareet type, supportine arm assiened and
target accuracy)

provides information upon which toc base a TARBUL

provides information for production of tne target list
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Any automated solution wnich will bdbe of value to tre TIO
must be able to pertorm tne requirements tor maiaterance of
the target f1le yuickly and efficiently. It must previce tae
rejuired end products (TARBUL, target lists, specitic
information about a particular target, etc.) as well as tne
capability of providiine speciric tareet intrormation in a
maaner and format winich can best bhe utilized in tne FSCC.

The solution involves tne manipulation and managerment of
the information contained on each target card in such a way
that the speed, ettficiency and ettectiveness ot the TIC is
ennanced. Tais must ©be dore in a simple, easy ancd
uncomplicated marpner and must produce timely and accurate

information.

K., SUMMARY

The organization examined in this caapter 1is for the
landine torce tareget information section (TIS) (typically a
Marine divisionm or a Marine ampaibpious brigace) wnich
constitutes the most important and most neavily stafted
section. The TIS exists at regimental and battalion level as
well, but with ]less tormality. The cardi ftile 1is not as
sxtensive (due to tne fewer number of targets in tne zone of
action of a smaller unit) and the tareet personnel usually
perform tneir functions as an additional rataner than &

primary duty. Tae automated solution, nowever, is egually

useful for subordinate wunits of <tne landing torce in
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assisting them in the effective and timely management cf
tareet intormation so that they may ettectively employ 1thaeir
supporting arms on the most important tdrgets.

This cnapter has provided a review ot the duties arnd
functions of tae target intormation section, the tools and
doctrinal procedures of target information ina the
tecaniques of operation. Aaditionally, tne canaracteristics
ot the target information tunction which can be 3automated
nave been 1identified and analyzed. Tne followine canapter
uses thls analysis to develop a conceptual tframewoTk for 1tne

design of tne target information system.




ITI. SYSTEM DYSIGN CONSIDERATIONS

4. PRIMARY CCNSIDERATIONS
1. Rackeround
Having defined the current procedures tor the tarzet
intormation function, the tasg now remains to provide a
satisfactory system design for ac automated solution. The
design 1< 1influenced by two important considerations. Tne
nature of the d1ata base is beth paysically small in size and
functionally restrictive in wnat information 1is required
*rom {t, This, comvined with a requirersnt tor a relatively
‘8
ligntweignt, portable and versatile computer, makKes ti(ne
selection of a microcomputer an obvious and logical cacice
for nardware. This contines tne soalution, nowever, 1to tne
microcomputer eaviroament which, while it has many desirable
features, 1imposes a aumber of major restrictions on tne
iesign.
The second major influence on the 4esign is the impact
of numan engineering on tne user interface. Tne user is a
Marine in the tarest intormation section ot the FSCC and tre
functions ne pertforms are a gnown entitv. Tne system must
conform both to his level ot trainine and computer
sopaistication and to tne tunctions and tasks ae pertorms.
This requires an intertace whichh is user triendly, e2xtremely

easy 1o operate, suftficlently sopnisticated to allow thne
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user to perform the required functisns eftectively and
without error, arnd capable 9ot operatine in a real-tire,
interactive mode.

Thus, the solution is coatrined by two separate
2nviroaments: the microcomnputer environment ancd tne one
defined by tne friendly, sopnisticated user intertace. They
Jointly devermine the 1ata structiures, 1tne <control
structures, memory allocation, interactive complexity ard
the system modular design. The system must be designed to
operate effectively within tae restrictions imposed by tne

microcomputer 4&nd the paramerers required by tae user

interface. An abstraction of these envirounments is depicted

MICROCOMPUTER ENVIRONMENT
USER INTERFACE ENVIRONMENT
SYSTEM DESICGN

Fizure ¢. System Desien Environment.

in figure 4 below.

2. Tasks

A key task in the system design is tne definition of
the usagze tactor. This is the description ot the system’s

processing requirement, i.2., how the data 1s utilized ¢ty




the system, This leads to a top-down design methodoloey aca
tnree inportant tasks wnicn will determine tne design 2! tne

data tase as well as the applications program. Tnese tas«s

1. To 1tdentify all processing furctions and subcivice
these tunctions into modules (processes).

2. To determine all of tne d4ata that each process uses tTo
perform its designated tunction.

3. To adequately describe tne system retrieval

requirements.

B. THE USER INTERFACE
While chapter VI will address 1in detail tne numan
engineerine aspeets ot the user intertace, it is importaat
to recognize at this point in tne cdeveiopment of tne system
that the user {5 <¢classitied as a parametric user. Simply
defined, the parametric user 1s one wnose system input is in
the form ot parameters only. He is not a proerammer although
‘] he may have programs avallable that he can use. Ze is
transaction oriented, puttine intormaticn into trhe system
and retrieving it from the syste2m, generally requiring a
short respomnse time. The parametric user requires ~urrezat
and timely data and rapid ana easy recovery from errors.
In addition to desienineg the system 1o pertrorm the tasks
and functions of target information, it Mmust e engineerea

for the parametric user 1ian order for It to ©be used
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ettectively ani with a desree ot confidence because ot {ts
predictable bvenavior.

In the design of ar interactive system, a very important
consideration 1is <the appearance of the System to the user,
Use of the technigque cf interaction by anticipation, that
{ss anticipatine the lesires of tne user and presernting aim
with a corresponiing list of options, allows tane user to
simplity ris 1input by selectine rather than specityine the
data. Tne employmert of menu <celection tecnnijues and
conputer initiated diaiogue, 1important applications of
interaction by anticipation, will te wused to provice tne

®riendly man-macnine interface.

C. USER DESIGN CRITERIA

A particularly important aspect of tne design is tae
nature of the constraints on the ~oefgritive processes ot the
user. OJne constraint 1is the amount of inrormation tnat a&
person can consider at one time and the leneatnh ot time tnat
tne information can be retained in snort term memorv. Kence,
the information available trom the System should be simple
enough to bte quickly and easily assimilated.

The system snouid also be fast enough S0 taat tae user
is not distracted by tne loss of information in nls snort
term memory due to a Slow response time. The system saould
be atle to reinforce user memory wnenever requiread. Tnis

inplies a user initiated request for 4aelp ¢to which the
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system must Treply with trne appropriate intormation., A=z
important aspect in 2esizning a nelp function is uniformity
ot the command as well as trhe expected ra=ply.

4 second consiaeration wnicn is important in tae desizn
0t interactive systems is the experience level ot the user.
The systenm saould ope able to cater to the novice user ard
ettectively direct nhis input to pertorm the reguired tasks.
It is also {mportant for the system not 1¢ igacre itz
experienced user. The intertace should be able to 3dapt to
the needs aand cnaracteristics of 1its users tdased on tne
user’s experience.

The interfac2 snould also te robust in nature. It snould
respond irn an offective and unambiguous manner to any input
and 3allow the user to recover trom Simple errors. It should
discourage i{llegal icput and guide the user t¢ tae progper
inputs required. It should provide <closure to the user,
i.2., a logical completion to a specific action witain an
expected period of time. It should limit the user iaput to
the necessary data and instructions sufficient to perform
tne required tasks.

Tnis 1s test a&accomplisaned ¢+tor tae parametlric user ty
interaction by anticipation and a restricted and unambiguous
tlow of man-mactine communicatiorns. Thus, <comrunications
from the user tc the computer is oy discrete selection c#
semantically meaningtul options, and from the <computer t¢

tee user by tae preséeéntation of information contained in the
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menu selection or 2ialcgue frames. Tais will allow for rapid
and easy operaticns tor the user acd a uzity ot d2sien tor

tce inmplementor.

D. THE MICROCOMPUTER ENVIRONMENT

Microcomputers impose a stringent set of restrictions on
tne resources avallaple when 1implementinz or executing a
proegram, Threse restrictions include th2 smill size of main
memnory, tne lengthy &ccess time and <mall capacity of
secondary storage and the low processing rate.

Typically, microcemputers are constructed with 32 to 64K
bytes of main memory. When consideration is made for tae
operatine systsm, tne applications prozram and the data
tase, 1t tecomes odbvious that tney carnot all exist in mair
menory at tae same time and tne partitioring of wmemory and
the arranzement ot secondary storage will te a gey
consideration in tae system design, Putting all tae data
inte maln memory 1s not teasibdle because ot its size, yot
putting all tnhne data in secondary storage results 1in
unacceptadle response time.

System response time is 1important to tne user. Taus,
those operations to which he expe~ts a quick answer must te
performed quickly witn ninimal access time. For otner
operations which are loeically time consumineg to the us2ar
(for example, 1input of @ new target into tne target Llist),

closure will have to be delayed (with a computer advisory
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message) wnile tne information is processed. Tne routines »f
tne applications pregram rmust bte desigrned te crptimize tne
accesses to secondary storage, wnich is tne bottienecs in

microcomgputer systems.

£. TFUNCTIONS OF THLE SYSTEM

From an analysis of tre {ntecrmation proviced ty tne
tarzet card file and the tunctions and duties otr tze tareet
informnation section, & numpber of major functions 9! tane
system have bean identitizd. From these functicens, syster
output nas been jdentified, toth in tne form of display on a
video terminal and printed hard copy. These furnctions ari
cutputs determine tne design ot tne date tace, tne
applications program ard tne overall systenm.

1. Prinary Functions

Tne primary functisns of tae system involve tae
manipulation and iaput of target information intn tne procer
storage formats. These functions include:

Add a target to the tile

Delete a target from tne tile

Chanee information about 3 tareet
Change target status (active/inactive)
Copy data bdase to a backup file
Initialize the tareat tile 4ata base
Display certain target inrormation
Print certaln target information

These last two tunctions could tecome very eoxtensive
operations 1f desired. However, a carefully restrictive

deslan of the d3ta base model and a3 desire to 1limit the
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senantic options of tae parametric user to certain, svstems
detined cperatioms, has reduced ther 10 manaeabdle yet rully
applicatle functrions.

2. Display Options

Tae CRT (catnode ray tuope) device will te tine
primary user intertace mecrhanism. Most of tae 1information
input and extracted from tne system will te performed via
the CRT. The interactive gqueries to the data base will
result in the followine 2isplay options:

Display a complete target card

Display a list ot all the active tareets
Pisplay a list ot 3ll tne inactive tareets

Display the target list

Display the intormation tor tae next TARERUL

Display a list of targets by specitic parameterfc)

Display parameter status tor the active targets

The parameters indicated above are selected categories

22 target information obvtained from tae target card wnica
are the typi~al parameters ¢tor sp2cial listines and tne
cross—-index files. It represents a selection ot taose 1items
of intormation which can be most etftectively utilized by the

¥SC and tne supporting arms representatives irn the FSCC.

These parameters include:
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Target Priority

Tareet Classitication
Target Nunter

Target Status

Tareet Type

Supporting Arm Assigned
Attacked Target

Tareet Intormation Accuracy
srid Coordinates

S$. Print Options

Eardl zopy of the target intormation 1is a detririte
requirenent for operations at any level FSCC. Tne systenm
will have the capability to print the tarzet 1list ard the
list of <targets. The production of a TARBUL based on tne
transactions with the data base sin~ce tae 1last putlished
TARBUL will provide a significant nelp to tne TIOC.

The tareget listirnes by speciti~ parameter (tcr example,
a list of all active targets, class C, priority II, of

tareet type SEAD” assizmed to artillery) is a reguiremezt

m

tnat will re applicable to all members of tne »8CC. Tne
system will 3lso nave the capability to print a ~opy ot the
target card for dissemination to otrner agencies as well a&s
to proviis a2 manual backup 1in case of power or corputer

£3ilure.

F. SUvYvARY

This chaptar alone with the preceeding chapter has
defined tne doctrinal functions of target information,
letermined the environment tor the automated solution of

tnese functions and presented tne system requirements for

&7




thls solution. These chapters form a necessary founcation
Yo9r the subdSa2quent chapters wnich address tne specirtin
detalls of the system and tae data bdase desien. Tane next
cnapter addresses the actual system desien and inciutes the
nardware and software selection &ne a top-downh, Modular
anproach, It r~ontains important Jecisions concernine tne
d3ta tase walcan are developed in greater adetvail in cnapter

v.
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1v. SYSTEM LCESIGN

A. CONCEPTUAL SYSTEM DESIGN

1. Generality ot Approach

In taking a top-down classic approacz to tne design
0t the tareet information system, the 1initial desien does
not consider tne restrictions imposed by the operating
environment, This {s done ftor 1two reasons. First, tre
conceptual design presents & simple, traditional, straignt
forward solution which can, 1in concept, te readily
inplemented. Second, 1t provides tne basis wupon whica

moiification and ad justment may be performed to fit the

simple solution 1into the restrictive environment. The size
of the system, tne intertace requirements, ana tae
restrictive data base view will cause the conceptual cesigx
to bte tailored and modifled to operate 1in the selective
eavironment.

2. Data Base (Considerations

The target carid data provides the entities (or

records), attributes and relationsaips of a aata tase

Bt Chg . aaiioatiiie SNSRI

system. The controlling sottware, the data base management
systenm {(DBMS), woula normally contain language racilities
| for defininzg the data base, for manipulating tae 3ata base
iaformation and for ottainine intormation ftrom the data

vase. This last faciility, the nigh level query language,
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allows the user to manage the intormation ot the data tase
ana pertform tne rejquired operational tunctions.

The data base concept enabdbles the user to store the data
in space saving and efficient ways. Redundancy ot data carn
be eliminated and data items deleted wiaich can be implicitly
derived from otner data items. Tre system allows
~onstruction ot difterent views ot the dlata so that
qifferent users can perform aifferent functions on tne samne
type of data. Applications programming is simplified since
it only needs to specify parameters to tne LUBMS whicn
locates and tetches th2 data.

Thus, th2 design of the data ovase portion c¢f tae
~onceptual system will regquire ¢the construction of the
logical and tn2 pnysical view of the intformation, definition
of the intormation in terms ot the data bdase detrinition and
manipulation languages and providing a LBMS with & tacility
Yor query laneuaee translation to operate on the data base.

3. Applications Program Consideratvions

The user environment remains as detined, a triendly,
sopnisticated interactive man-mnacaine intertace. Tne
applicatiens preoeram must interact with the user anc with
tne DBMS. The useé ot & query language for tne paramneiric
user would require the user to ilearn tae data base query
language. Alternatively,a <collection of query language
statements could be imbedded in tnhe applications program arnd

selected by tne user utilizing tne menu selection intertace,
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Thnese statements would i{nteract

1irectly witn tne

pams.,

414itionally, the host laneuage zould be =2xtended to eratle

it to pass information to tae

procedure call.

Tne requirement tfor wmenus,

LBMS in tne form

of 4&

nelp frvactions and system

2xplanations coul? pbe effectively solved by tne

user-oriented utility modules

use of

which could be accessea as

needed. Tne basic conceptual system design derived

top~down view of th2 tareet

depicted in figure 5. Tals basic

from a

intormation system task is

design will be refined to

tit within the solution environment.

yd
DATA BASE MENUS, USER HELP
CUERY SYSTEM INFORMATICN
CAPABILITIES MODULES
\ ,/
INPUT/OUTPUT
DEVICE APPLICATIONS
PROTRAM
”~
DATA BASFE

MANAGEMENT TP DaTA BASE

SYSTEM

Fioure 5. Desiegn ot the Conceptual Model.

B. PRELIMINARY CONSIDERATIONS FOR SYSTEM DESIGN

Witn the basic tramework

laid out by the 2coaceptual

model, tae task now becomes one of attempting to insert tais
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"classic approaca design into tae restrictec eavironment cof
the ricrocomput2r. This reauires a nien dezree 34

specificitvy in order to identify tas tools to be emplcved in

i e

the implementation and the methodoloey Gt emrployine those
t90ls. The target macnine must be identified to precisely
detine the microcomputer constraints. The data tase modzal
and its pnvsical anda logical organization must be derined,
the applications proeram 1zfunctions ani task tlow analysis
must be determined and tne target programming languige must

“e identified.

C. EARDWARE SELECTION
The selection of the system nardware was driven by taree
coasiderations. First, it had to be & commercially

available, typicailly configured microcomputer. Such

eepnerality is needed if the sSystem was 10 te transportabdle
to otner microcomputers. In the searcn for a typlcal 2,
microcomputer, an 2ftort was made to avoid the rome or
personal computers wnican, wanile small, easily transportatie
and inexpensive, possess neither the processire power nor

tne virtual memory capacity needed for tne system,

The seconi consideration was ftor a3 computer hat
possessed acceptatle size and welgnt characteristics tor
transportadility, had a compact configuration, was generally
é' rugeed ftor a3 commercial product and nai sutticlent

processing capacity.




The third consideration was availabilitv. Trne ALTOS
40S-22¥2 is a represantative of micro-systems commercially
avallable, and was selected for use in tris worxk. The ALTOS
microcomputer conforms well to toe desired cemputer
characteristics. LCDR D. L. Smitrh in nis thesis entitl=ad

Metnod to Evaluate Microcomputers for Non-tactical Saipboarc

Use cited the ALTCS as one oY the top ¢four mi-~rocomputer
systems evaluated and found it sultaple for use on U.,S, Navy
ships.

Tne ALTOS ACS-82¥2~1 1is a single boara Z-%ZA basea
microprocessor with 84K bytes of raandom acecess memory and
two Snugart SA-80¢/8¢1 eignt 1incn, single side tloppy
diskette drives contained within the 16 bty 7 by 17 inch
compartnent. It requires a CRT for input/output and supports
128 characters ot upper and lower case ASCII with B¢
cnaracters per line on a 24 line vileo dic<play. Tne compuler
weighs approximately 35 peunds, a2as a torced coollane systenm,
utilizes standard 115 volt eiectric power witn a rattery
backup and operates within a temperature range of 22-1¢5
degrees farenneit and a nuniaity range of 1l¢-Y¢ percent.

The two floppy diskettes witnh tae IBM 8742 single
density format ana tne 64X of main memory gives a total
menory space of 575K bytes. Thae nign level larnguage support
for tne ALTOS includes tne CP/M operating system, rasic,
FCRTRAN, Pascal, PL/I-20, APL, LISP, COBOL and tae Micro

Data Base Systems DEMS for a microcomputer.
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D. PROGRAMMING LANGUAGE SELECTION

The selection o0f a programmine laneuaese was influenc24
by taree major considerations. First, tne nardware selected
and the availanility ot assembdblers, interpreters and
conpilers to support a programming project on tanis nardware
narrowed the field considerably. Second, there was a desire
t2 use a language whicn 1is relatively seltf-explaratory,
self-documenting and transportable., And firally, the
language would nave to support & robust, user-oriented
interactive program,

0Of the available laneuares, Pascal was selected ftor a
number of reasons. It ras features wnhich make 1t reaaily
useable ftor systems and applications proerammine in that it
is "strongly typed , requiring exrplicit data declaraticn., It
tforzes the data tase to be completely designed betore 1the
source program 1s writtien,.

Pascal’s structure encourages modularity as well as
top-down design and implementation. It 1is & relatively
sinple language and is the vasis for tne proposed Department
ot TLefense staadiard nign order programming language, Acda.
The mecst popular ver«<ion ot Pascal for microcomputer use s
tne Upiversity ot California at San Diego (UCSD) version
developed by tnre University’s Institute tor Intormation
Systems.

The 0CSD (Mini-Microcomputer) Pasca. version l.4t is a

system 1intended to run on a stand-alone nini oTr
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microcomputer., It is nighly macaine independent since it

runs on @ pseudo-macnine interpreter. The system contdins &
compiler, linker, screen oriented editor and ar operating
system wnicn are compatrible witn Z-2¢ microprocessors tnat
operate uader tne Digital Researcn CP/v operatine system.
Because of tne microcomputer environment, tnere are a
nunber of differences between tae UCSD Pascal and the
standard version of Pascal as defirped by c-ensen and ¥irtn.
Particularly nelptul are 3 number of strine 1intrinsics,
random access of fiites by a SEEK command, file nandling
commands and sesment procedures. The sezment procedure
capanility, for example, enables tne user to segment tae
applications proeram into a3 main proeram and up to six
procedure modules wnich are retrieved from secondary storaee
when called. This allows a laree portion of the proeram
object code to reside on disk wnhen not neededa, taus,
increasine the size of main memory ¢tor computation ard

operating system functions.

E. DATA BASE CONSIDERATIONS

Tne design of tne paysical and Llngical 31ata tase 1is
addressed in detail 1in the next chapter and, accoraingly,
tais section will aadress only those items of importance to
the system design. In that the user view of the schema and

tne conceptual view of tne schema are identical, and because

there {s no requirement for an integrated data base, tae




traditional lata models (relational, nierarcnial and
network) will not be employed.

Consideration was given to using existing DEMS systemns
for tne target information system but tney were rejected for
essentially two reasons. First, the target information
system is a restricted, single application data base, It 1is
sufficiently restricted that a general purpose,
multi-faceted data base management system is not required.
Second, tne us2 of a DBMS query language was considered botn
time consuming and difficult to learn for tne systém user
and unnecessarily complicated ttane 1interface. Tnis is
especially trﬁe because the system is desigrned to limit tae
type of queries allowed on the data base.

By extending the nost language from tne applications
program to the data base, data independence is lost.
However, since tne system will not allow the user to access
the data ©bvpase in any way otaher than that specifically
allowed by the system interface design and since tnere {is
only one view of the d1ati, this does not present a protlem,

The data base will conmsist of two flles. Tne tirst is a
flat, relational model representation wita the target as a
single record and the tareet intormation pertinent to that
specific target as the attributes of tnat record. All of the
active and inactive targets will be contaiped in tnis main
target file, The second tile will be the data base query

file consisting of tne primary and secondary kKeys ¢tor each
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target. Thne standard system gueries wiil return information
in the target list torrat and will ootain all the n2cessary
data from the d1ata base guery file.

This partition of data ©base tiles increases the data
redundancy of tne system since all tne 4d2&ata in tne query
file 1is duplicated in tae main file. However, tnis is cone
t> inprove the system response time 1o user gqueries oy
greatly reducirg the 4disk accesses that woulid have been
rejuired to process the main tile. This tradeott is maade 1in
favor of the user interface and at the expense of additional
storage space and increased proeram complexity.

Thne secondary keys used to process the target
intormation queries (priority, classitication, type, etc.)
are contained 1in tne in the data base query file. An index
tile containine the addresses of the target records 1{is
constructed in main memory at the beginring of tne progranm,
thus, eliminatine the need for a separate record address
file and reducing tne number of disk seeks regyuirea to
access a record from the main tareet tile. Yere this 1ot
done, the svstem would nave to access an address index file
{n secondary storage to obtain the address and then access
tne record 1in tne main target file in secondary storage to
obtain the record. Having the index in main memory requires

only one access to tne disk, tne access tor tne actual

recori.




The modules ¢t the applications program directly
interface to tne datda base tiles accessing, manipuiatineg ard
rewriting the data as necessary. The system performs data
base operations, not data obaseé management and 1is én

extension of tae host language.

F. USER INTERFACE CONSIDERATIONS
In the preceding cnhnapter, tne user intertace was cefinad
and the eenera)l requirements determined. These reguirements
are now translated into specific design parameters for toe
target information system. Additional discussion ot the user
interface and detalls of tre dialogue techniques used are
presented in depth in chapter VI.
The wuser interface 1is cnaracterized by ¢tour major
attributes:
1. All communications btetween tne user and tne computer is
through menus, if a simple command is adeyuate, or tnrough
interactive computer initiated dialoeue for more extensive
data entry.
2. Extensive help is available at ali times. Thnis heip
includes explanations of tne options availlaole, tne tormat
of the reguired input and examples of the correct input.
3. The display processing time is as snort as possidble to

remain within the <constraints of short term memory

retention and logical closure,




4. The user is restricted to the system detined options
for data 1input and data and information retrieval., Tnus,
only those procedures detined by tne system through the

menus and the dialogues can be used.

G. APPLICATIONS PROGRAM CONSIDERATIONS

The mnetnodology ot applications program aesien
encompasses taree separate but interrelated areas, eacnh of
which is continually 1intrluenced by the system daesign
environment. Tnese areas are semantic structure design,
syantactic structure design and software design.

In the top-down semantic design stage, tne system goals
were translated into the applications prozram eodals and the
system functions and requirements were determined,
categorized and prioritized. The task flow of tne system was
analyzed and alternatives developed and compared. Tne
selection of the most eftective solution to eacn of tne
problems posed by tne system requirements was expressed as a
tunctional module. This module was then turther broken down
into smaller modules whicn address particular parts of tne
tunctional requirement. The data structures ard control
structures were then determined which Dbest enable these
modules to perform the required tunctions.

Tne design of tne syntactic structures parallieled tnat
of the semantic structures and involved the determination ot

display formats from a comparison of different approacnes to
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the wuser interface. In addition to display formats, system
response formats, error diagnostics, user aids and help
facllities were also specified.

The software was 3designed in a top—iown modular fasnion
and best use was made of tne racilities of tne UCSD Pascal
system segment procedures as well as the structured apprcach
provided by the Pascal languaee.

The tareet information system adpplications program
consists of six major modules. The primary module 1is the
Interface module., It acts as tne executive of tne program
and controls the interaction of tne user input/output, the
data base operations and the segment procedures.

The remaining modules are segment procedures, thaat is,
they reside in secondary storage until called into main
menory by & proceiure invocation. Upon invocation, they are
read into maln memory and computation contioues. When
control is returned to tne calling procedure (in tnis case,
the Intertace mnodule), the memory space is deallocated. The
UCSD system allows up to six of tnese segment proceaures and
permits taem to be nested in order to further reduce thne
amount of code necessary in memory.

The Initialize module is used wnen tne data bdase system
1s 1initialized and a new tarset tile is created. The Query
module contains the menus and tne semantics tfor tne system
queries to the data base query file. It is used only when

target information by specific parameter is desired by the
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™I0. A Utility module contains a number of nousekeeping
routines tor constructing the TARBUL, determininz tareet
file status, copying the data basSe to abnother diskette,
printine tareet listines and other tunctions,

Tne Target module 1is the major seegment procedure and 1is
used ftor addine, deletine and chanegine tareets {n the main
target file. It also updates the data base query file and if
necessary, the TARBUL file. The Intorm module contains
user-oriented information concerning doctrinal terminoloey,
systems instructions, version 4intormation and tactical
gulidelines,

The target information system design is illustrated in
tieure 6. Because much ot tnhe deslen was intfluen~ed Dby the
microcomputer constraint, the amount of object code resicent
in memory at one time has been minimized. The illustration
in figure 7 snows the s2xpected allocation of secondary and

main memory for the system. (see pazes 64 and 65)

H. SECORITY AND INTEGRITY

Security for the system is essentially
noa-discretionary. The system 1is secure because it 1is
located 1in a secure area (the FSCC is usually a restricted,
controllea access areda witain a secure perimeter). The
targets contained in the 1list of targets are typically
classified contidential and, tnerefore, tne diskettes would

be considered classified matter. Thus, the usual precautions
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and practices for tne security of classified material are
sufficient for the system.

As a further sateguard and security teature, the system
will hnave a user passwora wnich will aliow only bonafide
individuals to access the data base of tarzetls. Iznput or an
inproper or erroneous password will keep tne user in the
outer edee of the Intertace module ana prevent openineg the
data base index file witnout whica, tne data cannot be
accessed. The Utility module nas a subrcutine which allows
the user to specify his own passwords.

The target information system will reside onrn an eigat
inca floppy diskette woicn will contain tne Pascal operating
system and the object code of tne applications program, The
source code, editor and compiler will be removed from tne
diskette to prevent any user from modifying or changing any
part of tne system. The user can only cnange tne passworad
and the target information.

Upon activation of the system, a user advisory messaee
will be printed on the CRT screen informing tne user of nis
responsidility to satreeuard the classitied inrormation. All
of the printed output of the system will contain
confidential markines on each page as required by current
security regulations.

Nuclear and <caemical target information and analysis
will be excluded from tne target 1information system angd

processed 1in accordiance with curreat procedures. This is
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done primarily because tnese targets require special
techniques for analysis, are typically of a nigher
classitication than conridential and are of such a dezree of

sensitivity tnat spéecial handling i1s usualiy required.

I. TRANSITION

A key element of the system is the pnysical and logical
desiazn of the data base. Since the system is tunctionally
restrictive, tne data base nas been designed 1o proviae
optimal performance to the user., This nas resulted in desien
parameters wnhicn are explained in depth in the next cnapter,.
The chapter develops some ot the important considerations of
data base tecanology and the methnodology of data base
selection and file determination. Taese techniques were used
to design tne loesical target intormation record.

System and environmental requirements impact
signiticantly on the pnysical data base design and a number
of alternatives are presented and evaluatea. Tne pnysical
record desien as well as the 1inverted tile indices are
described in detail and provide a Justification for tne

system desizn presented in this caapter.
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V. DATA BASE DESIGN

A. PRELIMINARY DESIGN PROCESS j
Before tne design of tne paysical ana tne logical data |

base can proceed, there are certairn ground rules and design

ceriteria that must be establishned. Data base technoloey nhas

hecome more formalized in the past ter vyears wlith general

acceptance of three major data models, the relational, the

hierarcnial and tne network or CODASYL. The task now becomes

one of determinineg the content ot the tarzet information

data bdase and whicn of tne major d2ata moaels is most

appropriate for the detailed design of the logicali and

physical data base.

1. Data Base Concepts

Pernaps tne 1initial startine point should bde a

One of tne most often quoted

definition of tne data bdase.

sources 1is James Martin’s from nis Computer Data-base

Organization:

" A data Dbase may be defined as a collection of
interralated data stored toeether with as little
redundancy as possicle to serve one or more applications
in an optimal fasniony the data are stored so that they
are independant ot proerams which use the data.

It is 1important to distinguisn between 4 data base

system and a file system. A tile system organizes the data

- storage capabdblility whica 1is provided by the nardware or

operating system software, The hardware is partitiocned 1{into



files wnich are associated with a particular user or ftor a
specific purpose. Operations on one file are done in
isolation from tne otner tiles (or othner users). Taus, to
access the same information from many similar files may
rejuire as many separate operations as there are files.

A data base system, on the other nhand, organizes tne
file storage capability which {s provided by the trile
system. The relaticnsnip between elements or entities of tae
file Aare made accessible to the system. The user gains
access to all of the data because it 1is now available
throueh relationships to other data. Additionally, difterent
users can access the same data and snare it.

Access to the cata base is provided by a data lansuaee,
a set of operations which permit access to the data that has
been organized dy a d1ata model. Data base management systems
are generally classifisd by tne way they provide access to
the data. A seltf-contained system provides all the
capabilities and required services by 1itself, typically,
throueh 3 query laneuaee. Host-based systems carry out the
retrieval and update functions only and deliver tne data on
request to programs written 4in the host system languaee.
Occassionally, the nost language 1is extended to operate
directly with the data base, but usually with a loss of data

independence.
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2. Data Base Terminology

Eacn of the major data models refers to concepts of
data in sligntly different terminology. For example, the
physical record type ‘target comsisting of target number,
grid location, altitude, priority., classification and
description is called an entity by one model, a segment or a
logical record by 3nother and a tuple by tne third. To avoid
confusion and misunderstanding, a set of terms which are
partially intuitive 4in nature and &zenerally from the

relational model will be used. These terms, their

definitions and an example from tne target information
system are as follows:
Record.....a 2roup of one or more data items or attribdutes

which corresponds to a simple record or entity [a

tareet]

Attribdbute.....the smallest unit of data, a data field witn
a certain value [target AA98@1 with the priority’
attribute nas vaiue III]

Relationship.....the connector bdetween individual records
of the same type or egroups of records of different
types [tne 1list of targets|

Relation.....the set of all records of a ziven type |[the

list of targets)




Degree.....the number of attributes in a record [tor a
racord with tareet numbder, location, priority.
classification and description, the degree of the
record would be 5 ]

Cardinality.....the number of records in a relation [tne
number of tarzets in the system]

Domain.....the sev of all possible values for an attriosute
[priority nas domain I, II, III,IV]

Primary key.....one or more atiributes of a record whose
value uniquely identifies the record [target number
AADP45)

Secondary xey.....an attribute wnich may or may not
uniquely i{dentify the record but which detines a set
on the record {all priority I targets|

Schema.....the structure ot the entire data base

Subschemna.....that portion of tne schema viewed by 4
particular user or group of users

Flat file.....a relation in normal form: a sinele level

record array with only one record type

3. File Determination

The total volume of data in thne target information
system must be viewed with the objective of splittine it
into smaller units tnat may bpe considered the basis for
oreanizine the data base file. Havineg already determined the

system functions from chapters III and IV, tne data objects
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and the relationships to pertorm these functions must be
determined and organized. The results of tals organization
will become the criteria for the modular design of tne
applications proeram.

Willian House in Data Base Management provides an

excellent methodoloey for tile determination. Data splittine
separates the system information into subsets which can be
dealt with more or less independently and perhaps made an
independent rile of the data base. Record design determines
the format of the content to appear in eacn record and the
modes of indexine in order to estabdlish the index data that
must be present.

Tolume analysis estimates the size of the individual
record and tne size of tne record’s relation (cardinality).
The physical distridution of tne number of records in each
file must also be taken into account to ietermine the space
management requirements. Activity analysis determires the
frequency of reference and estimates the total activity for
the records of each file. It is this analysis that is
essential to tne question of file desian and one of the gey
considerations in the microcomputer enviroement,
particularly the access bottleneck to secoadary storacge.

File design is dependent upon the record structure,
paysical aistridution of tne records in the storage device
and the indexing metnaod employed in referencing the recori.

The critical issue for file qesign 1s its performance,
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4, File Performance

There avre 3 number of coriteria whicn must te
considered wnen estimating tne performance of tnhe file
design. There will inevitably be a trade off between storage
space and processing speed. There are instances when the
rapidity of access to information in tae data tase 1is more
inportant than saving or optimally utilizing tne secondary
storage space. This may mean redundancy of data.

Gio \VWiedermold 1n Database Design outlines seven

measures of tile performance. These parameters were
considered when designing the pnysical data bpase. These
measures of file performance incjude:

1. Storage required for a record

2. Time to fetch an arditrary record from tae file

3. Time to eet the next record within the file

4, Time to update by inserting a recora into the file
5. Time to update by changing a record in the file

6. Time tor exhaustive reading of the tile

7. Time for reorganization of tne file

5. Arcnitectural Perspective

The data base system arcait2cture ts alss an
inportant consideration. It depicts the matural, corceptual
and physical views of the data in the data base. It 1s tne
key to data independence and gives the DBMS much of 1ts
power and flexlibility.

At the most abstract level, tnere is the external data
base. This 1s the way in which the user views the data base.
It consists of any onumber of different perspectives of

injiividuval users, which are considered sutschemas of the
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data base., Typically, the subschemas are more important than
an overall view of the external data since they define trne
intformation environment ftor a sinkle user or speciftic
application.

The external data base maps 1into the conceptual data
pase which is the loeical view of the intformation cortained
in the data base. It is tne schema, or combination of all
the subschema expressed 1{in the loeical tormat or a 1ata
model. It consists of the records, relations and
relationships of the data as well as the primary and
secondary keys used for processiang tne data base.

The conceptual level maps into the internal data Dbase,
which, as the pnysical view of the data, 1s tne least
abstract level ot the architecture. The physical data Dbase
contains the records, files, 1indices, invertec files and
record sequences of the data base. An 1illustration of tre
different levels of the data base sysiem arcanltecture ls

shown in figure 8.
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VIEW VIEW VIEY External View

LOGICAL
DATA Conceptual View
BASE

T

PHYSICAL
DATA Internal View
BASE

Figure 8, Data Base System Arcaitecture.

6. Types of Systems

The discussion so far has mainly considered tae cata
base manazement system concepts for the tarket intormation
systen, Given the nature of the target ianformation file and
the system enviroanment, other types of systems bear
consideration. An appropriate alternative 1to a &general
purpose DBEMS miznt be a sinele application system.

A single application data base system establisnes an
operation wusine the availadle ftile system racilities and
designs applications programs wnicn intertace to the cata
base. A system for the routine processinz ot data and the
ansvwering of a prespecified and limited class of auveries 1is
sometimes referred to as an operations system. This type of

system is designated for a precisely defined and limited setg

of operations.
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In a data base manazement system (DBMS), an intormation
system, tae nature of the queries will not be pre-detfinea by
the system and lenethy Searches may be necessary wrzen a
query is made., The capability to process generally stated
queries 1s characteristi~ ot the multi-purpose desien ot the
DBYS and often accounts for its relatively large size and
cost. In 2an operations sSystem, lenstny searches can
£enerally be avoided because the information 1s typlically
stored in the form it i1s needed. The two types of systems
use data bases wnican are differently structured botn

logically and pnysically.

B. LOGICAL DATA BASE DESIGN

1. Data Splitting

Given the total intformation in the tareet
information system, or more precisely, the set of adata that
represents this iarormation, it is necessary to separate it
into subsets wnich can be dealt witn more or iess
independently.

The information for tne system comes from the target
card. All of the information pertinent to the data base 1is
on that card or can be implied from it. A block record of
all of this 2ata pertinent to tne system canm be visuallized

in figure 9.
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TARGET NUMBER GRID LOCATION ALTITUDE
TARGET TYPE ARM ASSIGNED ACCURACY
ATTACKED? FIRING UNIT PRIORITY
CLASSIFICATION DESCRIPTION DTG ACTIVE
PHOTO NUMBER PHOTO COORDINATES BDA

MAP REFERENCE TARGET LIST? REMARKS
DTG ATTACKED NO.TYPE ROUNDS STATUS
DAMAGE REPORTED DAMAGE ASSESSED SOURCE

Figure 9. Target Information Conceptual Record.

The data can logically be split into ditferent seements,
for example, description information, surveiliance
information, status intormation and source information, but
a consideration of the user and the conceptual view of 1tae
system is necessary tirst.

Tnere 1s only one user, tne target intormation otfficer
and he has only one view of the data, taat of the target
card. He may wuse that data differently depending upon the
tactical situation or internal operating procedures but nais
logical view of it nas not cnanged. An integratea data bdbacse
will have many users and many different views of the data
(one schema with many subschema). The target intormation
data base is not an integrated data bas2 and it 1as only one
user and one view ot the data, thus, the schema and the

subscnema are tne same. Tne need for data independence




(loztical data in tnis case) is no longer reguired ¢tor tne

system because the external view is equal to tne conceptyél

ol L

view,

Spiittinz the tareget data does not achieve any added
flexibility, simplicity, independence or efficiency. Taus,
the tareet record can consist of the atove 24 attritutes, 1o
other relationships ani be organizea as a flat file.

2. Record Desien

For tnls large set of data on target informaticn, a
b determination must be made of the format of the record and

tne modes of indexing in order to establisn thne index data

that must be present. Two alternatives were considered, one
wvith & flat file ana a second with multiple records. The

multiple record version merely added more complexity and

more data to the files with little benetit to the system
otner tnan it “looked” more like a data base.

The flat file appeared to be the simplest conceptuaily
ani the easiesyg td implement, Tne data witnin tne record was

ordered inm a functional manner for semantic purposes and tae

primary and secondary Keys were determinad.

Tnere is only one way to uniguely identify a target and

that is by the target number. This {s primarily dictated by

- doctrinal procedures since the tarzet alpha/numeric
{ combination determines the originatine unit as well as a
specific target. Target grid coordinates may bte considered

as an additional unique key, however, a Sinele map location
X




can be targeted for multiple purposes. Tnerefore, the target
nunmdber was selected as the primary key for the record.

There are a number of secondary keys for eacn target put
only a few of these nave a real meaning to the TIO. Those
xeys which will be needed to access certain types of target
information nave been selected as secondary xeys. It is for
these keys tnat tne Jueries to the data bdase will de
desisned. Fieure 12 illustrates the primary and secondary

Keys of tne target record.

Primary Key Secondary Keys
SUPPORTING
TARGET ARM PRIORITY
NUMBER ASSIGNED
> CLASSIFICATION
TARGET
RECORD
ACCURACY
GRID
LOCATION
TYPE STATUS

Fieure 190. Primary and Secondary Keys.

3. Volume and Activity Anal’’s.

Estimates must be nu.e of 1ndividual record sizes
and then of the expected file sizes as well as determinine
the frequency Bf reference ot information {n the data base.
In determining recori size, a4 number of considerations came

into play. Data items which could be derived or implied from
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other data items were deleted. For example, it a tarzet had
a BDA ir tne record, it nad been attacked by supporting
arns. If there were no BPA, the target had not been
attacged.

Additional attributes were identitied whose regquirements
were implied by other data items. For example, target type
was made a record attribute (and a sezondary key) since the
target description, beine text, would nave 10 te
semantically analyzed 1im order to reveal all targets of
enemy “artillery”.

Attempts were made to reduce tne size of stored data ty
encoding tae domains of attributes. The domain fcr target
priority is (I, II, III, IV]. To place priority III 1in tne
target record file would take taree cnaracters; reduced to a
numerical representation, 1t takes only one number (3),
Target damnage s descrived by a maximum ot eignt ditferent
words, ¢the lareest ot which is 11 charsacters. This has teen
reduced to a single number from one to eiznt.

A data dictionary was developea which listed eacn
attribute, 1its domain, data 1item size ana data type (see
appendix A). From this document, the size of the record was
determined to be approrimately 242 bytes. Since adequate
secondary storage appedred to be availaple, a ftixed lengtn
record was selected. In addition, since more than one 3DA
vas expected for a given target, tne record <size was

increased to taree BDA per target bringing the record size

e




1o approximately 379 bytes., With a maximum ot 50¢ tarzets in
the systemn, tne file would ocCcupy appproximately 110K ©bytes
of secondary storaee.

An estimate was made of tne naumber and type of
references to the data based on Known ana anticipated
tactical requirements. Azaln, the desien restrictions on
wvhat the user could ask of tne data base playved an important
consideration. The majority ot the intormation tor retrieval
was either an individual target card or a list of specific
tareets. Return of the tarzet card to the user was a sirple
matter for file design, merely retrieve the record from tne
data base and display all ot the irnformation. The retrieval
of specific information is more complicated.

The specific information adout targets is best displayed
as a target list since tnat is the most useful format far
the user. Figure 11 1is an example of the format required

from tne data base.
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LIST OF TARGETS

.TGT NO CL PRI LOCATION ALT SaA DESCRIPTION

AA0B21* C II 34566543 8¢ AIR 2 T-62 TANKS
AAPB20 C IV 23455565 40 NGF S INCH COASTAL GUN
1 AAQ¢56* E IV 67665466 5¢ NONE 4 SCHCOL BUILDINGS
AAPO13* A III 65677412 15 NGF RUNKERED TRENCHLINE
AZ1022 D II 76885454 114 ARTY BN ASSEMBLY ARER
E AZ1225* C I 34345656 2¢ ARTY PLT ZSU 23-4
1 AAQ212 B III 56445456 138 NGF CONCRETE RBUNKER

NOTE: # indicates tarzet [ist

: -~

Figure 11. Example of a Target List.

4, Design Conclusions

Because the data base is a single application data

base and is an operations system ratner than an information

system, tnhe use of a specific data model was rejected. Tne
tlat file format lends itsel?f to the relatiomal model ard

toe resultant system approximates tne relationel

methodology. The system does gJqualify as a data base.
However, it is a very resiricted one due to 1its specific
purpose.

Access to the data Dbase, 2iven the 1limited r~hoice
inposed upon the user by tnhe system design, was by extending
the host language rather than the use of a query launguaee OT
imbedded data language. The record design 1incorporates tine ﬁ

tarzet information as one record with one primary and seven

secondary keys for a total ot 22 attributes. Tnis monolithic

record is depi~-ted 1in fieure 12.




Tareetr Description

TGT NO | DESCRIPTION | GRID LOCATION | ALTITUDE | REMLAXS
Target Status Information
SUPPPORTING | TYPE | PRIORITY | CLASSIFICATION | STATUS
ARM ASSIGNED

°)

®

®

o)

®

Target Surveillance [nformation

c.

l.

System Cutput

The

discussine the pnysical data base desien. These end=-produrts

require a

Retrieval of intormation tor the TIO must

physical d

sSyst

cert

asign

em outpu

ain cont

of the data must facilitate speed,

PHYSICAL DATA BASE DESIGN

t must

ent,

the cost ¢f storage etticiency.
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considerea

DTG FIRING| NO/TYPE DAMAGE DAMAGE BDA
ATTACK} ONIT ROUNDS REPORTED | ASSESSED
Target Scurce Infermation
MAP | SOURCE DTG ACCURACY | PEOTO PHOTO
REF | OF TGT | ACTIVE NUMEBER COORL
Figure 12. Lozical Record lesigen.
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The<e 1items of system output nave previously been

identified and are gepicted schematically in figure 12:

TARGET CARD TARGET LIST
LISTING BY PARAMETER(S)
| SISTEM
Ve OUTPUT
TARGET STATUS OF
BULLETIN TARGZT FILE

Fieure 135. System Qutput.

2. Index File lPesign

The choice of file organization is 1ependent upon
rhe record structure, the physical distribution ot tre
records in the storage device and tae irdexing method
employed t¢ reterence the recori. To some deeree, the amount
of storage space available will influence tne tile design as
well., The critical issue is, however, the etticiency ot 1{1ts
performance.

The record 1s accessea by its primary key. Tne target
nunber, unfortunateiy, is not ailways assigned 1in seguenc=2.
Taus, there 1s no 1loeical order iaherent in the tare2t
nunber altnouen they could bte ordered in numerical sequence
for the sake of order. But there is no consistent order to
warrant tne use of sequential, indexed sequential, nasned or
pinary tree storage scaemes. The use of the dense index
allows us to access tne reguired target efrficiently (witn

cnly 3@@ targets) as weil as insert new targets =asily at

ra




the end of the frile., While deletion of tareets would leave
noles in tne storage file, an unuseéd target space record
could be maintained which would Keep track of the nholes aad
assien newly insertea records in tne available space.

The dense index would have to be made on both the target
nunber and tne 2rid coordinates, since 1t 1is a doctricpzl
rejuirement to »He atle to sort on botar. Tne UCSD Pascal
inplementation makes tnis a mucan easier operatlon witn 1ts
string 1intrinsics and random access capahility cf relative
records. This also allows the 1index to bde stored as a
subscripted array and enables the system software features
to do most of <thne manipulation. The 1index aesien s
iliustrated in figure 14. It is essentially two arrave each
consistine of the tarszet number or the erid locatioan tor

each of the allowable 399 targets.

Tet no T2t DO |eecscase Tet no Tet no

Rec no 4 [Rec B0 1| eeeesees | R®eCc 20 N Rec no 20¢

arid Grid ceacsses Grid Grid

Rec no @ Rec no 1l|eeeesees | Hec no N Rec no 3¢9

Figure 14, Target File Index Desizn.
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The ease of tne UCSC Pascai random access capatility is
illustrated in figure 16. The SEEK command on tne tile =namne
and the record number provide for a base address and an
offset to the required target number. Thnis allows for quick

and easy access to any target requested by the user.

SEEK Tgt no X

TARGET FILE INLEX

Tgt no Tgt no X Tgt no
Rec no Rec no Z Rec no
L.

File name | BASE ADDRESS

Record no | OFFSET

TARGET FILE

Rec no RECORD

Rec no RECORD

Rec no X RECORD

Rec no RECORD

Figure 15. UCSD Pascal Random Access Capability.
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3. Pnysical Dssien Alternatives

Tne file aesign will permit easy anc efticiert
access to tae target record. The display of tne target canrd
is essentially soived by tanls desigr. Wnat remains is tne
accessing of tae important attributes for the target
listines by specitic parameter, i.e.., the queries trem the
TIO.

The most straieht-torward approcach is to access all of
tne required data from the target file., An etficient metnod
of doinz this would be to use multi-linked lists tarough the
appropriate data items. Header records would provide a
pointer into the tile and links would provide access to each
item of specific data. There are overnead considerations in
this approach, particularly in rearranging the links when
adding or deleting a targer.

A major disadvantage to this approach is the estirated
tine it would take to process a query. It all opriority I
targets are to be retrieved, the program module must find
the header index and follow the pointer through the tarezet
file until it teund eacn of tne priority I targets.

The disk accessine to sacondary storare is a bottleneck
in a =wnicrocomputer and saould e minimizead wnenever
possible., The access time to find all priority I, class C,
previously attacked, tank targets could bpe qulte lengtnhy.
Arranging the file into blocks of tive to ten target reccrds

per block would decrease the amount of d4isx accesses.
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A second approackt would ©be to use an invertec trile
structure (often used in data bdase systems to improve cirect
access to certain data) *Yor each of the secondary keys with
a pointer (actual or symbolic) to eacn of tne specitfic
records. An access to the entire inverted file {ndex would
identify by name or by Jlocation, each of the applicacle
records. Once determined, the records could be retrieved.

To process a target list witn multiple parameters, only
the target numbers from tae indices need to be read into
menory and tne appropriate intersection made of tne common
record attributes. This would entail one seek per index ard
then one seek for eacn appropriate record. Additiornal
efficiency 1is obtained if all tne index files are reac into
main memory wnen the user is going to make accesses to tae
data base. Tnis will reduce the naumdber of disk seeks
required to access records and is particularly effeciive for
mul ti-parameter queries.

There is a bit more etfticieacy in the second method,
particularly 1in accessing data with multiple parameters but
the cost is in use of more secondary storaze for 1the
inverted files, With tne amount of seconda&ry storage
availadle (see the estimate in figue 7), tne trade-ott
between storage space and processing speed is considered
acceptable.

A tnird alternative is even more expesnsive ia terms ot

secondary storage since it calls for redundancy of target
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data. A subset of tne main target file can be ftcrmed 1to
provide the data in a more accessirtle torm. The tile would
be a separate recora extracted tfrom tne main target file ard
consist ot only those attripbutes o¢r 1items which will be
needed for tane tarkgket gquery and tne resulting output
listing. Tais would elimirate tne need to access tae main
target file for queries since ail tne systém queries would
ne confined to tae data base yuery file. Once tne target
nunber was identified by the query mechanism, the
appropriate target listing information would be obtainead
trom the file and displayed oa the CRT screen.

This data base query file would nave records ot 45 byies
in lengtn witn a maximum file size (for 3¢¢ targets) of
about 14X oytes. Tne logica{ recora i{s illustrated in figure
16. To access the data in tnis file, tne 1invertea inaex

files could te used,.

TARGET STATUS GRID ALTITULE TYPE
VOMBER LOCATION

e

ACCURACY | PRIORITY | CLASS | SUPT ARM ) DESCRIPTION
ASSIGNED

Figure 16. Data Base Query File Logical Design.
Tne data base query ¢ftile would ©be loaded into main
memory each time tne Query module is activated. There is ro

requirement toawrite tne rile to secondary storage wnen tne

Query module 1s deactivated since tanere will be no chanzes
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maie to the file. In that tne Query module and the data tase
query file would de simultaneousiy located in main memcry,
queries could te quickly and efflicientliy processed.

This eliminates tne neea to access the disk to pertcrm
queries, theretore gredtly reducineg the processing time. The
cost, nowever, 1s in an additionaf fiie in secondary
storage, an array to hold the data base query tile in main
memory, redundancy of data and tailoring of the data oase
guery tile and the Query module to fit 1into main memory
sinultaneously. There 1s also tne added cemplexity to tae
proeram when additions, deletions and changes are made to
toe main file in tnat tnese cnanges must also te retlected
in the data base query file.

Consideration was given to doine all updates to the data
pase query file wnile it was located in main memory since
the array which nolds the records is a statir data
structure. While it would improve system efficiency and
preclude loadine tne data baSe guery tile each time tne
module was called, ine cnances of loss of data tarouga a
power surge oOor a system failure are sutticlently ereat to
eliminate tnis approacan. The alfferences between 1O€ 1Two
data tiles after a lore period of uninterrupted operation
would render tne guery capabilities invalia' because of
inconsistent data, The expected -confisuration ot 1the
alloscation ot maln memory during data base query operatiors

is shown in figure 17,
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MEMORY
Operating
System
12 £
Working
Space G
2¢ K
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p—
Segmente
Procedure
10 K
Figure 17, Main Memory Map
While each of the above

loeical desien of the data base,

the
timely access to the data base
added complexity

trade-off 1in

favor ot tne user,

fastest and was selected because of tne user’s need for

infeoermatioa.

ALLOCATTION

Data Base
Query Filte
14 K

Interface ;
Module %
12 K

For Data Base CQueries.

alternatives supports the

the third alternative 1is

Tne expensive

and redundaacy is made in

4, Inverted File Design Considerations
An inversion on tne secondary Keys would allow tae
system to conduct multiple-key processing or queries, Eacn
of tne secondary keys would have a separate {nverteec fiie 5

tor each of the values

contain tne actual pointer to tne appropriate record in

data base query file. An example

target priority atvirioute 1s snown in figure 18.
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of an inverted tile for the




Target Priority lndex

I 1 3 ? 14
II < 5 o 11 15
IIg 4| 16| 14 g la 13 6 17
Iv 12 18 |

Figure 18. Example ot an Inverted File Lozical Structiure.

The implementation ot the inverted tiles coula employ a
linked 1list of tne target location opointers by specific
domain of the attribute. However, this tile must be updated
each time the user adds or deletes a target from tae system
as well as makes a specitic chanee which will atrtect the
index. For example, a priority I target could be changed 1o
a priority IV tarezet 3after successtul attask bty supportine
arns. Tais would necessitate a cnange 1in tne me&in target
file, tne data base query file ancd tne inverted incdex for
tarzet priority (votn tor priority I and IV) as well as an
input for tne transaction log of the TARBUL.

Tnis disadvantaes combined witnh the <comgplexity of
implementing linxed 1lists, maintaining multiple invertad
irdex ti{les and the overhead iavolved detracts signiticantly
tfrom tne elegance of using 1inverted files. A <cimple,

practical and straight-torward solution is required.
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6. Flat File Array Processing

The data base query tile is implerented as 3 sinele
dinension 4array ofr records so that it can be loidea into
main memory. The UCSD Fascal system perrorms ettective array
processing and tnis feature can be used to perform thne data
pase gyuery tunctions. The method sel2rted tor the target
information syst;m is array processing of tne flat fiie.

The Query module prompts the user to select the svecial
criteria for tne target listing. It does tanis by presenting
the user a series of menus from which the secondary Keys and
tneir respective domain attributes can te selected. Once tne
attribute 1s selected, the module processes 1the array to
determine if tne targets 1in the array possess thls
attribute. Zacn target with tne attribute is flagged and tae
system returns to tne menus tor furtner key selection. A
domain can be selected only once per iist. Tnus, the system
permits only tne lozical "ANDING" of one attribute of tne
domains of tne secondary keys.

Upon seleciion oY another attribute, the system will
process only tae targets which were flagged by the previous
array processine. This will sieniticantly reduce the search
tine and result in increasingly greater retinement of the
list for each subseyuent part ot the yuery. Since there are
only six secondary keys, tne maximum query size 1s sizx items
althougn the user could stop snort c¢f that number at any

time 1in tne processing. Wnen tne user stops tae query é&nd
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reguests tne listing, tnose targets waich are tlazged are
accessed and written 110 tne console screen. Wher the next
query 1s initiated, all tne tlags are reset.

Two additional desien teatures nave been incorporated to
speed the array processing. The first feature is the storege
characteristics of tne seconcary «Keys inr the record. Zacha is
stored as 4 single character requiring no type <conversion
thus, enabling quick ama easy comparisons. The second
feature is irp tne design of tne query menus.

The menus nave been arranged so taat tae most
discriminating 1indices are presented to the user tirst.
Tareet type nas a domain ot nine values and 1is presented
first to tne user., Tnus, tne first pass a4t tne target list
will probably result 1ia tne smallest List of flagged
targzets. This reduces the amount ot array processine tor the
remaining portions of the gquerv., For example, if the system
nas 1¢¢ targets and 82 ot tnese are active  status and 14
are of type ‘tank , taem the first pass in eitrer case will
be for all 120 tarezets. It status was the tirst part ot the
query tnem tae next searcn would be tarough 52 “active’
taregets until the "tank” targets were tound. However, it
type was tae first part of the query, only 14 recoras cof
type ~tank would have to be searched to tind the “active’
targets. Tne first searcn processed 182 targets, the secon?,

usine tne least-~list principle, processed only 114 tareets.
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The pnysical design of the data base query file 1s snowtL

in rigzure 13.

QUERY ITEMS TEXT

FIT|C|lSA|P|A}S Tet no | Alt Desc Gria

— — /———\d*
F....Flag P....Priority
T....Type A....Accuracy
Cece.Class S....S5tatus

SA...Supporting Arm
Figure 13. Data Base Query File Pnysical Design.

5. Data Base Partitioning

In addition to the main target file and the data
base query ftile addressed above, the tunctioas of the system
require additional tile consiaerations. In particuiar, tnere
i1s the requirement to produce a TARBUL wnen requested by the
TIJ. The system must retain in & separate tile, ail tae
intormation that 1is appropriate tor the TARBUL. Typically,
tais intormation consists of targets added 1o or deleted
from the tareget list, changes to tareets on the tarzet list
and signiticant BDA on attacked targets. The Target module
ot tne applications proegram extracts and tormats the
appropriate intformation tor tne TARBUL file 1in <conjunction

with normal processine.
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A security feature of tne system 1ic a user cetined
password which allcws entry into the program only when tae
proper pdassword has bdeen received. Ia orazer to provide tor
tne retention of passwords between uses of tze system, a
small file was constructed wnicn contained the user
password. A procedure of the system allows tnis passworda 1to
be written to the diskette and retrieved w#hen the system is
activated.

There is a requirement to provide tne user with a file
status report on a3 periodic Ddasis. It is essertially a
statistical bdreakdown giving the nurper of active targetls,
inactive targets and targets on the target list as well as a
count of the targets in eacn attribute by domain. A separate
file could pe xept for tnis informatioan, but to decrease
conplexity ana storage requirements for tte system, a
routine from tne (tility module 1s used to accumulate
statistics from the data base query file and display tne
intormation to the CRT screen when recguested by the user,
Jnce again, naving tne data base query file in maia memory
will reduce the ~omputation time needed tor this process.

The data base is, thus, partitioned into two data tase
riles (one a suopset of the other) and two utility tiles, tne
TARBUL file and tne password file. Taey must snare secondary
storaze space with routines ot tne operatineg system and 1the
applications program object <code. Tne partitioning or tne

1ata base is depicted in tieure 2.
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VAIN : TARBT
TARGET : FIL:
FILE :
DATA BASE :
QUERY : PASSWCZAD
FILE : FILE

Fileure 2¢. DPata Base Partitionirce.

D. OTHER CONSIDERATIONS

In considerine inverted tiles, it was det2rmined that
some record atitribuetes dida not vield a csutiiciently
discriminatine index. For example, the data item ~“status’
yielded & vpoor index since only two values are pnssicle,
astive and {nactive. In an ettort to establisn Tore
discrininatory indices and at tne same time reduce tne
paysical size of tae datia items im a record, index items
were combined and compressed in & coded rorm. Tareet status
was enlarged to 2ncompass the target list index and tie
tareget attacked index. The combirnine of these three indizes,
eacn wita aomains of value two, yvields cne incex wita 3
valid domain ot six values. The newly tormed index {is as

faollows:
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ACTIVE TABGET ON TARSZE
COCE TARGET TGT LIST? ATTACKED?

1 yes yes yes
2 yes yes no
3 yes no yes
4 yes no Lo
5 rno - yes
6 no -- no

-

The data dictionary, whiczh was developed ia response to
the volume analysis of tne aata tase record, addresses eacn
attribute separately by nare, data type, physical size,
logical size and 1lists tnhe domain where appropriate.
Specitfics aibout the tarzet record and the query record are
listed as well as & determination of the paysical record
size. All tne data in tne record is in ASCII character
format; even items suca as tane <ria locavion ama altitvde,
wihich are actually integer values, are stcred as characters,
Conversion, wnen necessary, 1s performed ty the applications

program,

E. SUMMARY

Tne primary consideration in tne design ot the 2ata base
43S ease 0f use ana speed tor the user in the microcomrputer
environment. Tnis consideration overrides tne inefticiencies
ot a3 dual data base record. Moreover, the complexity ot the
processing requirements is invisible to the user. Ee is
concerned only with tast retrieval of <certain types of
information. As tae <casual user, ne is not concerned wita

nigh 1level query languaees and their wuse. PRather, ne
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rejuires a macaine that wili serve als needs ana not tze
other way around.

E. F. Codd, in nis 1374 article Seven Stieps 10

Rendezvous with the Casual User statea that It is projer~ted

that by tne turn of tne century, the majority of data btase
management systems will be oriented toward the r~asual user .
A system which will be able to pertorm 1ts function qulckly,
easily and accurately durine the intensity of combdat
operations will be the one tnat 1s specificallvy desifnea 1o
conform to tne user’s envirorment. Tais system was desizaed
with this principle in mind.

Tne following chapter descriopes the important
considerations ot the user intertface and the methoacloey
employed in maxing tnis 1intertace an effective one. It
considers the psychological issues which arrect the
man-macnine iaterface as well as the modes of user input and
computer initiated dialogue. Taese are tae tecaniques waick
enaple tne target intormation system to contorm to tne

user’s environment.
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vI. INTERACTIVY INTEIFACZ DESIGM

A. GENERAL

dne ot the major 2esien teatures O0Of the tareey
inrformation systeém 1s tna&y it proviie 4 triendly yet
scpaisticated user interrace. It szaould be sutticiently
scpaisticared to perform 4ajil of tne regulrea fuactions
sinply and efficiently wita oniy a minimum of interactio:n
trom the user. The -ezaviroament must te a4 ¢triendly one,
allowing t¢ne user <tto recover gracerully and witn miniaum
attort trom error, guiiine the correct input and providine
the user witn assistance or intormation wnen needegd,

The us2r {s a Marine, trained 1ia <tae ~ozduct of
supborting arms operations in a comoat eavironment. He 1s &
parametric wuser, a4 casual operator or 3 corputinge macaine,
witn no computer +training ana a lilimited <caparililty ot
operatine a computer, Tne system must dbe sutticientiy simwple
for tnils uger to ieern 10 operdte 1t errectiveLlv in &
minimum of time and wita & minimum of eftort., It must
inspire nis confiaence, sinplify nis task, increase nls
eftectiveness, reduce or eliminate any computer anxiety
and, most importaatiy, enddvile him to accurdtely ana quickKly
carry out nis mission.

This chapter outlines the desien criteria ana tecnnicues

used in de=terminipng tne gquality ot tae man-macrine
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intertace, Tnese criteria were employed i1 tne desien ot tne
appliications proeram ard constitute 1ts tasic rranewors, Tne
system efractivensss <3an  oxly te measured Dy nOw welyl tne
interface petween tae mép anad tnpe  macaine nas  succeeqeq.

Jares Martin, in nis C[Cesign of “an-Cormputler Dislogue

descrited tn2 psycnologicali 1impact of tne 1nteracgive
interface cn tae user as tfellows:

"It aas ovecome incressinsly realized L&t pany
informaticn processing operations are best carriez out
20t by machine alone, nor by man alone, but by a
judicious compination of man and meceine... A Kev 1o
success in manry real taime operations liies in tne
recognition ot machime limitation ard tne puijiaine into
tne systen of appropriate auman capapilities.

B. DESIGN PRINCIPLES

Tnere are four woasic principies used 13 tne cesigsn of
tne user interface. First, it must pe selr-erplanatcry. Tne
user must bte 4able to use tne system witnout rerereace 19 2an
external source. This implies tzat tne system guice ang
direct tne user in the execuiion of his tasks regardless ot
11s level of expertise. This reyuires simplicity, ease ot
use, and alimination of system rajjure, Second, tne syster
must te self-nelping. Waehever tne user wants or requires
help or assistance, tne system must Tesponi. It shoula
iientify tne improper input, guiae tze user t¢ tne cgrcper
input required and provide an example ot the correst input
when appropriate. Accordingly, error messages mnust re

explanatory ani the system must respond to every input.
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Tne tnird principle 1is a requiremeny o9r & simple
interface wita tae user. Tne system must responc in a iimely
tashion to input whicnh is snort, simple and oovious to0 tne
user. Tne processing comnpiexity must dbe invisioie to tae
user tor 2very procedure ot the system., Tney snhoula all
appealrl to be a straignt-torwara and simple tasxg.

The tourth principle, previously mentioned in Chapter
III, is interaction by anticipation, tnat 1s, anticipatirg
the desires ot the user and Dpresenting nim Wwitn 2
corresponding list of options. Tnus, tae systlem can avoicd
the probdlems of employineg error 4iaenostic ana advisory
messares, Jniy tanose actions tnat are legitimate are
presented ror user selection. Input ot any ot tne displayea
actions wilil result 1n a syntactically correct commang aad
allows further processing. Input of an action otner than tne
iegitimate one resuits io a simple user aavisory messege anad
ooviates tnhe need tor elavorate diaegnosti~s. The rost ~ommon
type of aialogue tnat uses 1ateractlon by &ntlcipation 1%
menu selection and to a lesser degree, form tiiiling. Menu
selection allows tae user to select the lesirea option

ratpeér tanan reqguiring nhim vo specity taat option.

C. PSYCHOLOGICAL [SSUELS

1. Snort-Term Memory Consiaerations

Cur saort—term memory naolas 1i1nterpreted units of

information for up to $¢ seconds berore 1t raies away. ¥itn




soptinued exposure tO0 tne same type or w*ormaticn,
snyrt-term memory retentioz csn °e improved put essentialiv,

we are able to retain oaly 3 limited amount ot iztormatica

at one tine. Feorge Miller’s classic paper 1n 1956, Tne

Magical Numper Seven-=Plus or vicus Two, descrioeqd

experinents wnicn suzgesied tnat tne snNort—-term mMEemOrv was
linited <to a3 perception ot aboutl seven uaits., For terminay
1nteraction, tais implies tnat the processing capacity of an
individual is limited te only a tew items and that it saould
be taken into consiaeration wnea aesigning menu tormats,
They shoull be simple, semantically meaninerul, arraneed in
a logical proeression (to tne user...ndot tne programmer) and
hrief,
2. Closure
Taere is great psycnological relier to snort-term
memory wnen information no longer needs to be retainea. Tnis
produces a powerful desire to combiete a tasf witain trne
short-term merory Span, reiuce the memory itoad and eaian tze
psycnological relier. Closure 1is tne ccmpletion of a tasxg
leadine to this reliet. The user expects 10 experiense
closure atter completirg an activitv. Any+delay 1in acnieving
rlosure or the interruption of this process is trustratine.
Tne pressure for ciosure 1implies tzat tke usar
(particularly, the novice or parametris user) will preter
multiple smail operations rather tnen one large, compl2ex

ore, In system design, this sueesests that interartions ce
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qerined 1in sections or lLogical segments so tnat comMpletion
can oo odntained and inrormation reieased. All actions cr tae
useér spoula te responded to in & pnsitive manner by tae
system,

3., User Anxiety

Tne user a4attitule TtToward tne computer can impact
upon nis learnine ana pertormance with tn2 system. (orputer
“"anxiety , generatea by fear of failure, may reauce tze
user’s srort=trenm memory capacity ana innicit nis
performance. The system snould put tae user at ease but
witrhout beine patronizine, obvious or cute. Tre user will
respond tbetter 1f tne instructions are ciear, unamblsuous,
expressed in rariliar terms and easy te trollow. Coastructive
advisory messages and positive reinforcement are grefered 19
threatsnine, condemnine or meanineless error messages.
"Flease reenter your cnsice is more user triencly, less
iotimidatine and more ettsctive tnan Eai entry-error 217,
Tne target information system 23S teen 4=2sigred to provicde a
~2mfortavle, n2lptul and triendly enviroarent. '

4, Control

A driving rfcrece in  auman nature 1s tae cesire tc¢
control. In using computers, tne novice is perrectly wiliing
to tollow tae computer’s 1mnstructioas ana accept tae
computer as the coptirolline agent in tne iateraction. As nis
level of -experience 1increases, tae user may resent tae

computer’s 1ominance and may look at the computer only as a
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t2o0l. Taus, N2 system saould te deslgsned 10 ernance tne
user contrel or atv least t2e appearance ¢¢ user contrcl.
’roperly rormattea meaus, Aagvisory Mmessages zapa  error
ciagrostics can give tze user tne 1mpression indat ne 1s 1irC
complete control of the situation. Tne menu allows nrim to
mage decisions on input parameters 4as well a&s SELECLlne

1ifterent tunctions.

P.  AHESPONSE TIME

A simple 1iimit or respoanse time, tzie time 11 tagfes fcr
tne system to respondi 0 a commana, is 4desiratle <or
estective man-macnine interrace. An acceptable response time
is 2 runction ot the type Of <£OFMARA 4and the user’s
axpectation of wnét a reasonablé response time is. For sonme
operations, 22 is content to l=t tlhe machine crua~h away tut
for otaers, ae expects an immediate response, Tane timeliness
0t responss to target intormation queries was the priTary
tfactor for ine design otf the audl aatva hase.

In normal ccnversation, tae wuser’s expectazcy of a
response 15 withian a&dout two s€conds. i l4cKk Or response
witnin teur seconds would be a3n uaraturai ©Dreax in tne
gonversation. In studies oY man-mecnize interrace, a
response within two seconds nas beern showd to constitute an
important &nd reasonable opounddry 12 fae errectiveness or
teecback. Errors must be responaed to witnin two tCc  fcur

seconds so tnat tne c¢losure »erioa is rorcexz atv ine
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appropriate time, #Walle system 1a1talization may ce
3zceptidla te tn2 user witnirn Q¢ secorngs, ne expec~ts 1o
access tnhe next merpu Or 192 TEcCElve 1apul neip aimcst
instantly. dnen tne aelay 1s expaciad 10 eXceel ln2 two
seconda paraneter, toe system snoulc acKknowlieage tne commaaa
an1 inaicate tnat proczessiae is underway (and perisaicaily
reinforce tnis untll t2e process is compliete). Tals ensures
tnat  tne  user <nows ais ccmmand A4as t2een acrepted ana the
macaine is processing tne request ratner tnén oalfserving a

blank screen and wondering waat to 10 1ext.

¥, INPUT MOTES

1. “oae Selection

Amone tne diftrereatl types of interantive dialoeues
considered, computer initiatea, ¢torm <f1ii1e 4&ad menu
selection were zetermined to be tae mosl appropriate for itae
parametrics user ana tae spesirisc application or tare=t
inrormation. A combination of taese Lar2e metnocs prevides
tlexipility, =2ase o0f use, simpiicity and covers a complete
range ot tne system funcrions.

Tne computer initiatea diaitogue, wnere tne user responas
13 tne conputer, ndas tne aavdantage ot reguiring very Litiie
training for tae user to operate tne system. However, tne
1ialogue can be rataoer lengtny, tn€ system cdan te ratner

slew to respond and there is a loss of tlexipiiity in tae

sequence ot the 4ialozue, The torm tillineg techaique, where




tne user £ills out <orm on a visual display céevice, 1s
straignt rerward for the operator in tnhat all re reeds to 10
1s provlide tne a&appropriate intormation. Error ziasnosis must
pe imnediate to pe effactive ana cursor manipuiaticr must ce
considered,

Menu selection, wnere tane usar seiects an agprepriate
response 10 3 aumber ot cnoices, requires liitle Oor no usar
traininz and nas tne advantage taat o€ user may te 1inrormead
apout the fuil range of the system teatures. A Simple exit
from tne menrnu seqyuence and tne opportunlty to return 1o
previous menus enabies tane user to aczieve fliexivcility +to
navigate tarougn tne system. Tne iimitea numeer of cnolces
on any particular frame ana tane intormation atout tae
sequence of frames wgicn ieads to tae current one provide a
narrow context witnin waicn it is =2asy to aesign effective
usar aids and error mressages.

Menu selection is a form of computer initiated dialogue
since it 1s askine the wuser a question and porovizine a
linited set of valid answers. Tane wuser determines tae
appropriate input and the system responds wiiflt the answer cor
anotner menu. Tais contriputes to tae edase of use oI tae
system and tnhe untraiped user can teccme proricient in a
very saort tine. Tne tecnnique does run tne risx 0! ©pelrne
too slow and tedious but 1t can be speeded up ty a aign
speed terminal ana tast access to menus. Fiaure 21 1is an

axample of a meanu from tae target intormation System.
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Appendix ® ~oatains a3 rore getaiiea example 0o ine Lype Ot
rateractive 1rpterracs taat tne user or tne systeEm wouvig uce.
It snhows tne menus and tne advisory messazes tnal tne usar

woiuid encountler wa1i€ uslng tne€ Guerry modaule tc perIorm

target queries on tuae 23ata Dase yuery tiile.

ENTER TARGET PRIORITY \\

@ © 0 0 0 06 0 0 0P T S0P 0 S0 00 Q0SS E SO L L e C L P PSSO

Tane options are:

1. 1

2. Il
3. III
«, IV

5. RAetura to Previous ™Menu

ASE INTHR OPTION NUMBSR AND PRESS RETURN

>

- /

[[Ig -]

L

Figure 21. Example ot & Menu.

2. Menu/Form Fiiline forrattine

Tne computer initiated diaiogue wilil always require
an action from tne user. The options presented tc the user
eenerally 1include continuloe processine, exitine, ottairire
nelp and acaieving closure. Even improper input will ©oe
responied to in an ettective, immediate manner. Lesien of
tae formats for the dialogue will ensure that tne range of

options provided to the user will meet these prerequisites.




Tne manner iz walcn tn2 data is formatted can affect tne
e#¢iciency of the operator dy iafluencing botn nis speed and
a2is error rate. A poorly tormatted dialoeue rarn ~ausa
bewilaerment, anxiety and inmproper iaput. James Martin I

nis book, Desiga of “ag-Comput2c Tialogue, 1lists twelve

3

wn

cT

14]
m
i

[
-

rriteria for tne design of menu ang form fitl

=
-

i

tormats. These criteriaza were used iz tne desie

(&)

18]
(48]

inmplementation or tue target infarmation sysiem:
1. Display a small amount of information at oze tirse

srmétion

re

2. Do not include unwantea/unneeded in
3. Have one idea per display

4, The operator response should be shcret

[¢7]
ct
]
g}

5., Tne computar should always respend to tne operT
5. Use tormats desigzned tor clarity

?. Strive for similarity {positionn, format, tarms)
3., Avoid difficult words or canaractars

3. Provide an easy means Yor corréction

12. Maxge irstructicns to tne operatcr stand

[o]
£3
<t

11. Clean up the screen whea pcssitle
12. Yage it =2asy for tae operator 1o ask for helyp

—

S. E. Enzle and Z. E. Grania ic their worx, Guidelirs

D

for Man/Display Interface, mention many iifferernt and useful

techaniques fe¢r improvioe the iat=ractive dialogue an2 th=

user input. Scme of the more importéent porate wused in  TLE

desien o the tareet iafcrmation systam ar2 paraphasad in
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tne ftnliowing list:
Aveclic abtoreopniations and coniracticns
i2al worids

3
PY

3e consisteant in us2 and meaniae ot tacn

[$]

Use examples to supplement fastructiorns

3e consistent in pres=22ting identical/similar data
Use numbers wnen listiag selectatle i{ters

Place most probacie items at ts~ top of tne Tenu
Standardize scresa oreanization and fcrrmas

Give user directions tefore tne list »>% crnaices
User input saould pe Zept to a minimur

Present data iz a recognizatle order

Avoid verposity ana wordiness

F. ERROR HANDLING

dell desisned dlaegnostics and orror messeges C3n Fuids
the user to enter tne correct coemmands. Yhern tnhe system
prompts the user that &n error nas osccured, it =nouid allow
for error corrsction immneciately. In the menu selecticn
dialogues, tne range of options 1is predetermined v tze
system and only a valid ioput wili result in the apprecypriate
zlosure, Invalid 1ircputs can be .2asily detarrized and
appropriate gulidance provided to the user ia Ine error
messaege to obtain the proper input.

Form filling dialogue can cneck tae field leasth &na
field type (for example, a grid location woull cMnsist of

eignt numbers and any otaer iaput would bte iavelid). Erpor

1¢8
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messages must indicate tne nature c¢f the 2rrcr and  acw  tce
recover frem the 2rrer. Yhea appropriate, sr2 system saculd
respond witn an exampls of tne proper input., Figure 22 belcew
s an example of an @rror message rror The tarzet

information system:

yd

4 )

NTER TARGET NUMBER
=2

[

<=

nr3

3

Tne proper tormat for a tar<etv rumter
consists of 2 letters followed by

4 numbers, tor example, AACE57.
Please reenter your data.

ENTER TARGET NOMBER

\_ Y,

Tigurs 22. XYxample ot an Arror “essage.

9]
w

4 central protlem in aandaling errors 1is 12 providire 3

ri

m
(8%

[44]

D

ns2r witz tae rizht xinéd of inferration. Xven =xp re
users occassionally rejuire assistarce in some porticr ¢f

the systam. Accordinegly, a wuser nelp tun~tion has bteen

1]

desizned to complement the dialogue and provide tne uysar
with additional detailed but <concise intormation c¢n tra
appropriate input. In some cases, tnis tuaction 1e Lvile
right inte the range of options of the r2nu, nowever, at &ay

tine tae user can receive help or more iaformation ty simply




typizg a ?". Wzen tae system 1s a0t surficiently

salr-explanatory, it is desiened o Dde 5

L

lt=-r2lpline i1

appropriate and nmeariagiul instructions, adviscrv mecsdagss

asi error messages.
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4. SYSTEM IMPLEMENTATION

B3ised oz the desien critsria outlinez

and 7I, tae target information

systism

testad, EBach moauls was coded

i lap

tested rr its ownl envircmnment. Sirilaritvy

intertace was maintained begween each ant

mcdula

first part of eaca mciuie coded., Aftter tae irtertace

oY

)]

place and workine, the module was till

svstenm Sunctions. After €aca moduls was

independently, 1t was incorporated

Py

addivional testing and dedugaiang to0

was then coded after tne system was

Tne Interface moaule ic ne mairn

-
v

contains toe

ta22 grobal 1ata structurss &na

routines sucn as c.earine tne screen, SKkipping

™

printing errer messages. It mages tae cails to

procedures from 4 master menu. Anataepr primary

tais module is to dbuiila tae aairess miy o

tae start ot tiies

eacn session and to cpea tnh2 system 24tz
This mocule conpilecd to B1¥¢ bytes cf obj=ct coz2

ricna
wi.llo

tour K lass than orieirally =xpected.

The <first of tne segment routines is tne Iaform module
This moduls contains system operatiae instiructiorns
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doctrinal explanations oY tar

et iafyrmation terms, t1arfct

7]

aralysis zuidelires, se~urity reguirements arna exarples cr

rormats used i1 tne systam, [t i3 tasicalily

4]
—
c*
11
Ee
ct
[$7]
I8
%Y

serves tc inform tae user of ths capabdilities of tne systemn,
Tre modula compllias to 17,3¢y bytes of cbject code,

Trne Initialize module is zesizned to 2rase tne rcurrent
data rilss aad completaly reicitialize tne syster. 13
performs no otaar tunction fer tne system., It tuilas tae
13ta tiles 1o trhe reouired size and tills the rile witn
enpty records, It compiles to 25Z4 tytes of ogject code,

Thne third seement procedure is tne Tarest mweodule. It
contains sub-modules for aadine & targetr, deletine & targst,
chanegineg current tareet inrormation, iisplayine a tarezst ard
adding a BDA to tae target recnrd. Major difficuities were
encountered in loadine this very largee modunle and its
involved wuser iaterrace into main memory witn o2 oaperatine
system code ani the system Iatertace module. Tzizial
compilation of tne moaule was to 36,42¢ tvies, Tne main
protlem wis the amounrt of text that the user int=rface was
consuning. Jane screex frame of user information f{advisories,
explanations, etc.) usually took 1¢C¢ bdyt=as ot otjact z0ie.
Tne expense of so muca text 1n the Cod& was muca 120 ereat
for tnis modulz2,

Conseguently, a decision wias made to reduce the size ¢t
tne module bv putting most of tz2e text 12 separate  text

tfiles on the diskette 3and retrievine these ¢i,f=2s trom
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secondary SUOrage waern calieq.sv tne greeram, TRle  DrAducleEl
two unpleasant sii12 eftects. Firsrt, 122 intsrrsce »25 Sicwed
consiaerdabtly since Lt now tood longSr to pi&ce & ussr
message on tne screen (altacuga tae user could retv rezd as
tast as the cutput' and secorcd, tne diszeite ndw containad
nunerous text files in additicr to tze coce and data rilgs
snown in tigure 7.
Since ttne Pascal system usea four tlaicks of E12 oytas
ea~n tor a text ¥ile no matter how small the rile was, the ]

( 3¢ text triles toox approximately 112 £ bytes o¢ cseconcary

| 1
- storage, This caused the system 10 employ tn2 seccxnd ALTCS
disk drive, waica nad not teen used oreviausiv. Tne {
resultant recontiguraticrn or the seconiary storage

aillocation is snown in tigure 23, Certair menue and

recurrine messaeas were retaized in the tareet modul=s 12

speed the processing and decrease user wcit time.
Tae use cf th2 text tiles and tne r2o0reganization cr tre
;i 2DA routine into a separate segment procedure (callez try tne
Target segment procedure), rsduced tae medule to 17,4V
bytes of otject coce (19,3¢< dytes wnen tce EIA trocecure is
called). Tais provaa a satisfactoery sciution witzout a

sienificaant desizn cnarge. Tae airect access capatilitry o2

the Pascal system proved 5ota accurite ani fast witn nce

fu

apparent wait in tne process iime tetween 4 reqresit InT

~nHem

- record and a reply to tae CRT.
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The last module implemanted was tne Query mrodula. It
emplavedq some 2f tne menu text fiifss wuysea by tae Tareet
moiule, thus decreasine its code size, and proved easier to
inplement tnan expected., drnile tne gquery cselection is !
limited to the lozical "ANDING” cf elaments of the 10mairns
of tne record, the &array vrocessine proved to te veary rapid
and well witain 1tne two second time respcnse parametsrs., '
Lradine of tne data tase yuery file was straigFnt forwara ard
changes in tae main record, performed in the tarzet moduls,
were being correctly reflected in tne data tese query ils,
Wnile initial evaluation of the mocuie proved satisfactiory.
it is f21lt tnat system 1mprovement could be nbtainec tvy
designing an irnterface and aa algoritam whicn allowed trota
logical "ANTING™ and “ORING" or attritutes. Tnis seement
procedure complilies tec E20¢ bytes of otject coce.
The tinal seemernt procecure, tne Urility mcaule, nds not
reen completely implsmented due to DrogZTamming tire
constraints. Eowever, the complete us2r iatarra-ce is in

place and operational and gives tne user tz2 irmpressicn tnat

e

tne system 1s operatine. The erase ile <fuzction is

operational and works esftectively. Tae tollcwing functions

! nave not oesn implemented: chaneine the passwor: irequires

1esign of tne password recora as well as implementation!,

copyineg the data basa2 query aad tareet tiles to a Dackup

R .

- ciskette, operations on tne TARBUL--cisplaying, renvmberine,

orintine and reiznitiatine (tnis also requires 1esien ot the
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TARRUL recnra), printirz tarecet cards and lists a&arg  thne
~cnmputation and display ot taregst tile statisti~s. The
current size st tae mocule 1is 12,3¢¢ tvres. Acs tunctions cere
1j1ed and tre size increases, mucn of ihe user inotertice zaxn
be transtered 1o text files 10 xeep tn2 size of toe modvule

3t an acceptavle level.

($H]

The entire proeram compiles to 72 £ or ocject coce, 28
ot wailcn is containea 1in segment oprocecures. Tae system
source <code, wnicn 1is coatainea iz the Naval Postgraducte

Scnool tecnnical repgort entitled A Prototype Prceram for

Target Information (NPS52-€1-¢¢7). is over 5272¢ Lines ions.

Iritial testing and implementation was dore witza a targetg
list size ot 1€¢ tareets and later sxpanded 10 tre required
429 target maximum., It nas bean debugged rfor eXx2cution and
tasted for operational accuracy. waile initial resusts ars
very satistying and tne2 system proves ¥#ast ana accurate,
extensive testineg to include tield testine would te reuuireg
tetfore tae <cystem could btecome operetional. Adliticnaliy,
tne Utility module wcould have to be complated.

Tnere are two main concerns in t2sting tne svVsSien.
First, that 1t meets the reyguirerents o©f 1the taraget
information seciion and erfectively accomplisnes its
DUTrpoOS€...l2P automation of tnhe target informaticn
functions, and second, that th=2 usar ictertrace 1is as

ettrective as it proports to te. Tnis will require extensive

testine ana validation as well as operational tastine aud
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evaluation 1in aAappropriate tectical command post E€XErcises
“nica erploy tne division or 1ne MAE fire suppore

cooraination center.

3. TECHNICAL CONSILDERATIONS

Tne Pascal program listed 1ia tne tecnnicel regort is
transportadtle to otasr JCSD Fascal systems arc witn
medification {random access, segment pyrocedures, Sirizss) 17
any Pascal system, Certain aspects o% tne proegram were
irplemented to coanform to tne Datemedia Elite 25C¢ viceo
terminal. Tnls terminal nas £€¢ craracters per line witn 24
lines of dispiay witn full upper and lower case ASCII
overating at a data rate of S9o¢@ beud. It n3as a 1329
cnaracter screen capacity, an alpnanumeric Kkeytoara ard
display and ootz syncaroanous and asynchronous interface,

Some of tne special cnaracters used in the prosgram include:

ASCII Decimal Fuaction

NES) 14 blink field on
CAN 24 pling tield ct¥
BEL 7 sell/peeper

e 23 roll tielc cn
Js 31 ~]l2ar screen

It is recoenized that the desien azd implemezntation 1is
based on tne ALTCS ACS 8¢49-1 ' computer. Adviapnces in
microcomputer technoloey will iavariavoly rodity tha
environment for walcn tne prototyveé was designed., TLe

3ddition ot nard disx capabilities to microcomputer systems




N

will lacrease tne seconcarv storage space as well as tne
processing speed now availaple witn flopry <iszettes.  Tze
curreat svst2m ¢a&n c¢e2rtairly function eftectivelr in such &

new environment bdut tae possiviiities ¢f redesign scoulc e

considered

tne tine

irtroduction of MIFASS is sufficiantly long.

Siace

witn tne proper setup routines tne sysier

portabdle
availatle.

computers

is includea

secondary

diskette)

partitionirg of system software,

. TACTICAL CONSIDERATIONS
There are a rnumber of consicerations wnicn iznvolve ta2
tactical azd operationRal aspaslis 0f tarzat inforration Wni-n ?

bear consideration oduvt wnich 3re tevend thée s5ci3pe of tais
tnesis., The first of these 1is tae survivadility ot tns ALTCS

and related eyuipmert ia tne field, Special nentd

span between a aew impiemsntatian and tae

tn2  UCSD Pascai is avallatble an S92 many systems,

provided the secondary storage czapsartility 1is

sucz 4as tne Aprle II when the Pascal systsm card

storage {tze Apple uses a 5 1./4 incn rmini-®lespy

will dictate a realisnment of files &ad & <furstner

- ==

it th2 ircreasa in e¢ticiency is warranted anid

sufticiantly

[
w

Tne source code 1is <compllatle on personal

witan a 34 K  memorvy altasugn ine <ize of

& and

$ -
o

care 1s requirsd of eaca item as w~ell 3135 tae system arni

target diskettes. Specific instructione for tne uger irn ine

mainternance and znandling of tne system must be cetermined




3 aed proTuleated to tre user, Addizionaliv, ZCWer

(Y0
<t
oS
(@]
3
"m
2
]

! rejuirements ard the resuliiant eguipment moailic

sonsidered.
mne acaulsition &ni use of tris cguipmeat may L& ccéuce

to examine tn2 tavies oY orszanization 1O gesererine 1128

proper statrfing or 1ne tarfe: irfsrmatisn secticr since 3

reduction of pa2rsonnel seems ratser 23sy 10 acoi=vse,

|

|

? Adiitionally, & metnod of traansferiag d&ata fr-m tne NEvy
E ASIS computer to tae sSysStem mMiCrOCCmpULET snoulcd te
{ tnvestizated and addressed since trarsrerine the data
é elactronically between tae (WO Systlems is preferavle 1o
‘ manually transterine the 1ata iato tiae mi-rocomputler sysiev.
.

f Concept of employment of tne system atoard <nlp in SACT cr
| in landine torce spaces) must alsc e leterminad  and 1

promnuleated.

-y

ot
133
D

Once adoptei and functional, icng rings vlan TuS

determined for a trapsitica £rom tae sysiem 10 ne VITASS

system. These, oY course, iare lozally gerarztad raauiremenis
and can te address21 in tne future. It 1s aaticligpated ne

MIFASS will require 2xtensive cperator 1trainine rercrs it

becomes operational wnereas tnhe miZrocomputer pralILYDE

system reguires only user tamiliarizatica. It is =2stimatad

&}
fel}

tnat tne user can become proficient witn this system arie

i one nour familiarization period.
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The rejuirements tor maintaining 3 eraphinel 4dispuay Cf
rarzets, wnlli® currently solvacie 4lin  Computer «srapaice,
4111 contiaus to te accomplished oy tne us2 ¢¥ ta-~ii-z2l
tattle maps covered with &acetele oveTlavVs aL.BTE o2
situation 1ictates. Tnils system maL=2s no atlerpl I¢ 3I22Tress
the eraphic display of tarzsets. It is felt trat tne 1is:2l3y
capabilities c¢f toe MIFASS system w1lil zdeguately satlsfty
the requirements when tne sysiem is introdu~ei {ntc tne

fleet,

D. SYSTEY REFINEMENTS
Wnile tne system meets all tne requirements ilentirisg

fcr the target information secticn, tzeTe are A nunmrer c?
refinements 17 toe prosram which could te inplemertec in a
later version ¢f tae prototype wxlica would 2nhince  1oe
system per¥ormance and provide adlitiocrnai ~3pabdbilities ¢
tae TIO. Tnese inciude tne following:

1. Zxpandire tnhe size of the tarset rile teyoni ihe

curren: 22¢ tvarget maximum it tne tactvical considereticns

of future battle scerarics dictate.

2. Loeical “ORING™ an2 T"ANDING™ of record atirituie

domains iz the Luery mce3ule to proviie a more rs¥inel

sejlectivity of tne special target lists.

3, Inclusion of a utility routine in tae Juery ocduie t¢

print the tareget list cbtaizned as a result or taa query.
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&, Allcw Tne uUser to speciry 2ltriuze in r=zet, yeres I

Tet2ars and 23v2 the SysteT fconv~eTt the daty 1C rmaters.,

e’

5. ®ind tne rnymeer and assiznaticns ¢f targets Wwiitnin
certiin radius or distince ¢ anotner tarzey {ver 2xaTsle,
3 class 8 tarzet) or a gnown Iriqd reference poiznt,

5. Provide a routine ftor zee2pine rack ot trhe nexy

jvailable target numter from t1as FICC opiocx ~f

<
[/
\R ]
N
K4
Ll

aumbers.

7. M“oditication of tiae UCSD Pascal coperatipe sysiam
command prompt to allow trhe ussr oaly <¢aze ~heice 0oF
option, 1. e., o Tun tpe system Trogram dnd remove tae

tiler subroutine rror nis environrant.

)
b}
1

2, Plotting of artiilery firine vnits &rd naval guati

9
(i

ot
w

support statiozns to determrine autoraticaliy, waich tars
are witnin tne 2ffective ranzs 2f specitic supzortine
arms.

3. Reduction o0: codine ty irproved aleorisnms azd
sutroutines.

1¢. Provide operator traizine 4ad1 systar rTaintanenca

manuals tor tne system,

e




TIIT CONCLJSIOVES AND RECOMMENIZATIONS

A, OONCLUSIONS
Tnis tnesis nas conteandea tnat  tag  oJTeraticnal

arrectiveress of the rires support cocrzination ceiter scull

re  1i1mpraved £y tag dutometion DI ta€ tavLSU Lnravratiuc
functica, Furta2r, 1t appears tnat tae 2esign ard

irplementation ot & suitatle eaeun2 Eetreciive syster 15

o

4
cLLi0n o1

<«

t1e

(@]
[

pcssinle now, five fuli years vefore tne izirco
MIFASS corputer system into the Flset Marine Zorces,

The tnesis nas prasentea cns suca desigrn usizg & 73ta
base approach on a typically -~ontieured, <corrernially

availacle mnicrocomputer witn a user irctverfac2 specivically

desiened ¢tor the Maripe perrorrineg tha tareet inrormation
functions in an operational environma2at. An evelustion of

tns  implemented prototype MIcrocomputar Systiz3r ter Taree

<t

Inrormation (MISTI) nas determined tndat tan2 reguirsments acs
spafitications tor the system as iescritez in <crhapters I
and III rzave peen met and tnat th@ 2ro&ram DLETEtss
aftectively and e?¢iciently.

Tne basic soundness of tae des is retis~tec ia otk

2

fa]

[

tne operatioral effectiveness of tae prototvge anc tne lack
ot siegrniticant chanees or moditicaticans neededi 12 me2t the

stited system reyuirements. 7Tae worsing protctyps, if

[}
ot
u
<
[*Y]
(o)
8]
-
3
[&]
o
-
(S
b
1
=3
1]
"
s
V)
<t
D
—
-y

erployed ia an FSCC im it> press
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increase e sperational erfectiven2ss ot tne tarsel

in®ormaticn sectiorn.

. AECOMENLCATICNS
Tne 2esizn and 1mplementation nas reen sacen 10 0e scuni
ani, bised on the observed orrectiveness of the  Lrolelype
pro&ramn, o2 f9ali0Wing TCECOMNTERLAT1IInsS &re mace:
1. Tnat t=2 implemrentation of the preotoiype “Iicrccomzutsr
Syesten ror Target Inrormatioson (~ISTI) ove coniinuea iz
accordance witn tn2 desien criteria cutlized nerein and
tne system retinements discussed iz crapter VII.
2. That tne resultalt system be tested and evalustad 2t

~

seilectrea Marine LwOTrpDs commanas o Qst€rmine

'
<t
W

tb

ttectiveness ir actual tactical operations.

~
e

m

3. That tne Marine Corps adopt ttne MIcrocomputier Syst
for Target Information (MISTI) ca an interim tesis until
toe iptroluction or tae “IFASY svstem.
4, That appropriate nardwares and scoftware pe provized t:
the toree Mariae Tivision tire suppor:t ~ccrdirnatice
ceaters in order to 2mploy tais syvstier,

3. Tnat the Marine Corps Tasctical Sotrteare Support

e
8}

Activity (MCTSSA) evaiuate ta2 MIcrocomputer Sysier r
Tareet Inrormation (MISTI) as a testted rodel for <ine
software interface criteria of tzne target intormation

portioz ot tne MIFASS system.
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AFFENDIL A = DATA DICTIONATY

aecords: 2
Pelationsnips: 1

Re~ord: Tareatg

3270143ry ¥=ys:

~lassiricatios, . riority, 3a~7uracy, 2riid
tocatvion, sugporiineg aro zscienen, trze,
status
Ratriaval Keys: tarzet numter, =rii locatic:n
Repeating sroups: BIDA (IT50 surveillance, $irins unis,
Lc/type rounas, 1amige &ss=ssad,
iamage reports?, ZDAY 2
Cardinaiity: 2L
Deegree: 22
Atgritutes j2neta: 239 ryies in tasic record
£¢  tyvtes for 2&0n s=xtra 302
374 tytses twull ranord count
Vaitue sey size: (3¢
ienzgtat fixez
necord: Taregsl Juery
Primary xey: target nurter
Secondary geysi 21as9siricatiaan, pridorit,. 3T IuTaty.
j stétus, LYpe, suppoT™iing &Tvm acceisval

Hetrievay «Ley: tarzet numcer
; flepeating zroups: noae
r Cardinality: 2¢e

Dreraec: S




Attricutes lenelns 43 tryies

Taiue s2¢ sizs: 137
Leastn: rixed
Attribute list: Targst [score and Tarsetr Qusery tTecorn
(Tareet Luery Ze~o0ri attridutaes faii~3ztad ty -,
{TTRIZOTE sIscmizTICN STIRXD =3 RO
*Tapgel numnear 2 crar, 4 int 4 char Al 1279559
#*Grid locarvion 2 int 2 Cnar rurericai
¥iltituae 4 1nt 4 caar i d=2833
#pDescripticn 4¢ Cnar ¢ Caarv syrine
®2¢ zhar
Qanargs 4¢ cnarv &¢ cnar strin=
=Classirin~ation 1 crar 1 crar A4, 3, C. T, E
®Tvpa 4 caar 1 cner TaNE, MISC,
IZAD, INZT.
CP, TZrE. VEIF,
ror7T, CT32AT
¥friority 2 cnar 1 2har T I1. 111, 17
#3tatus 2 cnar 1 Crar AT LT OINATTITE
®=Supportine arrm
assifnea 4 c¢par i caar AlF, AETY. NET
AMTe YA
Mok LTy (L IRWARL e
UT5 surveillan-~e 8 int, 1 char 7 cnar ¢leee la-32228587
firing unit 6 cnar 8 ¢nar strirg !
No./type rounis £ cnar 1¢ :-har sirinz
. Danage assessed 11 char 1 caar
; Damage reportad 12 zhar 1 znar Interdistedl,
nevtralizea, iLiiuvminaseq,
1amésea, d2Streyeaq,
ungaown, unorserved,
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- . e ——



| ECA &¢ ¢nar <: Cnarl ciriag A
Yip rerarent: 27 ~nar Zd cnar StTrile

Scurce of t2t 2¢ Ccnar 2¢ cazar sTrine

rnocto aumter 1o 2rar 1 crar strine

Phote coorziratas = int = Cnar TLuTErical

276G activated 5 iat, 1 -~nar T znar LU AT T

Tsrget accuracy S ¢nar 1 ¢cnar Tcssitia,
orosatlis,
copri-—ed.
Lngnosn
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APPENTIX B - EXAMPLE OF SYSTEM USER INTERFACE

Tnis appencdix illustrates tne menu seiection format of

tae user interface explained in detail in tne preceedine

chapters. It simulates the user operating tae query module

and tormine 4 list of targets for a special listineg. The
fire support coordinator nas asked the target informaticn
otticer for a list ot tareets which are to be considered ir

i the formulation of a flak suppression fire plan prior to tae

BT

zalline 'of close air support aircratt omn an important
landing force target.
Essentially, the list must include all targets from the l
tollowine catecgories:
TYPCeeccsesecees-a.SEAD taregets

Classitircation....all classes

Priority.ececcecaesl
StatUS.eeeecsacessscaCltive targets
1 ACCUTACYseeeseesssdll categories

Supporting arm,...artillery

The example simulates the user iatertace of actual

system operation to complete tais query as specifiex avove.

Each page Trepresents a separate frame observed by the user

on the CRT screen.




SPECIAL TARGET LISTINGS
The options are:

. Form a special target listing
. Continue to process

yrite the special list to the screern
information atout tais procedure
5. Heturn to previous menu

N

PLEASE ENTER OPTION NUMBER
==>_

The user 2nters option 1

i
L]
]
4
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AN e L o~ ot < mnrtags it aa oo

1.
2.
3'
4‘
5.
6.
= P.

Special

Categories for Special listing

€€ 00 8 4500 00 P00 S0 O S LOE LT PO O S EN TP LSS 9P S0t 0 et e ess e

The listing can contain 6 items from the below menu:

Tareet type
Classification
Supporting arm assigned
Friority

Accuracy

Status

Process information

list currently contains @ targets.

Please start a new listine.

PLEASE ENTER OPTION NUMBER

User enters option 1 to select the tarzet type
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ENTER TARGET TYPE

Tne options are:

1. Tank

2. SEAD target

3. Installation

4, Counter Battery
5. Obpservation Post
6. Terrain

7. Venicles

8, VFortiftications
9. Miscellaneous

PLEASE ENTER OPTION NUMBER

User enters a 2 for tne SEAD targets
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Categories tor Special Listing

LU B B N B B B R B I Y I S B B NI I B BE B IR R SR BN B RE T B N B IR SR B S IR RS N R IR B I A

The listing can contain 5 items from tnhe beilow menu:

1. Target type Already Taken
2. (Classitication
3. Supporting arm assigned
4, Priority
5. Accuracy
! 6. Status
- # P, Process information

Special 1ist currently contains 42 targets.

PLEASE ENTER OPTION NUMBER
::)_

i R S Y PR

User enters option 3 to select the supportine srm

13




N TOmT D

ENTER SUPPORTING ARM ASSIGNED TO TARGET

Tne optiosns are:

1. ARTY
2. NGF
3. AIR

4. AIR, ARTY

5. AIR, NGF

6. ARTY, NGF

7. AIR, ARTY, NGF
€. Otner

9. None

PLEASE ENTER OPTION NUMBER

User enters option 1 to select artillery
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Categories for Speclal Listing

The 1listing can contain 4 {tems from the below menu:

1.
2.
3.
4.
5.
5.
* P.

Special

Tarzet type Already Taken
Ciassification

Supporting arm assigned Already Taken
Priority

Accuracy

Status

Process information

list currently contains 29 targets.

PLEASE ENTER OPTION NUMBER

User enters option 4 to select tne targetl priority
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( ENTER TARGET PRIORITY |

v o prpe— v vz

The options are:

Gnr
L] L d L]
Pty
-
—

4.

' PLEASE ENTER OPTICON NUMBER

User selects option 1 for priority I targets
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Categories for Special Listing

LA SR A B S I I S I I B B B I B BN B SR B B B SR B AN B S AU B B A I 2E R B SR I A B B R AN N S A A I A )

Tne listing can contain 3 1tems from tne pelow menu:

l.
'ZI
3.
4.
5.
6.
= P.

Spectal

Target type Alreacy Taken
Classirication

Supporting arm assigned Already Taken
Priority Ailready Taken
Accuracy

Status

Process information

list currently contains 16 taregets.

PLEASE ENTER OPTION NUMBER

User enters option 6 to select the tareet status
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ENTER TARGET STATUS --ACTIVITY
Tne options are:

1. Active
2, lInactive

PLEASE ENTER OPTION NUMBER AND PRESS RETURN
==>~

User selects option 1 for active targets
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Categories tor Special Listine

$ 0 00 066800038 0000600 06000080600 00 S PG9S0 S0 OO E PGSO OIOEOEBPNOSEOEOSIEOCEETSO

The listing can contain 2 items from the below menu:

1. Tareetv type Already Taken
2. (Classification
3. Supporting arm assiensd Already Taken

4, Prioritvy Already Taken
5. Accuracy
6. Status Already Taken

* P. Process information
Special list currently contains 1¢ targets.

PLEASE ENTER OPTION NUMBER

User nas completed the query and now elects to
process the list of 1¢ tareets
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SPECIAL TARGET LISTINGS

The options are:

1. Form a special tareet listine

2. Continue to process
3. Write tne special list to the screen

4, Information atout tnis procedure
5. Returan to previous menu

PLEASE ENTER OPTION NUMBER

The user selects optioﬁ 3 to display the listing

4
.
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[ SPECIAL TARGET LISTING

Cateeories: SEAD ACTIVE Pri I ARTY

TGT NO CL PRI LOCATION ALT SA DESCRIPTION
AAgL46* A I 35647582 1¢0 ARTY 2 2s0-23 PLT
AA2257* C I 354852353 €2 ARTY SA-6 CLUSTER
AARY78 A I 35467787 5@ ARTY 12.5 AAA SITE
AAG156* A 1 35667746 12¢ ARTY S-6¢ PLT IN OPEN
AAQ122% D I 35334563 25 ARTY SA-9 PLT IN TREES
AAQ144* B I 35674664 50 ARTY 14.5 AAA SITE

i AAQ16E7 A I 39455234 10¢ ARTY ZU-23 AAA CLUSTER

E NAYO23* D I 34556867 20 ARTY 122 MM AAA CANNON
Appl8B* C I 3455790 150 ARTY SA-8 IN BUNKERS
AA2194* A I 36087546 45 ARTY S-6¢ AAA CLUSTER

NOTE: = indicates target list

PLEASE PRESS RETURN TO CONTINUE

==>_

The user presses RETURN to continue




SPECIAL TARGET LISTINGS

0 0 Q008 90O 2N QC GO OB ST B0 OEN PO 0000 LN POLsORPOROCOSSENOESEOEDNLNTDOEDS

The options are: :

1. TForm a special tareet listing

2. Continue to process

3, Write tne special 1ist to the screen
4, Information about this procedure

5. Return to previous menu

PLEASE ENTER OPTION NUMBER

==>_

The user pegins a newv guery or returns to the main menu
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