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ABSTRACT

Very High  Speed Integrated Circuits (VHSIC) is a new technolegy which
promises to have a major impact on the training and training device community.

As DoD and industry,

more  than .just an
potential %o revolutionize
electronic devices.
" VHSIC technology

chips will be smaller,
their  predecessors.
came close to reality in 1982,

in a joint effort,
1980, it guickly became obvicus that VHSIC,

began to pursue this technolegy in
if sunccessful, would result in

evolutionary change in microelectronics -- it had the
the way in which we design,

At this point in 1983 the performance predictions for the
are very close to being achieved.
available to us significant inc¢reases in processing throughput,

build, and use

. Mot only will we have
but the VBSIC

lighter, reguire less power, and be more reliable than
Cost savings are also predicted.

As these advantages

the Waval Training Equipment Center recognized

a tremendous potential in the new chips to improve the future training devices

and solve
technology.

some

problems being presented by the
Therefore, a study contract was let to Honeywell (one of the six

limitations of current

DoD- VHSIC contractorg) to investigate the impact of VHSIC on training and

training devices. This
indicate the

training community.

paper

INTRODUCTION

The DoD VHSIC program was established
to provide focus and resources to overcome
the limitations of silicon IC technology.,
and has far reaching implications relative
to the security of this nation. Not only
is VESIC the next logical step to maintain
technological leadership in micro—
electronics, but its application to
military hardware will provide a distinct
advantage in fielding more sophisticated
military systems. However, as one begins
to understand the tremendons improvements
allowed by the VHSIC, it becomes obviocus
that our new weapons systems are not the
of the new
technelogy. Indeed, the VHSIC advantages
can be applied to almost any electronic
device and have the potential to make
significant impacts throunghout both
military and civilian arenas. Its not
just a matter of accomplishing the same
electronic function in a more efficient
manner. The VHSIC will allow us to push
back the existing electronic design
boundaries and accomplish new roles which
were heretofore beyond the limits of our
technology. We can, therefore, expect to
see impacts on how we operate, maintain,
and use the new electronic devices made
possible by the VHSIC development.

Since the
Center

Naval Training Eguipment
is charged with responsibility to

will discuss the results of that
future direction in which the VHSIC technology will drive the
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traditional training device,

study and

develop, procure, and support Navy
training systems, the DoD plan to push the
VHSIC technology is viewed with both
excitement and apprehension. After all,

it is easy to envision the VHSIC as not

only a better way of "building the

but also a

technology that will facilitate and even
demand new approaches to training. With
these thoughts in mwind, it became

necessary to do some research and analysis
into the VHSIC impact on training in corder
that a future course of action: may be
charted +to allow preparation for a full
exploitation. of the new VHSIC. technolegy.
That was the purpose of the. Honeywell

study, the results of which are reported
herein.
In order to make this paper

understandable to those who may not have
carefully . followed the VHSIC developrient,
we have included a synopsis of the DoD
VHSIC progranm. The gocals and approach of
the study will then be described, followed
by the results. There has been an attempt
tc chart a direction for VBSIC insertion
into training devices which involves ~the
development ©f a Training Chip Set (TCS).
Plans for the TCS include the objecktive teo
make

systems designers without providing - any
competitor a major advantage in the
marketplace.

the chips availlable to all training



.effort

VHSIC - WHAT IS IT?
Overview of VHSIC Program
The DoD's VHSIC progral was

into several phases over a
period, beginning in March 1980.

divided
six-year

During Phase 0 of the program, March

to November 1980, nine contractors were
selected to develop concepts and
_brassboard chip projects that would best
meet the long-term objectives of
.developing new microelectronic technology

and devices that are geared to  the
specifi¢ constraints of defense systems.
As a result of the Phase 0 study, six
contractors have been awarded Phase 1
contracts to take their concepts to
reality by mid-1984. A Phase 2 progranm
was awarded in Auqust 1981 with the
objectives of (1) yield enhancement, (2)
technelogy insertion, (3) sub-micron
technology development, and (4) developing
integrated design automation systems., In

concert with +the Phase 1 -and Phase. 2
efforts, Phase 3 of the program (1980-
1986) provides the supporting research

in the form of a large number of
small contracts (60 contractors) to enlist
the innovative research and development
efforts of the mouch broader community of
researchers in industry, universities and
research institutions. =~ A summary of the

‘18 currently underway.
‘was to

The objective of the VHSIC Phase 1
program is three-fold. The first is to

_design, fabricate, and test

1.25 micron geometry integrated circuits
(IC*s), with a minimum functional: through-
put rate (FTR) of 5 x 10" gate - Hertez
per sgquare . centimeter. The FTR iz a
product of gate density and speed. The
second objective is to demonstrate a pilot
line capability to produce VHSIC chips.
The third objective is to deliver brass-

board chips to demonstrate VHSIC perfor-
mance, Iinsert VHSIC into other military
applications.

The VHSIC Phase 2 program procurement
The original plan
extend the limits of the 1.25
micron technology to sub-micron feature
sizes. However, the experience ~gained
from the VHSIC Phase 1 program thus far
has shown that the 1.25 micron technology
will yield sufficient benefits to numerous
military system applications to. support
centinued development., N

The current emphasis for Phase 2
seems to have three major objectives. The
first one is to facilitate = VHSIC
technelogy transfer. This involves
efforts - to encourage VHSIC Insertion into
various weapon systems. Second, achieve
IC pilot line certification and to reduce
chip costs. The third objective is to

VHSIC program schedule is shown in Figure develop the sub~micron process technolody.
.
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Currently, the overall status of the
VHSIC Phase 1 program can be summarized as
follows:

o Design verification is in progress

o Chip design is in final revision

o Device and process characteriza-

ticn is in progress

0 Brassboard design is underway

A summary of the characteristics of
the chip sets and brassboards that are
currently being develeoped for VHSIC = Phase

1 is shown in Table 1.

YBESIC Technology Issues

As the VHSIC Phase 1 program proc¢eeds
along with the chip development efforts,
both the VHSIC contractors as well as the

_addition,

the DoD
grouped

technology widely applicable to
community. These issues can be
into three main areas:

o Interoperability
o Bupport Environments
o Procurement Options

Each
significant

of these issues has a
impact on the user of VHSIC
technology. Without chip interoperability
among the six contractors, the design of
any system may be constrained to the use
of chips from one manufacturer. . In
VHSIC chips will be more easily
accepted if a user-friendly software
support environment is available.
Finally, unless the technology can be made
readily available in a variety of manners-
(i.e., transferable), potential users,
other than the original may be faced with

potential users are _ beginning to problems that could make the use of VHSIC
investigate and address the various issues unattractive. .
that must be reseolved 'to make VHSIC
Table 1. Summary of VESIC Phase 1 Contractor Approaches (Excerpt from
IEEE Spectrum, December 1982)
Contractor
(Service] Technalogy Brasahoard Design Appreoach Chip Set Special Featurea
Boneywell Bipolar ILS*, Electbo-optical Chistom chip based Parallel program= Radiation harcdness
{Alc Porce) CML¥ signal processor macrocell library mable pipeline Responsive generic
Conkealler architecture
Hughes CMOS on SCS Anti jam standazd and cugtom Digital correlator Radiation hardness
(Azmy) communications reconfigurable chips Algebraic encoder/ Electzaon beam direct-
degoder write lithogxaphy
Spread-spectrum Highly specalized
subsysten chips
1M RMOS Acoustic pignal Master image with Complex smltiplier/ Software atrength
{Navy) pPracesgor macrocell library aceumelator Design approach
Texas Bipolar STLH Multi=-pode fire- Programmble chip Data proceBsor Operational fabrication
Instruments NMOS and-~forget missile Bet Array conttoller facility
and seguencer Degign utility system
Vector address
gqenerator
Static RAM
Multi-path switch
Device interface
unit
General buffer unit
TRW Bipolar-3D** - Electronic=warfare gtandard chip Bet Content addressable Innovative memery chips
(Navy) TTL, CMOS signal procesBer MEMOLY Versatile chip set
window addreesable
memacy
Registered arith-
wetic logic unit
Address generator
Matpix awitch
15-bit muliplier/
accumulator
Micro—controller
Four—part memoxy
Wegkbinghouse | Bulk CMOS - Advanced tactical Standard chip set Pipeline arithmetic Bigheat speeds
(Alr Force) radar processor unit unit
Extended arithmetic
unit
Contrelletr
Gate array
Static RAM
Mutiplier

* Integrated Schottky logic,
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¥Current mode logie, ##5chottky transistor logic, **Triple Diffusion
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VHSIC Interoperability Issugs. The
six VHSIC Phase 1 contractors. are all
working very hard to develop and fabricate
their respective chip sets .and brass-
boards, Each is developing one of the
competitive IC technologies —- WMOS, bulk
CMOS, CMOS on 5035, and bipolar -—- to the
design and f£fabrication of chips. Dpe to
the nature of the VHSIC program, each
contractor is woerking independently.
Outside of initial program objectives,
little consideration has been given to the
issue of interoperability; i.e., how VHSIC

chips of different manufactures can be
used in the same system. The need for
some form of standardization among the

VHSIC chips is beginning to be. recognized
and different committees and action grocups
have been set up to leook into these issues
and to recommend possible solutions, In
particular, three topics are currently
being pursued: bussing, power supply volt-
ages, and packaging. Committees have been
set up to provide guidance and standardi-
zation to the individual developers.

To rescolve these gquestions, a VHSIC

interconnect standards committee - (V-BUS)
has been formed, with participants from
all six VHSIC contractors and the user
community.

VHSIC Support Egquipment. The VHSIC
Support Environment needs can be divided

into two major areas: support of software
tools and support of Coniputer Aided Design
tools,

Software Support. The software
support  tools development effort is
directed at two levels:

o High Level - Ada programing

support

o Low Level -~ Microcode compiler

DoD has identified Ada as the stan-
dard high order language for use in the
future. All the VHESIC chips have been
designed to .be compatible with this re-
quirement. Two programs are currently in
progress to define and develop the: Minimal
ada Programming - - Support Environment
{MAPSE) . The first one, called Ada
Language - System (ALS8), is let out of the

Army (CECOM) to Softech. The effort is
hosted on a VAX-700/vMS and is scheduled
to be completed by January 1984, The
gsecond effort, called Ada Integrated

Environment (AIE), is let out of Air Force
{RADC) to . Intermetric. The system is
hosted on IBM 370/VM and is due at the end
of 1984.

Table 2 shows the tools for use in

Ada Programming as a result of the two-

programs.

While these two efforts are going on,
there - are already available in the
commercial - market less sophisticated
compilers for subsets . of Ada, These tools
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can be very useful for learning Aada and
for training Ada programmers.

Table 2, Ada Suppert Tcols

RAPSE {(Fernel Ada Programming Support
Environment)

Virtnal Support Environment

I/0 Support

Data Base Support

Operating System Support

MAPSE (Minimal Ada Programming
Bupport Environment)

Text Editor

Prettyprinter

Translator

Linkers

Loaders

Analysis Tool

Terminal Interface.

File Administrator

Command Interpreter

Configuration Manager

For VHSIC chips te be
microprogrammable, microcodes have to be
prepared. In order to generate microcodes
efficiently, a2 mnicrocode compiler is
needed. Currently each VHSIC contractor
has his own approach to preparing the
microcodes for his particular VHSIC c¢hip
architecture design.

At Honeywell, - a microcode compiler
for the EOSP chip set has been completed.
It uses a high level Ada-like language
called HMI. The compiler is hosted on a
VAX/780. In the near future, there are

plans to extend the capability of the
microcode compiler to enable it to be
retargetable to other architectures more

conveniently, to extend the versatility of
the language (HML) and to generate more
optional code.

A versatile and efficient microcode
compiler 1is essential as VHSIC chips find
wider applications,

Cne of the side benefits of DoD's VHSIC
programs is the development of: varicus CAD
support tools. In order to successfully

fabricate VHSIC chips, the  VHSIC
contractors had to wupgrade their CAD
systems to meet VHSIC Phase 1 goals.

These CAP tools will then be delivered to
Dob to support the future development of
ICA s,

At Boneywell, the CaD system
utilities for VHSIC is called the Advanced
Integrated besign Automation (AIDA)}
system, The development of the AIDA
system can be divided into two stages.
The first stage (AIDA 1I) has been
completed and is being used for the VHSIC
Phase 1 design. In the AIDA I system, the
data base is-in the form of a collection
of files, The second stage (AIDA II) is
expected to be ceompleted by the end of
VESIC Phase 1 and 1s to be a VESIC Phase 1
deliverable t¢ the Government. For AIDA
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II, there will be an integrated data base:

which will facilitate the design
via remote design centers,

process

The Honeywell AIDA system is based on

a . hilerarchical approach with the design
process dividing into various levels,
namely; gate, macrocell, functional
blocks, chip and system levels., With the

incorporation of an integrated data base
system and one single hardware description
language (HDL), the AIDA system will be a
very powerful and versatile CAD support
tool system for VHSIC.

. One of the

Procutement
guestions that is frequently brought up is-

that of procurement optiong; that is, how
is the VHSIC technology to be made
available to the various users? To answer
this guestion, each VHSIC contractor has
to formulate an appreach to answer this
guestion.

A typical approach to accomplish this

objeective 1s to provide a full range of
services ranging from sale of chips to
various . design and . processing options.

This may be further facilitzted by some
developers design approach which includes
the use of a macrocell type design
methodology, a complete CAD system, and
distributed design centers.

The VHSIC design and processing
functions can be illustrated by the f£flow
diagram shown in Figure 2, The VHSIC chip
development process can be divided into
five stages: conceptual design, system
design, chip design, processing, and
finally packaging/testing.

SYSTEM CHIP
SPEC. SPECS.

ARTWORK WAFERS

CONCEPTUAL

PACKAGINGY CHIPS
DESIGN L] ;

FESTING

Figure 2. VESBIC Design and Processing
Functions
It is conceivable that with this

approach the developers could provide four
different service " options to the VHSIC
users. They are described as fellows:

Option 1. The c¢onceptual design
could be performed by the customer. The
VHSIC supplier will provide the customer
with the necessary VHSIC technology:
performance descriptions, power
requirements, and VHSIC library listings.
The customer will then -generate the
appropriate systems specifications and the
VHSIC supplier will perform the rest of
the design and processing functions.
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Option 2. The customer will perform
both the conceptual design and the systen
design. In - addition to the VHSIC
technology description, the VESIC supplier
may also provide the customer with access
to their VHSIC chip library, the macrocell
library if available, and the necessary
CAD tools for system design., The customer
will then generate and wprovide to the
supplier the chip specification for chip
design, layout mask fabrication,
processing, packaging, and testing.

all the
by the
supplier

Option 3, For this opticn,
design  work could be performed
customer, with the VHESIC
providing the necessary design rulies, -
access to the macrocell library, and CAD
tools for chip design. The customer will
then generate and present the supplier
with the appropriate digitized layout tape
and test and design check tools. The
supplier will do. the IC processing,
packaging, and testing. o

Option 4. For this option, the VHSIC
supplier would provide a silicon foundry
service whereby they will receive from the
custemer the necessary artwork tape to
fabricate and process the VHSIC IC‘s. The
customer will perform all the design work,
and will det back from the supplier the
processed wafers. The customer will
provide for their own packaging and
testing functions.

VHSIC Stafus Summary

Those elements of the status above
which are relevant to the insertion of
VHSIC technology into operational

eguipment and training devices are:

0 The Phase 1 developed 1.25 micron
geometry IC's are directly
applicable to military systems -—-
including training devices.

¢ Cne of the Phase 2 . submicron
objectives is +to provide  VHSIC
Insertion into Weapon Systems.

o An interoperability concern exists
with the IC's being developed by

the s8ix different contractors
which 1is presently being Jjointly
addressed by the Phase 1

contractors with the VHSIC Phase 1
office,

o BSoftware support is also unigque
for each of the six contractors.

o IC's can be procured in a variety
of manners -—- from preparation of
system design concept
specifications through- the
ordering of 'standard' chips.

The status of the VHSIC program can
be summarized as follows: VHEIC as a
technology is here, the problems have been
clearly defined, and sclutions are being
developed. VHSIC as a culture has not yet



been examined by the majority of the
users, The quastion before us is what are
the impacts, and how do we respond?

The implication of VHSIC to trainers
is shown in Figure 3. VBSIC as inserted
into weapon systems will impact both the
system capabilities and -employment, thus
requiring new training requirements and

. approaches. VBSIC as Inserted into
Maintenance, will allow new trainer
concepts and capabilities. Both avenues
of VHSIC Insertion impact will result in
improved training.

THE VHSIC FOR TRAINING SYSTEMS STUDY

The objectives of the study performed

by Heneywell's - Training and Control
Bystems Operations were to identify the
impact VHSIC would have on Training
Systems, and  to develop an approach for

coping with this
impetus to

new technology. = The
the study was to answer the
questions "VHSIC is here, how do we
respond?™ It was felt that we need to
prepare  for the training impact caused by
VHSIC insertion into Weapon Systems, plat-—
forms, we need VHSIC to scolve some persis-
tent high priority training problems and
training must take full advantage of the
new technology. -

WEAPON SYSTEM
CAPABILITY

NEW
TRAINING REQUIREMENTS

Figure 3.

Specifically,

were:

o

IMPROVED TRAINING
AND TRAINING SYSTEMS

the geals of the study

Identify <c¢lasses of operaticnal
equipment for which VHSIC technol-

ogy 1is considered appropriate,
that is, VESIC Insertion candi-
dates.

Select specific candidates to
explore in general terms the
impact of VHSIC . Insertion on

operation and maintenance,
Evaluate the skill c¢hanges for
these candidates . for use. _ in
determining the impact.

Identify the changes in  training
requirements which will  be
necessitated by VHSIC inserticn
into operational eguipment.

Identify those training
requirements which resgult £rom
persistent training needs,

device
needed .
training

Identify the training
regquirements which will be
to support the eveolving
requirements.

NEW TRAINING CONCEPTS
AND CAPABILITIES

VHSIC Relationship to Training



o Develop an application approach to o Decreased equipment manual

meeting the new training needs. operation
o Characterize a -~ concept which o Addition of simple maintenance
results from the approach. skills
o Identify recommendations related ‘Maintenance Technician Skills:
to further development ©f the
concept. 0o Two skill levels will be required:
VHSIC Technology Impact pn. Qperational o Operator/Maintainer to
Equipment interpret  BIT displays and
perform remeve and replace
The determination of the impact of tasks
VHSIC . technology “insertion into i
operational equipment was made to identify © Expert technician to perform
the g8kilis necessary to operate and tasks beyond the level of BIT
maintain VHSIC based eguipment. Figure 4 repairs
illustrates the major milestones in the
VBSIC program. The approach to skill Operator Team Skills:
identification wag conducted in two
phases. ¢ Increase in shared tactical
responsibilities
The first phase identified the
clasges of operational egquipment for which o Increased emphasig on communica-—.
VHSIC = technology 1is considered appro- tion and coordination
priate, that is, VHSIC Insertion candi-
dates. The second phase identified the o Emphasis on skill retention

types of skills or changes in skills
neceggary to operate and waintain the YHSIC Technology Impact on Training
insertion c¢andidates.

The dJdevelopment of VHSIC technology

The results of the second rphase has prompted the Naval Training Equipment
indicated . that skill changes will occur Center to identify two important issues
for three types of personnel: equipment driving changes in training requirements:
operators, maintenance technicians, and
operator teams, l. The need to prepare for the

training impact caused by the use

Eguipment Operator Skills: - - of VHSIC technology in weapeon

systems platforms, and
a Proficiency on several pieces of

equipment 2. The solution of some of the
persistent problems which have
o Increased tactical decision inhibited effective training,
capability
1930 191 1a83 1983 i1 kI 1] ht 1]
"::'5 YR1 ¥R 2 YR3 YR 4 YRE YRE YRT
4 p Detailed Plans
Ca t
Phasa 0 pn:\nw:gn —I O mﬁ'&i’:
1 Pilct Production
Prase | Subsystemn Brassboarg | o 1Cs
) Development Mi-Spec
Subsystem
Brassbourd Fab
o S epeans % ( F——tamse
Demos

Systern Demos
it Using Brass-
Phase Il g'mﬁ - Soars
L1l Subsysiems

Pitat
Prod
Submicton Capsbitity at M=
Damonstration Spac
Sub-
micron
ICs

o)

Phase I Technology Support EHorts

Figure 4. Milestones for DcD VHSIC Program (Take from Military
Electronics/Countermeasures, December 1981)
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The approach to identifying changes
in training reguirements was as follows:

o Identify the changes in training
requirements necessitated by VHSIC

insertion into operational
equipment.

o Identify training requirements -
resulting from persistent training
problenms.

¢ Specify the training device

. reguirements needed to support
evolving training requirements.

The training changes identified
(Figure 5) to accommodate skill changes
for eguipment operators, maintenance
technicians, and operator teams were as
follows:

Eguipment Operator Training:

¢ From less emphasis on rontine
tasks to more emphasis on gquick
decision making.

o More emphasis on cress—-training to
acguire multiple eguipment skills.

Maintenance Technician Training:

o More emphasis on simple mechanical
skills to support egquipment
maintenance at a BIT
interpretation . and remove~-and-
replace repair level. ’

o Basie technician will be replaced
by an Operator/Maintainer,

o The expert technician will receive
more emphasis on complex trouble-
shooting, detailed .Fault
isolation, and in-depth system

understanding and

theory of
operation. -

Operator Team Training:

o More emphasis on communication and

coordination
team training.

skills to support

¢ More wargaming exercises.

VHSIC will, therefore, significantly
change the roles of eguipment operators
and maintainers. With +the significant
increases in weapon system computing power
and speed, coupled with the -significant
reductions in electronic assembly size,
operators will now become more tactical
decision makers, and maintainers will
follow more. structured and automated
checkout procedures. The following is a
summary of such predicted changes.

Offensive Weapon System Role
As a result, future offensive weapons w111
ke autonomous after launch {(i.e,, fire and
target), and, in the distant future, even
before launch. Weapon autonomy will
improve the snrvivability of the launching

pPlatform due to the shortened exposure

time.

In addition, VHSIC based weapon
gystems will be more reliable, easier to
maintain, and have a higher inherent
availability (A1). These improvements
will be due to the high re11ab111ty of
VHSIC chips, the decreased size 2nd number
of components which result £rom VHSIC
insertion, and a more extensive use. of
Built—-In-Test Eguipment (BITE).

The use of more BITE will imprové the
maintainer's ability to iIsclate and
replace faulty components or units. Bize
and gquanrtity reductions will reduce the

VHSIC BASED

LESS
MANUAL
OPERATION

MORE
MULTI-ECAIPMENT
PROFICSENCY
OFERATOR TEAM

LHANGING SRILLS

SORE
SKILL
MITENTION
EMPHASIS

MORE
COMMUNICATION
# COORTINATION

ERFHASLS

Figure 5,

SHARED
TACTICAL
AESFONSIBILITY,

WEAPON §

h
a e A

CGPEMATOR
SKELLS

MORE TACTICAL
THECISION SAPARILITY,

g BIMPLE
o MAINTENANCE
. ADDITION

MAINTENANGE
TEEHNICIAN
CHANGING SKELLS
SIMPLE coMPLEX .
SKILLS HILLE
o-en'raumamum:nJ @

Roadmap for Skill Changes



time to repair, higher reliability will
decrease the failure rate, and thus 2ai
will increase.

Bole Change for the Offepsive Weapon
Operator. The change foreseen in the
offensive weapon operator role will be
from that associated with weapon control
to that associated with a tactical
decision capability. The time -gained
through the use of a fire-~and-forget type
munition will be used for c¢ombat scenario
assessment, multiple - target selection,
survivability tactics, ete.

- Role Change for the Offepsive Weapon
Maintainer. The change foreseen in the
role of the offensive weapon maintairer
will be from that associated with
troubleshooting and . repair to that
associated with interpreting BIT
indications and performing routine remove
and replace actions. Cases bevond BIT
fault isolation, although relatively fewer
in incidence, will require more knowledge
and skill on the part of the maintainers.

Role Change for the Offensive Weapon

Team. This change will require a higher
degree of shared tactical responsibility
== a trend now evident in modern ~weapon
systems.

Major conflicts. in the future will be
manifested by multiple threats from

different enemy platforms. The positive,
early detection of such a scenario can be
enhanced through the use of defensive
systems which are capable of detecting,
acquiring, classifying and tracking a
large number. of threats. The use of VHSIC
technology can provide the data processing

power necessary to automate all of these
functions.
Role Change for the Defensjive
. The role ¢hange foreseen for
the operator of a defensgive system, such
az a search and surveillance radar, will

be from a control manipulator to a tactics
decision maker.

In addition, it should be possible
faor one operator to oversee several pieces
of automated equipment. This capability
will reduce manning requirements and/or
serve ag a casualty response during
battle.

for the Defensive Weapon
Team. The defensive weapon team role will
change from a detection/reaction rele to a
more effective reaction role which .is
responsive to multiple threat scenarios.
This change  will reguire better
communication and cecordination between
menbers of a weapon system and between
teams aboard a multi-weapon system
platform.
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Impact on Traiping and Training DPevices

As VHSIC is introduced into the
weapon system desiagn, the above changesg in
roles are forecast to result. These will,
in tarn, ‘necessitate changes in the
training technigues and devices used to
support the weapon systems, It is not a
direct conclusion that training and
training devices will become more complex.
Rather, they will employ - different
features and functions which are not
necessarily more difficult  to  simulate,
Since simulators generally simulate only
what is seen by the operatoer, not how the
equipment functions, training devices may,
in fact, become simpler. Because the
weapon  system will process many more
gensor inputs, reduce the data to a summay
form and require decision making on the
part of the operator, the simulated
information presented to.the trainee may
be 1less complex than today's training
devices,

In the case of stimulated training
devices "such as sonar systems having
synthetically generated signal_ sources
driving .an cperational equipment: mockup,
the training device design may also be
simpler. Through the use of VHSIC compo-
nents in the deszign of the training de-
vice, ocean and target modeling may, in
fact, be simpler than today. Computation-—
al bounds on speed and size may be re-
solved through the use of VHSIC components
in new distributed architectures.

It is, therefore, anticipated that
the introduction of VHSIC into weapon
systems will not make the training system

design. more difficult. It will, however,

be different and we must anticipate these
impacts in our s training system
regquirements and designs. We must stay

abreast of the technology advances to
ensure that training systems ensure

student and weapon system readiness,

The . concluding part of the study was
conducted to identify how VHSIC technology
can be applied to the design.of training

devices. The approach to application was:
¢ Identification of appropriate
VHSIC attributes.

o Selection of YVHSIC Insertion
training device candidates £from
the identified training device
needs.

¢ Development of an application
approach.

o Characterization of a concept
which resaulted from the approach.

o JIdentification of recommendations

related to further development of

the concept.
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-equipment racks.

This approach led to specific VHSIC
application areas, o0 a generic method of
providing VHSIC Insertion cost
effectiveness to the selection of a prime
candidate training system, and to a set of
recommendations for the pursuit of
achieving VHSIC insertion into training
devices.

The conclugions of the study
identified specific areas where - VHSIC
could benefit the design and performance
of training devices. These benefits were
primarily in the areas of size, speed,
cost, and reliability.

The reduced sgize of VBSIC ICt's
currently in development (1.25 micron

feature size) permits a veriety of Tnew .
“applicaticons and - capabilities.

Today's
complex sSystem trainers such as £flight
simulators, tactics .trainers, and ASW
trajners involve many racks of electronic
egquipment. This large hardware complement
requires significant-dedicated facilities,
cooling, and POWer. . Through the
introduction of VHSIC components into the
system design, significant reductions in
eguipment size, even - approaching or
exceeding f£ifiy percent, are possible by
the late 1980's. These hardware
reductions will also impact system and
facility =upport costs through reduced
maintenance, cooling, and power require-
ments.

The use of VHSIC components will
impact system cost by combining many
different - circuit functions .on a single
chip. This, in turn, will reduce the
nomber of circuit boards, card framés, and
Disztributed processing
degigne will be both practical and cost
effective. However, it remains guestion-
able whether true system cost savings will
be achieved due to the increased function-
ality possible. It is likely that the
added computing capability possible with
VHSIC will be used to enhance the training
device effectiveness, thus making up f£for
the Ainherent cost reduction through more

~compact, efficient system design.

There exists today a variety of
persistent high priority training problems
which cannot be solved with today's VLSI

technology. The sheer amount of
computations for many of today's training
devices - limit their ability to

realistically perform in real time. NTEC
has identified eight training device areas
which are presently capacity or speed
limited by current technology:

l. ©Dynamic Target Modeling
2. Real Time Scenario Event Control

3. Intelligent Adversary Modeling
(Responsive Targets)

A. Computer Aided Instruction (CAI})
and Computer: Managed -Instruction
{CMI) Modeling

~identified.

5. Environmental Modeling
6. Acoustic Modeling
7. Image Scene Generators

8. . Organic (Built-in) Training Capa-
bilities in Tactical Egquipment

Through VHSIC, it will be possible to
significantly increase the realism of
weapon gystem trainers through more
detailed real - time computation and
simulation of the operational envireonment.
The limitations of size and speed have
precluded effective organic training.
These same problems have limited the

‘development of highly effective, field-

portable training devices, Tactical

.environments and power constraints - have

limited the use of large portable wvans in
the field. Through VHSIC, small hand-held
portable devices can be displayed which
will provide highly effective training.
Both organic and strap-on training
approaches will become a practical
reality. As the use of  Artificial
Intelligence (AI} technology emerges Into

.an application phase, VBSIC . technology

will become an integral part of the AL
application into training devices. VHSIC
will significantly aid the training system
designer in meeting the evolving needs of
future weapon systems.

Through the study, it emerged that a
high paycff area for the introduction of
VHSIC into  training systems was in- the
area of wvisval simulation systems. In
computer image generation (CIG), a present
limiting factor to the nomber of . polygons
{image detail) generated is the ability teo
ProCess in real time the varlous
algorithms making up the simulated image.
Through the use of VHSIC hardware and
architectures, it will be possible to
significantly improve image resolution and
gquality. It was- recommended that this
area be explored further as the E£irst
candidate application of VHSIC.

Tt was determined in this study that
a generic core set of VHSIC chips could

‘meet the requirements of a large majority

of training devices, - Through an examina-
tion of common computation/processing
requirements found in a variety of

‘different training device applications, a

common core of VESIC chip requirements was
This common core, called the
Training Chip Set or TCS, was further
defined to determine its optimal
configuration +to meet this diverse range
of training device applications., A key
conclusien of the study was, therefore,
the need for the development and
application of this generic chip set to
training devices.

THE TCS — WHAT IS IT?
The approach to the TCS concept was

based upon neasurable design - and
develeopment goals.



Desgign Goals
Three design goals were established.

_Performance. The measure of
performance was taken as data throughput
eXxpressad as Millions of computer
Instructions Per Second {(MIPS). The goal
was to achieve an order of magnitude
greater than that for devices using
conventional -technoleogy, with an absolute
goal of not less than 10 MIPS.

Size. The goal was to reduce by an
order of magnitude the volumes of
conventional devices. This change in size
would permit desk-top simulators which now
occupy cabinets, or from a desk-top size
to a hand-held device.

Cogt. The goal was to achieve a 50
percent reduction in the Life Cycle Cost
{LCC) of conventional technology based
devices. :

Development Goals

The following four: development goals
were considered.

1. A single development effort
should be pursued to achieve a universal
set of VHSIC chips applicable to training
devices., The benefits are obvicus: lower
cost and higher priority position in a
critical technology.

2, The chip design should have the
capability to provide functionality for
all foreseen applications, In addition to

meating the needs of the entire
instructional environment, the designs
should not be platform unique (i.e., only

classroom trainers).

3. The chips and the design process

should be available tov the entire training

community. -This includes Joint Service
access and use by all: device designers.

4, The design of the chips should
fully incorporate existing VHSIC
technology. This includes .not only
gpecific chip designs, but alsc design
technigues and tools, fabrication

techniques, and testing techniques.

The identification of this set of
goals set the stage for the major effort
of the study -- the VHSIC implementation
technique.

YHSIC Implementation

The benefits of VASIC technolegy to
training devices are profound and
numerous. However, successful insertion
of VHSIC technology inte training systems
will have to be made in a timely and cost
effective manner. The Training Chip Set
{TCS) concept developed under this study
allows the insertion of VHSIC . technology
into a wvariety of Training Systems at a

reasonable initial cost and minimal

marginal cost.
The gcals of developing a TCS were:

1. Modularity te allow application
te varlous current systems and to allow
expansion to future training systems.

2. Separation of functions to
simultaneocusly . allow fléxibility (i.e.,
programmability) and high throughput.

The training -chip set concept is
depicted in Figure 6. For any given
training system, the TCS will consist of
two major portions: the core controller
and the  adjuncts specific to that
particular training system.

The insertion of VHSIC technology
into a particular: training system will
consist of several core controllers (each
of which consists of several VHSIC chips
ag described later) and a much larger
number of adjuncts (each one of which will
be typically implemented using a single
VHSIC chip). In this configuration, each
core controller will contreol several
adjunct chips. The  number of adjuncts
which can be controlled by a gore

controller depends nupon data rates in a
specifie training system and = will
typically vary for different training
systems.

The core controller is highly
programmable and thus allows flexibility

o accommodate changes and updates in the
functioning of the training system. The
adjunct(s) are directly in the path of the
data flow and provide very high throughput
operations on the data.  Thus, the goal of

high throughput together with
programmability is achieved.
Under this study, we have evaluated.

the applicability of the TCS concept to
two training systems. Thege are:

1. Computer Generated Synthesized
Imagery (CGSIY).
2, Anti-Submarine Warfare Trainer

(A5W Trainer}.

The CGSI system is being developed
for more realistic visual training and the
use _ of VHSIC technology will allow réal-
time operation of a. complex, multi-channel

CGSI system. The ASW trainer is the
traditional sonar trainer and the
insertion of VESIC technology will
dramatically reduce the size of sgonar

trainers.

Preliminary design of a one chip CGSI
adjunct VHSIC chip and a one-chip ASW

adjunct have been completed. Preliminary
egtimates show that a controller,
implemented using four VHSIC chips, will

be able to control up to 100 CGSI or ASW
adjunct chips.
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Figure 6., Training Chip Set Adjunct Concept

The modular approach to the TCS will
allow the application of VHSIC technology
to other training systems by using the
controller and new adjunct{s) specifically
designed for these training systems.
Thus, the meaningful cost of. inserting the
VHSIC technology into future training
systems. will be drastically reduced. :

SUMMARY

The primary goal of the NTEC VFTS
study was to determine the impact of the
boD VHSIC program on weapons systems,
training and training devices and to
derive a comprehensive impact - assessment.
This goal has been achieved and, in
addition, the concept of a VHSIC Training
Chip Set (TCS8) evcolved as the -study
progressed.

The availability of preven VHSIC
components for insertion in weapon systems
can occur as early as 1986, Wew and
different training devices and training
capabilities will be reguired to meet the
training needs of the future; the Train-
ing Chip Set —- can meet the requirements

of a large majority of these requirements. -

Increased system performance of VHSIC
technology provides the forecast of
increased system performance and
reliability in diverse application. Both
training reguirements and trainers will

change, In particular, performance,

. physical characteristics and projected

cost of VHSIC technology under :development
will significantly improve present and
future training devices. This basic tech-
nology cowld become available as early as
1985 for the 1.25 micron feature size
IC's. The  increased performance of a
VHSIC T¢S will result in fewer. unigue
designs in support of trainers and there-
fore shorter design times. VHSIC technol-
ogy embededed in the design of a core
geheric training c¢hip (TCS): should be’
capable of supporting approximately 80% of
the processing computation and control
requirements of any trainer. ’

Potential applications of the TCS
encompass training requirements for all
military services and should be addressed
as a future joint service program for
insertion. The core TC3 has - been
conceived to support all foreseen -
applications since it 1is not platform
unique, service unigque or Ilimited by
performance constraints that could
conceivably result in early or premature
obgolenscence. The requirements of chip

- sets for adjunct functions (e.g., visnal,

ASW simulation, ete,) may be unigue.
However, - in many applications the TCS can
support the total real-time processing
requirements -of some trainers, and thus
not require adjunct chip developments.



In swvmeary the VHSIC technology is
upon ug, its impact is expected to be
significant, and its benefits plentiful.
VHSIC will- impact skills, training
concepts as well as trainer devices. It
is imperative that we recognize VHSIC's
petential,. and begin developing plans and
techniques for implementing these new
concepts.
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