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ABSTRACT
STARS (Software Technology for Adaptable, Reliable Systems) is a long-term ARPA project aimed at advanc-
ing the management, quality, adaptability, and reliability of DoD sottware intensive systems Over the years, the
STARS project has gradually focused on enabling a paradigm shift of DoD software practices {o
megaprogramming. The central megaprogramming concept is a process-driven, two-life-cycle approach to
software development. One life-cycle spans the creation and enrichment of an organization’s capabilities for a

family of related products, or domain engineering. The other life-cycle spans the construction and delivery of

individual products, or instances from the domain. This approach may provide substantial opportunity for fe-
veraged reuse, that is, planned use of adapted software components in multiple products. Much of the effort to
date has been for developing tools and processes that support megaprogramming. The STARS project is now
in a transition and demonsiration phase. Cne of the demonstration projects is in the domain of simulator-bhased
training, specifically the U.S. Navy’s domain of Air Vehicle Training Systems. If megaprogramming proves
useful in this domain, it promises dramatic increases in productivity along with corresponding reductions in the
cost of building simulations.

Previous experience reports have focused on pilot efforts in domain engineering for sub-domains of the Air

Vehicle Training Systems (AVTS) domain such as environment and navigation simulation. These pilot efforts -

have demonstrated that the processes and tools are sufficiently mature for full scale domain engineering for
AVTS -- which the demonstration project is proceeding to do. This paper summarizes the lessons learned from
the pilot efforts and looks ahead to the technical challenges and opportunities we anticipate. in the {ull scale
demonstration. Expected technicat challenges and opportunities inciude:

{ay Integrating many sub-domains, {d) Relating to a real product acquisition project,
{b) Relating to non-domain engineered models, - (e} Controlling adaptation, and
(c) Integrating dramatically larger stafis, {f) Leveraging extra-domain assets.
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INTRODUCTION

The software community's experiences thus far in cre-
ating significant-amounts of reusable software have
seemed {0 be more wild goose chases than productive
endeavors. Reuse projects to date seem to end up
. with endless lines of code that sit in a library and are
never reused. The refumn on investment has rarely {if
ever) jusiified the effort. Nevertheless, software reus-
ability remains a hotly pursued goal for most
organizations. The reasons are simple -- reusable
software promises simultaneous progress toward the
twin geoals of any profit-oriented venture: (a) reduced
cost of production, and (b) increased quality. The
Software Technology for Adaptable, Reliable Systems
(STARS) project aims at reaching the reusability goal
through megaprogramming.

How is megaprogramming different than earlier ef-
forts? Most reuse efforis have attempted to reuse
existing software, either by adapting high guality soft-
ware or re-engineering existing software. . This is an
intrinsically flawed approach. Many researchers have
noted that reusability is not an accidental character-
istic of software. "Reusability is first and foremost a
design issue. If a system is not designed with reus-
ability in-mind, component interrelationships will be
such that reusability cannot be obtained no matter
how rigorously coding or documantation rules are
followed." [Ausnii85] However, the recognition that
creating reusable software is primarily a design issue
is a far cry from defining the process for creating such
software. And creating reusable software is only the
first problem -+ any consideration of the human nature
of programimers will quickly lead to the conclusion that
if the software is to be used, it must be easy o use.
This implies some sort of automated, process-driven
CASE tools. Finally, the most significant challenge is
overcoming the cultural and business barriers to actu-
ally practicing reuse. . Megaprogramming purports to
address these problems.

BACKGROUND

STARS

In June 1983, the Department of Defense endorsed
the DoD Software Initiative which had been proposed
to ofiset growing manpower shortfalls and to improve
- capabiliies for supporting software development and
maintenance. This new initiative was comprised of
three components. One component was the Ada Joint
Program Office {AJPO). The second component was
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a Federally Funded Research and Development Cen-
ter (FFRDC}) later to be called the Software Engineer- -
ing Institute (SEI). The third component was a project
in software technology, which became STARS.

STARS is sponsored by the Advanced Research
Projects Agency (ARPA), and involves three cooper-
ating prime contractors -- Boeing, IBM, Paramax --
and a large number of subcontractors including  DU-
AL, Incorporated and Enzian, Incorporated. Figure 1
illustrates the STARS Approach, based on

- megaprogramming. Megaprogramming is & product

line approach to the creation and maintenance of soft-
ware infensive systems.. It is characterized by a
product line view of the reuse of software life-cycle
assets (architecture, components, and processes)
and a disciplined, process-driven approach to devel-
opment and evoiution of application systems and the
product line. The principle benefit to.be derived from

" megaprogramming is improved predictability and

quality in software and system development.

Process Driven Domain Specific

B Guidad by reusa process.
| * Rased on application domain

_»"% Devalopsd from reusable
procass building blocks.

* Adaptable to meet projects | architectura.
and proguct goals. | * Sysiems composed from reusable

* Promotes collabaration and |#  assets.

foamwork. | * Assets include any or all life gysie

L anifacts.

* Process/rause package in an SEE,

* Based on open-architaciure framawock,

* Adaptable approach for incorperating new
technrologies.

* Continuous improvemant in portability,
adaptability, reltability, and scalabiliy.

Technology Supportad
Figure 1: The STARS Approach

Synthesis Process

Engmeer:ng knowledge is a standardlzatlon of the de-
cision process and its products. If this process cap-
tures the commonalities and variabilifies between
specific systems within a product family, we can cre-
ate an opportunity to leverage reuse within the product
family. In a sense, this is simply formally capturing the
engineering knowledge about a family of systems, or
domain. The Virginia Center of Excellence (VGOE)
has created a process called Synthesis for defining a
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domain, specifying the products and adaptation for in-'
stances for the domain, and implementing designs
that leverage whole and adapted components for re-
use in new systems. [VCOES3] Figure 2 illustrates
the Synthesis process.

Synthesis is a process developed for leveragedreuse.
Leveraged reuse is one of five approaches to reusing
scftware: (a} ad hoc, (b) opportunisfic, (¢) integrated,
(d) leveraged, and {e) anticipated. Leveraged reuse
assumes that a given product is actually a member of
a product family, the members of which share some
degree of commonality. Synthesis involves the defi-
nition, analysis, specification, and
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Process Support
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Figure 2: The Synthesis Process
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implementation of a domain which encompasses a vi-
able product family -- a family which shares sufficient
commonality (and predictable variability) 1o justify an
investment in the domain. Individual products are de-
veloped as instances of the domain, which reuse

- comimon elements of the domain and adapt variable

elements using a defined, repeatable process. Syn-
thesis defines the effort associated with creating the
assets as domain engineering, and the effort in creat-
ing a specific product as appfication engineering. The
central concept is that domain engineering creates the
assets and processes by which application engineer-
ing can consider and select the best fitting instance of
the domain.

Technology Suppott

Megaprogramming recognizes that the best reusable
software in the world will not be used if it is not con-
venient to do so. Furthermore, the megaprogramming
process encompasses advanced software engineer-
ing technigues, which lend themselves to the adoption
of CASE tools. The STARS project has responded to
these needs by incorporating technology support in
the form of integrated Software Engineering Environ-
ments (SEE). STARS funding of process engineering
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and SEE development far in advance of the demon--
stration projects is evidence of its commitment o its
three central concepts: {8) domain specific, {b) pro-
cess driven, and (c) technology support.

The SEE utilized in this project was developed by the
Boeing Company under ARPA funding. The Boeing
SEE provides a set of functional services which are
integrated in a standard framewaork, and can be driven
by process definitions. Example functional services
are those for requirement definition and code
development. These functional services suppoit ac-
tivities i both life-cycles (domain and application
engineering). The SEE includes typical computer en-
vironment services such as operating systems,_edi-
tors, and language compilers. It goes beyond this to
provide advanced CASE tools. All of these services
are supported by commercial off-the-sheif products.

The Boeing SEE integrates the services via a process
engine which enforces organizational pelicies and
procedures. For example, the process engine uses
defined work breakdown structures and activity pre-
cedence networks to schedule and enable software
development activities. Naturally, these activities de-
rive from the Synthesis process definition, so the SEE
helps an organization "stay on course” by following its
desired plan.

The Boeing SEE conirols storage and access to
adaptable components. Access to components is ac-
complished via a knowledge-based too!, which uses
rules about the domain. (identified by domain engi-
neering) to guide selection and adaptation of
components.

REVIEW OF PILOT EFFCRTS
The STARS project is engaged in three demonstration
projects (one per military service, each in cooperation
with a prime contractor). The Navy’'s demonstration
project is the only one within the field of simulation and
modeling; selected because of its outstanding poten-
tial for systematic, long term product improvements.
“The fundamenial concept in the demonsiration project
is a shift from viewing the construction of sofiware in-
tensive systems as "one at a time”, to viewing a
specific software system as an instance from a
domain. In other words, a software system is really
just one product cut of a product line. The benefit of
this approach is potentially a dramatic increase in the
number and kind of reusable components. If their
project is successful, the Navy intends to treat training

" simulators as a domain (product line} -- the Air Vehicle

Training Systems (AVTS}) domain.

The demonstration project has defined the scope of .
the AVTS domain, focused thus far on expanding the




domain fo address the needs of trainers for T-series
aircraft. The T-series aircraft consist of the various
types of training aircraft in current and future use by
the Navy. These aircraft are used in the instruction of
student pilots in the various aspects of naval aviation.
This demonstration project will develop at least one
instance from the domain, a T-34C Flight Instrument
Trainer (FIT). If megaprogramming proves useful in
this domain, it promises dramatic increases in produc-
tivity along with corresponding reductions in the cost
of building simulations. This demonstration project
has completed its pilot and preparatory efforts, and is
entering full scate development. Progress thus far has
raised certain expectations about the advantages and
disadvantages of the megaprogramming approach for
simulation. The demonstration project is organized
into four phases as illustrated in Figure 3. ~

Boelng STARS Demostation Schedule

1994 1995
553 855335523‘5528-
Enviranmant
Partial DE Depth R civosonmsmni]
Navigaticn Slice [o50000]
7 -Sorles Doemain T s

Figure 3: Demonstrafion Project Schedule

The demonstration project began in 1992 with the ap-
plication of Synthesis to one aspect of the dornain --
the Environment. This effort created a stand alone
domain capable of supporting a few instances of the
Environment. The next project phase involved appli-
cation of the preliminary steps in Synthesis across the
entire AVTS domain. This effort completed domain
definitions, specifications, and preliminary design for
the aspects most relevant to T-series aircraft. The
third project phase finished the domain design and im-
plementation for a slice of the Navigation sub-domain,
and demonstrated the siice in the context of the AVTS
architecture. - The current phase of the project is to
continue the domain engineering process in order to
expand the AVTS domain to more completely support
T-series aircraft, specifically a T-34C FIT instance.
This phase will conclude with the demonstration of a
functioning T-34C FIT in October of 1995. The fol-
lowing paragraphs briefly describe each of the pilot
efforts along with some pertinent lessons learned.

Environment Segment Pilot

in 1892 Boeing Simulation & Training Systems (S&TS) -
perlormed a pilot project using Synthesis on a frag-
ment of a training simulator -- the environmental
model. Since the Synthesis process supports the
STARS vision of reuse, ARPA wanted to evaluate
Synthesis with a pilot project. The pilot project lever-
aged assets from the Modular Simulator {(Mod Sim, or
USAF designation HAVE MODULE) project. The Mod
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Sim project aimed at creating a generic, tailorable
simulator. The central Mod Sim concept is a partition-
ing of the training simuiator into twelve separate
segments which encapsulate functionality of the sys-
tem and refate through defined, controlled interface
messages. :

STARS determined that the systems engineering
knowledge captured in the Mod Sim assets, and the
flexible architecture that derived from Mod Sim, con-
stituted a sufficient basis for megaprogrammmg in the
AVTS domam .

The domain for.the pilot project could have been as
large as Boeing S&TS's entire product line, or as small

- as a single instrument on the control panel of a

simulator. It was determined that one of the twelve
Mod Sim segments was the proper size for the study
in that it would be large enough to provide scope for
significant testing of Synthesis, while being small
enough o be doable in the time available.

The Environment domain was selected because it
best met these criteria. Environment includes the tac-
tical and natural environments external to the sitmulat-
ed vehicle. Since the original Mod Sim implementa-
tion did not include the Environment segment there
could be assurance that the segment's design and im-
plementation were not preconceived, -~  ._.

The main conciusion was that the Synthesis process
is effective when applied to real-time vehicle

-simulators. This process supports the main tenets of

the STARS reuse philosophy. The Mod Sim architec-

ture is suited for adaptability and reusability and when

used in conjunction with the Synthesis process most

of the work.in defining the domain is already

completed. Having the interfaces between segments -
defined greatly reduces the time required to assembie
the assumptions and therefore is the key to a success-
ful domain definition the decision model. This pilot
effort conciuded that Synthesis could be scaled to en-
compass the entire AVTS Domain.

Full Domain Analysis Pilot
When signing of the Memorandum of Agreement
(MOA) between Advanced Research Projects Agency
(ARPA) and Naval Air Systems Command (NAVAIR)
for the STARS demonstrafion project was delayed, the
STARS program manager decided to front load the
Domain Engineering effort using Boeing S&TS. This
became a pilot program to conduct initial domain anal-
ysis across the entire AVTS domain.

The pilot program adopted the Mod Sim partitions for
the AVTS domain of twelve sub-domains: Propulsion
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(PRO), Flight Controls (FC), Flight Station (FS}, In--
structor/Operator Stafien (I08), Physical Cues (PHG),
Environment (ENV), Visual (VIS}, Navigation and

Communication (NAV), Flight Dynamics (FO), Radar

(RDR), Weapons (WPN), and Electronic Warfare
(EW). Each sub-domain represented an area of
expertise. Eight of these sub-domains apply to the

T-34C FIT: Propulsion, Flight Controls, Flight Station,

Instructor/Operator Station, Physical Cues, Environ- -

mehnt, Navigation/Communication, and Flight
Dynamics.

When the work required to define and specify the
AVTS Domain was defined, a thiteenth sub-domain
was identified: the AVTS sub-domain (in reality a
super-domain of the other twelve) which contains
information about the performance and fidelity of the
simulator and the inter-process communication and
sub-domain executives required by the software
architecture.

Synthesis assumes as an operational concept a single
commercial prganization owning a product line. The
organization defines its business goals and objectives
as part of domain management. NAWCTSD, in co-
operation with NAVAIR, has served as project owner,
assisted by a team of contractors. We elected to pro-
ceed with the Domain Analysis by assuming the
T-34C FIT was the first product in the Domait Evolu-
tion Plan.:

At the conclusion of this phase, we had developed a
first iteration (refined as needed) of the entire Domain
Definition for the eight sub-domains relevant to the
T-34C, plus the AVTS sub-domain. The Domain

- Specification, Process Requirements, and Product

Requirements were aiso completed. Product Design
was in draft form. These work products exceed the
stated goal of supplying Software Requirements

- Specification level requirements, but fall short of the

complete design desired.

Navigation/Communication Sub-Domain Pilot

After the partial irial DE efiort, the project committed to
a final pilot effort. The purpose of this effort was to
gather further lessons learned and 1o provide technol-
ogy transfer to the DE team intended for the full scale
demonstration project. The focus of this effort was on
a slice of the NAV sub-domain, particularly the radio
aids components of Tactical Air-Navigation {(TACAN)
and VOR.

. A central difficulty with megaprogramming is determin-

ing how viable a domain may be. -Obviously, the
megaprogramming approach may not provide an eco-
nomic payback for all product ines. An example of the
difficulty of evaluating domain viability arose in the
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sub-domain. Casual consideration of the viability of
the Navigation domain makes one somewhat skepti-
cal due to its large number of inherent variabilities.
Forinstance, the mode and power iogic for aircraft
equipment simulations will vary widely. These vari-
abilities produced an extremely intricate network of
decisions required to describe the operational charac-

teristics of aircraft equipment, for example TAGCANS

and VORs. However, moving past these surface dif-
ficulties one finds a rich set of commoenalities in the

underlying computations required for TACAN and

VOR. For instance, geographic equations are the
same whether they are used for TACAN or VOR nav-
igation problem sclutions. One hint of the hidden
commonalities was the similarity of the data flowing in
and out of these models. The domain engineering
work products produced thus far in the project will

continue fo evolve, through additional iferations of

Synthesis, into a more robust system that better le-
verages the lower level commonalities. .-

Pilot Lessons Learned

_Analysis of variability and commonality results in ge-
neric architectural components that would not be

created had a single point approach been taken

Use of metalanguage within components to implement
adaptability breaks down the barriers that a generic
Ada component provides. Melalanguage-based
adaptability provides almost unfimited flexibility.

Autcmation of decision models to adapt code can be
complex and costly. Careful metrics must/will be col-
lected o provide feasibility information.

Commonalities and variabilities associated with this
experience only involved the T-34, T-44, and T-45 se-
ries aircraft. As other aircraft are considered, the |
domain complexity will significantly increase during
each iteration through the Synthesis process. Defin-
ing the domain {especially commonalities and variabil-
ities) is time consuming, but with the right documen-
tation and personnel experience, the process leads to
many unexpected and helpful results.

The experience using the TACAN and VOR brought to
light commonalities throughout AVTS. These include
the computation of bearing, range, course deviation,

_and so forth. The variabilities are apparent when you

consider the physical componenis and models.
Switches, lights, and functionality differ between
aircraft.

It is important that the domain decision model capture
and group the choices between variations of domain

instances according to some logical scheme. Forex-




= .

ample, instead of one Jarge decision mode) called
TACAN decision group, we decided to generate small-
er decision groups, which consisted of logical group-
ings (e.g., Power, Self test, TACAN outputs, eic.).

We organized the decisions groups in a hierarchical
structure to capture dependencies. This enabled the
decision model! to directly model the real world -- if the
TACAN does not exist in this instance, then there is
no need to exercise any of its related decision groups.

Synthesis requires identification of software compo-
nents and their hierarchial relationship (product archi-
tecture) before beginning component design. This
emphasis on careful partitioning of the software sys-
tem is similar to that found in object-oriented design.

Synthesis tends to be life-cycle oriented rather than
technique oriented. Therefore, traditional tools such
as. structural analysis, object-oriented analysis, pro-
gram design language {PDL), pseudo-code, elc. were

useful techniques for accomplishing Synthesis’ goals.

TECHNICAL CHALLENGES

The project is now in a full scale demonstration phase.
The objective of this phase is to complete sufficient
domain engineering in a selected set of sub-domains,
to an extent sufficient to support application engineer-
ing of a range of training simulators for T-series
aircraft. The experiences derived from the pilot project
have raised a series of concerns, or technicai chai-
lenges that we anticipate will arise in the course of the
full scale demonstration project.

integrating Many Sub-Domains

One of the keys to our successful application of the DE
pracess so far, has been our partitioning of the domain
into related sub-domains. However, the pilot projects
thus far have focused on only a small section of the
domain or a partial DE cycle. Either focus faces fewer
coordination problems than attempting fulf scale DE in
many sub-domains. As we proceed, there is no rea-
son to expect the DE process to proceed at the same

rate in all of the sub-domains. One can envision DE

progressing at different rate creating sub-domains that
can not operate together. This problem has been
called domain integration. Qur response to this chal-
ienge has technical and management aspects.

Technical Aspects

Cur technical approach within the domain contributes
substantially to resolving this problem. First, the sub-
domains are well-partitioned. The pilot project based
analysis (as well as the leveraged Mod Sim systems
engineering iegacy) suggests that only a very smali
fraction of subsystems may be reasonably assigned to
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multiple sub-domains. This fraction may be as low as
2 percent. Second, our technical approach depends
on well-defined, controlled inferfaces. The interfaces
are defined in compilable Ada types. Each interface
message s generated by a single subsystem (and as
noted, a subsystem is associated with only one sub-
domain). Changes to these interfaces require agree-
ment by the consuming sub-domains.

The third element of our technical approach that ad-
dresses the domain integration problem is that the
sub-domains are highly modular and focalized. . The
internal design of each sub-domain is required to con-
form to the Domain Architecture for Reusable Training
Systems (DARTS}), which specifies "a hierarchial
structure of modules (subsystems, components, and
units) within segments. Figure 4 illustrates DARTS.
Experience has shown that similar and related models
are closely located. For example, the TACAN and
VOR models are each encapsulated by DARTS com-
ponents, and together {along with similar navigation
equipment) in the Radio Aids subsystem. Strong lo-
calization means that functional changes tend to effect
a small area of the system, rather than a broad effect.

Module

Exgtutive
Spaciflc - Segmept
SutrDomalin ) Exacuftiva

™~

Figure 4: DARTS/Sub-Domain Relationship

The final element of our technical approach that ad-
dresses the domain integration problem is our adop-
tion of simufation strategies, which guide the design
and implementation of simulation models. These
strategies capture the design decisions, which perme-
ate throughout the simulator. The strategies create a
common vision in every domain engineer's mind on
how ubiquitous simulation problems will be addressed.
Furthermore, they tend to reduce the number of non-
essential variations to which the domain would other-
wise have to adapt. The simulation strategies identi-



fied so far include: notification of electrical power, no-
tification of malfunctions, assessing ownship dam-
age, tracking real versus computed values, and
tracking commanded versus current values.

Management Aspects

How can our project management approach help ad-
dress the problem of domain integration? We expect
there to be little sharing of subject matter experts be--
tween the different sub-domains,; so cooperation
between the sub-domains will be primarily a function
of schedule and organization.

Cur planning approach anticipates two distinct plan-
ning cycles: increments and iterations. /ncrements
represent a management decision to invest sufficient
resources tc incorporate additional capability into the
domain baseline. [Iterations are complete or partial
cycles through the Synthesis process. There may be
many iterations within an increment. We do not plan
to require sub-domains to proceed in concert for iter-
ations -- but we do pian to require sub-domains to
proceed in lock step through the increments. This is
less structure than might first appear because the
planned increments are fairly large and broad -- the
current pian is one increment between now and Cc-
tober 1995. Figure 5 illustrates the increment/iteration
relationship.

In contrast to schedule, we expect our organization to
provide substantial assistance. Figure 6 illusfrates
the current DE organization. This figure indicates
that the very heart of the DE organization is the AVTS
Domain Integration Team. This team exists to con-
trol changes that effect multiple sub-domains, and

Cuzkiy Mansgemont Sawd

Sub-Domain ©
iterations

Sub-Domain A
l{erations

Sub-Bomain B
lterations

Figure 5: Increment/lteration Relationship

resolve such issues for the benefit of the entire
domain. As such, its members have to maintain a
systems mindset -- never seeking to optimize oné
component at the expense of the system. Notice al-
s0, that the twelve distinct sub-domains.are grouped
into systems groups, again following the principle of
localization. The systems group leaders are required
to have experience across the sub-domains within ~—
their jurisdiction. ' ' '

Relating to Non-Domain Engineeted Models

The demonstration project is focusing on Jeveraged
reuse, i.e., products and product fragments uniquely
built to be reused via defined processes. However, it
is not clear how well this approach will support the
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Figure 6: DE Organization
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attempt to ulilize opportunisticreuse, i.e., reuse based
on the availability of existing assets. We should note
that re-engineering of exists models does not in itself
satisfy the AVTS requirement of providing adaptable
models. .

The central empowering concept in the domain is the
insistence on a strong architecture. Only-through such
an architecture is leveraged reuse even possible,
however, it does create specific limitations for oppor-
tunistic reuse; namely ho component is-usable which
- does not-conform to the architectural constraints. If a
component existed that conformed to the architecture,
but was not developed through the DE process, it
would be ideally suited for opportunistic reuse -- this
however is very unlikely.. Systems that impose a
strong architecture for themselves are rare enough --
what is the chance that another system uses the de-
rived architecture for AVTS?

Therefore, any component which is a candidate for
opportunistic reuse will require some degree of re-
engineering. In most cases, this may be relatively
small. If an existing model cleanly encapsulates some
functionality (say a single DARTS component), then
the required re-engineering may be a simple as iden-
tifying and reconciling the interfaces. Once again, this
is unlikely. There are as many ways to partition a sim-
ulator system as-there are such systems, so evenif a
given model well encapsulates a problem within the
context of its originating simulator, it probably crosses
several partitioning lines in AVTS. The most likely
case is that a single model wiil require pariitioning {0
meet the AVTS partitions. In the worse case, a model
may be based on assumptions that are dependent on
data that in not available to an AVTS model. : Such
models would have to be re-designed.

None of these outcomes is satisfactory. Actual expe-
rience has shown that it is much better to use the
existing assets as examples of what the leveraged
sub-domains will have to provide rather than whole-
sale substitution. There is no substitute for actually
performing the DE process, however, access to a rich
collection of legacy assets can dramatically reduce the
resources required and the risks incurred. )

The most useful non-engineered mode!s will be those
© that apply a sirict separation between physics and
- controls -- & long standing tenet of modeling technique.
Obviously the physical model is based on a very siow
changing baseline {the earth} while the control model
varies with each specific aircraft. Therefore, there is
more opportunity for standardization and commonality

with physical models. Models that cleanly divide be-
tween physics and controls tend aiso to have a clear
interface, which again reduces the challenge of inte-

- grating them into the AVTS architecture.

Relating To A Reai Product Acquisition Project
Megapregramming makes no pretense of being a via-

- ble economic model unless both life-cycles are

healthy. Most of this discussion has related io the
challenge of domain engineering, but this is only the

- first-part of the story. The products and processes of

the domain have to be used by some actual applica-
tion for there ever to be a payback from domain
engineering.  In fact, the envisioned situation would
be several application project competing for instances
from the domain. ‘As discussed, the AVTS demon-
stration project has the T-34C FIT for its application
project. -‘While this simulator is very attractive from
scalability and resource conservation aspects, it pro-
vides limited benefit in validating the domain engineer- ~
ing objectives forincrement one; supporting a range of
T-series aircraft with this first increment of domain
engineering. Furthermore, the project lacks sufficient

-resources to achieve full scale domain engineering in

all of the thirteen sub-domains in increment one..

The transition of megaprogramming of applications to
the esoteric world of academics to the real world is a
chaillenge that requires an incremental approach to

* the depth of domain engineering. The concept of full

exploitation of all of the separate sub-domains at one

- time flies in the face of both synthesis and common

sense. The Navy wishes to grow a product line of syn-
thesis based simulators which would include the T-45,
T-44, and the T-34C. The necessity is to rigorous[y
model the domains in a manner that allows them to be
expanded to include all of the vehicles in the product
line. The process of concurrently synthesizing thirteen

highly interactive sub-domains in 2 manner broad

enough to cover three air vehicles would be extremely
risky. The objective of first iteration is to approach the
different sub-domains with varying level of domain
development. The limit on utilization of the T-34C FIT
as a prototype effort affords the DE & AE team a sim-
plistic first iteration approach to synthesis.

The domain engineering team has decided to deveiop
certain areas in a point solution method. For the point
solution methods the sub-domain is concentrating on
creating a model which is T-34C specific. Concurrent
to the development of the point specific solution the

sub-domain engineers are developing standard inter-

faces which will afford later growth. An example of this
concurrent development is the sub-domain of
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propulsion. The T-34C engine is being specifically
modeled and will have no variation in that model.
However the variables, and struciure of the model will
allow the development of the domain in later incre-
ments in a manner which includes other gas turbine
engines.

The domain engineering team is fully developing other
sub-domains. These fully developed sub-domains will
give the application engineer the ability to create new
instances of the family if they has the correct data.
One example of a fully developed sub-domain is tlight
dynamics. The full development of the domain will al-
low the application engineer to develop the correct
flight dynamics model if they have the correct aerody-
namics data. The growth of the sub-domain to include

the other instances of the family line will require only -
the inclusion of the aerodynamics. The full develop- -

ment of other sub-domains is also requirement and
data drivei.

There are certain instances of the sub-domains which
are not required for the product line of trainers. An
example of these components are weapons. The T-.
34C, and T-44 do not empioy weapons and for that
reason the sub-domain of weapons is deferred to a
later date.

The delineation of the methodology to synthesize do-
mains was a critical step to gaining the capability of

-developing a synthesis based training system within

the restraints of money and time. To assist us in the
conversion of esoteric academics to robust reality we
have physically separated the applications engineers
from the domain engineers. While at first glance this
may appear to separate the customer from the pro-
ducer it appeared to us to be essential. It was appar-
ent to us that if we had the AE & DE in close proximity
to each other it wouid be easy for the AE team to drive
the DE team to the T-34C solution and not to the prod-
uct line solution.

Finally, we are committed to building a graphical rep-
resentation of alternative cockpits in the product iine.
This virtual cockpit will give us the capability to exer-
cise instances from the AVTS domain intended for
platforms planned in the domain evolution plan, with-
out incurring the cost and risk associated with use of

_ actual simuiator hardware. Furthermore, a virtual

cockpit, graphically based, with a rapid prototype ca-
pability provides us a way to perform meaningful
module tests and accomplish preliminary hard-
ware/software integration.

Controlling Adaptation

Performing domain analysis is like riding a roller coast-
er -- there are highs when the domain seems perfectly
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- suited to the process, and lows when it seems that the
- domain will never come together. It seems that the

highs and lows are related to the depth of analysis in
layers. Consider the following example.

At first glance, AVTS seems much too complicated to
be a viable domain -- too many different kinds of air-
craft and types of simulators. However, a litlle analy-
sis reveals some important commonalities -- a simu-
lator has some kind of flight dynamics, flight controls,
and environment models, and instructor capabiiities
However, further analysis (particuiarly in the avionics
sub-domains) tends to re-agitafe worries about the vi-
ability of the domain -- there are so many different
equipment suites, much less the dozens of each kind
of equipment (how many models of TACAN are there
in military aircraft?).” But once again, further analysis
reveals the viability question -- yes, thers are lots of
different TACANS, but everyone of them requires es-
sentially the same bearing calculation.

Another aspect of the problem is the reasonable deci-
sions for an application engineer to make. For exam-
ple, one can imagine an application engineer that can
select the correct TACAN part number, but can they
be expected know what the correct sweep rate is for a
compass bearing pointer driven by a particular modet
TACAN is while searching for a station lock? While a
TACAN designer may know such things, will they have
the breadth of knowledge to make other decisions in

the sub-domains, much less the AVTS domain at
large. A decision mode! this compiex would likely re-
quire the application engineering organization to
import design level experts -- in which case, how does
the domain show a return on investment?

The foregoing discussion illustrates that the specific
level of detail captured in a decision model will play a
large role in our sense of how viable a domainis -- and
thereby what its likely return on investment wili be. We
have no satisfactory answers to this issue and plan to
experiment with different solutions. 1dentificafion of a
guiding principle for decision model complexity is a
critical need for extending this approach to domains
outside of the demonstration project. o

Leveraging Extra-Domain Assels

A training simulator is {potentially) a very complex
systern. Upon casual reflection, one envisions the do-
main of training systems as a collection of various _

mathematical models interfacing with some kind of

replicated crew interface controllable by some kind of

- operatorfinstructor device. While this is a reasonable

simplified picture of the simufator, it does not begin to
address the complete component set of the entire_
system. Figure 7 illustrates the broader view of a
training simulator in which our domain exits. -
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Figure 7: Training System Elements

While all of these system elements hoid out good :
prospects for a reusable approach, the funding and
scheduling constraints of the demonstration project
would not permit examination of all possible elements.
Therefore, we carefully considered what elements
would constitute a minimal, yet complete system.

The operating hypothesis of the demonstration project
is that while other system components such as mis- -
sion generation, mission debriefs, etc., are significant
resource consumers in training systems {and probably
viable sub-domains}, the appropriate focus for our
work effort in the demonstration project are training
system sofiware elements active in a training session.
There is no particular reason that those elements out-
side of the current AVTS domain boundaries could not
be eventually included in‘the AVTS domain, or per-
haps supported by a complementary domain.

Therefore, the demonstration project will have lever
aged assets not created in the domain. For software
. assets, this does not present a serious problem. The
SEE is fully capably of providing files that were not
created in the course of domain engineering. The ma-
jor problems will arise with acquisition of these assets,
and interfacing to them. We expect that strong par-
ticipation by NAWCTSD will .open access to existing
suitable assets. We plan to treai the interfaces to such
assets as a routine variability of AVTS. Finally, the
demonstration project has arranged for short run re-
laxation of some of the typical training system support
requirements. For example, the increment one objec-
tives include a sharply limited I0S requirement.

On the other hand, the non-domain hardware may
present a substantially greater cbstacle. Consider the
simple example of the target computational System.
The SEE exists on DEC engineering workstations us-
ing the VMS operating station. While some realtime
applications have successfully utilized VMS (notably
- Manned Flight Simulator), it is unlikely to be a satis-
factory answer for most applications in the domain.
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Applications will expect the SEE to provide cross-
targeting capabilities, which are non-trivial to integrate.

A separate hardware problem is the stimulate/simutate
debate. We plan fo treat the decision to stimulate as a
special case within the scope of the AVTS domain’s
variabilities. Of course, the various simuiation ap-
proaches are routine aspects of the AVTS domain's
variability. '

CONCLUSION
The STARS goal is to increase software productivity,
reliability, and quality via a paradigm shift; synergisti-
cally integrating computer-based support environ-
ments for modern software development processes
and advanced software reuse concepts. . We believe
that the STARS approach may provide breakthroughs
in the difficult problem of rapidly creating-quality real-
time simulator software. The STARS Program is en-
tering the demonstration phase, with a Navy cospon-

. sored effort to apply the STARS approach to the

construction of a T-34C Flight Instrument Trainer.

However, these capabilities are not easy to deliver.
Some of the difficulties in creating a domain of simu-
lator software are: (a) the size and scope of the prob-
lem area (b} non-specific variabilities between users,
and (c) the not-invented-nere syndrome. The real
world considerations of funding and schedule con-
straints, combined with constantly evolving require-
ments apply to the demonstration project, just as they
do to more traditional projects. Never-the-less, expe-
rience deriving from the series of megaprogramming
pilots has created high expectations for a technical
success. T
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