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INSPIRED WORK

RE: “Traditional” Software .v. ECOA Software

»The ECOA programme has pondered the advantages (or otherwise) of
using the ECOA approach to s/w design and construction over
“traditional” approaches used in the aerospace industry;

> These slides present one way the issue might be addressed, using a
simple example;

> The idea is to show that the principals of a “traditional” high-integrity
software methodology can be preserved, but still take on the
componentization and re-use benefits of the ECOA;

»Assumptions:

= “Traditional” high-integrity software means (in this context):
» Single application on a single processing node;
« Single threaded, fixed frame (deterministic) scheduling;
» Separation of “application” code from “l/O” and "interface” code;
» Representable in UML.
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Dynamics United Kingdom Limited and Leonardo MW Ltd, and the copyright is owned by BAE Systems (Operations) Limited, Dassault Aviation, Bull SAS, Thales Systémes Aéroportés,
GE Aviation Systems Limited, General Dynamics United Kingdom Limited and Leonardo MW Ltd. This document is developed by BAE Systems (Operations) Limited, Electronic Systems,
and is the Intellectual Property of BAE Systems (Operations) Limited, Electronic Systems. The information set out in this document is provided solely on an ‘as is’ basis and the co-
developers of this software make no warranties expressed or implied, including no warranties as to completeness, accuracy or fitness for purpose, with respect to any of the information.



Trad _v_ECOA

»This document presents information about some of the principal user
generated artefacts required to compare a “traditional” aerospace
approach with an ECOA approach.

>t is assumed that the reader is thoroughly conversant with the ECOA
Architecture Specification (ref.[1]) and the process of defining and
declaring ECOA Assemblies, ASCs (components), Modules, and
deployments in XML, and then using code generation to produce Module
framework (stub) code units and ECOA Container and Platform code.

»>If not, then let me suggest working through some of the other
examples/samples provided, starting with “Hello World’ and working your
way up to (say) “Pub Sub’.
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The Example “Traditional” Design

»The design can be thought of as composed of three types of design class...

El Trad

> Application Class(es)

% - computeSteer( in acPosn: Location, in acAlt: Integer, in acSpeed: Integer, inwp: Location, out steer: Integer)

= main program procedure (“Trad()”) |# ™
= multiple “do stuff” procedure(s)
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#% - readBlocking( out port: Integer, in msgBufferRef: System.Address, in bufLength: Integer, in timeout: Duration, out msglength: Integer, outisOK: Boolean) '
4 - readADC( in chan: Integer, outresult: Integer, outisOK: Boolean) :
ﬁ + getPosn( out acPosn: Location) :
@ + getAlt( outacALt: Integer) '
:

)
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@ + getSpeed( out acSpeed: Integer) >Ianace CIaSS(eS)
& + getWayPoint( out wp: Location) . i LT
@ + putSteer( in steer Integen = Ancillary procedures kept separate from the “main

and application “do stuff” procedures

----- = s
E Location

[EL - Latitude: Integer [1]

[EL - Longitude: Integer [1]

» Data Type Class(es)

+ latitude(): Integer
+ longitude(): Integer

&

&

H & +set( in latitude: Integer, in longitude: Integer)

- Def”?e qata type_s used by the &+ setlatitude( in latitude: Integer)
application and interfaces... |&

+ setLongitude( in longitude: Integer)
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The Example “Traditional” Demonstration Code

»Created and built in Ada:

= “Traditional” approach coded per the design (slide 3)...

procedure Trad 1is

begin
Loop
-- Get the 1inputs

TradIF.getPosn( acPosn );

TradIF.getAlt( acAlt );

TradIF.getSpeed( acSpeed );
TradIF.getWayPoint( nextwWP );

-- Do computations

computeSteer( acPosn, acAlt, acSpeed, nextWP, steer );

-- Output results

TradIF.putSteer( steer );

-- Wait until the epoch

nextTime := nextTime + Ada.Real Time.Milliseconds (50);

delay until nextTime;
end Loop;
end Trad;

BAE SYSTEMS

INSPIRED WORK
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The Example ECOA Design

»In the ECOA, the separation of “application” from “interface” functionality
is preserved in the design, appearing explicitly in the componentization of
the application...

l/./'" asECOA : "\\

i asECOA g 8sECOAIF D

.

\
\
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The Example ECOA Design (2)

«ecoa.component» «ecoa.component»

> A UML version of the H asECOA . I, Nicegasscomp
Composite (Assembly) diagram| ~ [J------mo-mmn-2 St

+10:10 [1) + 1010 [1]

> The Service definition as ECOA XML and UML:

<serviceDefinition ..>
<use library="Location"/>

«ecoq.service»
Hio

<oper‘ations> & «ecoa.request-response» + getPosn( outacPosn: Location)
" " 8 «ecoa.request-response» + getAlt( out acAlt: int32)
<requestresponse name="getPosn”> 8 «ecoa.request-response» + getSpeed( out acSpeed: int32)
<output name="acPosn" type="Location:Location"/> % «ecoa.request-responses + getWayPoint( outwp: Location)
</requestresponse> % «ecoa.event, received_by_providers + putSteer( in steer: int32)
<requestresponse name="getAlLt">

<output name="acAlLt" type="int32"/>

I
</requestresponse> :
<requestresponse name="getSpeed"> : :

<output name="acSpeed" type="int32"/> EjL°“t'°"| !
</requestresponse> !
<requestresponse name="getWayPoint"> "
<output name="wp" type="Location:Location"/> E= Location
</requestresponse> E3 + Latitude: int32 1]
<event name="putSteer" direction="RECEIVED BY PROVIDER"> Eg +Longitude: int32 [1]
<input name="steer" type="int32"/>
</event>
</operations>
</serviceDefinition>
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ZECOA

The Example ECOA Design (3)

»ECOA Module Design, represented in UML...

«ecoa.modulelmplementation»

£ asECOAMain_MODIMPL

& +tick_Received()

# - computeSteer( in acPosn: Location, in acAlt: Signed_32_Type, in acSpeed: Signed_32_Type, inwp: Location, out steer: Signed_32_Type)

P

«ecoa.modulelmplementation»
£ asECOAIF_MODIMPL

% - readADC( in chan: Signed_32_Type, out result: Signed_32_Type, outisOK: Boolean)
@& + getPosn_Request_Received( out acPosn: Location)

[ I getAlt_Request_Received( out acAlt: Signed_32_Type)

@ + getSpeed_Request_Received( out acSpeed: Signed_32_Type)

@& o+ getWayPoint_Request_Received( out wp: Location)

& + putSteer_Received( in steer: Signed_32_Type)

% - readBlocking( out port: Signed_32_Type, in msgBufferRef: System.Address, in bufLength: Signed_32_Type, intimeout: Duration, out msglength: Signed_32_Type, outisOK: Boolean)

\_ * Operations here implement e

H=1Location
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the Service Operations....

»Diagram look familiar?

~~~~~~~ v

Q ro—c ation

[E3 + Latitude: Signed_32_Type [1]
Eg + Longitude: Signed_32_Type [1]

= Compare with slide 3...

This document is developed for and on behalf of BAE Systems (Operations) Limited, Dassault Aviation, Bull SAS, Thales Systémes Aéroportés, GE Aviation Systems Limited, General
Dynamics United Kingdom Limited and Leonardo MW Ltd, and the copyright is owned by BAE Systems (Operations) Limited, Dassault Aviation, Bull SAS, Thales Systémes Aéroportés,
GE Aviation Systems Limited, General Dynamics United Kingdom Limited and Leonardo MW Ltd. This document is developed by BAE Systems (Operations) Limited, Electronic Systems,
and is the Intellectual Property of BAE Systems (Operations) Limited, Electronic Systems. The information set out in this document is provided solely on an ‘as is’ basis and the co-
developers of this software make no warranties expressed or implied, including no warranties as to completeness, accuracy or fitness for purpose, with respect to any of the information.
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ZECOA

The Example ECOA Design (4)
»ECOA Design, represented in

ML

= Service

«Interfaces
«ecoaservices

o

H ECOA=Module

W “econ e miponaes
@ «ecoa.request-responses
4§ <ecoa.request-responses + getSpeed( out acSpeed: int32)

4 =ecoa.request-responses + getWayPoint{ outwp: Location)
& <ecoa.event, received_by_providers + putSteer( in steer: int32)

+ getPosn( out acPosn: Location)

# cecoa.event, sent_by_providers ~ INITIALIZEQ
+ getAlt( outacAlt: int32)

@2 vecoa.event, sent_by_providers ~ START()
2 «ecoa.event, sent_by_providers ~ STOP()
# «ecoa.event, sent_by_provider> ~ SHUTDOWN(

7~ 1y -
|
1 «providess
<refefencess '
[<ecoa. components| «€C0a.COMPONENts|
= Components > >
P 7
£ asECOAIF
EJasECOA I
_ ecoa.moduleTypes wecoa.moduleTypex
E asecoaMain_MODTYPE El asECOAIF_MODTYPE
= Module Types
& «requestSent» + getPosn( out acPosn: Location) @ «requestReceived» + getPosn( outacPosn: Location)
S || @ crequestSente + getAlt( out acAlt:int32) N @ «requestReceiveds + getAlt( out acAlt: int32)
P | | & TeqUEsTSents T getopeed| OUTacopeed: NtIL) 2 7 @ «requestReceiveds + getSpeed( out acSpeed: int32)
@ arequestSents + getWayPoint{ out wp: Location) @ srequestReceiveds + getWayPoint( out wp: Location)
& weventSents + putSteer( in steer: int32) @ «eventReceiveds + putSteer( in steer: int32)
[y + 35ECOAMsin MODINST A
v
{ '
n M Od u Ie <econnpfRinplementaons N
L AECOAMain_MODIMPL '
. 1
I m I e m e ntat I O n - computeSteer( in acPosn: Location, in acAlt: Sygfhed_32_Type, in acSpeed: Signed_32_Type, inwp: Location, out steer: Signed_32_Type) \
M & ~ INTIALZE_received() i
% - START_received() '
4 ~ STOP_received() '
# ~ SHUTDOWN_received() '
@+ tick_Received() f
/ + asECOAIf MODINST E
- '
L

= Module Instances
(as instances of the Module
Implementations)

/Mmmg( out port: Signed_32_Type, in msgBufferRef: System.Address, in buflength: Signed_32_Type, in timeout: Duration, out msglength: Signed_32_Type, out isOK: Boolean)

/ modulelmplementations

asECOAIF_MODIMPL

- readADC( in chan: Signed_32_Type, out result: Signed_32_Type, outisOK: Boolean)
~ INITIALIZE received()

~ START__received()

~ STOP_received()

. ~ SHUTDOWN _received()

48 +getPosn_Request Received( out acPosn: Location)

4@+ getAlt Request Received( out acAlt: Signed_32_Type)

@ +getSpeed_Request Received( out acSpeed: Signed_32_Type)

@+ getWayPoint Request Received( outwp: Location)

@+ putSteer Received( in steer: Signed_32 Type)

Bopep
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The Example ECOA Design (4)

»ECOA Module Design (one of), captured in ECOA XML...

<componentImplementation .. componentDefinition="asECOAIF">
<use library="ECOA" />
<use library="Location" />
<moduleType name="asECOAIF_MODTYPE" isSupervisionModule="true">
<operations>
<requestReceived name="getPosn">
<output name="acPosn" type="Location:Location"/>
</requestReceived>
<requestReceived name="getAlt">
<output name="acAlt" type="int32"/>
</requestReceived>
<requestReceived name="getSpeed">
<output name="acSpeed" type="int32"/>
</requestReceived>
<requestReceived name="getWayPoint">
<output name="wp" type="Location:Location"/>
</requestReceived>
<eventReceived name="putSteer">
<input name="steer" type="int32"/>
</eventReceived>
</operations>
</moduleType>
<moduleImplementationname="asECOAIF_MODIMPL" moduleType="asECOAIF_MODTYPE" language="Ada"/>
2 EIECo
</componentImplementation>
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GE Aviation Systems Limited, General Dynamics United Kingdom Limited and Leonardo MW Ltd. This document is developed by BAE Systems (Operations) Limited, Electronic Systems,
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The Example ECOA Module Code
»Created and built in Ada:

= ECOA ASC and Containerframeworks (stubs) created using an"ECOA
“AP1” Code Generator.

procedure tick _Received Module Code
(Context : in out asECOAMain MODIMPL Container.Context Type)
is
begin 1 ; ;
oop ECOA Triggerinstance Implementation

-- Get the 1inputs

getPosn_Request_Sync( Context, acPosn, €  jf asECOAMain_MODIMPL pContext.tickerState =
getAlt_Request_Sync( Context, acAlt, err ECOA.Module States_Type /\UNNING then

getSpeed Request_Sync( Context, acSpeed, asECOAMain MODIMPL.tick Received( asECOAMain MOTiMPL_Context );
getWayPoint Request Sync( Context, nexth end if;

-- Wait until the epoch
nextTime := nextTime + Ada.Real Time.Milliseconds (50);
delay until nextTime;

end loop;

-- Do computations

computeSteer( Context, acPosn, acAlt, ac
-- Output results

putSteer Send( Context, steer );

-- Wait until the epoch

-- In ECOA, that simply means wait until the next tick of the TriggerInstance...

end tick Received;
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The Example ECOA Design - The ECOA Platform
»>In this example we’ll CREATE the Container and ECOA Platform code
(rather than Code Generate it):
= |t will be an Application Specific, bare minimum, ECOA Platform.

»The Container/Platform code will need to provide:

= the ECOA Triggerinstance implementation (shown previously);
= Container Interface (ref.[1]) implementations;
= Inter-Component data transfer.

»The example will not be deployed across protection Domains or ECOA
Computing Platforms so there will be no ELI implementation or Platform
Management.

»The Container/Platform code MUST maintain the expected Component
Behaviour according to the ECOA Architecture Spec. (ref.[1]).

»The ECOA Assembly will be single-threaded — ALL code will run on the
same thread.

This document is developed for and on behalf of BAE Systems (Operations) Limited, Dassault Aviation, Bull SAS, Thales Systémes Aéroportés, GE Aviation Systems Limited, General
Dynamics United Kingdom Limited and Leonardo MW Ltd, and the copyright is owned by BAE Systems (Operations) Limited, Dassault Aviation, Bull SAS, Thales Systémes Aéroportés,
GE Aviation Systems Limited, General Dynamics United Kingdom Limited and Leonardo MW Ltd. This document is developed by BAE Systems (Operations) Limited, Electronic Systems,
and is the Intellectual Property of BAE Systems (Operations) Limited, Electronic Systems. The information set out in this document is provided solely on an ‘as is’ basis and the co-
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The ECOA Example Design - The ECOA Platform (2)

“econmodulelmplementations <ecoamodulelmplementations
3:ECOAMsin MODIMPL +/ECOAT_MODIMPL

in bufLength: Signed_32 Type, in timeout: Duration, out msglength: Signed_32 Type, out 50K: Boolean)
“Boolean)

. - readBlocking( out port: Signed_32 Type, in msgBufferRef: System Add
. - readADC( in chan: Signed_32_Type, out result: Signed_32_Type, out iz

»Simplified, Application .
Specific, ECOA
Platform implementation...

&
&
@ +getPosn_Request Received( out acPasn: Lacation)
g + getAlt Request Received( out acAlt: Signed 32 Type)
@
@

+ getSpeed Request Received( out seSpeed: Signed 32 Type)
+ getWayPoint Request Received( out wp: Location)
+ putSteer_Received( in steer: Signed_32_Type)

8 D : ;
Location H i
+ + Latitude: Signed_32_Type (1]

= Absolute minimum |
to do THIS job... — 1
» |s therefore NOT ECQA® I —

+ getPosn Response_Send( in ID: Unsigned_32_Type, in acPosn: Location, out Status: Return_Status_Type)

+getPosn_Request_Sync( out acPosn: Location, out Status: Return,_Status_Type)

@ 1 i i &

H @ + el Request Sync_L( ovtacAlt Signed 32 Type, out Status: Retum_ Statuz_Type) i : 1| @ +gevtit Response Send( inID: Unsigned 32 Type, in acAlt Signed_32 Type, out Status: Retur_Status Typs

C O I ' l I a n @ + getSpeed Request_Sync_3( out acSpeed: Signed_32_Type, out Status: Return_Status_Type) H H | | @ +getSpeed Response_Send( in ID: Unsigned 32 Type, in acSpeed: Signed 32 Type, out Status: Return_Status_Type)
= @+ getWayPoint Request Sync_3{ outwp: Location, out Status: Retum_Status_Type) i 0 @&+ getWayPoint Responze_Send inID: Unsigned_32 Type, inwp: Location, out Status: Return_Status Type)

@ +putSteer_Send( in steer: Signed_32_Type)

! 1 [ conteType

T3 Content Type

A
N n

»>BUT the ECOA s —f—
Components and Module
are per Arch.Spec. (ref.[1

- 3{ECOAMain_ MODIMPL_Conteat: Context_Type (1]

- +{ECOAMain_MODIMPL_pContest: 3:ECOAMain_MODIMPL PlatformContext [1]
- 3{ECGAIF_MODIMPL_Contest: Context Type 1]

- {ECOAIF_MODIMPL_pContext ECORMnn MODIMPL PlatormConte 1]

- afPozn: Lacation 1]

PasniD: Unsigned_32_Type (1]

PosnStatus: Retum_Status_Type [1]

it Signed_32_Type 11]

(92

R
S
L

EL - afAID: Unsigned_32_Type [1]
- afAlStatuz: Return_Status Type [1]

Specd: Signed 32 Type [1]

£ SpeedlD: Unsigned_32_Type [1]
SpecdStatus: Retum_Status Type [1]

b Location [1]

= Framework code

2 - wpStatus: Retum_Status_Type [1]

@ + qlock0: HR_Time_Type
generated from Ee
@+ detbosn_Request_Send( i ID: Unsigned_32 Type)
@+ detPosn Response_Post( in ID: Unsigned_ 32 Type, in acPasn: Lacation, in Status: Return_Status_Type)
@+ datBosnilesponasieM i D Unsisrisd ¥ Typy. oubacPosrLocatior, ot Satu: Retum Statis Type)
XM L - @ + JethAt Request_Send( nsigned_12 Type)
&+ qetAlt Response_Post( ): Unsigned_32_Type, in acAlt: Signed_32 Type, in Status: Return_Status_Type)
J @ - dethlt Response_Get i ID: Unzigned_32_Type, out acAlE: Signed 37, Typs, out Status: Returm, Status Type)
R @ + detSpeed Request Send inID: Unsigned_32_Type)
@+ detSpeed Response Post{ inID: Unsigned_32 Type, in acSpeed: Signed_32_Type, in Status: Retum_Status_Type)
n A re fu Il reus ab | ein S|t R e T (e 0 e 2
@+ detWayPoint Request_Send( in ID: Unsigned_32_Type)
@+ detwayPoint Response Postl inID: Unsigned_32 Type, inwp: Location, in Status: Return_Statuz Type)
G+ detWayPoint Response_Get{ inID: Unsigned_32 Type, outwp: Location, out Status: Return_Status,_ Type)
o @+ JutSteer_Send in steer. Signed 32 Type)
another contex S
’ .
%] asEf OAMain_MODIMPL_PlatformContext

15| asEL OAIF_MODIMPL PlatformContest

= Application functional
changes have zero
impact on the platform;

Container |

I
\
‘ @ +LogTace( inLog:Log.Type) ‘
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The Example ECOA Design - The ECOA Platform (3)

»Single-threaded Service Operation behaviour for a synchronous Request-Response:

= The client (function tick_Received() of Module Implementation asECOAMain_MODIMPL) calls it's Container op.
(getPosn_Request _Sync()), which calls the platform op. (getPosn_Request Send()), which calls the server op.
(getPosn _ Request Received()), WhICh calls ltsContalner op (getPosn Response Send()) with the answer, which

calls inte otr-taetPosi—Response

327 Operation Behaviour

» The client’s Container op. then calls into the platform again (getPosn Response Get()), which returns the answer...

asECOAMain_MODIMPL asECOAMain_MODIMPL_Container|

asECOA_Platform

asECOAIF_MODIMPL_Container|

asECOAIF_MODIMPL

btart

tick_Received,

getPosn_Response_Post]

) Remmf acPosh
«buffers
acPosn : Location

! acPosn

getPosn_Response_Get

O Finish

getPosn_Request_Send ==
|

getPosn_Response_Send g~
—® acPosn

getPosn_Request_Received|

| @ acPosn

=  Why like this, with a buffer? Because the EWECOAIF Module Operations don’t have a returned “response” parameter...
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The Example ECOA Container & Platform Code

getPosn_ID  : ECOA.Unsigned 32 _Type := 0;
procedure getPosn_Request _Sync

(Context : in out Context_Type;

acPosn : out Location.Location;

Status : out ECOA.Return_Status_Type)

pContext : asECOA_Platform.asECOAMain_MODIMPL_PlatformContext;

for pContext'address use Context.Platform_Hook;

begin

getPosn_ID := getPosn_ID + 1;

asECOA_Platform.getPosn_Request Send(getPosn_ID );

asECOA_Platform.getPosn_Response_Get( getPosn_ID, acPosn, Status
end getPosn_Request_Sync;

» getPosn_Request Sync()
ECOA Container Function

> getPosn_xxxx()

ECOA Platform Functions

Snippets...

procedure getPosn_Request _Send
(ID : ECOA.Unsigned_32_Type ) is
begin
asECOAIF_MODIMPL.getPosn_Request Received(
asECOA_Platform.asECOAIF_MODIMPL_Context, ID );
end getPosn_Request_Send;

procedure getPosn_Response_Post
(ID : ECOA.Unsigned_32_Type;
acPosn : in Location.Location;
Status : in ECOA.Return_Status Type ) is
begin
aseECOA_Platform.acPosn := acPosn;
asECOA_Platform.acPosnStatus := Status;
aseCOA_Platform.acPosnID := ID;
end getPosn_Response_Post;

procedure getPosn_Response_Get
(ID : ECOA.Unsigned_32_Type;
acPosn : out Location.Location;
Status : out ECOA.Return_Status Type ) is
begin
if ID = asECOA_Platform.acPosnID then
acPosn := asECOA _Platform.acPosn;
Status := asECOA_Platform.acPosnStatus;
else
Status := ECOA.Return_Status_Type INVALID_HANDLE;
end if;
end getPosn_Response_Get;
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