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ABRSTRACT

There is a critlcal need for standard lower cost computer systems In Navy trainers.
The proliferation of computer hardware and software has kept procurement, maintenance,

update, and training costs high on most Navy systems.

Microcomputer and computer

graphics technology offers an exceptional opportunity ro improve the capabllities and

reduce the costs of trainers requiring computer systems,

However, the benefits of

this technology camnot be fully realized unless the proliferation problem is solved.
This paper discusses an approach to microcomputer design and development that will
take full advantage of microcomputer technology and reduce the computer proliferation

problem.

The basic premise 1s as follows:

a standard general purpose microcomputer

architecture combined with high level language application software can substantially

reduce costs of all new trainers.

The Navy is currently examining microcomputer ar—

chitectures and development approaches that can be optimlzed for a wide range of

trainer applicationa.

Applications include flight simulators, Anti-Submarine Warfare
(ASW) trainers, and warfare operations trainers, ete,

This paper reports omn a

research project at the Naval Training Equipment Center (NAVTRAEQUIPCEN) which is cur—
rently investigating the use of microcomputer technelogy in Navy training systems,
The following topics will be discussed (1) microcomputer architecture; {(2) control

of multiple microcomputers; (3) software development facility and approach; (4) test

and evaluation plan; and (5) conclusions,

INTRODUCTION

Mogt Navy trainers utilize mainframe and su—~
per minicomputer systems to compute trainer al-
gorithms, Figure 1 illustrates the computer
system architecture for the real-time flight
simulator located in the Visual Technology
Research Simulator (VTRS) at NAVTRAEQUIPCEN.
This is just one example of the many computer
architectures ugsed in Navy trainers. In fact.

VIDEO

there are over 793 computer systems in the Navy
inventory using 63 different hardware types and
43 different programming languages, This pro-
liferation of computer architectures and soft-
ware continues to make procurement, maintenance,
and update costs for trainers requiring computer
gystems extremely high. However, advances in
microcomputer technology now offer other alter-—
natives,
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The reduced costs and increased performance
of microcemputer technolegy has made microcom-—
puters very attractive for trainer applica-
tiona, It is known that simulator wvendors are
planning to make extensive use of miercomputers
in the near future. However, industry is not
interested or motivated to standardize the
application of microcomputer techmology ia
trainers. If ne action 1s taken by the Navy,
microcomputers will contribute further to com—
puter proliferation. This paper provides a
solution to this problem through a standard
microcomputer system architecture  that can
easily be adapted to Navy trainers., Three out-
standing technical problems must be solved bhe—
fore multiple microcomputers can be used effec—
tively: (1) the control of multiple microcom—
puters; (2) the partitioning of the simulator
software into smaller tasks for each applicaton
microcomputer and {3) bus contention. This
paper will address these issues,

MICROCOMPUTER ARCHITECTURE

Figure 2 shows a multiple microcomputer sys—
tem that 1is appropriate for a wide range of
trainer applications. This system architecture
uses a set of identical microcomputers. It is
the intent of this project to: (1} evalunate
this deslgn and develop standards for the use of
microcomputers in training systems; (2) deter—
mine microcomputer parameter requirements that
will support a wmultiple microcomputer system
architecture and high level languages; (3) input

these results into traipner computer specifica-
tions that will be used to buy future trainers;
(4) eliminate unsuitable mictocomputers through
these new definite performance specifications
(proliferation of microcomputers will be limited
due to the process of natural selectfon); and
{5) develop general purpose automated software
development tools that can be used to reduce
gsoftware development costs for multiple micro—
computer systems.

The multiple microcomputer system in
Figure 2 utilizes high performance microcom~
puters (Motorola 63000s) to perform functionally
modular trailner tasks in parailel. Each of
these microcomputers are connected to a high
speed 20 megabytes per second bus (VMEBUS 16 bit
parallel data path) te allow fast data transfers
and the gquick ianterprocessor communication
required for real-time trainers. Each microcom—
puter also has its own dedicated I/0 bus which
directly connects to the various tralner func—
tions (control loading, ete,). This provides a
direct path from each trainer function to Its
respective microcomputer which allows true
parallel ©processing of trainer tasks, The
microcomputer on the left side of Figure 2 is
the c¢ontrol wmicrocomputer, It controls the
operation of the multiple microcomputer system
including trainer initialization, startup tasks;
instructor statioa inputs and requests; control
of the application microcomputers, start, stop,
bus arbitration; and disk I/0. .
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CONTROL OF MULTIPLE MICROCOMPUTERS

The coutrol microcomputer directs the opera-
tion of the multiple microcomputer system with a
small efficient executive program which performs
‘he basic trainer control functions as follows:

a. System Startup and Task Loading. After
system power up occurs, the functionally modular
simulator programs must be loaded into the RAM
{random access memory) of each application
microcomputer. These modular programs reside on
a disk storage device and are Jloaded directly
into each application microcomputers® dual
ported RAM,

b. System Initialization. All simulation
parameters nust be initialized after startup.
These parameters include constants, varlables,
booleans, etc., which determine the state and
status of the tralpner at startup time. This
initialization data is contained in a file on
the disk storage device and 1z loaded into the
RAM of each microcomputer by the control micro.
After the system initlalization i1s cowmplete,
then the flight initial conditions are performed.

c. Flight Initfal Conditions. On  each
flight (trainer) scenarioc, initial conditions
must be loaded into the RAM of each of the mul-
tiple mierocomputers. These parameters are a
smaller subset of the system parameter and must
be reloaded each time a new flight (trainer
scenario) is required. To perform this task,
the control microcomputer must halt execution of
the application microcomputers and then load the
flight simulation parameters into the appro—
priate application microcomputer’s RaM.

d. Imstructor Station Inputs/Outputs.,
Speciazl instructor station inputs or requests
such as freeze, resat, etc., must be loaded by
the eontrol micro into the RAM locations on the
appropriate application micro. Also any special
requrest for tralning  parameters must be
retrieved by the control microcomputer from the
appropriate application microcomputer's RAM.

Bus Arbitrationm, Bus arbitration will

e.
be handled by the hardware located on each
microcomputer board, The VMEBUS has seven

interrupt levels and four priority levels. The
highest priority will be assigned to the control
microcomputer and a lower priority will be
assigned to each of the application microcom-
puters, This will allow the control microcom—
puter to gain fast access to the bus to perform
any time critical functions such as start, stop,
and freeze tasks.

f. Data Transfer. Data transfers between
microcomputers will be handled at the beginning
of each frame. Data will be organized 1In blocks
and transferred between microcomputers using a
block move technique which will reduce the
nunber of bus arbitrations and increase the data
transfer rate. The VMERUS is rated at a 20
megabytes per second traunsfer rate (16 Dbit
parallel path) but transfers will actually be
slower with the overhead (bus arbitration).

B. Peripheral I/0. The control microcom-
puter will interface with a storage device (disk
drive) and perform the I/0 processor task., Disk

255

files will be loaded into the system from the
disk unit and stored on the disk as required by
the instructor station. Both hard disk drives
and floppy disk drives will be used to provide
the convenlence of permanent storage oo the hard
disk and backup capability on the floppy drive,

SOFTWARE DEVELOPMENT FACILITY AND APPROACH

Software development for a multiple micro-
computer is a tedious and complex task. Micro—
computers do not have all the faney development
tools of a mainframe (such as a VAX) and are
generally harder to program. Hence, the advan-
tage of low cost microcomputer hardware can soon
be offset by higher software development costs
if the wrong approach is taken. Several methods
were used on this project to reduce software
development costs: (1) 2 high level transpor-
table language was used (Fortran 77); (2} soft-
ware partitioning was accomplished using auto-
mated techniques; and (3} a VAX 11/780 was used
for software development. These are discussed
below.

This project setup a software development
facility utilizing a VAX 11/780 networked to a
Motorola VME/LQ development system. ALl initial
development work was done on the VAX. Since
both systems have Fortran 77 compilers, only
minor changes were needed to execute Fortran
code on the VME/10. This setup took advantage
of the VAX development tools for the partition—
ing effort (explained below) and allowed us to
dowvmload simulation software directly to the
VME/10 system for testing. The VME/10 also has
a card cage in the back for five more microcom—
puters so that a prototype multiple microcom—
puter system can be designed and implemented
directly on the VME/LO. The partitioning
process is explained below.,

The software development process of breaking
up a big simulation program into smaller parts
(partitioning) so that they can be loaded easily
inte the application microcomputers is 1llu—
strated in Figure 3. Figure 3 is summarized as
follows: the simulator application software
(row 1) is divided into smaller functional sub-
programs {row 2), The functional subprograms
are grouped by task (row 3) and loaded as
separate tasks into the individual application
microcemputers (row 4), Although the partition—
ing process sounds simple in theory, the actual
implementation is complex.

This project is developing automated tech-—
niques for dividing and distributing the simu—
lator software on each of the application micro-
computers. These techniques are designed for
sipulator software written 3in compliance with
MIL-STD-1644. The basic requirements for this
approach to worlk are (l) the program must be
written in Fortran 77 and (2) the program must
utilize fupetienal subroutines which should
ideally be no more than 200 lines of executeable
code. Programs have been developed to strip off
all input and output parameters from each sub—
routine from the original VIRS T2-C flight simu-
lation source code, After the subroutines are
divided and distributed among the partitions,
another program checks each input and output
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parameter for each subroutine to ensure that all
data transfers are satisfied. Then, a PERT net—
work analysis is done using the subroutines as
nodes and data paths as links. The order of
execution of the subroutines as well as the time
relationship is graphically displayed using this
technique. Also, the critical path can be
detemined if the executlion time for each indi-
vidual subroutine is known.

TEST AND EVALUATION PLAN

The T2-C flight simulation software will be
implemented on the multiple microcomputer system
architecture and will then be integrated dinto
the VTRS T2~C real—time flight simulator. Simu~
lation performance parameters will be evaluated
and recorded, Evaluatlon parameters iaclude (1)
simulation update cates, (2) precision of flight
parameters, (3) startup time, (4) reliability,
(5) total systems performance, (6) hardware
costs, (7) software costs, and (8) ease of use.

CONCLUSIONS

Microcomputer technology offers a  real
opportunity to reduce costs and increase perfor—
mance for all training systems that utilize com—

puters. [However, some potential problem areas
still exist for more camplex trainers that
require multiple microcomputer systems. This is

especially true for real-time trainers such as
flight simulators which require a large number
of tightly coupled mlcrocomputers to perform
real-time, flight tasks. Four potential problem
areas are: {1) control of the microcomputers;
{(2) bus contention; (3) software partitioning;
and (4) software development and update costs.
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This project is currenctly in the software
development phase and not 2ll of the issues of
multiple miercomputer system architecture have
been completely researched. However, it has
been determined that an automated software
partitioning techique is essential in breaking
up a large simulation program into smaller parts
that can be easily loaded into the application
mlcrocomputers. Also, a high level language
such as Fortran 77 or Ada should be used for the
applicaton software. Although this may take
mwore memory than assembly language, memory chips
are cheap compared to software costs., The soft—
ware development work should be done on a main-
frame (VAX or equivalent) as much as possible,
since a mainframe has hetter software develop—
went tools than a microcomputer.

The computer preliferation problem for
trainers ean be reduced by developing standards
for hardware and software that support a modular
design approach for trainer systems. Each type of
trainer should be specified as a set of standsrd
modules with defined interfaces for both the
hardware and the software. This approach would
engure compatibility between the modules of the
trainer systenm. Hardware modularity ocould be
implemented by requiring computer systems to use a
non-proprietary bus such as the UMEbus and a
standard board size such as the Eurocard board.
This would allow computer boards Lo fit 4n &
standard card cage and allow them to communicate .
physically and electrically through fthe standard
bus. Software modularity would be implemented by

a standard software partitioning of trainer
fTunetions into "funetional modules." These modules
would then eXecute on medular hardware

(microcomputers).
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