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On-board control procedure
Software program designed to be executed by an OBCP engine, 
which can easily be loaded, executed, and also replaced, on-board 
the spacecraft

OBCP code
Complete representation of an OBCP, in a form that can be loaded
on-board for subsequent execution

OBCP engine
Application of the on-board software handling the execution of OBCPs

OBCP language
Programming language in which OBCP source code is expressed by 
human programmers
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Generic (flight software)Generic (flight software)
DebugDebug
Instances (for testing and formal proof)Instances (for testing and formal proof)
TestsTests
User manualUser manual
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MVM (simplified) architecture
Proved

Not in SPARK

Pointers and OOOOOO

PointersPointers

Too big
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ValidityValidity
functionfunction

PrivatePrivate
listlist
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whole listwhole list
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on a singleon a single

elementelement
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LoopLoop
invariantinvariant

AdditionalAdditional
assertionassertion
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AdditionalAdditional
numericalnumerical
protectionprotection

At 1KHz

On 32 bits On 64 bits
2147483648 9,22337E+18
2147483,648 9,22337E+15 seconds
596,5232356 2,56205E+12 hours
24,85513481 1,06752E+11 days
0,067910204 291672107 years
0,000679102 2916721,07 centuries

At 1KHz

On 32 bits On 64 bits
2147483648 9,22337E+18
2147483,648 9,22337E+15 seconds
596,5232356 2,56205E+12 hours
24,85513481 1,06752E+11 days
0,067910204 291672107 years
0,000679102 2916721,07 centuries



28/05/2013 David LESENS

29

Th
is

 d
oc

um
en

t a
nd

 it
s 

co
nt

en
t i

s 
th

e 
pr

op
er

ty
 o

f A
st

riu
m

 [L
td

/S
AS

/G
m

bH
] a

nd
 is

 s
tri

ct
ly

 c
on

fid
en

tia
l. 

It 
sh

al
l n

ot
 b

e 
co

m
m

un
ic

at
ed

 to
 a

ny
 th

ird
 p

ar
ty

 w
ith

ou
t t

he
 w

rit
te

n 
co

ns
en

t o
f A

st
riu

m
 [L

td
/S

AS
/G

m
bH

].
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Divide andDivide and
ConquerConquer
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Array ofArray of
objectsobjects

PointersPointers
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procedure Run_Plans (Obcpe : in out T_Obcpe) is

Execute_Next_Command : Boolean;
--------------------------------------------------------------------------
procedure Step_Further (Plan_Id : T_Plan_Id);
procedure Step_Further (Plan_Id : T_Plan_Id) is
begin

if Obcpe.Plans_Status (Plan_Id).Current_Step < Obcpe.Plans (Plan_Id).Steps_Nb then
Obcpe.Plans_Status (Plan_Id).Current_Step := T_Step_Range'Succ (Obcpe.Plans_Status (Plan_Id).Current_Step);

else
Obcpe.Plans_Status (Obcpe.Active_Plan) := T_Plan_Status'(Status_Id => Plan_Failed,

Plan_Failure => End_Of_Plan_Reached,
Failure_Step => Obcpe.Plans_Status (Obcpe.Active_Plan).Current_Step);

end if;
Execute_Next_Command := True;

end Step_Further;
--------------------------------------------------------------------------

begin
Mvm.Obit.Run_Time (Current_Time => Obcpe.Current_Time);
if (case Obcpe.Obcpe_Status is

when Obcpe_On => True,
when Obcpe_Off | Obcpe_Failed => False) then

P_Events.Check_Monitoring (Events       => Obcpe.Events,
Current_Time => Obcpe.Current_Time);

loop
P_Vaps.Run_Vaps (Obcpe.Vaps, Obcpe.Current_Time);
Execute_Next_Command := False;
case Obcpe.Plans_Status (Obcpe.Active_Plan).Status_Id is
when Plan_Inactive =>

pragma Assert (False, "An Inactive Plan can not be executed");
when Plan_Ready =>

pragma Assert (False, "A Ready Plan can not be executed");
when Plan_Terminated =>

pragma Assert (False, "A Terminated Plan can not be executed");
when Plan_Failed =>

declare
Alternative_Plan : T_Plan_Id;

begin
Alternative_Plan := Obcpe.Plans (Obcpe.Active_Plan).Alternative_Plan;
if Obcpe.Plans_Status (Alternative_Plan).Status_Id = Plan_Ready then

Obcpe.Active_Plan := Alternative_Plan;
Obcpe.Plans_Status (Alternative_Plan) := T_Plan_Status'(Status_Id => Plan_Running,

Current_Step => T_Step_Range'First);
else

Obcpe.Obcpe_Status := Obcpe_Failed;
end if;
Execute_Next_Command := True;

end;
when Plan_Running =>

declare
Current_Step : T_Step_Range;
Instruction  : T_Instruction;

begin
Current_Step := Obcpe.Plans_Status (Obcpe.Active_Plan).Current_Step;
Instruction := Obcpe.Plans (Obcpe.Active_Plan).Steps (Current_Step);
case Instruction.Instruction_Id is

--------------------------------------------------------------------
-- Status: Wait for the end of the execution

when Send_Cmd_To_Fu_Instruction | Protected_Send_Cmd_To_Fu_Instruction =>
declare

Fu_Command : T_Fu_Command;
begin

-- A FU command call is created
Fu_Command := P_Fus.P_Gfu.P_Command.Create_Command (Command_Id => Instruction.Fu_Command_Call.Command_Id,

Parameters_Nb => Instruction.Fu_Command_Call.Parameters_Nb);
-- Update the referenced parameters
if Fu_Command.Parameters_Nb > 0 then

-- Update the referenced parameters
for Parameter_Id in T_Parameter_Id range T_Parameter_Id'First .. T_Parameter_Id'First + Fu_Command.Parameters_Nb - 1 loop

case Instruction.Fu_Command_Call.Actuals (Parameter_Id).Actual_Type is
when Numerical =>

-- The numerical value shall be copied
Fu_Command.Parameters (Parameter_Id) := Instruction.Fu_Command_Call.Actuals (Parameter_Id).Value;

when Reference =>
The referenced of the referenced parameter

Too bigToo big
subprogramsubprogram
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See PDFSee PDF

Results
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Overview
Introduction
Astrium Space Transportation Case study

Numerical algorithm
Event driven

Conclusion
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Conclusion
Compared to SPARK 2005

Great improvement
Larger perimeter of Ada
“Executable contracts” is a major progress

The ROI of contracts writing is positive, even without formal proof

Operationally deployable?
The use of proof still requires a high level of expertise!

Proof may be costly
Proof is not 100% sound! (float versus real)
Final version of SPARK 2014 is promising
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