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ABSTRACT

The Defense Department has instituted an aggressive intiiative to cut sofiware costs by requiring contractors
to build refiable, maintainable, and reusable software. The STARS program and the Ada praogramming language
are an outgrowth of this initlative. An effective software development methodology for meeting these require-
ments Is Object-Oriented Development (OOD). However, experience has shown that the adoption of OOD is not
only & technical Issus but an organizational issue as well. There can be significant barriers o successful Object-"
Oriented Davelopment If the engineering organization is structured along functicnal lings, as many companies
ourrently are. Examples of these barriers are in the areas of software ownership and management, cost account-.
ing and work breakdown structure, and geographical considerations. In crder to overcome these barriers and to
exploit the full henefits of GOD, a company may need to analyze its structure and be open to potential changes to
its culture, its engineering policles, and its sofiware organization,

INTRODUCTION

Realizing that the incorporation of new software develop-
meant methodologies is not always an exact science, CAE-
Link has afforded its engineering staff the entreprensurial
freedom to explore alternaie, possibly radical, approaches
for achieving this incorporaiion. This paper resulted from

such an exploration performed in connection with the soft-

ware development an the B-2 Aircrew Training Device (ATD)
Project.

Cne of the maost significant emerging requirements for
ATDs is device availability. The users of training devices
have become aware through painful expetience that an ATD
has very little uiility unless it is up and operational for a high
percentage of the time for which it is needed to provide train-
ing. To support {his need, the specifications for current ATDs
often require the device to have availability rates of 95% or

better. This means that after the ATD has been deployed, the .

time used for isclating and repalring problems or for making
modifications can.be no more than 5% of the potential train-
ing time!

This requirement imposes severe constraints on the de-
velopers and maintainers of ATDs. Why is avallability so criti-

cal? First, the effects are of long duration. The benefits of

high availability or the detriments of low availability are felt
throughout the entire lifetime of the device, Secondly, the
complexity of ATDs has increased dramatically. This in-
creases the need for the capabllity to isolate and repair prob-
lems quickly because the probability of latent problems is
Higher, In addition, the probability for potential- modifications
has increased. Rapid changes in technology and develop-
ment of new capabilities result in frequent changes to the
aircraft, and to b useful, the ATD must keep in step. Lastly,
many ATDs are being developed concurrently with the actual
aircraft, which means that aircraft daia, characteristics, and
cn-board equipment are constantly eveolving. The added
complexity and rapidly changing nature of the aircraft have
underscorad the need for operational trainers while, at the
same time, making it increasingly more difficult to achieve
this availability.
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Even though the availability requirement pertains o the
maintenance phase of the ATD, it can only be accomplished
if availability considerations have been built into the basic

design of the device. In order for the device to achieve the

required availability ratio, the designer/developer must
employ a software design methcdelogy that supports rmain-
tainability (which is defined fo be the extent io which errors

- can be isolated and corrected) and modifiability (which is
defined to he the extent to which modifications can be made

effactively). Object-Oriented Develapment (OOD) has bean
recognized as & methodology that has advantages over
Functional Decompaosition for meeting these requirements.
Many companies, with the enthusiastic_ consent and encout-
agement of their customers, have based their software archi-
teciure on an abject-oriented paradigm in a conscious at-

‘tempt to enhance ATD availability.

However, the engineering departments of these compan-
ies are often structured along functional disciplines. The ma-
jor thesis of this paper Is that there may be significant barriers

" 1o effective OOD when attempted within the context of a func-

tionally orienied engineering organizatian. In other words, the
successful implemeantation of the OOD development method-
clogy is @ management issue as well as a technical issue. In
fact, the advantages of OO may be limited if the company
views Its incorporation as only a technical Issue. This paper
describes soma of the organizational barriers that may exist;

and proposes ways of eliminating or mitigating their effects.

WHAT 15 00D?

Before describing these barriers, a brief discussion is

_ presented which outlines the principles of the OQOD methodal-

cay, some of its advantages for enhancing ATD availability,
and iis relationship o the Defense Department’'s standard
programming language, Ada.

" OOD is a software development methodology hased on
constructing a system from a collection of software modules

_ called objects. “An object comprises both & definition of a

data [structure] and the operations that may be performed
on that data.” 1. Therefore, “systems are modularized on




the basis of their data struciures” [, rather than on the basis
of functionality. Moreover, all of the opgrations on that cata
structure, i.e., all processing routines that affect that data or
- have knowledge of its form, are contained within the same
software madule as the data itself. For an ATD, examples of
objects are fuel tanks, radios, targets, wind gusts, or aircraft
position and attitude.

The advantages of 00D for ATD development are man-
ifold. A statement of what a program does is far less useful
than a statement of what the program is.” 181 The software is
easier fo understand because the software modules (the
“solution space”) more closely resemble the real world enti-
ties (the "problem space”). “Systems more closely model
the real world, and are easier to maintain and madify” 31, Due
ic the closer association of the problem space and solution
space, the effects of changes ftend to be better isclated; a
change to an entity in the real world affects fewer software
madules. In addition, it is generally easier to identify the mod-
ules that are affected. The COD methodology realizes these
advantages especially well in data-driven applications,
where the modifications to be made are manifested in
changed data specifications. An ATD Is largely a data-driven
application, and thus is well suited to this msthodalogy.

- In addition, there exist two basic principles of software
engineering that help manage the complexity of the develop-
ment of large systems: abstraction and information hiding.
Abstraction involvas the identification of the properties that
are essential to the problem, while omitting unessential de-
tails. Information hiding involves encapsulating in one place
those details which do not affect the rest of the system, and
making them inaccessible to the rest of the system. Judicious
use of these two principles tends to produce higher-quality
sofiware. Object Oriented Development, by abstracting the
essential details of objects and encapsulating -their data re-
presentation with their operations, supports both abstraction
and information hiding. “Abstraction and information hiding
form the foundation of all abject-oriented development. "

Object Oriented Development also bears a natural rela-
tionship to one of the Defense Department’s emerging re-
quirements: the use of the Ada programming language. Ada
was designed to embady software engineering principles
such as abstraction and information hiding by praviding such
programmiing structures as packages. According to Donald
Reifer, a noted consuliant in the Ada community, *Ada is pri-
marily a packaging technotogy.” An object, which consists of
the definition of a data structure along with the corresponding
operations, is generally implemented as an Ada package
{the implementation of an object is often called an Absiract
Data Type or Abstract State Maching). Indeed, Ada has been
classified as an “ohject-based” -language because of its
support of abstraction and information hiding. Ada and QQOD
form a natural parinership for meeting the softwars engineer-
ing ochiectives of maintainability and modifiability, and thereby
promoting ATD availability.

For these reasons, QOD is a methodology warth incorpo-
rating!

A REPRESENTATIVE CBJECT

~ But, as stated above, arganizational barriers to eifective

- OOD can exist. As a means for ilustrating these organization-

al barriers, a typical chject, a fuel tank, is now defingd. Within
the singie software module {package) that defines the fuel
tank are coniained the data that represent the abstraction of
iha fuel fank (i.e., ihe atiributes of the tank that are periinent
to the application) along with all operations that affect the
tank.

Examples of pertinent fuel tank atiributas for an ATD may
be such entities as capacity, number of compartments, cur-
rent quanitity of fuel, current temperature of fuel, number of
valves, etc. Other attributes of a fuel tank, such as the type of
metal from which it is made, are not pertinent to an ATD and
therefore are not included in this ahstraction. Examples of

- gperations on the tank may be a function far camputing cur-

rent quantity, a function for determining the effect of the
guantity on the weight and balancs of the aircraft, a function
for preparing the quantity for display on an instructer station,
etc.

Therefore, many different types of operations may coex-

ist within a single QOD software module. The operations are
grouped together because they all pertain to the object (i.e.,
the fuel tank) and require knowiedge of its structure, notbe-—

cause they perform similar functions. A properly constructed
object is internally cohesive (all operations within the pack-

age are related to the object) and ioosely coupled to cother .

objects (all operations that pertain to that object are part of
the patkage). In this way, the effect of any changes o the
real world fue! tank tend to be Isaolated to the fuel tank object.

BARRIERS TC OQD

~ Even though COD is an advaniageous software develap-
ment methodology o adopt for ATD production, there can
exist significant organizational barriers io be considered

when the engineering departments are structured along func- __ _

tional lines. Some of thess barriers are Software Ownership,
Documentation Ownership, Work Breakdown Structure and
Time Charging, Management, and Logistical Barriers.

- Software Ownership refers to.the crganizational and cul-

. tural need for departments and individual englneers fo “own”

software. For each sofiware module, a section of the organi-
zaftion must be assigned that is responsible for the module’s
design, development, and sontrol. Culturally, enginesrs are
often very protective of their software. In a functionally ori-
ented software development methedology, this assignment is
generally straightforward and maps logically to the functignal
crganization.

However, when using an QOD methodology, the organi-

- zation must encourage several functional groups to contrib-
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ute functions to a single software module. This is because
the unit of modularity, an object, is operated upon by several
different types of cperations. In the example of the fuel tank
presented above, the function for computing tank guantity
may be provided by a fuel flow expert, the function for weight
and balance by a forces expert, and the function for display
by an instructional systems expert. In a functional organiza-



tion, these individuals are generally in separate departments.
Which department owns the fuel tank object?

The answer is that these objects are not the sole proparty
of any one department, but belong to the system as a whole.
Such a concept, however, is usually anathemaiic 10 a func-
tlanal crganization; this type of software ownership appears
to be too loosely defined and unmanageable. In addition,
some functional groups begin to develop an identity ctisis.
Thelr software doesn’t "belong” to them any more, but in-
stead is scattered and integrated into “somecne else’s"” soft-
ware. [n a culture where software ownership is closely related.
to department affiliation, a group can feel that their identity is
threatened by O0D.

The second barrier, Documegntation Cwnership, is akin to
Software Ownership, but manifests iiself in the documenta-
tion. This issue is described separately because the produc-
tion of high guality, useful, specification-compliant documen-
tation is so often such a difficult process that adding
additional complexity is especially enerous to management.

If the software [s “ centrally owned”, should the documen-
tation alse be owned by the system? For example, should the

design of the fuel tank be contained in a single design docu-

ment whose component parts are collected from several dif-

ferent functional departments, or should each department -

© maintain its own documentation that contains only those
parts of the software for which that department is directly re-
sponsible? If there Is one central document, how is it man-
aged so that zll component paris are consistent and up-to-
date? There may even be problems in getting such an
eclectic document to *read correctly” . Production of object-
- oriented documentation Is difficult for a functional organiza-
tion.

Work Breakdown Structure and Time Charging barriers
are even more significant than Ownership issues because
they invalve not only engineering but .also accounting and
possibly legal considerations as well. Companiés must pay
scrupulous attenfion to proper Hime accounting or possibly
face dire consequences, especially on Government con-
tracts. Shoddy practices in this area can result in withholding
of payments, heavy fines, or loss of bidding privileges. Con-

victions can lead to severe loss of profit, or even put the com- -
pany out of business! Companies must ensure that the work

allocation and the work being performed correlates correctly
with the time accounting.

This correlation usually falls out quite legically when the
organization and software products are structured along simi-
lar lines, such as when both are functionally criented. The
engineers in a particular functional department charge o that
department’'s accounts while developing “that depart-
ment's” scftware. When the software structure is object-ori-
ented and the organization is functicnally oriented, however,
the time charging may not be quite so ciear. For example,
when an engineer assigneéd to the Instructicnal Systems de-
pariment develops a display function for the fuel tank object,
is that engineer working directly for the Instructional Systems

department (and therefore should be charging an [nstruction-
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al Systems account), or is the engineer “subcontracting” to -

the Aircraft Systems department (and therefore should be
charging an Aircraft- Systerns account), ot is the engineer
merely working on the fuel system (and therefore should be
charging a Fuel System account)? Any of the above answers
may be corract depending on the structure of the accounting
system. The point; however, is that the way in which the com-
pany’s accounting system and work breakdown structure is_
organized may need to be scrutinized and possibly revamped
so as to record titme charges correctly and legally, and pro-
vide management with relevant and useful status information.

This leads o the next barrier: Management. As in earlier
barriers, since there is an “apparent disconnect” between
the structure of the arganization and the structure of the sofi-
ware products, the functional managers may have & mare
difficult time performing their management duties. The fradi-
tional management metrics for monitoring smployee’s per-
formance and statusing the progress of the software are not
as straightforward to apply because the software products
are not as closely associated with the depariment and with

" individual engineers. Whereas traditionally a manager could

assign a functional software entity to an engineer and then
status that entily, the engineet’s work néw tends to be scat-
tered amaong several software entities, and each entity répre-

sents the work of several engineers. This requires new tech- .

niques of “dipsticking” in order to measure pregress and
sarned value. ‘

A releted concern is the management of computer re-

sources. In order to manage the use of compuier time and

memory, and to provide exira quantities for spare and growth
potential, a department is generally given a resource budget.
With a functional development methodology, the software be-
jonging to a particular department is typically allocated to a
particular computer processor or set of processors, This fa-
cilitates the comparison of resources expended to resources
budgeted. With an chject-oriented software structure, the re-
source budgets are .assigned o objects. Since several de-
partments may contribute to the development of an object, it
is more difficult to manage this budget and to correct over-
runis. Who is responsible if the fuel tank object described
above is over budget? How are recovery plans formulated?

Logistical barriers can exist when major functionat divi-
sions of the svsiem are produced in different geographical
regions of the company, or are subcontracted 1o other com-,
panies. With a functional erganizatian, it is quite common and
natural to “carve out” a major function, such as a visual sub-
system or a mission generation station, and assign the devel-
opment of that subsystem to a group of engineers that is
physically removed from the other system developers. If a
similar strategy is employed when an object-oriented devel-
opment methodology is being used, it is more difficult te inte-

grate the work of these engineers into the software objects

that comprise the system.

A case could be mada for keeping these major function'_al

subsystems removed from the software objects. How could

something like a visual subsystem exist as part of other ob-



jects, and why would such an attempt even be made? As -

foreigh as this concept might first appear, it may actuaily be
advantageous from a sofiware engineering standpoint to
embed visual generation functions within software objects.
Thus an object that represents a target in the gaming area
could possess a visual generation function o produce the
visual image of the target, similar to the display function for
- the fuel quantity that was discussed in our representative fuel
tank ohject. Even though this concept appears extremely
radical, it may actually promote maintainability and modifi-
ability by isolating the effects of any latent errors that exist in
the target simulation, or by easing the incorporaiion of new or
different kinds of targets.

The fact that companies that are organized along func-
tional lines have traditionally identified major functions and
physically removed their developers may pose logistical bar-
riers to the production of highly cohesive and loosely couplad
objects. The software developed in other geographical loca-
tions tends to be struciured functionally instead of incorpo-
rated into the ATD system objects. This section of the paper
has described several barriers that exist when attempting an
00D development methodclogy within a functionally oriented
engineering organization. Although these barriers manifest
themselves in different ways, their genesis derlves from a
common fact: the software development miethodclogy and
the underlying organization must be aligned so as not o func-
fion at cross purposes.

ALTERNATIVE SOLUTIONS

There are several ways by which a company may choose
- fo deal with the dichotemy of a functionally oriented organiza-
tion and an object-criented development methodalogy.
Three alternative solutions ihat are discussed here are Re-

tain the Functional Organization With Little or No Change,

Implement an Object Oriented QOrganization, and Retain the
Functional Departments but Implement Object Qrientation at
the Systemn Level.

The first solution, Retain the Functional Organization With
Little or No Change, represents the easiest to implement
from @ management point of view, The current crganization
remaing intact, the current managers continue to manage
functional groups, and engineers are not reassigned. The en-
gingers ars merely instructed to develop their subsystems
with an.object orientation.

Even though this approach has the least impact on the
organization, experience has shown that it also pravides the
least potential benefit. The goals of OOD are often: realized
only in a limited fashion, because the development of main-
tainable, modifiahle, and reusable objects occurs enly at
very low levels, .e., where all of the applicable operations
associated with the object fall within the natural purview of an
existing functional depariment. With a functional organization
it may be difficult to extend the advantages of OOD 1o the
system as a whole.

There are several reasons why the advantages are not
fully realized. First, even though the traditional set of cpera-

tions on an okject or a subsystem Is generally belisved to
contain “all applicable operations”, it usually containg only
those operations that are of interest to a particular functional
department. For example, when a fuel tank object is devel-
oped by an airoraft systems department, it typically contains
anly operaiions that pertain o the fluid dynamics of the fus
tank. Other operations, such as functions to display aitributes
of the fuel tank on an instructor station, are still physically
implemented in a different software module {such as a "dis-
play object”) that is developed by a different functional de-
pariment. The malior reasan for splitting these operations inio
two different objects is the functional orientation of the organi-
zation.

The result of this division, however, is that it is necessary -
to pass information about the fuel tank from the fuel tank ob-
ject to the display object. This leads to objects that are more
fightly coupled and increases the number of interfaces.
When problems exist; it is more difficult to Identify the location
of the problems and has a negative effect on maintainability.

A second reason for diminished benefit is that information
hiding usually is not exploited. A poweriul feature of Ada for
providing information hiding is the private type. In Ada, "ob-
jects are denoted by instances of private or limited private
types” I8, Implementing an object as a privaie type allows all
information about the object that is not needed by other soft-
ware to be “hiddan” within the object package. This hiding
tends to localize the effect of changes and thereby enhance
modifiability. It follows that not exploiting information hiding
has a negative effect on modifiability. :

A functional organization usually finds it difficult to make
widespread uss of private types. Often this stems from a tra-

- ditional division of labor that implements certain “system-—

wide" furictions as separate sofiware instead of integrating
these functions within the objects. This Includes such func-

tions as management of various ATD modes (e.g., real-time

or mission fraeze), saving and restaring the current state of
the system for repeating portions of the mission, or debug

functions usad for checking out the software. Since these

funciions are implemented separately, they need 1o know the

- structure of each object in order to save its state or examine

it for debugging purpeses.: This need for-a global view pre-
cludes the implementation of the objects as private types.

An example from the author's experience fllustrates the
detrimental affects that can result from not hiding information.
A particular software system that performed canfiguration
management contained an-object that represented software
part numbers, The maximum size of this object was set at

- eight characters (i.e., 2 part number could consist of no

more than eight characters). This piece of information was
not hidden from the other software in the system, however,
with the result that many software modules, including those
that created operator menus or generafed reports, were
predicated on the eight-character maximum. When the re-
guirements changed, and it became necessary for the part
number to be greater than eight characters, the effect of the

- change was felt throughout the system, many modules had to
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be redesigned, and a significant period of time was needed
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fo incorporate the change. If information hiding had been
used, the other portions of the system wolild have been re-
quired to query the part-number object to determine its size,
and the change would have been isolated to that one object.

Therefore, even though the impact on the organization Is
minimized, a company that is planning to adopt OCD as a
development methodology without contemplating any corre-
sponding organizational changes should be aware that the

theorefical benefits of OOD will be diminished significantly.:

Forward-looking companies should investigate the possibility
of moving beyond this alternative.

The second solution, Implement an Chject-Criented Or-
ganization, represents the other end of the solution spectrum,
in this case, the potential benefits of OOD will ikely be maxi-
mized, but the impact on the organization will ba far-reaching
as well, In order to put this solution in place, géneral classes

of objects are ideniified, and departments are formed that are

responsible for the production of these objecis. Typical
classes of objects could be "éngings”, "electrical systems”,
or maybe even smaller entities such as “pumps”. Note that
the pump department, shouid one exist, is then responsible
for all operations related to purnps, including computing pres-
sures and {luid flows through the pumps, as well as preparing
information about the pumps for display purposes.

The result of this effort is the production of robust, self-
contained, reusable sofiware object companents, implam-
ented as private types, that are placed “on tha shalf” for use
in other applications. Conceivably, a set of software pumps
applicable to various ATDs could become as standardized
as the set of hardware pumps used on the actua! aircraft. As
is probably obvicus, howaver, the effects on the company of

_implemanting this solution are ouite drastic. The reorganiza-

tion is massive, virtually all of the engineers are uprootad and

nossibly isolated from their current colleagues, and manag-

ers nead o be trained in entirely different management tech-.
nigues. In fact, the management methodology for this style of

organization is substantially different than for a functional or-

ganization and would first have to be formulated. Such a

chahge requires careful planning, and has to be phasad in

gradually to avoid fotal disruption. Due 1o the risk of unknown

contingencies, it should be prototyped on a small project or

as a research and development effort.

Ancther stumbiing block 1o the impiementation of this so-
luticn is that experience with the OOD methodology in the
ATD application is relatively recent, and there is not yet gen-
eral agreement on what constitute the “good™ object classas
for an ATD. Before the organizafion is so¢ totally revamped,
thera should be a very high confidence factor, based on in-

formation gathered on several projects, that the cbject de~

partments represent a proper and workable arrangement.

Therefore, a company contemplating an object-oriented
organization should be aware of the degree of disruption in-

- herent in this appreach, and implerment it carefully and gradu-

ally in a phased-in manner over a fairly long pericd of fime.
With proper implementation, however, this type of organiza-
tion will probably realize the greatest advantage from the

QOD.methadology, and be able to produce very high quality
software, while providing economic henefiis to the company
through enhanced reusability,. Companies should sericusly
consider this alternative as a lang-range goal.

Tha third solution, Retain the Functional Depariments but |
Implement Object Orientation at the System Level, repre-
sents a compromise betwean the first two solutions. By the
term “system level" is meant e ievel of the project that infe-

. grates together the various functional subsystems 1o form a

cohesive training “system”. The advantages of this solution
are that better system-wide objects are praduced than with
the first solution, but the crganization does not experience’as
disruptive a restructuring as with the second solution,

Howeaver, since this solution is reconciling object-ori-
ented soffware with a functional crganization, mare martdge-
ment and ¢oordination is needed at the overall system fevel,
This coordination is achieved by the following organizational
fechniques: a Systems Engineering discipline to manage the
overall system, a Scftware Engineering discipline to manage
praoduction of shject-oriented software, a set of Functional
Dapartments 1o produce the object operations, and a method
of “internal subcontracting” to allow Systems/Software Engi-
neering to produce specifications which are then subcaon-
tracted 0 the Functional Depariments for- imptementation.
These crganizational entities are better defined by their re-
sponsibility and division of labor than by the type of personnet
they contain. The Systems Engineering discipline is typically -
composed of senior engineers fram the various Functional
Depariments along with overall Program Engineers who are
concermned specifically with such issues as refiability and in-
terface management. When the senior functional engineers
are wearing their * Systems Engingering hats”, however, they
rmust be concernad with the overall ATD training system rath-
gr. than particuiar applications,

The dutles of Systemns Engineering are to anaiyze the
specification of the ATD and formulate a top-level system
design.- This design datermines the overall functionality that
the ATD must possess and outlings how each of tha specifi-
cation requirements will he metf, as. well as defining what
functionality witl be provided by hardware and what funcfion-
ality will be provided by software. Systems Engineering de-
signs the system.architecture or “framewaork” thatis used to
connact all of the various software and hardware subsystems
inta 2 cghesive training device and.supervises the actual-
construction of the device. Systems Engineering is then re-
sponsible for ensuring that all system components meet
overall design criteriz, and that they all function together
praperly to,providge the required ATD functionality. This disci-
pline is also responsible for developing the Systemn Test Plan
to coordinate the testing of the entire ATD, and for collecting
and managing the overall ATD documentation, In this way,
the device as a whale, s “owned” by Systems Engineering
rather than by the Functicnal Depariments. Although the de-
vice is owned by Systems Engineering, the actual develop-
ment of the software componenis that are needed is
“suhcontracted”™ by Systems Engineering to Software Engi-
neering.



Software Engineering Is typically composed of lead engi-
neers from the Functional Depariments as well as computer
scientists who understand and guide the object-oriented de-

velopment process. The duties of Software Engineering are’

to analyze the software requirements allocated to them by
Systems Engineering, and to produce a software design that
ouflines tha overall software architecture for constructing the
software subsystems and identifies the required sofiware ob-
jecis.

The soltware design developed by Soitware Engineering
is at a lower level than the overall system design of Systems
Engineering, but at a higher level than the detailed design of
the individual object operations. Notice_that in order to
achieve the full benefit of 00D, these objects should be im-
plemented as Absiract Data Types using the private type

" mechanism of the Ada language. The private type capability

means that all operations that have knowledge of that object
must be in the same package. Therefore, the design of the
obiects must specify the total functionality that the abjects
must possess. For example, the design of an object such as

‘the representative "fuel tank” discussed earlier must consid-

er not only “normal” -functions such as fuel flow, but also
such "special” functionality as saving the state of the cbhject
for trainer reset, and displaying the AGSIl representation of
the object on an Instructar Station terminal.

The Software Engineering discipline, after specifying the
cbjects that are needed, determines whether each object
must be built or whether it can be procured from the reusable
object library.. If it Is decided that an object can be procured,
an analysis is then performed o determine whether tha ob-
ject can be used as it currently exists or whether its function-
ality must be extended {i.e., whether additional operations
musi be developed). From this analysis, a iotal list of opera-
ticns that must be developed is formulated. Software Engi-
neering also davelops the overall Sofiware Test Plan used to
test the entire software complement of the ATD, and coordi-

nates the overall software documentation. in. this way, the

software objects, the software framework, the software docu-
mentation, and the software test plan are all "owned” by
Software Engineering.

Software Engineering is responsible for the management
and coordination required to pull the entire sofiware system
together. The actual development of the object operations is
subcontracted to the Functional Departments by Software
Engineering. Notice that operations for a single ‘object may
be subcontracted to several different Functionat Depart-
ments, The duties of the Functional Departments are to ana-
lyze the reguirements produced by Software Engineering,
and develop the detailed design of the object operations. It is
at this level that the actual algorithms and mathematical
equaiions o accomplish the required operzations are formu-
lated: The Functional Departments produce individual docu-
mentation for each of the operations, which is then collected

info coherent, specification-compliant software documenta-
tion by Software Engineering.

Finally, the Functional Deparimenis design test proce-
dures for the operations in accordance with the Software
Test Plan developéed by Software Engineering. Notice that the
work performed by the Functional Departments in this.organi-
zaticn is very similar to the work performed by Functional De-
partments in a strictly functional organization. The main dif-
ference is thai the software (in particular, the structure of the
objects) is cwned and managed by an organization that tran-
scends functional boundaries and limitations. )

CONCLUSION

Seeking successful fulfillment of emerging requirements
of Aircrew Training Devices has caused companies io re-
evaluaie the methodology by which they devslop software.
Many companies have recognized the benefits of ohject-ori-
ented software in meeling these requirements. Perceptive
companies realize that the benefits of these new develop-
ment methodologles are maximized when an effeciive align-
ment exists between the methodology and the structure of
the enginsering organization. There are several alternative _
strategies for achieving this alignment; this paper has ex-
plered some of them. The Innovative and forward-loaking or-

‘ganizations will continue o Investigate the effects of new

methodologles, assess their position and structure, and
make the necessary adjustments o sustain a technological -
and competitive edge.
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