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ABSTRACT

The team development of a flight simulation device requires interfaces which

contain enough detailed information and stability to allow each team member- to
independently develop and test their portion of the simulation device.

The

interfaces must be easy to understand and interpret in order to provide a high
level of system maintainability and minimize interaction among team members.
This paper discusses a methodology, developed as part of the Modular Simmlator
Design Program, a Tri-Service research and development project administered by
the United States Alr Force, which illustrates the steps invelved in creating

generic,

interface development.

reusable interfaces that can be used in a team development effort.
This methdelogy uses features of the Ada programming language,
typing and specific data structures,

such as strong

to solve problems encountered in reusable
By using such. a methodeology :in the development of

standardized, reusable interfaces, a more cost-effective system can be provided

for the user.

INTRODUCTION
In the  team development of a flight
simulator  the interface between the

activity of each development team is- the
nost important aspect In building the
simulation device. Unfourtunately, at the
start of a .program the interfaces are
usually the most abstract and least known
quantity of the project. This is because
developing good simulation interfaces is a
time~consuming, labor-intensive endeavor

that requires a thorough understanding of.

the device being developed. If sufficient
time and effort is not allocated to the
design and development of the interfaces,

the 1result can be interfaces - which
represent a source of confusion for team
members instead af a source of
enlightenment. If this occurs, the

program <ould be hurt frem the start of
design wuntil the <ompletion of system
integration.

A frecuently used methoed for develcping
simulation interfaces, is to use previosly
defined interfaces as a baseline. The
basic desire for reusability is thereby
established. This approach

problem in that these interfaces are not
generic in design. If an interface is to
be used from application to. application,
that interface must be designed to be as
generic and reusable as possible. At the
very least a reusable metheodelogy for
defining the interface must be
established. Just as important, the
interface must be easy to understand and
interpret. It must provide a high level
of systemn maintainability and a mininpal
amount of interaction among team members.

creates . a.
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This paper discussez a methodology which
was developed as part of the effort on the
Modular Simulator Design Program (MSDP), a
Tri-service research and development
project administered by the United States
Alr Force under contract number F33657-86-
C-0149. This methodology utilizes
features of the Ada programming language
helpful in : designing a generic, reusable
interface, Important steps invelved in
creating an interface that contains enocugh
detail and stability to ellow for
efficient team development of a simulation
device are discussed, along with problems
encountered in the development of reusable
simulation interfaces.
methodolegy was developed for the MSDP,
the majority of the concepts c¢an be
applied to the development of
simulation device Interface.

WHAT IS8 THE INTERFACE 7

The intexrface is the highest level of
communication among simulation math model
software programs - developed by team
menbers. It defines the information
requirements needed by the team wnmenbers'
software to parform its reguired
functions. In the case of the MSDF, the
team mnmembers . developed loosely coupled,
independent "Modules" which represent the
functionality of a generic Weapons System
Trainer. The hardware and software
components of each of these modules could
be digssimilar to other modules in the

system. The mnodules communicate wvia a
global - bus configuration as shown Ain
Pigure 1. These modules are independently

developed and represent, as a whole, the

Although this

any



functionality of the simulation. In order
for the modules +to interact and perform
thelir respective functions in such a
distributed system environment, the
interfaces must be. completely. defined and
strietly enforced.

In a distributed environment which uses a
global bus architecture, every aspect of
the interfaces mnust be defined. These
aspects include data types, . engineering
units, data transmission rates, source and
destination, and the grouping of data for
transmission. The majority of . these
aspects alse apply to a non-distributed
environment, therefore making the
interfaces reusable for a variety of
applications.

: Instructor
Flight
Corntrols - |: 0 t:;ia;:r
Propulsion L ] Support
Flight — Physical
Dynamics = Cles

Flight
Station

| Navigation

Electronic
Warfare

Figure 1
Modular Simulator Dasign
mmmm

WRY IS A REUSABLE INTERFACE IMPORTANT 2

There are several reasons for developing a
reusable interface but their common factor
is cost. The purchaser of the simulation
device, which in most cases is the user,
wants to pay less. A reusable. interface
can reduce cost in two major areas: 1)
the elimination of repeated development
affort associated. with a non-reusable
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interface and 2) the eliminetion of costs
associated with the use of a - peoorly
defined interface throughout the program.
Of these, the second usually causes more

. damage to a project. A substantial amount

of effort is wasted in communicating with
team members to resoclve confusion about
the interfaces. An even greater cost is
the ewpensive task of repairing interface

misunderstandings during system
integration and test. The cost asscocilated
with these areas can be significantly

reduced by a clear and completly defined
reusable interface. This will assist . in
meeting the users need for a lower cost
simulation device.

HOW SHOULD TEE INTERFACE BE DEFINED ?

Traditionally, simulation interfaces are
simply described using the English
language. This method can be ambiguous or
difficult to interpret because English has
an endless number of interpretations and
rules. For example, the word “set' has
over 100 different definitions. In an
attempt to alleviate this problem, English
interfaces have beeh supplemented with
functional and physical diagrams or
figures similar te computer language
constructs. This can provide -another
source of ervor and confusion when a
figure does not match its. corresponding
written definition. Even worse, there is
no easy way to detect these errors or
check the consistancy and guality of the
interface.

Unlike the English language, computer
languages opexrate on discrete and
defineable rules of interpretation. These
rules can also be interpreted and checked
by a compiler. However, many computer
languages arxe cryptic and difficult to

understand, read, or use, which only _adds
to the probklem. What is required is a
computer language which has the basic

universal readability of English but uses
that English as a controlled and clearly
defined symbology. The Ada language can
support this requirement.  In addition to
providing a defined substitute for
English, Ada is a controlled language. - It
is governed by a single  specification
(MIL-5TD-1815) and therefore allows for a
single interprestation of each interface's

meaning. Ada compilers must be validated
against this same specification, ensuring
that each compiler Iinterprets each

statement as specified. The Ada compiler
can then ensure that +the interface is
syntactically consistant, correct, and not
ambiguous. Ada compilers can alseo
provide a means  -of configuration centrol
among team members. If the team members
are required: to compile against the
established Ada interfaces, the compiler
will enforce the interfaces. Even slight
wiclations will be immediately apparent
when the interface fails to compile into
the system. The Ada compiler calls
attention to the error enabkling it to be
corrected.

Using Ada to deflne the interface will



alsc allow the use of npany unigue data
structures and design techniques, such as
strong data typing, information hiding,
and recompilation rules, that can promote
a wmore generic, reusable interface. By
using Ada, the interface will also be
compatible with future simulator designs
which are developed using the Ada
language.

THE METHODOLOGY

The methodology used to develop a
reuseable interface must encompass the
concepts of and tradeocffs ketween
maintainability, understandability and
definition of the generic properties of
the interface. One goal in establishing a
reusable interface is to minimize changes.
It needs to be recognized that even the
best design will require some ~tuning',
therefore maintainability must be a key
consideration in the interface design.
However, if the number of changes is
minimized at the expense of change
complexity, then . maintainability is
gacrificed and the interface is less
likely to be reused or used at all on any
project.

In order for an interface to be easily
maintained it must be easy to understand.
The methodology presented in this paper
promotes understandability by using common
data formats and structure throughout.
This ig then enhanced by using simple
design concepts. If understanding the
interface is accomplished, maintainability
is increased significantly.

Again it should be noted that Ada promotes
both understanding and maintainablity
because it allows for wvery readable code
and is controlled by a specification which
defines its syntactical meaning.

The concept of -promoting maintainability
is also closely linked. to the generic
properties of the interface. A technigque
used to promote maintainability is to
physically isoclate those areas of the
interface that have a high probability of
change from application to application.
These areas are the applicaticn specific
portions of the interface. By identifying
and separating the specific properties
from the common properties of the
interface, a generic interface is
obtained. -When this iz accomplished the
interface can then be reused on a specific
application by _simply. modifiying the
application specific portien of the
‘interface.

The methodology discussed in the following
paragraphs concentrates con developing an
‘interface which iz wmaintainablie and
reusable by making the interface easy to
understand and by isolating the specific
properties of the interface from = the
generic properties of the interface. The
flow of the steps involved in defining a
reusable interface is illustrated in
Figure 2.
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' In order to establish generic and

reusable interfaces, a . set of common
elements must be defined which represent
the system as a whole and any system like
it. For this discussion a Flight
Simylator will serve as the system. The
MSDP started with - the twelve element
system shown in Figure 1. In the MSDF,
these elements are refered to as
"Modules", they represent a high level of
division or abstraction of the elements in
a typical Weapon System Trainer.
Optimally the number of elements in the
system should be Xkept low and should
represent some high level logical division
of the system. The. elements should also
exhibit a minimal amount of connectivity.

It should be noted that there are many
existing methods and theories, such as
Object - Oriented Design, Data Flow -
Analysis,and Functional Allecation, which
can be used to partition a system. The

" MSDP used a combination of Data Flow

Analysis and Functional Allocation that
was based on the jinitial twelve module
starting point. Regardless of the method
used to partition the system, the initial
partitioning of the elements may not be
the best division for the system, but is
regquired to establish a working baseline.

. After the functionality and structure of

the system is throughly analyzed it may be
apparent that the elements must be
redefined to accommoedate a better
allocation.



Determining Functjonality

In order to determine the best allocation
of the elements in a generic system,
several specific ‘“representative' systems

must ‘be analyzed. In the case of the
MSDP, each system was divided into low-
level discrete functions which represented
and completly defined that system. The
interfaces for each cne of these low-level
functions was also- determined. Each
function was then analyzed to detemine
which element of the generic system would
be .responsible for that functionality. At
first: thought it would be considered
prudent to select the element with the

least number of interfaces thus minimizing
communication between elements. However,
other considerations should be made such
as eliminating redundant . interfaces,
keeping. common areas of expertise in one
element, and locating databases. This may
seem like a “bottom-up' approach to the
design but this method allowed for the
specific properties of several model
gystens to be organized. If a top-down
approach was taken 1in analyzing each
existing representative system, it would
have been difficult teo divide the systems
into the elements used for the baseline
due to differences in existing design
structure. It was much easier to define
the existing systems in terms of their
lowest functional entities. These
entities could then be analyzed and
distributed among the baseline elements of
the generic system.

The analysis of the functionality data
flow is a wvery slow and tedious process
which requires vast simulation knowledge.
The M5DP employved four subcontractors, who

specialized - in certain areas of
simulation, and used . inputs from
simulation industry and government

representatives to accomplish this task.
It should be noted that a large porticon of
the effort expended on the MSDP entailed
data flow analysis  .and functional
zllocation for the modules. -

Reviewing the Bageline

After each element 18 established, the
bageline must be re-evaluated. on the
MSDP it was determined that the Support
module .did not exhibit enocugh unigue
functicnality to remain a separate element
and was combined with the I0S module.

When the baseline is finalized the
axtarnal interfaces of each element must
ba determined and recorded. On MSDP the
format in Figure 3 was used to record the
interfaces and description of each low-
level function. These functions and
interfaces were  then stored in a
Functional Dictionary. :

On the MSDP an automated tool was used to

aia in establishing the . interface
baseline. This tool was am Artificial
Intelligence device which linked

interfaces to functione and functions to

- properties are -the

modules. This tool waz used to shuffle
functionality among modules to optimize

- data flow and functional allocation while

maintaining the - consistancy - of the

interfaces.

Hodule: << insert module where function resides >»
Function: << insert name of function >»> -
Function Description: << insert description of function.>> .
Assumptiona: <<insert data flow and allocation assumptions>>

spcc::iu Mission Generation Reguirements:
<< insert mission specific gualities of the function »»
Inputs: << list inputs required by the function >>

ontputs: << list outputs provided by the function >

Qutput DPefinitions

Output Name: << insert identifying name of output >
Dafinition: << insert definition of output »>
Dagtination: << insert dastinations for output >>

Data Bizae: << insert size of output data >>

Update Rata: << insert ¢alculation Efrecuency of nutput bt

Data Typo: << inasert data type of output >>

Orits: << insert engineering ounits for sutput >>
Figure 3

Funstionsl Dictionary Entry Format

Defining t sice

In order to completely define an interface
two basic properties of the data used in
the interface must be specified. These
basic machine
characteristics of the data used among the
elements and the engineering units which

- these data quantify.

All data used in a system, such as
floating point numbers, exponents, bit
orders, etc., have unigque characteristics.
These characteristics are uswvally not as
important when operating in a single host
computer environment since all software ig
using that machine's format. However, in
a distributed environment which could
contain computational systems which use
digsimilar data formats, a standard set of
data formats must be defined. By using
the Ada representation specification
feature, a set of base data types can be
defined as shown in Figure 4. If all
interfaces are defined using the base data
types, the interface can quickly
accommodate any changes in data format by
simply modifying the base data types, thus
making the interface much more reusable
and waintainable. When using the
distributed environment interface in a
single host computer enviromment: the base
data types can be easlily modified as shown
in Figure 5. This accommodates a specific

machines data format by  removing
(commenting out) the representation
specifications and changing +the 2Ada
types'! to subtypes! of the machine's

predefined data formats.



type Mod_Sim TEEE Long Float ix aiglts 15;

: constant = 1;

type Mod_Sim IEEE Float is diglits &;

typs Mod_Sim Integer is range (=2**15)..((2**15)~-1);

for Mod_Sim Tnteger'Size use 16 * Bit;

type Mod_Sim_Short Integer is range (—2**7)..{(2%*7)-1);:

foxr Mod_Sim Shert_Integer'Size use 8 * Bit;

type Mod_Sim _Boolean is ( True, False );

for Med Sin Boolean'Size use 8 * Bit;

for Mod_Sim Boolean usa ( True . => 1é4004,
False =»> 164FF¥ };

Pigure £
¢ypical Base Data Types for a Distributed Environment

-- Bit : constant := 1;
subtypa Mod_Sim IEEE Float is Float;
subtype Mod Sim_IEEE_Long_Float ia Long Float:

subtype Meod_Sin Integerx is Integex:

- for Mod_sim Integer'Size use 16 * B.L.t;

subtype Mod Sim_Short Integer is Short Integer;

--  for Mod_Sim_ Short_Integer'Size ume 8 * Bit;

subtype Mod_Sim_Boolean is Boolean;
-- for Mod Sim Beolean'Size use & * Bit:

—-  for Mod_Sim Roolaan use { True => 16#00#, _ _
- False => 164FF# )

Figura 5

Hodified Base Data Types for.a Singls Host Envireonment

In many flight simulator developments a
common area of confusion lies in the
definition of data units. In order to
completely specify an interface, the
engineering units of the data being passed
among team member's - elements must be

gpecified. In most cases units are
usually given with a comment in the
interface. By making use of the &ada

"subtype’ feature, & set of units can ke
defined that can be reused or added to a=z
required, thereby ephancing
maintainability and reducing cenfusion.
As shown in Figure 6, “base units' are
determined, in this case Prassure,
Temperature, Linear Velocity and Length,
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and defined as a subtype of a previcusly
defined base data type. Using the base
unit, the actual units can be defined as a
subtype o©of the base unit. The unit

- description can also be enhanced further

using comments 3if. desired. Some " data
elements cannot be expressed in this
fashion; such as percents, ratios and
normalized nmumbers, these can be expressed
as shown in Figure 7. It is also common
to have data. elements which represent
common groupings of data items these can
be created as shown in Fiqure 8, they are
also reusable. These units can then - be
used in defining the data contained in the
interfaces.

.subtype Degrees C is Temperature;
" == degrees Centigrade

subtype Pressure is Mod_Sim_ JEEE Float;
-- pressure unitz

aubtype PSI i3 Pressure;
-- pounds per square inch
subtype Inches _Hg is Pressure;

-= inches of nercury (barcmetric pressure)

.aubtype Temperature is Mod_Sim IEEE_Float:

-— temperature units

subtypa Degrees_F is Temperature;
-~ degrees Farenheight

subtype Linear_Velocity ias Mod _Sim_IEEE_Float;
== linear wnit/unit time

subtype Feet_per_Sec is Linear_ Velocity;
—=- feet/second

subtype Kneots is Linear Velocity:

-~ nautical milesg/hour

subtype Length is Mod_Sim IEEE_Float;
— linear units

subtype Feet iz Length;
== faet units

subtype Nautical Miies is Length;
-~ nautical mile units

Figure 6
EZngineering Data Unit Definitions

subtype Ratio is Mod Sim IEEE_Float: 7
subtype Percent is Mod Sim_ IEFE_Float range 0.0..100.0%

subtype Normaiized Number is Mod_Sim IEEE Float

range 0.0..1.0;7

subtyps Signed Normalized Number is Mod_Sim IEEE Float

range -%.0..1.0;

Figure 7
Tnitlega Engineering pata Definitions



type Linear FPosition_Components is

redord
Longitudinal Pomition : Feet:
Lateral Position : Feet;
Vertical Position: Feat;

and record;

typd Linear Velozity Vector is

regorad
Longitudinal_Velocity : Feet_per Sec:
Lateral Velocity : Feet_per Sac:
Vertical Velocity : Feet per Sec;

end record;

FPigura &

[+ Data. Ping Definitions

oping t e
eneric e Data s

Using the data units, subtypes and types,
each team member must determine how to
describe their element's interfaces in a
generic manner. In order to accomplish
this, the specific attributes of the
interface must be separated -from the
generic attributes of the interface. This
is accomplished by wusing enumeration
types, a feature of the Ada language,. to
form a list. The enumeration types are
used to contain and isclate the specific
attributes of the interface. The
enumeration types are then referenced to
ad@ the specific quality to the generic
interface structures. This = is best
described - using the simple example shown
in Figuxe 9.

type Aircrafi_Fusl_Tank iz —= spacific Part
{ Laft_Inboard,

Canter,

Right_ Inboard,

Reserve_l1,

Reserve_2 };

type Fual Tank Data is —- Reusgakle Part

Tacord

Fua)l Tank Temperature : Dagrees_F; .
Puel_Tank_Quantity : Gallons;
Fuel_Tank rFlow Rate : Lps_Per Hr;

Fuel_Tank_Centroid : Linear_ Position_Cozponents;

and Tecord:

type Fuel_Tank_Data_Array is array { Aircraft_Fueli Tank )
. of Fuel_Tank_Pata;

Figure %
Simple Redsable Data Structurs

An element common to all aircraft is the
fuel tank. However, each type of aircraft
has a different number of fuel tanks and
each fuel tank has a sgpecific name. But
there iz usually common data about a fuel
tank such as fuel temperature, fuel tank
quantity, consumption rates, and the
centroid of the fuel in the tank which are
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“interface for a new

"60-64 Hz.

required in any application. An
eniimeration type is created which contains
the. specific tanks for the aircraft, these
are the specific attributes. The generic
data structures are then defined based on
the enumeration type. By using - this
method effectively, an entire set of
interfaces can be designed. When an
application = is
required the enumeration types are changed
to reflect the new configuration. It
shonld be noted that this is a very
simplified example and much thought is
required to design an entire set of
interfaces. The designer must consider
which interface aspects are truely generic
and which are truely specific.
Consideration must also be glven teo how

the interface will be used and its
regquirements.
smissio

In a distributed enviromment with a global
bus architecture such as the MSDP, data
must be transmitted or s=ent between the
elements of the system. In single host
systems the data can be transmitted .by
other methode such as shared or reflective
memory or simply parameter passing. In
the simulation devices in use today, data
for the simulation models is updated at a
specific rate which is dependent upon the
reguired fidelity of the model. In
building a generic/reuseable interface it
is important to define the rate at which
data will be updated between development
teams to aveoid data transmission problems.
This will alliviate - the problems
associated with data being updated and
passed but not used, gaps appearing in
data transmission, and data not being
updated often enough, causing glitches in
the simulation.

While - reviewing the interfaces for the
simulation device functionality it was
discovered that the maximum update rate
for data in many simulation devices was
Higher data rates were
sometimes found when special rates were
required for driving specialized hardware
items. In order to accomodate the
majority of simulation devices a maximum
data rate of 64 Hz was established with

lower rates of 32, 16, 8, and 4 Hz.
However, it is still allowable to have
specialized rates for a specific

- application if required.

A portion of data used in a simulation
device changes very infreguently. Flight
deck crew inputs or inputs from the
instructor fall into this category. In
order to reduce unnecessary - - data
transmission, this data requires
transmission only when it changes state.
This data is given a special rate called
send-on-change"'.

ta G . 3

Grouping data for transmission to other
elements in the system is important for



several reasons. The first is that it
significantly  reduces :the complexity of
the interface by reducing the number of
individual interfaces to be tracked and
processed throughout the systen. It is
obviously much harder to keep track of 500
interfaces than 50 packets of data. This
type of grouping adds a layer of
abstraction to the Interface which makes
it simpler to understand. Another reascn
to group data is for run-time efficiency.
In many cases it is much more expediant to
pass a group of data as a single parameter
than to pass several single data elements.
The best reason for grouping is that if it
is done effectively it can make the
interfaces much easier to maintain and
understand.

Each systenm has certain desion
reguirements or limitations teo meet and
therefore different c¢riteria for grovping.
The grouping method used for the MSDP will
be. discussed along with how it might apply
to any team development environment.

MSDP data elements were grouped into
packets for transmission in order to more
efficiently make use of the available bus
bandwidth. . Grouping data elements reduces
the amount of bus bandwidth that is used
for data transmission overhead.

In order for grouping to promote
reusability, it must follow a set of
legical rules. Three principle areas of
grouping should be considered: 1) by
function, 2) by data update rate and 3) by
data destination.

Each element in the system supports a
defined set of functions logically grouped
to form that element. The functions
require . input and output from - other
functions both internal and external to
the element. If a certain function was
not required for some application, it is
advantageous to know its interfaces and
groupr them so that they may be removed
easily along . with . the function.
Therefore, for the sake of maintaining the
reusable interface, the primary grouping
of data should be by function.

Since each function is capable of
producing or updating data at various
rates, it iz recommended = that  the
functional groupings be subgrouped by data
update rate. If data are not grouped by
update rate then all data for that
function would be transmitted by the
highest update rate for that function.
Blower data would then be calculated and
transmitted more often than required. Im
the case of the MSDP this would alsc waste
a large amount of bus bandwidth. In any
system this wastes computational time. It
i not efficient to supply data .to an
element that will not use it when it is
supplied. By allowing this to occur, a
great deal of execution . time would be
spent transmitting useless data around the
systenm.

The third grouping, by destination, was

ruled out for the MSDP. The argument for.
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further grouping by destination was driven
by the concepts of data hiding and data
vigibility. - These concepts contend that
data should only be sent or vislble to
those modules or elements that require it.

The major drawback to this extra grouping

for MSDP is that data would be repeated
within warious output packages hecause
gaveral .modules c¢ould reguire the same
single pilece of data. . This would causa
the bus to be over utilized by passing
redundant data. In addition, when using a
global bus axchitecture as in the MSDP,
data access is controlled by making
contrelled data transmissions anmong the
modules. In this environment modules only
receive data that is passed directly to
them and cannot gain access to other data.

In a single host environment, where data
hiding is essential for control of the
system, it is highly recommended that data
be grouped by destination. The price paid
in additional execution time i1is small
compared to the cost of having
uncontrolled data wvisibility in the
system.

An exception to grouping is send-on-change
data. This data, as its name implies, is
only transmitted when it changes. Thus
significantly reducing bus traffic in the
case of the MsSDP by not transmitting
redundant data.

An Ada record structure template
implementing the data grouping rules can
be developed for all team members to use
in. defining their interfaces. The
template increases maintainabliity by
again creating commonality in the
interface. The template used for the MSDP
is shown in Figure 10.

It shcould be noted that it is only
necessary to define the input side or the
output side of the interface. Defining
the interface by the inputs creates a
fundamental problem. If there is more
than one element reguiring the input, the
team members responsible for defining that
input ~could define different input
formats, - thus confusing the team member
responsible for providing the output.
Therefore, the interfaces should be
defined by output to avoid confusion and
reduce redundant interface definitions.



typs <<insert funchion nawer>_<<insert data wupdate rate>> is
record
<< inzert record field for data element >»>;
-- << insert Dastination Codas >> :

snd record;
. ==Destination:<<insart Destinaticn Codes for entire record>>
Prepulsion

Instrustor/Operater Station
Physical Cues

Destination Codes: PR
05
PHC

-
WPN = Weapons
EW = Blectronic Warfare
FS = Flight Station
FD = Flight Dynamics
FC = Flight Controis
RDR = Radar
VIS = Visual
NAV = MNavigation/Communication

sample Tenplate Populated

type Atmosphere l6Hz i3

record X
adr_bensity Ratio: Ratio: --NAV, FRO
Amblent_Air_Pressure: PSI: --HAV,FS, FRO
Ambient Alr Temperature: Cegrees_C; ~-HAV,FS,PRo
Dynamic_Pressura: PSI; —-=NAV, FC
Japact_ Presgure: PSI; ==NAV
Fressure_Altitude: Faet; —-—NAV, FRO, FC
Saa_lavel Barumetxic_Pressure: Inches Hg: --NAV
static Pressure_Ratio: Ratic ——NAYV
Total _hlx_Preasure: PSIy ——NAV

spd record;

—~pastination: NAV, FS, PRO, FC

Figurs 19
Data G@rouping Template Example

Developing a Package Stiucture

An important feature of the Ada language
iz the package structure. The package
allows for a convienient - method of
grouping information. In order to provide

commonality among team memnbers"'
interfaces, a global types package needs
to be established. The global types

package format iz shown in Figure 11. It
contains +the information that all team
members need to .access. This includes
base data formats, data units, common
groupings of data types which describe the
configuration of the specific aircraft,
and interfaces which are used on a system
lavel.

In order to increase maintainability and
reusability by isolating the areas of
change, the global types package is
divided into two - major sections,
Aircraft/sSimulator Specific . Types and
Aircraft/Simulator Reusable Types. The
Aircraft/sSimulator Specific Types sectilon
contains the data representations which
will change from applicaticn to
application. The  Aircraft/Simulator
Reusable Types section contains data types
that will not change for a specific
application.

After the glcobal types ©package is
completed, each team member develops an
output types package as shown in Figure
12. This package alsc employs the same
twoe major sectionz as the global types
package to enhance maintainability. It

contains the type definitions for the
element's output records in the format
shown in Figure 10. In_order to. keep the
package more readable and organized, the
output records should be listed by
function.

Packags Simulater_Glabat_Types is

Alrcrai'Simulater Specific Types
Base DataTypes
Airgrait Gonfiguration Types
Simulator System Control Types

.
.

Alrcraft/Simulator Reusaabla Types
Global Units and Canstants
Aircraft Gonfiguration
Cemmon Groupings
Simulator System Controi Types

AR R

end Simulator_Global_Types;

Fgurs 11
Global Types Paclage Format

with Simulator_Globaf_Types; . -
Package <module names_Moduls_Qutput_Types is

Aircrait’Simutator Specific Types

* Aircraf/Simulater Reusable Types
Meduie Qutput Records
Functian A
Function B
Function ¢

.

end <module names>_Modula_Output_Typas:

Figene 12
Output Types Package Format



Upon completion of data type definitions
and output record structuring, a final
package should be created which contains
the actual objects or variables of those
data types. The format of this package is
shown in Figure 13. This package is again
organized by function to create
commonality and support maintainability.
For each function, objects are created for

the output = record types used by that
function. In addition, output objects are
also created for send-on—-change data

provided by the function.

with Simufator_Global_Types;
with <module name>_Moduia_Output_Types;
Packags emodule name>_Output_Interface is

Functlon A
Function A output obiscts

Function B
Function 8 output obiects

Function G
Function C cutput oblects

and <module name>_Output_Intarface;
Figure 13
Output Infarface Package Farmat

When all data types packages and objects
are defined, the Ada compiler can then be
used to perform a final check for any
syntactical errors in the interface.

CONTROLLING INTERFACE DEVELOPMENT EFFORT

In a team interface development it is
extremley difficult to coordinate team
members in a common task. This is due to
varving skill levels, misinterpretations,
lack of  examples, ete. It is important
for the sake of maintainability and
understandability that each team member
strictly adhere +to all interface format
requirements and concepts. Therefore, a

central source of control nust be
established to coordinate the interface
effort. This . central source should
coneist of one person, if possible, that
fully understands the interface
methodology and development rules. This
persen is . responsible for answering

questions.from the other team members and
cggrdinatlng the interface development
effort.
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LESSONS LEARNED

When using this methodology, and the

-concepts discussed in this paper on the

important. lessons were

MSDP, several
learned.

Specifing the interfaces in Ada proved
very beneficial. Initially the interfaces
were written in the format shown in Figure
3. It was determined that these interfaces
were not as generic as required by the
program. Defining the interfaces in Ada
involved design work and forced the
designer to be concise in the definition.
Each team member wae forced to think about
the interfaces and how they would be used
in different applications. By wusing Ada
the interface was designed and refined to
meet its reguirements and not just thrown
together.

The use of a central collection point for
the interface development was key to the
success of the effort. In addition to
serving as a coordinator, this person had

- access to each team member's ‘interface

design. The central coordinator could
then pick and choose the best methods for
defining data and discuss these methods
with =ll team members to arrive at the
best interface possible.

When the interfaces were completed and
compiled they consisted of about 100 pageés
of Ada code. Although the ada code is
easy to read, it is sometimes diffiecumlt
for a person unfamiliar with the desigm to
locate a single interface. To eliminate
this problem a derivitive of the tool used
to establish the baseline was built. This
tool created an input/ocutput . cross
reference map for all the interfaces. An
example is shown 1In Figure 14. This
reduced the 100 pages of Ada code to about
10 pages of cross reference map which was
much easier to use.

" Upon review of this methodology, it should

be understood that it was developed for
the MSDP. If this methodology is used in
a non-distributed environment - more
emphasis should be placed on information
hiding. As discussed, the glcokal bus
serves as . a data control device for the
MSDP. In a single host environment: this
would not exist. Therefore, serious
consideration must be exercised in the
areas of data grouping and package
structure. As an initial suggestion, data
should be grouped by. destination as. well
as functionality and data update rate. In
addition, the output interface package
could also be divided into several smaller
packages based on data destination.
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Record: Atmosphere 16Hz
variable: Air Density_ Ratio
variabla: ambient_air Pressure
variable: Ambient_Air Temperature
variable: Dynamic_Pressurs
variable: Impact_Pressure
wariabla: Pressure_hltitude -
variabla: Sea_Level Barcometric_Pressure
variable: Static_Pressure Ratie

. ¥ariable: Total_Air_ Pressure
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Figure 14

I/Q0 Cross Reference Map Example

" CONCLUSIOM

The methodology described in this paper is

not a revolutionary concept or collection
of new ideas. It simply takes into
account the realities of the interface.
The most important reality is the need to
accept change. Once this fact is accepted
the goal is to ninimize the impact of
those  changez and account for their
effects.

The development of an interface which is
as generic and reusable as possible is
essential to the +team development of
‘simulation devices. The final interface
product of this methodology incorporates
the ability to adapt to most applications.
In future applications, which are not now
apparent, the format of the interface
alleows for changes to be easily made to
accommodate the required data. Through
development of a standardized interface as
discussed in this paper, the user's needs
can be met for more cost-effective flight
sgimulation systems.
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