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W

| default

-— A zigned integer typs onm J2 khits
type T IntiZ is range (-2 ** 31
—— A signed integer ityppe on 64 bits

(2 ** 31 - 1);

type T Inth4 is range (-2 ** 63) (2 ** 63 — 1);
for T Int3Z'Size use 3;

for T Int6d'Size use 64;

subtype T Uint3Z is T Int3E range O (2 **+ 31 -
subtype T Uintt4 is T Int64 range 0O 2 ** 63 -
subtype T Pos3iZ is T Uint3Z range 1 (2 ** 31 - 1);
subtype T Pos64 is T Uinted range 1 (2 ** 63 - 1);
type T Nat32 is range 0O [z ** 32 - 1);

type T Nattd is range 0O (2 ** 63 - 1);

for T Natii'Size use 3&;

for T Natfd'Size use 6;

subtype T ZSign Int3Z is T Int3Z range -1 1:

type T Float3Z is digits & xange -3.40Z82E+33
type T Float6d is digits 13 xrange -1.79768313486231E+308
for T Floatdl'Size use 3Z;
for T Floathtd'Zize use 64;

subtype T 3ign FloatiZ is T Float3Z range —-1.0 1.0;

3.40282E+358;

1.79769313486231E4+308;

I
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function Float3Z To Int3Z2 (X : in T Float3Z) return T Int3Z
with
Pre =» [X »>= T Float3Z (T Int3Z'First) and then
X+ 1.0 <= T Float3iZ [T IntiZ'Last)!),
Post =» Float3iZ To Int3Z 'Result = T Intid ([X);

function Float3Z To Int3Z (X : T Float3l) return T Int3Z
is (T Ink3d (X));

function Int3Z To Float3Z (X : T Intid) return T FloatiZ
is [T FloatiZ (X));

function Sign Strict Float3d (X : T Int3Z) return T Sign Floatdd;

function Sign Strict Float3Z (X : T Int3Z) return T Sign Floatdd
is (df ¥ > 0 then 1.0 else -1.0);

function 2bsolute (X : T Int3Z) return T Int3d
with
Pre => [X »= -T Int3Z 'Last);
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1 mubomez \Offline FolderiHiLike\CASE _STUDY TMTC 3G srchml, ads

1771= function Cos (¥ : T Floatil) return T Floatiz —

178 with

179 Pre => (X »= -C_2Pi3d) and then

180 (X «— C_Zpidi),

131 Post => [(Cos'Result >= -1.0) and then

132 [Co=z'Result «— 1.0);

123

|4 @ e

135

186= function Arctan (X : T Floatil) return T FloatiZ

137 with

188 Post => [Arctan'Besult >= -C Halfpi3dd) and then

139 (Arctan'Result <= © Halfpi3l);

190

171 e

192

193 1= function ZIaturate (X : T Floatid;

194 X Min : T Floatii;

195 Z Max : T FloatsZd) return T Floatsd

196 with

197 Pre => (X Min < X Max);

198 g

199z function Saturate [X i T Float3Z; 1

200 X Min : T Floatii; —

201 X Max : T Floatid) return T FloatiZ

202 is [if ¥ < X Min then X Min

203 elsif X > X Max then X Max

204 else X); "
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17

13

19

20 with Ada.Numerics.Generic Elementary Functions;
21

22 package bhody M1 is

23

24 package Num3d is new Ada.Numerics.Generic Elementary Functions (T Float3Z);
25

26

27

280 function Arctan (X : T Floatil) return T FloatiZ
Z9 is [(Num3Z.Arctan (X))

30

31

32

33 function Cos (X : T Float3Z) return T Floatsd
34 is [(Numd.Cos (1) ;

35

36

37

330:= function Zin (X : T Float3Z) return T Float:d
39 is [(Num3Z.3in (H)1);

40

41

43

43
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ECSS-E-ST-70-01C Space engineering

16 April 2010 Spacecraft on-board control o _.
: ro cedures EUROPEAN COQPERATION
P E
g u On-board CO ntrOI procedu re FOR SPACE STANDARDIZATION

= 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 J
S

= Application of the on-board software handling the execution of OBCP

. = OBCP language

» Programming language in which OBCP source code is expressed by
human programmers
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acmHA

hegin

end Buffer 3Zhit To Float3d;

function Buffer 3Zbit To Float3dZ (X :

return Cast From 3Zbit Buffer To Floatdd

Prove SPARKE  Window Help

SRR ]

61CfFline Folder\HiLike\CASE _STUDY TMTC MY srCiMYMigenericimym-ml-bits, adb

T Eit Buffer)

[¥);

return T Float3Z is

W

| 3

Buffer_Bit_To_Boolean
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F v 6vOfFline FolderiHiLikelCASE _STUDY, TMTC MM skC MyYMYgenerich myvm-data-pool, adb
265
ZaaE function Unchecked Read Float3Z (Data Id : T Data Id;
287 Data Pool : T Datas Pool) return T FloatiZd is
268 Definition : T Data Definition;
260 hegin
270 Definition := Data Pool.Definition (Data Id);
271 return Mvm.ML.Bits.Buffer Bit To FloatiZ
272 (Mvm.M1.Eit=.T Bit Buffer
273 [Data Pool.Storage
274 [Definition.First Bit .. Definition.Last Bit)));:
275 end Unchecked Read Float3d;
276
297 | e
278
2790 function Unchecked Read Floatfd (Data Id : T Data Id;
280 Data FPool : T Data Pool) return T Floathd is
£81 Definition : T Data Definition;
282 hegin
283 Definition := Data Pool.Definition (Data Id);
284 return Mvm.Ml.Bits.Buffer Bit To FloatEd
285 (M. .ML.Bits.T Bit Buffer
286 [Data Fool.3torage
287 [Definition.First Bit .. Definition.Last Eit)));
Z88 end Unchecked Read Floattd;
289
280 | e
281
2921 function Unchecked Read Int3Z (Data Id : T Data Id;
293 Data Fool : T Datas Pool] return T Int3Z is
£94 Definition : T Data Definition;
295 begin
296 Definition := Data Pool.Definition (Data Id);
g | mmmeimes

Ingert | \Writable | Unmodified 1:1
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24 | -- Status - -~

25 | —-- - D |

26 | —— Development: Complsated 3

27 |-— Test P Completad i

28 |-—- Proof P Completead

29 | —-

30

31

32 with Mvm.obit;

33 use Mv.Ohit;

34

358 genexric

36

37 -— The list of svents

38 type T Event Id is [<>);

39

4|:| ——FFFFF I I I FI I I FI I I FI I FI I I I I I I F I I I F I FFFF I I EI S SIS FF I SIS SIS SIS E SIS F S E SIS S E SIS S EEE L EEEEE

41 — *

432 -— G o o ol S P o QOGS GGG #

43 -— o o [ o [ [ o o #

44 -— QOGS 0 [ o o [ o #

45 -— o QOGS 0 [ el o S S U SR o #

46 -— o o [ [ o [ [ #

47 - 0 0 [ 0 0 0 [ [ #

43 -—F e e O QO3S 3 [ O QOD DEE #

_qg — *

5|:| R R R R R R R R R R RN EE

31 |package Mvm.s Events is

52

et e e ikl bbby

54 w

I | ¥
Urknown YCS (Modified) | Insert | Writable | Unmodified | 1:1
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d 44 N

45 3

46

47

48

490= generic

50

a1 type T Plan Id is [<>);

a3z type T Event Id is ([<=);

53 ¢ Max COf Plan 3teps : T Posii;

a4 type T Variable Id is (<>}

a5 type T Fu Id is [<=);

56 type T State Id is [<>);

a7 type T Fus Command Id is [<=);

o8 Max Of Parsmeter Nb : T FPosii;

a9 type T Vap Id is [<=);

60 ¢ Max Cf Wap Zteps : T FPosii;

a1 type T Data Id is (<) ;

62 type T Data Pool Ztorage is private;

63 type T Superstate Types_Id is ([<x);

G4 type T Fus Superstate Id is [<>);

65

66 |package Mvi.& Chope is

67

Ba

B9

70

71

T2

73
= 74 '
] Il >
3 | Urknown YCS (Modified) | Insert | Writable | Modified | 34:20
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Vimuhomezi Mo 64O line Folder\HiLiteh CASE_STUDY, TMT MM src My M generichmym-g_events, ads
a6 be>
S7E type T Ewvent
a8 |
a9 Event Status : T Event Status := Inactiwve;
&0 Type Of Monitoring : T Type Of Monitoring := No Window;
&1 Type Of Time : T Type Of Time = Bbsolute Time) =
A is
A3 record
G4 =l case Event Status is
(%) when Inactive | Failed To_Ee Detected => null;
(3 when Not ¥et Detected =>
67 Number Of Detection : T Nuwber Of Detection;
63 Threshold : T Number Of Detection;
= case Type Of Monitoring is
Ta when No Window => null;
71 when Time Window Start Not Protected End Not Protected
TE | Time Window 3tart Protected End Not Protected
73 | Time Window Ztart Not Protected End Protected
T4 | Time Window Start Protected End Protected =>
7a Start Window : T Numerical Ohit;
Th End Window : T Numerical Ohit;
= case Type Of Time is
7a when Abhsolute Time =z null;
= when Relative To Event => Origin Event : T Event Id;
a0 end case;
g1 end case;
gz when Detected =
a3 Detection Time : T Numerical Obit;
a4 end case;
g3 end recoxd;
S v
| ¥
|Mv m.G_Events Unknown %CS (Modified) | Insert | Writable | Modified | S0:62
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aa #
aeE= function Is Valid (Event : T Event) return Boolean is h |
a7 (case Event.Event 3tatus is
a3 when Inactive | Detected | Failed To_Be Detected => True,
a9 when Not ¥et Detected =>
oo (case Ewvent.Type COf Monitoring is
a1 when No Window == =
0z (Event.Nuber 0f Detection < Ewvent.Threshold), D
o3 when Time Window 3tart Not Protected End Not Protected ==
a4 [Event.Number Of Detection < Event.Threshold and then
a5 Event.Ztart Window <= Event.End Window),
=1 when Time Window Start Protected End Not Protected
=) | Time Window Start Not Protected End Protected
g | Time Window Start Protected End Protected ==
=] (Event.Nuwber 0Of Detection <= Ewvent.Threshold and then
100 (Event.Start Window <= Event.End Window))));
101
102 | -
103
104 -- The detection statuses of all svents
105 type T Events is private;
106 function Is Valid (Ewvents : T Events) xreturn EBoolean;
107
ms | -
109
110 —-— Returns an event status from its ITd
111= function Get Event (Event Id : T Event Id;
112 Events : T _Events)
113 return T Event
114 with Pre =»> Is Valid [(Ewvents);
115 L
| | 3

Myvm,G_Events Urknown YCS (Modified) | Insert | Writable  Modified . 77:74
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498
4099
500
201
02
303
304
305
506
507
508 =
09
310
311
312
313 =
514
315
3le
317
318
318
320
321E=
522
323
524
325
326
327
3Z8E

|default w a E‘I E %

e R E E EEEE

prirvate
e R EEEEEEEEEEEE I

type T Events is array (T Event Id) of T Ewvent;

function Is Valid (Events : T Events) xeturn EBoolean is
(for all Ewvent Id in T Event Id => Is Valid [Ewvent => Ewvents

function Init return T Events is
(T Events'[others => T Ewvent'
[Event Status =» Inactive,
Type 0f Monitoring =»> No Window,
Type Of Time =» Absolute Time)));

function et Event [Event_Id : T Event Id;
Events : T Events)
return T Ewvent

is [Ewvents [Event Id));

function Is Event Monitoring Detected (Event Id : T Ewvent Id;

111 ]

B (i

>

Myvm,G_Events Urkniown YCS (Modified) | Insert | Writable | Modified |
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456

457 -— Update the status of 211 svents following tims passiag

458 = procedure Check Monitoring (Ewvents : in out T Ewvents;

459 Current Time : M. Chit.T Chit)

460 with

461 Pre =& Is Valid [(Events),

462 Fost ==

463 (I=_Walid [Ewvents| and then

454 (for all Ewvent Id in T Event Id =>

465 (case Get Ewvent (Ewvent Id, Ewvents'Cld).Event Status is

466 when Inactive | Detected | Failed To Be Detected =>

467 (et Ewvent [(Event Id, Ewvents) = Get Event [(Event Id, Ewvents'0ld)),

468 when Not ¥et Detected ==

459 (et Ewvent (Ewvent Id, Ewvents).Event Status = Failed To EBe Detected or else

470 et Event (Ewvent Id, Events).Event Status = Not ¥et Detected ox| else

471 Get Ewvent [(Ewvent Id, Ewvents).Event Status = Detected))));

472

473 | e

474

475 -- Returns trus ifF the svent has bosepn deteacted

47 6= function Is Event Monitoring Detected (Event Id : T Ewvent Id;

477 Events : T Events)

4748 return Ecoolean with

479 Pre => Is_Walid [(Ewvents),

4a0 Post ==

431 (Iz_BEwvent Monitoring Detected'Result =

482 (case Get Ewvent (Ewvent Id, Ewvents).Event Status is 3

483 when Inactive | Not ¥et Detected | Failed To Be Detected => False, B

474 when Detected = True));

485

L T e |

| | 3
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32
a3
54
355
a6
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&0
£1
B2
B3
64
65
66
67
B8
£9
70
71
72
73
T4
75
TE
7

< |

|default w E E‘I E &

STUDY A TMTCY YR sred My M generictmym-g_events, adb

procedure Check Monitoring [Ewvent : in out T Ewvent;
Ewvents : T Ewents;
Current Time : M. Chit. T Chit)
with
Pre = Is Valid (Event =»> Event),
FPost ==
Is Valid (Ewvent => Ewvent),
Contract Cases =»> [[Event.Event Status in Inactive | Detected | Failed To Be Letected) =>
[Event = Ewvent'Old),
[Event.Event Ztatus in Not ¥Yet Detected) ==

[Event.Event Status = Not Yet Detected or else
Event.Event Status = Detected or else
Event.Event Status = Failed To Ee Detected));

b |

i | >

Urknown YCS (Modified | Insert | Writable | Saved | 1:1

Rt k| ——————— = |




] - - -
Do * A L |

Eile Edit Mavigate %CS Project Build Debug Tools Prove SPARK Window Help e

DEAl® I I W

Vimuhomezin 6YOFfline Folder\HiLitel CASE_STUDY TMT MM src Myt generic mym-g_events, adb

127 = procedure Check Monitoring (Events : in out T Events; ]
18 Current Time : Mum.Chit.T Chit) is

19 Event : T Ewvent;

130 hegin

131= for Bvent Id in T Event Id loop

132 Event := Events [Event Id);

133 Check Monitoring [Ewvent =z Ewent,

134 Ewvents =x> Ewenta,

135 Current Time => Current Time) ; =
136 pragma Assert [(I= Walid [Event => Event)):; B
137 pragma Assert (I=_WValid (Ewvents => Ewvents)];

138 Events [Event Id) := Ewvent;

139 pragma Assert (Is Valid (Ewvents => Ewvents)|;

1400= pragma Loop Invariant

141 [Is_Walid [Ewvents => Events) and then

1432 [for all I in T Event Id range T Event Id'First .. Ewvent Id =>

143 [case Bvents'Loop Entry (I} .Event Ztatus is

144 when Inactive | Detected | Failed To Ee Detected =>

145 [Events [I) = Events'Loop_ Entry (I)),

146 when Not ¥et Detected ==

147 [Events [I).Event Status = Not ¥et Detected ox else

143 Events ([I).Event Status = Detected oxr else

149 Events (I).Event Status = Failed To Be Detected))) and then

150 (if Event Id /= T Ewvent Id'Last then

151 [for all I in T Event Id'Succ (Event Id) .. T Event Id'Last =>

152 Events (I} = Events'Loop Entry (I))));

153 end loop;

154 end Check Monitoring;

155

i5%¢ 4 @-—=-—»—1+r-—————— 2
157 =
< | | >

Check_Maonitoring Urknown YCS (Modified) | Insert | \Writable | Modified | 120:20
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i At 1KHz
Eil Lﬂelp e
7| on 32 bits On 64 bits
Ll 2147483648 9,22337E+18
»
j 2147483,648 9,22337E+15 seconds Etectedi . j |
umerical Cbhit,
31 596,5232356 2,56205E+12 hours o Window,
3 24,85513481 1,06752E+11 days psolute Time);
31 0,067910204 291672107 years
j 0,000679102 2916721,07 centuries
378 ! pragma_Assert_[EvenE.Humher_O%_DeEectiDn <= Ewent.Threshold);
a79
a0 if Event.Number Of Detection < Event.Threshold then
gl Event.Nunber Cf Detection := Event.Nuwber Of Detection + 1;
I8z end if;
a83 o
384 pragma Assert (Is Valid [Event => Event));
3gs= if [Event.Type Of Time = Absolute Time and then
386 Numerical Chit > Event.End Window] or else
87 (Event.Type_Of Time = Relatiwve To_Ewvent and then
388 Events [(Ewvent.Origin Event) .Event Status = Detected and then
g9 Numerical Obhit >= Event.End Window + Events (Event.(rigin Bwvent) .Detection Time|
390 then
a91= if Ewvent.Event Status /= Detected then
39z Event := T Event' [Event Status => Detected, L
393 Detection Time => Numerical Ohit,
394 Type Of Monitoring => No TWindomw,
395 Type_0Cf_ Time => Absolute Time) ;
394 pragma Assert (Is Valid [Ewvent => Ewvent));
397 end if;
3048 else b
| »
Mvm.G_Events Unknown %CS (Modified) | Insert | Writable | Modified | 53:4
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" Vimuhomez ' &yioffline Folder\HiLiteCAsE_STUDY, TMTCY MY srci My genericimym-g_expressions.ads
E (4] -

s type T Expression (Expression Type : T Expression Type := Cnboard Time Expression) )
71 i=
T2 record B
73 Data Type : T Data Type;
4= case Expression Type is
75 when Constant Expression =
76 Nuwerical Value : Data.T Humerical Value;
7 when Onboard Time Expression =
a8 null;
79 when Ecual Expression | Different Expression | Greater Expression
20 | Greater Or Ecqual Expression | Less Expression
g1 | Less Or Equal Expression | And Expression | Or Expression
a2 | Addition Expression | Subtraction Expression
83 | Multiplication Expression | Division Expression
g4 | Not Expression | Negation Expression
g5 | 8lhz Expression | Zguare Root Expression | Variable Expression
g6 | Cast Natbd To Nat3iZ | Cast Int3Z To Natid
g7 | Cast_Inted To Nat3Z | Cast_Float3Z To HNatld

n a8 | Cast Floated To Nat3Z2 | Cast Natl3i To Nated
g9 | Cast Int3Z To Natbd | Cast Int6d To Natbd
Q0 | Cast Float3d To Nated | Cast Floated To Nated
o1 | Cast Nat3Z To Int32 | Cast Natbd To Int32 | Cast Int6d To Intdd
= | Cast FloatiZi To Int3d | Cast Floatf4 To Inkt3d
93 | Cast Nat3iZ To Intf4 | Cast Natb4 To Inthd | Cast Int3Z To Inthd
94 | Cast Floatii To Inthd | Cast Floatb4 To Inthd
05 | Cast_Nat3i To Float3d | Cast_Natbd To Floatsd
Q& | Cast Int3Z To Float3d | Cast Int6d To Floak3d
a7 | Cast Floated To Float3dd | Cast Nat3d To Floated 3
an | Maot WMatbEd TMa Plasbed | Mook TwdETT Ma BlastEd —

| ¥
|Mvm.G_ExpresaiDn5 Unknown %CS (Modified) | Insert | Writable | Modified | 66:50
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Vimuhomezim 5 OFfline Folder\HiLikeh CASE_STUDY TMTCYMYM i src My generichmym-g_expressions, ads
Q08 ”~
S09= function Is Valid (Expression : T Expression; )
010 Variskhle Types : P _Varishles.T Varishle Types)
o011 return Boolean is
01z (P Wariasbles.Is Valid (Varisble Types =»> Varishle Types) and then
013 (case Expression.Expression Type is
014 when Variabhle Expression =
915 [Expression.Data Type =
916 Variable Types (Expression.Left).Data Type),
917 when Onlboard Time Expression =
018 (Expression.Data Type = Nated Type),
019 when Constant Expression =
o0 [Expression.Data Type = Expression.Numerical Value.Data Type),
01 when Ecual Expression =
=) (Expression.Data Type = Boolean Type and then
023 (Vvariable Types (Expression.Left).Data Type =
0z 4 Variable Types (Expression.Right).Data Type)),
925 when Different Expression =
026 (Expression.Data_Type = Boolean Type and then
0z7 (Variskbhle Types (Expression.Left).Data Type =
o8 Variskhle Types (Expression.BRight).Data Type)), =
when Greater Expression ==
030 (Expression.Data Type = Boolean Type and then
931 Varishle Types [(Expression.Left).Data Type /= Boolean Type and then
Varisble Types [Expression.Right).Data Type /= Boolean Type and then
033 (Variable Types (Expression.Left).Data Type =
034 Variskbhle Types (Expression.BRight).Data Type)),
035 when Greater Or Equal Expression =>
036 [Expression.Dakta Type = Boolean Type and then 3
a2 irerdishla Mrmrmes (Auekrasodims T.afFhd Tisbks Mree = Banlass TMrome and than —
»
Ingert | Writable | Unmodified 1:1
eorven dotainonl ach | - mvm-g_expressions.ads
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1e00= procedure Cowpute (Expression : T Expression;
1691 Variakles : T Variahles;
1692 Current Time : Mum. Chit.T Chit;
1693 Fe=ult : out Data.T Numerical Value;
1694 Is_Error : out Boolean) is
1695 begin
1696 Is Error := False;
1697 E= case Expression.Expression Type is
1698 when Variabhle Expression =
1699 Result := Compute Variable [(Expression => Expression, Variables => Variahles);
1700 prayma Assert (Expression.Data Type = Result.Data Type);
1701 when Constant Expression =
1702 Besult := Compute Constant (Expression => Expression, Variables => Variables);
1703 pragma Assert (Expression.Data Type = Result.Data Typel;
1704 when Onboard Time Expression =
1705 Result := Compute Onboard Time [(Expression =» Expression, Varisbles 7> Varisbles, Current Time
1706 pragma Assert (Expression.Data Type = Result.Data Type);

1707 when Equal Expression =
1708 prayma Assert (Expression.Data Type = Boolean Type);
17a9= prayma Assert (Get Variable [(Expression.Left, WVariables|.Data Type = =
1710 zet_Varisbhle (Expression.Right, Variables).Data Type!;
1711 Besult := Compute Ecqual (Expression => Expression, Variables => Variables);
1713 pragma Assert (Result.Data Type = Boolean Type);
1713 pragma Assert (Expression.Data Type = Result.Data Type);
1714 when Different Expression =
1715 prayma Assert (Expression.Data Type = Boolean Type);
1716= pragma Assert (Get Variable (Expression.lLeft, Variahles) .Data Tvype = b

|
Ingert | Writable | Unmodified 1:1
M o ol 2k |  mvm-g_expressions.adb
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Vimuhomezim 6OFFline Folder\HiLiteyCASE_STUDY TMTCAMYM L src MY MY generichmyvim-g_expressions,adb

Q0= function Compute Equal (Expression : T Expression; A

a1 Variables : T Variahles) ) |

Qz return Data.T HNumerical Value —

o3 with

a4 Pre =>

a5 (Iz_Walid [Expression =» Expression, WVariables => Varishles)

O& and then Expression.Expression Type = Equal Expression and then

o7 (Get Varisble (Expression.Left, Varishles).Data Type =

a3 et Warislble (Expression.Right, WVarislhles).Data Type)),

99 Post =» Compute Ecqual'Result.Data Type = Boolean Type;

100

101 function Compute Equal (Expression : T Expression;

102 Varishles : T Varishles)

103 return Dats.T Nuwerical Valus is

104 Besult : Dabta.T Numerical Value;

105 hegin

106 = pragma Assert (Get Variable [(Expression.Left, Variables).Data Type =

107 Get Varislble (Expression.Right, WVariables).Data Type);

108 = case Get Variable (Expression.Left, Variakles).Data Type is

109 when EBoolean Type =>

110 Besult := Data.Create Boolean Value (P Variskhles.Get Boolean (Expression.Lleft, Varishles) =

111 P Varisbles.Get Boolean [(Expression.Right, Variasbhles));

112 pragma Assert (Result.Data Type = Boolean Type);

113 when NatlZ Type =>

114 Result := Data.Create Boolean Value [P Variables.Get NatiZ [(Expression.Left, Variables) =

115 P Variables.Get Nat3i (Expression.Right, Variables));

116 pragma Assert [(Result.Data Type = Boolean Type);

117 when Int3Z Type => Result := Data.Create FBoolean Value (P _Varisbhles.Get Int3Z2 [(Expression.Left, i

1118 F Variasbles.Get Int3Z [Expression.Bight

11a nramma dassrt (Reanlt Tiats Tune = Ranlesn Tone) - - - b

| >

|Cumpute_0nhuard_Time Ingert | \Writable | Unmodified | 85:32
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type T Fus is array [T Fu Id} of access T Fu'Class;

-— Chsck the validity of a FIF
function Is Valid [Fus : T Fus;
Fu Id : T Fu Id) return Eoolean is
(P_Gfu.I= Valid (Fus (Fu Id).all;});

-— Chzack the validity of all Fls
function Iz Valid (Fus : T Fus] return Boolean is
(for all Fu Id in T Fu Id => Is Valid (Fus, Fu Id});

-—- Check the walidity of 3 FIF

I
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53 __:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-*:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-:{-********************* .

54 -— # b |

55 - O0000 o 00000 O O o 00000 00000 .

56 - o 0 o0 0 0 0 o0 0 o .

57 -=# 00000 0 0 0 00 o 0 0 0

58 ——# o 00000 O a0 00000 G 00 0000

59 ——# 0 o 0 0 0 0 o 0 g 0 0

60 ——# o o 0 0 o R B T s R

61 - o 0 0 00000 O 0 0 0 00000 00000

B2 -—

63 e R R R N E RN r ] =

64 package Mvm.% Fu is

63 -

BB | mm e

67

&8 type T Gfu is abstract tagged private;

6o

0 | e

71

T package P FParameter is new Mvm.& Parameter (Max Of Parameter Nh => Max Of Parameter Nh);

73

74 package P Commwand is new P Parameter.G Command (T Command Id =»> T Fus Comwand Id);

75

T T

T

78 -—— Check validity

7a function Is Valid (Fu : T &fu) return Boolean is abstract;

a0

AT -

a2

a3z function Is Valid [Fu : T afu;

a4 Command : P Command.T Command] return Boolean w
|Mvm.G_Fu Insert ‘Writable  Unmodified | 49:1
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18z -— (el Sl Sl S o o o o o o o #
133 == o o o o o el el o A #
134 == o oo o [ o o o o #
135 == o [ o [ o o o o
136 == o o (N o o o o QD
187 -—#
188 R R R R R R R R R R R R EEEEEEREEE TR
189 |private
lgD R A R R E R R R R E R R R R R R R E R EEEEEEEEEFEEEFEEEEEEEEEFE]
191
192 | e
193
194 = type T Gfu is abhstract tagged record
195 Current_State_Id : T Fus Ztate Id;
196 3tatus : T Status;
197 end recoxrd;
198
192 | @ -
200
Z010= function Get Status Id (Fu : T &fu) return T Fu Status Id is
202 [Fu.Status.3tatus_ Id);
203
204 | e
205
206 function Get State Id (Fu : T Gfu) return T Fus State Id is =
207 (Fu.Current State Id);
208 L
209 | e
210 hd
Mwm.G_Fu Insert ‘Writable  Unmodified | 49:1
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[ *
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71 - A D aa o o aa o #

7 -—F o aoooo 4 oo aoooo o o0 aood #
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74 - o o [ o o o [ [

75 - i i Qo ooood O [ Qo ooofd Ooo0d

TE -
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78 |package Mvin.s Fu.Fsm is

79

g0, -——m

g1

g2 type T Fu is abstract new T Gfu with prirate;

83

e S T e

g5
| BeE package P Comwmands is new P Comwand.& Commwands (First Commwand => First Comwand,

87 Last Command => Last Comsand) ;

aa

g9 subtype T Parameter Id is P _Parameter.T Parameter Id;

Q0 subtype T Command is P Command.T Command;

91

oz package P_Ap Commwand is new P_Paramweter.G Commwand (T _Comwand Id => T Ap Id);

o3= package P _Ap Commwands is new P Ap Command.& Comwmands (First Comand => T Ap Id'First,

04 Last Command => T Ap Id'Last);

o5 package P Ap Commwand Call is new P Ap Command.G Call (T Reference Id =» T Parameter Id);

=1

[ el remn s M S v oan ] Mrran — A T Tl e e M M mca—oan sl Mrran— w :
; | >
] Insert | Writable | Unmodified 1:1
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type T Fu Ap Ztatus [3tatus Id : T Fu Ap Ztatus Id := Ap Fu Successful) is
record
case Status_Id is
when Ap Fu Successful | Ap Fu Failed => null;
when Ap Fu In Progress ==
Ap Comwand @ T Ap Command;
3tep ! T Fu Ap 3tep Range;
end case;
end record;

type T Fu is abstract new T Gfu with record
Comand Types : T Command Types;
Transitions : T Tran=sitions;
Superstates Definition : T Superstates Definition;
Fu Ap Status : T Fu Ap Status;
Ap Command Types : T Ap Command Types;

end record;

—— Mhark thae wvaliditvr nf an antomaton
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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_ld).Current_Step < Obcpe.Plans (Plan_lId).Steps_Nb then
Obcpe.Plans_Status (Plan_Id).Current_Step := T_Step_Range'Succ (Obcpe.Plans_Status (Plan_ld).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_lId 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_ld;
begin
Alternative_Plan := Obcpe.Plans (Obcpe.Active_Plan).Alternative_Plan;
if Obcpe.Plans_Status (Alternative_Plan).Status_ld = 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_ld,
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_ld range T_Parameter_|d'First .. T_Parameter_|d'First + Fu_Command.Parameters_Nb - 1 loop
case Instruction.Fu_Command_Call.Actuals (Parameter_|d).Actual_Type is
when Numerical =>
-- The numerical value shall be copied
Fu_Command.Parameters (Parameter_ld) := Instruction.Fu_Command_Call.Actuals (Parameter_ld).Value;
when Reference =>

P T T T I
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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

i = 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

© ASTRIUM .
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