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Verification of AADL Models with Timed Abstract State Machines
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!(Institut de Recherche en Informatique de Toulouse, Université de Toulouse, Toulouse, France)
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Abstract: This paper presents a formal verification method for AADL (architecture analysis and design language) models by TASM
(timed abstract state machine) translation. The abstract syntax of the chosen subset of AADL and of TASM are given. The translation rules
are defined clearly by the semantic functions expressed in a ML-like language. Furthermore, the translation is implemented in the model
transformation tool AADL2TASM, which provides model checking and simulation for AADL models. Finally, a case study of space GNC
(guidance, navigation and control) system is provided.
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RN T R sUARde g Rnk. PRI AR SO RS B A 2 A RN 2L SE IS R GERE AR R 4
e S 2R 4 (safety-critical real-time systems). {1 T Il B8 FlAE DI RS TSR ANWTHE ey, R 40 52 2% 15 S R B8 n, 4 i ¢
TF 15 ST i T T 22 A RO S I 3R 48, I A0 280428 1) T 5 I ) R i A 27 A S R0 ol S [ T s 7 e Rt 30 4
ok BRI 0K B TF 2 7 38 W R 2 A USRS I R G T S T R I R T B A Db 2 i N SRS R S A
R AT 540 M1 5 bR, AADL(architecture analysis and design language)™* H 25 52 21| ¢ 14, 3 W7 K 1%k
— AT TR AL

AADL B F AT —FPbRiE . AT 7 20 22 A RO SN R G AT AR R A . IS AT I EREE . DR



DL AR e 8 PEEAT 208, H A IR i 4 AADL BER T 560F 5 40 B 1 2 Bk 42, n 4% 4. 3] BIP(behavior
interaction priority)™, Fiacrel!\ it 4 TLA+HS, [F2015 5 Signal ™45, H (2 0 7 5 ALIX 46 |- O
565 UE 1 23 BT g

AADL 5T N MO N R T F 5 1R IE R 07 AR L2 8 MUK B AR 5 R T kAT
R O A 1) AADL 35 SURIF9Y 1 32K ] #4038 X (translational semantics)f 77 2050 B 59— Fh R 2038 35 (R h
HbriE5)k#%iE AADL 55 8938 3, BIPM™ Fiacrel®! TLA+ Signal), IF!" RTMaude!"), ACSR!" Lustrel',
Petri Net! 125 3 fl iy 2011548 U 5 T BR A, th /2 AADL A5 50 6 i (1 L itk 4B, K380 & A BIF 9 R A 5 /N 1)
AADL FH, A7 45 H— A~ Hedse s 2 10 8 208 SO SGIEIR, F 28R F AR TE 55 16 D 701l 5 S8, G 1 AADL ¥
ST H BR 15 AR B 4 HORE A 0T S R Tt AN T8 XA 8 i, B R P L A e 2 A R oG ST R AR — A
B, &R H bRE T B AN W R IA 68 ), (0 RE A8 T AU IR ERAT N IE T R D,

%R Al (abstract state machine, i F ASM)U 32 ] T8, BEAF R GV DA R B RGE SCE XN T 52
RSN R A T REAT Jy I 1) 1 DA B B 5 B (1 11,2006 4, MIT 76 ASM [ Al 32t 7 I [l il GRS ML
(timed abstract state machine, fii 7 TASM)!'®!7L A%} T BIP,Fiacre, TLA+,Signal 25 H #5155, TASM A% [ 5 37 £
B0 NN N I DDA E 8 X RS LA et i TR = R R o e 58 T

DAL i, AR SCH HH — R 1 TASM [¥) AADL JE 2% i S B A JEL i i F

(1) =M A EHEN) AADL 4 B XU 25 1 AR I S 05

(2) BRI TASM (IR E %,

(3)  FETE X FREE MW %) AADL 357 3] TASM 1535 AR it 56 22, 01 5 T2 ML eis S e g

B v SCREI).

e b, 7 T 2 48 1 IR 6B 36T AADL IR A BB 55 OSATE!) B3l Jf 53 AADL BEALEGIE 55 43
Hr T H——AADL2TASM, DA 3z 530 i B8 I T2 UPPAALPO LA K2 45 L3 #7 T TASM ToolSet?1%} AADL
SR TEAT 960 R 43 #

ARSCE 1 R A4 AADL W5 5 IR AMEE 2 2 4 A S AADL TN GIE 5 3 14t TASM
VBT ARG R ILH G EE S 4 AN FI A4 L S R4 AADL2TASM A4 T 2.
56 WEF A MURS T TS R G LB, AADL2TASM T H f N B B 265 7 15 4 iAo TAE L.
558 TR A TSI A A I IR AR IR A 46 1 A )

1 AADLESEN

LRGBS N A B AT IR R UL R AR R 40 DL R S R R I A R A,
AADL 15 5 5 20 N R AL T 304 2R 2540 I8 AT I RS LA B AR A 44 2R 25 40 1 @ AL A - i £ 52 (thread) 4%
"2 (thread group). #EFE(process). #4fi (data). 17 (subprogram)Z5 4 {11 DL K 7 F K ik 2 48 (R AR R 45
P45 38 ok 4b HI 2% (processor) s 481 AL HE 28 (virtual processor). A7-fif % (memory). At (device). st Zk(bus). HEH
ALEE (virtual bus) 55 8 fF DL RO $6 Ok R R Ge 1 A1 44 R S5 R 0l 1 4y P i (dispateh) 3l AR P X
(communication). & B (scheduling) A B 1 (mode change) LA & 73 X ALl (partition) 55 Ja 74 Sk ifi i 5
IS AT N A EE A AADL 8 & T FCh AT HE 2 (execution model); #i i, il i 2R 45 (system) /4 - AT 4 &, )2 R 4K
Hh ST R G AR FR SRR 5 0 AT N B (behavior annex)? DA 3T £ 4 (transition system) ) JE 3038 5 T
AADL X8 TR R A R0 7 F5 7 R PR D R AT S 10 P 40 A e 00 ELAT Ay B AR 5 AT A58 20 5 R 8 1 6 R B AT
ML 5 ST LR R0 25 J S (AR S0k B ) M s B T S50 Ik Al A7 Ay B I e SIR S P B 3R
ATAT A 34T V40 200 DR b, 3R AR R ) AT AR DA R AT A PR ) s — AN 58 24 1) AADL Hiidk.
AADL EAFGHAL MY 8,3 — 0 F & T AADL 55 R IERE S 490 a0, #4555 B 14 (error model
annex) P & TR PG B2 0 OB AR L OB R R E E Dh R kLS RE R ST SR M O T S RE ARINC653
Wik, AT T ARINC653 4 J I 229 AADL 38 35 (WA ML & Tk — 25 2 W SCik[2,3,25].



2 AADL FEREMRIEEL

M 2004 4F AADL Hifk iE 2R AT Ak, A% 0 SORY By i B A A6 A W7 RAE 1T R R e A9, H i A% 0 SCRS A
AADL V1.0 (AS5506),AADL V2.0 (AS5506A)F1 AADL V2.1 (AS5506B)iX 3 MR A, AADL V2.2 tIEAE1ET 4
g B 4035 Annex AS5506/1,Annex AS5506/2,Annex AS5506/3 £ 2241 SCRY, 1F 75 58 24P #) constraint
annex 2 F1 BLESS annex>"M4 & £ii & Annex AS5506/4.AADL %k — N JE K (R FRUE(R 22, 5, AADL i X B3
B2 B — A U AR AT Y.

MR LR 25 55 22 A MO SE I R 8 130 43 R 1, R SCIE UK AADL F4R 10

(1) RGO ARG E R LR BRIl . AP GE B 1 DL R S M (55 4

MIJLE;
(2)  PATHAL T AR RERAT . B LS R LREHAT. aORG. HEE . WA
AT R S 1

(3) PR Uy T, A LR AT by B A

FARIEAR LR B — A T BB ) AADL R 3% MRS, bR, R DL RAT W IHAFIX 4 AR Tck
SLRGH AADL BB JENGHERR W B AL R SR 1 E W B R R W BT R R A R, R
FEFE R A T L SOBE S R B A e, T e FR BT 5 32 B RE gk . B, 20 e 1S (W5 ), 26 Rl 175
0 8 52 BB R4 1K) R W T AADL AT A58 LA 74 (10 0 SO IXAE A A R GE AT Ry 2 W o 5 vl T LI

BAVEE TR )7 s th AADL T AR (W3l Gk A0 3 Gy e b 45 46 7o 3R AT B0 i 1k e 1k 7 )
—ANEVEEE R T PORT,SOM,EVENT,DURATION, BASTATE,EXPRESSION LA }2 VALUE b 15 X 2.
R B, 76 2R Gk A o R ATV A 25 EE SR A 138 5 HL R DK 10 Rt - e S 380 A 10 388 g A1

>

Type System:=
{ Iports: set of PORT;
Oports: set of PORT;
Processes: set of Process;
CPU: Processor;
Memories: set of Memory;
Buses: set of Bus;
Initial_Mode: SOM,;
Mode_Transitions: set of SOM_Transition;
¥
Type Process:=
{ Iports: set of PORT;
Oports: set of PORT;
Threads: set of Thread;
Connections: set of Connection;
Initial Mode: SOM;
Mode_Transitions: set of SOM_Transition;

}

Type Processor:=

{ Scheduling: {FixedTimeline,Cooperative, RMS};

}

Type SOM Transition:=

{ SourceMode: SOM,;
TransitionType: {emergency,planned};
DestinationMode: SOM,
Event: EVENT;

}

Type Thread:=
{ Iports: set of PORT;
Oports: set of PORT;
Period: DURATION;
BCET: DURATION;
WCET: DURATION;
Deadline: DURATION;
DispatchType: {periodic,aperiodic,sporadic};
Behavior: BehaviorAnnex;
Modes: set of SOM;
5
Type Connection:=
{ SourcePort: PORT;
ConnectionType: {immediate,delayed};
DestinationPort: PORT;
Modes: set of (SOMUSOM _Transition);
§
Type BehaviorAnnex:=
{ States: set of BASTATE;
Transitions: set of BA_Transition;

}

Type BA_ Transition:=

{ SourceState: BASTATE;
DestinationState: BASTATE,
Time: DURATION;
Guard: EXPRESSION;

Action: (Iports(th)—VALUE)xOports(thy—>VALUE;

}



3 TASM K EMZIEE

3.1 TASMERHE

AN TASM $ii 3t £y 19 38 3 AL i P45 00 ity AL I 35 60 458 B 35 A% b b LSS AR T 2R T A 1) 24 i UM, i 2 L
MEAT VH S8R 5 T A% £ R MU, LA SE TR G AR ZS A8 IE . [A) I TASM. 7EARSE B 386 i 77 b 1) A0 08 U5 1 52 S, 0 il
AR IT IR 4 252 I TR FH % Y5 G
TE X 1. TASMSPEC=(E,ASM),J§ —A~ - JG4l:
(1) 5% E=(EV,TU,ER),EV R/ A8 & HRM 5E AR TU 3 LA HE AR | Boolean R, SIIHY
R, T 8 2 LRI ER={(rn,rs) } 3278 W IR PR AR 5 1) 8 S ANAL PR - (7G358 L Al e . ThFESE,
rn 2 BRI AR rs=[lower,upper] W R 75 BE I I K /1.

2) BHL ASM=(MV,CV,IV,R), i % 4F 7 MV(monitored variables) 5 WA R ML AT B T 5 52 1%
A5 CV(controlled variables) A il G HLKs 201 5 1) 4% & (K 42 55 0% 5t [V(internal variables) A 4
B P BB AT FH 1) v 8] A% B, R 32 3R 858 1R 300 s R=(n, £, RR, ) N A B DL BAT AU 2 W) 1) 44 R ¢ 267~ A
VUJPAAT PR35 252 IR i), P A A 1 5 AL, B A DX T [ i ), B2 T LA SCBEE T mext(t:=next Fon WL
AT RS, H B AT R A),RR U ru=rs 1B PRTH FE,r W& R WI“if Condition then
Action” WAL Foh , Condition 72 Wi 4578 = 1K) 4 T B A ction 15532 45748 & IF IR AE  skip PAJGE
T4 S fFelse then Action” L.

ASM W BIAT Z 4, AMTH R1,R,,... R, 227 (AR 2 8] 2 HL T AT 180, B A 2 AT S FL Uil 2 2% A1
TEHIT (I A R).RANAT S M2 I, 76 B BB A BT o I 0 L 8 U510 BE30EAT 0297 DKL B ASML (00T ol
LA IR — N AR 7 4.

B 7 I TR R B U5 AT A LLAR TASM 38 SCRFIF R 5« TR IR 4 LA R0 A5 A5 AT 0 IR itk . e, TASML %
TGN K 3 2 B B (main ASM). Tl 5 HL(sub ASM)FI i £ dih G ML (function ASM). A5 Il A5 2 XA
TGN 18], I AT LR A R 1 g K

LA, TASM A HIRE AL K T2 UPPAALPY LA K 4) 5 43 #7 1 TASM ToolSet % BB BiME . 24t i
PEV ISR AP 0 R FE I A 5 DG B S AT 56 N A3 A
3.2 TASM¥RIE.

A SCANCR FH e 524 i 1) 3 A 7 2, TR I TASML I il BB ik 7R i F

P = x:=exp|skip|if BExpr then P|else then P | time(t,
| resource r(r, ¥y, ) > P|P@P|P®P
TASM :=(E,P| P||...| P)
PE ST BB NLINAT N x=exp F7R BB 245 AL 5 x (KU s skip 278 AEATATSNAE time 375 R AT 1) I
i);resource 7 FLMIBRAT S 18] e JH FE IR DR, 2 BRI 2 B POP 7R A AR M LER AN [R] R U 2 [h) 114 3L 95
Al POP 7[R — 4% FL A AN [ B AE 1) ¥ R B A AHAS B ) I 25 B 37 [ — A8 5 R UM P P 3R 2 4l
SIS B 1 I R AR A, e AL = AH R (W3R E.

PRI T AR B R 7s T S AU s el S LR A

A TASM G PAT T8 S ME PR AR P95 28 1 1) 2 1 UM, 1B % 25 00 2 4% 1 1 00 0, 45455 190 )
V1R 35 452 IR ), 5 0 U 4R A8 I T 5 o I, B I 3 2 P AP, 2 SRA A ) 282, U 5 B A A i U AT 58 2 ),
bk ol N SWIIE S5 AR R E 2SI S I QL =t i TR =R

) > P|time next > P

min tmax

4 EHTF TASM B AADL F0E6#1E X
HET- AADL T4 (F 9 %75 Rl TASM (K9 B vE AT L2 TAk . BEEAR (77 24 H e i e L.



4.1 R
FGE R 1 T SO H At A TG 35 9 SO 6 1T R, BT

Translate(s : System) =

(
U Trans _ProcessData(pr) U ( U U
pres.Processes tres.Mode _trans
v Trans _SchedulerData(sch)) U ( U v
sches.Processor the pr.Thr
v Trans _ConnectionData(cn)) U ( U  Trans _BehaviorAnnexData(th)),
cn e pr.Connections the pr.Threads
I Trans _Process(pr) || ( | Trans _Mode(tr)) ||
pres.Processes tres.Mode _transitions
( I Trans _Scheduler(sch))||( || Trans _Thread(th))||
sches.Processor the pr.Threads
( I Trans _Connection(cn))||( || Trans _BehaviorAnnex(th))
cne pr.Connections the pr.Threads
)

ik R h 3 DNERCAR G TR )2 R ERERPE B TR 2 IR BL AT R B AR )2 IR AN )2 IR
IS E, 4 BT T V% 4 A CAR A A A 1 & ) TG 3R S AT I TR 1k DA S AT A B 1) 45 # TT 20) BLG Oh TASM 345
AR B AAT N (AT T SCRL AT g B B 18 SO WS A TASM Fi AL BATTHE A I 25 ML 17078 5 R R s WL Fn
WA KA

_ P
- LET name =P AND ... IN TASM

.. P P
-IF condition THEN TASM ELSE TASM

4.2 HEMH
BERER AR 2R 40 11 1 4001 bk 2% 1), 2 8 2 (1 A B4 285 3 20 2 i BB Rk BEBAT 1 — 1k S8 A8 ST AT 8 38 1
PO d1k = ), A 458 SO I B AT R IS 2 (RO AA 4 ) AN A0 B, Tt ELAEAN I 7 mT i o A e 26 1
T 50K BERE AL A N/ I T e A DL R RR A . TASM PR AR R I rp B e
Integer % 53 /R, JiFuf 1 ] Boolean 7% te: 38 7 S A4 i vty 1LV FH P AR 1t (Integer,Boolean) K 26 7 A7 52 L)
T2 IR 8] 0 /5 By I 1), T LA A TASM R DU FR AT I 1)
XN 4.2.1. AADL R EIK) TASM 5522 5 80K,
Trans ProcessData(pr)=
{ State: {unloaded,loading,starting,loaded} =unloaded,
Iport: Iports(pr)—Integer;
Oport: Oports(pr)—Integer;
LoadTime: Integer;
StartupTime: Integer;

}

SLOHERR R PE (AT 08 SR — AN 5 7 40T B (Loading Begin,Loading Complete,Loading Abort,
Starting Complete,Starting Abort,Process Stop,Process Normal)[F] TASM 1% HL. TASM 1] LLAR J7 {8 3 45 &N I %1
I B SR TR A R IR ATy A

o Started(processor) 3% 7~ KPR 215 I8 B i, BN Started(processor)=true;

o Abort(processor) 3% /s b B4 & 75 4 R W

o Load(th)R =R IR ST 2 T I a8 i 2y ;

o Stop(processor) R /m AL LS 21545 11, W IR Stop(processor)=false, L F£ 3 N\ Process Normal I, H—F



AbF loaded RZS.
XA A E X AE TASM R I,
XN 4.2.2. AADL R PEAT I S TASM 208,
Trans _Process(pr) =
LET TASM _ Process(pr) =
/I Rule Loading Begin
time 0 > (if State( pr) = unloaded and Started ( processor) = true then
State( pr) = loading )
@ // Rule Loading Complete
time LoadTime > (if State(pr) = loading and Abort( processor) = false then
State( pr) = starting)
@ // Rule Loading Abort
time 0> (if State( pr) = loading and Abort(processor) = true then
State(pr) = unloaded )
@ // Rule Starting Complete
time StartupTime 1> (if State(pr) = starting and Abort( processor) = false then
State(pr) =loaded ® (  ®  Load(th) = true))

the pr.Threads

@ // Rule Starting Abort

time 0 > (if State( pr) = starting and Abort( processor) = true then
State(pr) = unloaded)

@ // Rule Process Stop

time 0 > (if State(pr) = loaded and Stop(processor) = true then
State( pr) := unloaded)

@ // Rule Process Normal

time next 1> (else then

skip)
INTASM _ Process(pr)

4.3 BEALTH

AE ZR GERG AF RV IERE AL A o # v) LA s SCASE AR e, 0 B 5 [ ) A2 022 26 (1 TG 5 1) 28 A R ) o 0 2 B
AT 2 REPAT MU A5 1R 5, 1Ty ELAE QAR e 5 2B A P s IR RE A PE R s 2 Ja B 1 4 il T R GuR U e 1
AT IR 1E.

Mode _transition_in_progress End_of SOM_transition
MCR - Hyper(critical _old) - Hyper(critical_continue)*

Continuing critical threads both in
oldsom | Waiting SOM transition old and new mode newSOM
s

Using the mode transition connection:

Deactivate old threads (exit (mode))
Activate new threads (enter (mode))
Disable the old connections

Enable the new
connections

Fig.1 Execution states and actions of an AADL SOM transition
K1 AADL RGP AT RS RS 1F

RETT AT IHEE X (0ldSOM) 1 30 A8 #1853k (mode  change request, fii # MCR)ZIE 2 )&, RGN —A~



A% A8 e 11 M 5 10, 2 SR A AR o (1) 2 Y Oy K SR Bk (Mode Transition Response=Emergency), Ul Wt % J 11 £
S R A O SRASE 2 AR e (1) 2 7Y 4y 11 R AR ¥ (Mode Transition Response=Planned), W) W HE £ HH¥ 457 48 1] 1H 455 5
TR AR B A2 A Hyper(critical_old)), B A 1#% A [7] 22 Ri(synchronization point), 17 H. 3t s [1] 47 26 56) i)
() St 0T 0, TE A T 1 2 R 4R S AT 30 S T R E A AR 8t 301 1) 2 2 A T R0 A 1 A o P E 22 A ROk
SN R G AT 45 (M SRR FE U W T AT 45 2%, AADL H “Synchronized Component” J& 7 1 LI JE W 14 £k 2
PETITS Y
EULIRDE 5 B RGHEN Mode transition_in_progress RZS, I 1E 20U LA AR e 8 I B X (newSOM)
HAE T IHEE X (oldSOM) I S I BR THBL TS HAS 8 T8 2 1) e R RZE 42 [ T Ji T o A A8 o P O B e e
IR B PAT ; [R] I JE T-PRASRE R JE 42 v) DU T30 58 OX L B 2 )5, R G A IE 2k AR S, I B0 B s 1
TR R T AR AR i 14 IS 20 Dy B A e DA AR 8 (1 R A R ) R Oy RASE A A6 [ 288 20 DAy R A e, DU
AR R 4 28 1) 7 b ST 1) 48 2 AT 1) O B e R 168 ) JU1 (B, [ ek Je 3 g S A P O B e ), O HLRT R O 2 A4
8 S, FRATTIE A Hyper(critical _continue)*.
F2 G0 A 0 S 8 A AR 8 1 SR R AR e e e, A MCR AR 4 B 200 T HAN % & £ A~ MCR (A
k.
1E TASM 5548 i IR ATT5 | N “CurrentSOM”,“ModeTransitionInProgress” “ArriveHyperPeriod % 7% .
XN 4.3.1. AADL RGHEA ALK TASM M348 5 L.
Trans _ModeData(tr)=
{ CurrentSOM: SOM;
ArriveHyperPeriod: Boolean;
ModeTransitionInProgress: Boolean;
SOMRequest: Boolean;

}

FAAT 8 e 4K TASM_SOM_Transition FI MCR P Al 5 L, 73 730 of I A6 2 A% 8 PR A7 A RIS 2 AR 6t 17 5K
[ 7= A T 4 ELHG Waiting Hyper Period,Mode Transition In Progress,Mode Transition LA} Waiting MCR %5 4 45 #)
W), 30 i I AR Activation(th) R Activation(cn) K28 78 R FE RN IZEFE /2 15 Ab T 2 Ay 455 T v Rl A48 4, iy T+ [
U35 Hyper(critical _old) e 45 Bf ], K 6 B Waiting Hyper Period B SR 3 75 8 J& A (1) 21002, A XA B 2 0E
Mode_transition_in_progress WK% % T30 BIAR 4 ANFF B[R 5 55, e LB E N Mode _transition_in_progress Ik
A5, I 3L B 52 AR e MCR . il LA & 145 4 L I H [0, Hyper(critical_old)RA/RBENL™ £ MCR I [A].
HH T Hyper(critical continue)* 1] §& 2k 2 A~ Ji W1, 10, N Mode_transition_in_progress R E| End of SOM
transition WRZS I FEEEIS A ASH 2, L B AT ME H 5 — AN S WL Manage_Hyper_Continue A X AW (7]

XN 4.3.2. AADL RGAEA AL MANAT I LI TASM 5.

Trans Mode (tr) =

LET 0ldSOM = tr.SourceMode

AND newSOM = tr.DestinationMode

AND TASM SOM _Transition =

// Rule Waiting Hyper Period

IF tr.TransitionType = planned THEN

time Hyper(critical _old) > (if State( pr) = loaded and CurrentSOM = oldSOM and SOMRequest = false then

ArriveHyperPeriod = true)
@ // Rule Mode Transition In Progress
IF tr.TransitionType = planned THEN



time 0> (if CurrentSOM = 0ldSOM and SOMRequest = true and ArriveHyperPeriod = true then
ModeTransitionIlnProgress := true ® FlagNewSOM = true ®

Activation(th) := true ® ® Activation(th) := false ®
thethreads(newSOM) \ threads (oldSOM ) thethreads(oldSOM) \ threads (newSOM )

Activation(cn) = false)
cn e connections(0ldSOM ) \ threads (newSOM )

ELSE
time 0 > (if CurrentSOM = 0oldSOM and SOMRequest = true then

ModeTransitionInProgress := true ® ® Activation(th) := true ®
thethreads(newSOM ) \ threads(oldSOM')

)Activation(th) = false ® )Activalion(cn) = false)

the threads (oldSOM ) \ threads (newSOM

@ // Rule SOM transition

IF tr.TransitionType = planned THEN

time 0 > (if ModeTransitionInProgress = true and FlagNewSOM = false then
CurrentSOM = newSOM & SOM Re quest = false ®

Activation(cn) = true ®
cne connections(newSOM ) \ threads (oldSOM )

cn € connections(0ldSOM ) \ threads (newSOM

ModeTransitionlnProgress = false ® ArriveHyperPeriod = false)
ELSE
time 0> (if ModeTransitionInProgress = true then
CurrentSOM = newSOM & ® )Activation(cn) =true ®

ene connections (newSOM )\ threads (oldSOM
SOMRequest = false ® ModeTransitionlnProgress = false)
AND Manage _Hyper _Continue =
time Hyper(critical _continue) > (if true then
FlagNewSOM = false)
AND MCR =
/I Produce MCR
time(0, Hyper(critical _old)) > (if State(pr) = loaded and CurrentSOM = 0oldSOM and SOMRequest = false then
SOMRequest := true)
@ // Rule Waiting Next Event
time next 1> (else then skip)
IN
IF tr.TransitionType = planned THEN
TASM SOM _Transition || Manage Hyper Continue || MCR
ELSE
TASM _SOM _Transition || MCR

4.4 FEHIEGROBEMEEGG
2 RS B i VA 1 SRR A (T8 SO i R RE A A FEAAT DAy LA S i 70 R AN BHis i 1188 A5 AR AT 1
He) 180, 3 Jhy s SCREIN 4.4.1 FHiE: SO 4.4.2.
BN 4.4.1. 25 8 HcH v 10 A ) 2 FEA T K] TASM R A2 5 40R.
Trans_ThreadData(th)=
{State: {halted,waiting mode,waiting dispatch,waiting execution,execution,
completed,waiting next_dispatch}:=waiting mode;
Iport: Iports(th)—Integer;,
Oport: Oports(th)—Integer;



RscUsage: RESOURCES—Integer;
WaitingNextDispatch: Boolean;

}

Trans ConnectionData(cn)=

{ ConnectionType: {immediate,delayed};

}
BN 4.4.2. 2 8 Hcd i 1E A K ZRE A P AT T S TASM 8.
Trans _Thread (th) =
LET TASM _Thread(th) =
/I Rule Initialization
time 0 o> (if State(th) = halted and Load (th) = true then
State(th) := waiting _mode)
// Rule Activation
Time 0 > (if State(th) = waiting _mode and Activation(th) = true then
State(th) := waiting _dispatch)
@ // Rule Dispatch
Time 0> (if State(th) = waiting _dispatch and Dispatch(th) = true then
State(th) := waiting _execution ® Iport(th) = IportBuffer(th) ® Dispatch(th) = false)
@ // Rule Waiting Execution
Time 0 > (if State(th) = waiting _execution and Get _CPU/(th) = true then
State(th) := execution ® Trans _Connection _Read (th))
@ // Rule Execution
Time (BCET (th),WCET (th)) > Resource Processor 100 > (if State(th) = execution then
Oport(th) := ComputeOutPut(Iport(th)) ® State(th) = completed ® Get _CPU (th) = false)
@ // Rule Write Data
Time 0 > (if State(th) = completed then
State(th) := waiting _next _dispatch ® Trans _Connection Write Imm(th))
@ // Rule Waiting Next Event
Time next > (else then skip)
@ // Rule Deactivation
time 0 > (if State(th) = waiting _dispatch and Activation(th) = false then
State(th) := waiting _mode)
AND Dispatcher(th) =
IF Dispatch _protocol = Periodic THEN
//Rule Dispatch Thread
time 0 > (if Activation(th) = true and State(th) = waiting _ dispatch and Dispatch(th) = false then
Dispatch(th) = true ® WaitingNextDispatch = true)
@ //Rule Waiting Period
time Period (th) > (if WaitingNextDispatch = true then
WaitingNextDispatch = false ® Trans _Connection Write _Delay(th)
® State(th) = waiting _mode)
@ //Rule Waiting Next Event



time Next 1> (else then skip)
IF Dispatch _protocol = Aperiodic THEN
// Rule Dispatch Thread
time [0,Max] > (if Activation(th) = true and State(th) = waiting _dispatch and Dispatch(th) = false then
Dispatch(th) = true ® WaitingNextDispatch = true)
@ //Rule Prepare Next Dispatch
time 0> (if State(th) = completed and WaitingNextDispatch = true then
WaitingNextDispatch = false ® State(th) .= waiting _mode)
@ //Rule Waiting Next Event
time next 1> (else then skip)
ELSE // Sporadic
// Rule Dispatch Thread
time [ Period ,Max] 1> (if Activation(th) = true and State(th) = waiting _dispatch and Dispatch(th) = false then
Dispatch(th) = true ® WaitingNextDispatch := true)
@ //Rule Prepare Next Dispatch
time 0 > (if State(th) = completed and WaitingNextDispatch = true then
WaitingNextDispatch = false ® State(th) .= waiting _mode)
@ //Rule Waiting Next Event
time next 1> (else then skip)
INTASM _Thread(th) || Dispatcher(th)

Trans Connection _Read(th) = ® ip = IportBuffer(th)
- - ipelports(th) ncneConnections n
DestinationPort(cn)=ip AConnectionType(cn)=immediate
Trans Connection Write Imm(th) = ® IportBuffer(DestinationPort(cn)) = op
- - - opeOports(th) ncneConnections A
C ionType(cn)=il diate nSourcePort(cn)=op
Trans Connection _Write Delay(th) = ® IportBuffer(DestinationPort(cn)) = op

opeOports(th) AncneConnections A
ConnectionType(cn)=delayed ASourcePort(cn)=op

441 BRI HEARAT

BRI LTS A TR R P IBT AT IR 2 7 41,02 AADL 3= BRI AT R 5 58 0 AR S 2 Fi Ay
AFAEBAT T, #8  E0 H — E BE AR S I 20 HERE I 80 D A e Ak T 45 45 73 SR A (waiting - dispateh); 41
RARGAETEA B, KA T Ui X i e A Bt 23, 75 M), B A 4 T 5 455 485 2OIR 5 (waiting: mode); 4b T
S0y JOIRAS (W 2 R v DA o S PR I b Bk o R B TR AR R S5 2 Bl oy R EMSG 2 R I &
Tt 7 LA A I FE AT (waiting execution); 75 21 4b B 2% 1) 4 B HE N AT RS, AT I HARAT 2 W] FHAT 2 B4
(behavior annex )k 14 %I i ; % T~ £k 72 /] 1 15, AADL K H “Input-Compute-Output” [/ 11 54 8 BRI UL T 702k
T2 53 R TR Ik 2R S BT A0 i N i 3 (R B30 I 8 A5 1 B0, 7 D1 B0 0 BT 2000 45 5 N i e i 3 LS [ ) A5 AL 1
(immediate/delayed) 235 M 26 2 132 B R[] Wil 2 Fros.

Load Active Dispatch ~ Start of execution ~ Complete  Next dispatch
N N N
Waiting Waiting Waiting . Waiting next
mode ‘ dispatch execution Computing dispatch
Inputs Rewrite Immediate Delayed
immediate data  connection  connection
(outputs) (outputs)

Fig.2 Execution states and actions of an AADL thread component

2 AADL ZfE M AT RS I sh 1
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AN S 58 S ANE R IportBufffer, T T G247 500 F R AR R A B PAT o SCEC B — DM 8 46T
LI (Initialization,Activation,Dispatch, Waiting Execution,Execution, Write Data, Waiting Next Event,Deactivation)
[’) TASM $1% ¥l TASM _Thread(th):
o [Initialization FJ0UJ: FH >fe A £ 2 P R E A I 1) 0% 2l i 3L 248 B Load(th): {true,false} K 7] 42, HEFE 4
PRI IAT U SCAESS 4.2 4t E X
o Activation FLI: I K F R e FEBE N 2415 855X (Enter(mode)), 7118 i JL S AR 5 Activation(th)=true 2K [F] 35,
B QAR e AT 1 SCAESS 4.3 b gt e X
o Dispatch #IU: FH K Ab B ZLFEFN 73 K 2% (dispatcher) (1198 &R, 73 A s ol LU L A{E & 00 sl 4 2 1 by e 2k
T, I 28 5 Dispatch(th): {true,false} K [\ 20 35 IportBuffer H IF1 A 192 HCE Sy X\ i 1
o Waiting Execution HJUJ: & F $AT 2 52 B30 5 40 25U 52 10 52 W, AT HY JE 248 %8 Ger_ CPU(th):
{true,false} > [ 212, 1 J8 2% (scheduler) [ PAAT 1 SCRFE 3 4.5 b e X
o Execution B 4n %A 5 AT A9 B, b R (F1 04T 18] 18] 43 [BCET, WCET), 3 A1 FH “ Compute OutPut”
MR HOCR I G R m FEHAT IF BT LLoE SRR BREE . A7 2% AER . DFEIRI = i e SCT AT 4 B,
YU 75 SR 3K A R EAT SRR R E 2 4.6 TR 4 H.
o Write Data )W $0AT 58 12 o , TR it iy 11 0 25080 5 N SR RE R IportBuffer 4.
o Waiting Next Event i I FI -4k 3 4% A1 ANl AL 1) 7 22 A5 A 1RO 0, 91 e RE 80 R e, ANAL T 24 i A
A BHEBD K BRI T IR AE, Z U NE ] T TASM A 5 2[R D AL :=next.
e Deactivation I H k£ IRLEFEIR H 24 A 20 (Exit(mode)), 8 i 3L 2245 & Activation(th)=false KAl
A BEAAR e AT TE LAEER 4.3 b D& g X
442 SRk
1 AADL 1,93 K 3% FEAN e — N BRSTAG A 11 2 RS A () — A AT BB e, SRR R A AR, ok
SEIN S R JEBIX 6 Rl R R A S B L8 T 3 s 4.
LRFE O R A BIPATIE S 53— N % ML Dispatcher(th) K32 7R, 3 FL R FEARAT R I S HLIE R IAT, &A1
Z V8l 1k L= AS B Dispatch(th) M FRRAS AL 5t State(th) R 7125 AT £:=[0,max ] 7~ A1 J& 391 G545 (1) 2 ik 15 8],
H t:=[period,max ] 7~ K FH A 1) 28 1) /] 3L Dispatch Thread FI 2R 7R:
o IRARE T A, I HLAL T A 3 BOIRAS, W 3 RAZ R
o X T IVE LR, BRI I L, o3 s T AR A L R BN I e TR S R
AR e 1) 53 W, DR L 2R R R A 1 A S R
o ORI AR SR A R LR 2 R AT 58 Sl ) ARE N A A R S OIRAS.
4.43 B I EAE
AR S TE G A A e R T T S i AR AR 1) B Ay U SR A (sampled), (H B T T R A A
14 i ERL A5 AT O ] BEAEAE AN T 1, T 3 B RGAFALIEIR . B EATRE I, AADL $2 A T WA iff 2
P B4 B ity 11 TR BILAR: B S £ (immediate) F 4E IR 3 {5 (delayed).
o RIINFIAE 23K
(1) RIRLFERI M S FE T 2 ) P 2 Fe.
(2) XTI A IAAH R (FX 4 synchronous), 2 3K YA & A5 7] I 73 2 A J SIAS [+, 249 3k 2 1 ) 14
Se R R A A5 (PR A oversampling), BV, R £R TR 73 R — IR, TR Ze PR 23 7 R 20 IR A0 — i 22
SRBIELRE ) T3 R TR KIS 1 U070 I [R) I 105 1 P W e R Jo) 301 3ok S e o S0 F) £3% B (P
undersampling), B}, 8 G2 03 I 20 O MR R 03 IR, IRELSROR LR FR W3 1 IR O A
BRI 53 S FE R I
(3) AT HRAT  HUR A 2R I [R] I 23 A R (EL2 W e R 1) B L R T 255 B AR AL 58 I 5 A RETT 4R,
B R IEEFRAEIL Complete I ZIK H0HR 5 N Hi H o 1, 422 00 206 P52 i A0 G 220 o 0 e R IR 2R PR 1K)



i L1 B, I T AR AT
o JEIRIMAE K
(1)  RIKZEFEFNFL LR AR I S W R 2 8.
(2)  XFTF4r K A7FAE Synchronous,Oversampling,Undersampling X 3 Fli i ,{H AN B R P AN 2R A2 [R5 40 ¢
(3) AT HATIRIZ LR LA IL Deadline I 21 (— M55 T ) A K a5 N i i i 2 e R AR A 3L
Dispatch I I B b — > i $93 a2 4 A2 140 it 5000, DA] 0be AN 5 388 B 17 4540
A S R AR DN D TASM. #1455 70 s L 0, L3 450 v SR 7GR ARG A1 L B R S 23 SR W 3L 1)
Nz b 204 e A5 0 i 152 ) R R 0, 3R AT 1K Trans_Connection(th)53 4 Trans_Connection_Read(th),
Trans_Connection_Write_Imm(th)UL )2 Trans_Connection_Write Delay(th)), 73 %5 I W I 0 45 1382 0 26 R 10 TF 4R
PAT 2 BT FE R e RIS 10 R IE L FELE Complete I ZI % HH 2ids DL SE IR WA 1) K% e FE{E Deadline
I Z) 4t AR e 1 e R AT I 0 2 2 2 7 O — /N R B 38 R AR 5R 4.5 88 i FL 8 GRS 3T
1) J& 47 11 2 B2, Synchronous,Oversampling, Undersampling, Immediate DL F Delayed 25 % Fh i i #5% [ 7C Horp.
4.5 HER
AR SCVT R PR JE 32 B B0 PR AL PR, B AR xR
o TS, WA S 1 R Bk S 1 AEAE 7 ORI T T R IR e RN W e R ) i T S N ) SR B b gy
5C T LR REPAT T, FRATTFR A 5245 4 J& (offline scheduling). 25 1 B 76 22 4% 00 G 52 I 3R e A3 48 o i
FHL BRI AT B2 2 0 A b 2 AT U, T HLRJ RA T (5 4 6 75 AT 5% 2 TR PR RO G 2R
o HX,AADL >CHFTEAL B A5 041 v b 2w SCUR R SR ms, A0 5 [ e i Bh Ik 3l . #8%#% . RMS. EDF.
SporadicServer. SlackServer LA & ARINC653 25 iJi J& 3 i A1) 32 2225 RE [ 72 I 3R )« 8 % 4 15 DL 2
RMS 250 & S s, HLH T3ROS AT 55 4K H5 AADL B[R] 25, v LS B A I S R
FCGT M AR IO 1) TASM A58 B, A2 5 CPU AT free M1 busy PR
EX N 4.5.1. AADL ZFE 3 X K] TASM A48 5 0.
Trans SchedulerData=
{ Deadline: Integer;
CPU:{free,busy};

}

FCRGS M FE AR XN K) TASM il B ML 4 R 3 3, AT e 2 2 R AT 1) 181 5 AL 2 2T (3 PR T 4 WRE
Token={thy,...th;,...th,} KRR, LU {3 22 A L8 FE N [ I 4o ) Ak 2 388

EXHM 4.5.2. AADL P 2 AT i S TASM %05,

Trans _Scheduler =

LET TASM _ Scheduler =

@ // Rule Scheduling Thread ¢4
time 0 > (if State(th) = waiting _execution and Token =th and CPU = free then
Get _CPU(th) = true ® CPU := busy)

@ // Rule Waiting Next Event
time next 1> (else then skip)
IN TASM _ Scheduler

E AU SRS ) Sl b, nT AR — 20 2 R R YR L S 6k B A 5 2R FE R 1 FS B N Waiting resource IR
A5, I LLR IR A 4 {idle,used, ARSI G, I 5 SRR A HAT 18 S S AL R AT



4.6 1T M

AADL ZEFE 4 {141 F (1) 52 “Input-Compute-Output™ 5 A5 71 S N\ | i HE AT by 2 o 28 R 10 JE AR AT SR 28
TR B A U SO TR0, TR AT S BRI 0T U1 54T SRy B AT At A SRR

Bl 3 45 H TAT W BHAF S e FR AT R I [ 00 R 2R R AT IS 28 1) 40 R WL DI 28008 5 N B N 500 ity 10547 A i
P I G F A AHOZ BT B U B S R R R 4 TR N i R B s 0 IR AT Sk B mT DU i g
AT N A s R g A A S b W SR L R A SR Z R R 43 R S A HEAT Al A A5
LA R O e S R i RO S R P s SR . TR T B e SR SR AT A B
PEARAT 1 SO % R R A (14T 1 SR “Execution” B 1) 41 A6 A1 SRR .

Rule: Execution

BA_ State(th)=S}

BA_State(th)=S,

State(th) = Guard/Action

execution

State(th) =
completed

GuardMction Guard|Action

BA_State(th)=S,

’Data port » Event data port )Event port

Fig.3 Relation between the behavior annex and execution model

B3 AT AT 5 R AT B ) 6 R

S, AT H AR 1 A SR IR S 8 i (state variables) BRG] TASM FRIEAZ B DR S (state) BT A fill 4L
1) P9 3 4R 4 (internal variables); 5 45 8 3T W5 5 — 4% TASM B W, 7 B8 J0) (4 4% £ b1 > i 28 5% 1) £F R R A
(State(th))~ AHIAT by BT BRARZS LA AT Ay A IR AR ST 45 A (guard ) ZH 7, R0 000 FRDBRAT 38 20 WU B0 48 AT S B (R 40T
) 1E (action) LA F AT A BT — AR A B WRAEL; AT T I 38 0 — 45 LU (behavior annex completion), ik 2k 72 #4) 1
BENTF IR e 28, H I 8 0 o 4 48 42 R A A1 4R AT 48 SO 1R “Execution” 1 U

HR BT EST Guard T Action /118 SCHEAT 404K,

Guard - EATEFA I (event))~ b IV ELHE (132 45 4 Wi ((BExpr)), il J& & v 3573 0 W43 - “on (BExpr)” Fil
“when (BExpry” LR m A W F:

(guard)::=(BExpr)|[on (BExpr)—] (event) [when (BExpr)].
(eventyZZ 7 N1 11 B A1 (P) BN A F B i 11 B2 A RUE IS (P2(x)), P Ry i 1 44 AR AR 1, A ]
A ELG TN Boolean 7%t 2K 38 7 F WSS A1 e 1A 5040 D) R A Z0 08T I 1) A 455 4% >4 v s BExpre) J2 0 080 v 11 5502 1 4
5wy 1P 500 S A 3 058 T, 1T DL S Sk TASM R85 4% £ 1454 Jon (BExpr) R /b M HIRAS T 1 i 11 4%
P BEAT I HAI T, 1) when (BExpr) 37 )44 B0 1 Bt D8 AT 12 840 W AT 4 LT Ak % om o [ guard ).

Action = EAL AR B MRAE « B B AR 1 &2« B TRD SRR N ) 25 AR AR 1T DA LR X TASM
A A 5 PR AR 6 1 B0 328 (P (x), P=x) PN i F K236 (PY), i LB N Boolean 7% KR8 KiE S x NI RAF 3
X BR g5 AR Y 7R AR ST b O R]JE P, mT BUTE RS i b 45 H B AT R AR Ay (9 TR 3 A T R )
(Computation(min,max))Z 7~ . CPU (1) ], 5543 B 7] (Delay(min,max ))& 7~ 4 4 42 5 Wi (R B 1), el 74T 20
B 1K) Action 2 AF FIAEARAT L DA HE I 6 N 8] Ja 14 1) L 2 e 2 TASM R0 (1) 44T IR ()

{F TASM BRIEAR B b 415 N“CurrentBAState” “isInitial”,“isFinal” %575 5 “isInitial” 1} T Wi 47 4 B4
RS T2 7 W ARES s “isFinal” F T FIWAT 2 BEAF PR AS 72 105 2 58 R AS T H AT 38 SO0 e R # 1F AT 5
M “Execution” i 1 =R K.

EXHN 4.6.1. AADL 174 Ml 1F1f) TASM P22 587



Trans_BehaviorAnnexData(th)=
{ CurrentBAState: BAState;
isInitial: BAState—Boolean;
isFinal: BAState—Boolean,
..}
EXHM 4.6.2. AADL A7 4 B 1 04T 5 3L TASM 275,
Trans _Thread (th) =

@ // Rule Execution
Trans _BehaviorAnnex(th)
®// Rule Write Data

Trans BehaviorAnnex(th) =
Time Time(BA _tr)>

BA=th.Behavior nBA _tre BA.Transitions
(if State(th) = execution and CurrentBAState = SourceState(BA _tr) and [[Guard (BA_tr)]] = true then
CurrentBAState .= DestinationState(BA _tr) ® Oport(th) .= Action(BA _tr)(Iport(th))
@®// Rule Behavior Annex Completion
Time 0> (if isFinal(CurrentBAState) = true then
State(th) := completed)

5 AADL2TASM #:8i4ETH

L0 HAE LA 5L T AADL (9 R 23R 5% OSATE!N % 11 9 Sc AR A 44 36 1 H. AADL2TASM, LA
SLFEEST AADL BEREAT HE 6 E A0 AR R SR 1 4 o,

A Applications

< Space system > < Avionics > < Missile borne >
Tool &

icati Automatic tool chain
application .
level
AADL models
(OSATE) ATL TASM models
TASM ToolSet

\ Formal syntax and semantics
Subset of AADL

Abstract
Theory syntax
translationl

evel

TASM
operational
semantics

Translational
semantics
[[TASM Abstract Syntax]]

Execution
semantics
(informal)

Fig.4 Architecture of the model transformation tool AADL2TASM
4  AADL2TASM M7 E 4 T ¥ MR 424

(1) e I, JT IR @R BE OSATE 7 7F Eclipse - & b, 3 Ry LA T X 52 B AADL A5 (1 56 1F Al
A3 BT H AT UA# | TOPCASED #4521 355



(2)  FEERY By I K P AR B B iE 5 ATL(atlas transformation language)?* )2k Sz 8l AADL 5 74 5|
TASM F5 7 (1) [ 3l e 45 TASM Al FH AR LK T H. UPPAAL LA K A ZL 43 B 1 H. TASM ToolSet s #5754
BEATIAIE AN 4347k T ¥ UPPAAL % %5 42 1 1) OSATE 4 +h JiE T MIT 45 H (k%% #4230:07) SR ) ATL
SEIL TASM #5224 ) UPPAAL LR 1) [ 20 i 48, -4 P /N BRI i 46 1 LA il 48— W) OSATE #fiff, s
5 P A A

(3)  AEVEJRE RS 447 5 T, TASM  ToolSet 3¢ X 47 [1) 5 B Rl — SUVE 3EA T 50 00E, LA KK B 147 11
PEVRAT A AT 05 520 M5 110 UPPAAL SCHEXSFEA . 22 AV i 1k DA S I P Bl A7 B0 0T, 5 34 R I
A L b,

(4) RGN 7L AE TSI H (S FE F BRAT B BR 2 T B S5 EE RS PLEk s AT adH
FG UL A AT R R G AT T RN SE A PR B6

6 Rz

6.1 REFEND

S S HEHRG GNC REERNUR A ERISAT IIAZ O ORI R G0, A0S R ST IE i 5
I B BT 4 PLGNC R — Ml PHAL RS . el AU AT ML 4L 3,
o PHULBAREEE FHUHML. AEBURAS . FEIR . D o A, T TR S A A
o PN SIHLBAR Ay %2 5 #HLIE £ ) & 4 (attitude and orbit control system, {8 #% AOCS), il 1 Y ££ 71 4k #E
A SRR 1A U SR 5 ) R AT 45, R PTG M T« PR E]. BT . B
SETh A, A 67 5T 5 Hofth 4 RGEHEAT RS H.,AOCS — B K F MM 45 43 B 7 aQOR 4 iy ml v
o BT ELHE SOAE L TRES . WM . B R sl WLAE, S A F TR0 T s W FH St 42 a8 2 T 4 e sl L
RAAT NS A IE.
WA IS AN T SR 2 TA) A AR — N4 2 B P SRRt SR B (%) 5 s A7 T S Ak B PR Ay i b 3 B G
(data process unit, i Fx DPU), Il DPU Fl 3 i A4 15 85 ZeFk by Jo 38 ¢ iy b #5275 (local terminal unit, fij B8 LTU). i
IR G R AR 5 iR,
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Fig.5 Simplified architecture of the GNC system
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SKHAF A B ,GNC REW M AT 3 e 0 HA . MR, 4t . BPpLsh s 3= A 8,
Fa 52 (stabilization) FI A1 3l (maneuver) 9 A5 2k 91, 40 14 6 JiT .

Star 3ensor Interruot Return S A0S Proce
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Fig.6 AADL graphic model of the AOCS subsystem
Kl 6 AOCS 1 A4 AADL FJEALRERY

AOCS T RAGW [ 4 FESS BIPAT FE TS5« BRBESEAT 55 . RGN 55 DAL AT 55, AN 1 2% 8
P AT 25 2 T 55 R s Bt i R 28 2848 5 U i ¥ ), B 6 R IE S E\%/E&EFE"/lf\(SlariSensorﬁDataiSampling,
Gyroscope_Data_Sampling,Camera_Data_Sampling,Accelerometer _Data_Sampling). %21 € (attitude filter).
BB E (orbit filter). RAHIT 1(attitude guidance 1) %ZS¥EH 1(attitude control 1) FH|TF 2(attitude
guidance 2). Z3VEN 2(attitude control 2). FE451il ‘7 H(gquidance law)55 A1 55 HEA VAR 55 10 B BN
360ms, Al I, 3% 26 AT 25 (1) 8 W % K 360ms, {H HAT B 1) AN 7] 76§22 855N Star_Sensor_Data_Sampling,
Gyroscope_Data_Sampling Attitude  Filter,Camera_Data_Sampling,Orbit  Filter, Attitude Guidance 1,Attitude
Control 1 %5 FAL5 4% 7 AT E WL B R ,Gyroscope_Data Sampling, Attitude Filter,Accelerometer Data_
Sampling,Orbit Filter,Guidance Law,Attitude Guidance 2,Attitude Control 2 25 FAT 45 1% IR AT i 5 F1E 4514
SR J M R SR il AT 5% 2 1) SR 10 5t sy 10 A3 LA BN A5 36 1 43t T AOCS 1+ R AT 55 11 1 4
PATIN ) BEIR T FE(IIAE . At LA R T 8 I B =X

Table 1 Parameters of the tasks of the AOCS subsystem
F1 AOCS TARILF NS

Thread Period (ms)  Execution time (ms) Power (W)  Memory (KB) Mode
Star_Sensor Data Sampling 360 32 [2,10] 256 Stabilization
Gyroscope Data Sampling 360 32 [5,20] 256 Stabilization maneuver
Camera_Data_Sampling 360 32 [5,10] 1024 Stabilization
Accelerometer_Data_Sampling 360 32 [1,3] 256 Maneuver
Attitude_Filter 360 64 [5,10] 1024 Stabilization maneuver
Orbit_Filter 360 64 [5,10] 1024 Stabilization maneuver
Attitude _Guidance 1 360 64 [2,10] 512 Stabilization
Attitude_Control 1 360 64 [2,10] 512 Stabilization
Attitude_Guidance 2 360 64 [2,10] 512 Maneuver
Attitude_Control 2 360 64 [2,10] 512 Maneuver

Guidance Law 360 32 [5,10] 256 Maneuver




6.3 SR RIIEF S AT

£ AADL2TASM R %36 1L S AADL #5570 2] TASM A2 1) B 2l 4% 46t

15, HLIEIE T TASM ToolSet X 4 445 2 () TASM B HEAT 43 HT. TASM ToolSet 7 ¢ X 1175 (1) 5 2 AN
— SR AT U0 UE, LR B R4 A RS J5AT A AT U 2L HT. B 7 45 8 T TASM B BL o T 5 4 G L IR B0 A T B ).

[FJ B, TASM ToolSet k4l % Y5 465 Hh — A B A4 B U501 K6 23 M7 I, b 08 5000 66— M oA — AN IX Tl Rt
TASM ToolSet 4% JX [ [¥1d5 /MEL . S KB P RIE DL BENEIX 4 il il od 28 G2 (0 98 U5 3 FE A L TEAT 20,
ikl 8 fros.

TIvE
s aoo

Power

Wemory.

time

Fig.7 Time simulation of the TASMToolSet Fig.8 Resource simulation of the TASMToolSet
Kl 7 3T TASMToolSet fH il £ L 53 B K8 3T TASMToolSet %t ¥ 1l EL 4 Hr

HRIET UPPAAL XPEAH . o4t WPk DL K s i) P gk 47 56 ik ,UPPAAL 1 TASM ToolSet 1 LA H %R,
FL[A] 2 TASM A5 R B A 2 5 (R 560 5 43 B fig . FRAT T4l TASM2UPPAAL 58784 5 48t 1 H., 1 50y A2 )5 . FA I i)
W&, il 9 FE 10 T,

mode_change star_sensor

waiting_execution

star_sensor_else

mode_change_else
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Activat

Fig.9 Timed automaton expression of Fig.10 Timed automaton expression of the task of
mode change Star_Sensor_Data_Sampling
9 B AR T I 10  Star Sensor Data_Sampling 1T-25 )
IS 1] F S L& R I 1) A B LR R

TASM L FFIEHE A Integer,Boolean,Float UL X J* H 52 LAY i UPPAAL R SCHF Integer 25 %
TP e T R RIRAS, X n AN UPPAAL W 4L int[0,.n—112K K78, <04 N5 1 ANk
B1,“n=175F B2 n A 536 T Boolean 2554 int[0,1 12K R 751X BL <0740 3R true,“17{C 3R false; TASM FIl UPPAAL
Xt IRF 15 (1 26 35 B AN [, TASM () IR ) 5 SCAEARSE |, 1M UPPAAL () IR i) 5 SCAEARAS b, Rtk o F TASM R - 1y
), 7 UPPAAL i i 38 i — A vh PR A Sk 7, W L 1 () waiting_hyper_period_S,begin_mode_change_S2M



SEIRAS; TASM FEIFT UPPAAL ] 8] H 2l LI AR I 2 X5 B 1), T T “s:=nexe” S5 AR5 HL A, 38 5 38 I — S8 ok 1) 1)
i) [ SRR .

FECIERE b T DA PER . e At S5 A AT I, 5

(1) RBEAAELEILB,A[-] deadlock;

(2) At ARG TR E B Star_Sensor_Data_Sampling 1155 — 78 43 B0

A[-1(CurrentMode==0) imply (Activation _SSDS==0);

(3) MR W RFA R ESIENFLEW I, EC) (CurrentMode==0).

BE AR 3 ] LLSE T W0 5% [ B AL (observer) i 5z U A W IS () L g 1)ty 42 3R o A 3 5 4 A ST I R AT B IE

ALK ¥ AADL 145 H 185 4 B UPPAAL: 1 56, UPPAAL 7 £ [ 3085 S B 45 /b Ho R (UPPAAL AN RE S FF
PR JE PE 10 55 B R TASM AE g Hp TR B 78 @] 1] 57 F UPPAAL R EL 40 # L H TASM Toolset, £ — & FEFE b o]
LS I 236 5 477 B 23 BT 1) E AR

7 MXIE

R UL AADL i ) —Fh 2T B W% 4. 31 BIP,Fiacre, TLA+,Signal, IF,RTMaude,ACSR,
Lustre,Petri Net 25 H brif &

7218 Verimag 525 42 H T AADL | BIP (15 U401 5 200 Jodb it 6. TRF . BB S k1)
AT T SC, T 22 30 A FOAT Sy R 1 08 S SUANIE VR b T 5 1 B A 12 0F 5 08 LA P17 1) 7 a Hh i S0, R 1
(R 5 1 SR 5 0] = R AR08 5 Hi A

2% % 420 W) () TOPCASED 10 H #2H 7 AADL $Iv /8] 15 &5 Fiacre 115 XUHE ) 32 45 T 2 A AT A0
AT PR 450 JEUBE JIT S AIE 5T 7 SR R A e R 1 AR 5 AT i i

P TRIT S5 % 5K Zh A 1N 32 48 405 R T 5 TLA+XT AADL $AT A (19 35 20 1 SO T 4128 W1 9 18 A 4 i
FUBAR . LA B (R R IR AT ol QO 2 SR DL SRS (118 33X ¢ AADL 5 SO XAk 55 L0 58 A%,
S R ) Y S DA SRR B 77 30 L (E TLAROASE R I T HL TLC 36 fE 18089,

% [® INRIA-Rennes S %k T [/ 2545 5 Signal X AADL 5 X BT T #F 57, 5 B2 A1 S £ FEPAT 38 A
AT PR S5 E  1 e  J THIL 20 0 T R G (R 2R R A 1 (0 0 2 S, 91 LA SCRR L 7 4 T3 23 e e
JUEHE R & S

Abdoul % A ¥ AADL #4051 TF i 5 U0 SCRp AT 3845 A7 0 MRS IF (% 4 (A AR AADL brifE
(AT Ky B, T A& B IF 3555 5 112 AADL 58 SCRIAT O MR 7R 477 1T, — A AADL ZR R x5 . AN TF JER R 1T,
53 3 TR 43 RN FRAT R IS 18] FY TF I o 6 0% s SR RO IF 58— S R 0 0 )R Y 11 4R 5 ok

Olveczky 25 A#2HH T AADL FSZif Maude FIE SCHEHUY SZI) Maude S —Fh 3T 5 5 @ # (rewriting
logic) ) S I 2R 48 HEAS U 5, 70 8 490 07 1T W 01 AR R0 G 45 R 0] R F 11 AR V8 35 AT R

Pennsylvania K232 1 T AADL £ % Y R0 E0 ACSR (38 Uk #el'2) 0 s 3R R FEPIAT « 345 DL B %5 U
FLEE I SCRER, H IR b 7 0EAT T 18 B2 1k 23 Bt 2 400 DR F PR AR R0 1 T X5

Kk ASSERT i H ¥ AADL #4020 38 5 Lustre!) 885 R FERAT A DL R 5L 22 1 AT 1
AT e 75 TR I T8 SRV 3R 00 =32 2R T 1 AR 5 AT A i LA SO BB 1 5 2045

W E LAAS 9286 35 56 T B L Petri 9% | 18T 97 AADL s 55 75 B fr v SCE4 H 02k 7 SRl 4k
Al R S T R I 2 AT

FEE A [RAT B A 7 1D, SCRR[30138 HE T — il AADL ABE R uf SR 40 B VP4 T 5, 80 & AADL Bl
B SCHR[3 11K AADL A5 46 B3R B 1 SRR, 32 220674 AADL BEAL () m] 18 J32 43 47

AR SCHEH ) AADL2TASM JB 3G il S5 28 7 BF 5 (AN [ 2 A 32 SRR BILAE LR LA J7 T

(1)  AADL TR 38 55 e MO S IR R GE 10350 00 R HE AR SCIEHL T — M 5838 1K AADL T4,

TG WL BT TR R AR BATBERL DL R AT A B R O R



(2)  HARE S IRIERE ) TASM SCRFIIRE IR 8] DLACBE IR SEAT D0 Il i © A WFFT 0 H AR 5 1R D6
FEBIEAT N A RIE.

(3) el I8 SCAL R A B BRAE 185 30,08 3008 30 AADL 152 (1 5% e i 3T 17 I 3t 221 1 - 45
Bz 18] (9 9% 28 BB AS A DU 70 TR SR WL A TASM PREE A8 &, s 44T A WSt TASM il
GHLIFRE T 28 ML 08 5 R AR WL ML & 96 &,

8 BHESTHE

AADL 5 5 BB 28 SR H SRR 8 00 5 20 B 7 i H T2 AR S b 3 [ DG ) B4 i i . A%
SCHEH T AT TR SRS HLE) AADL B B L5 B F B AADL #3008 SUIF 0T EL 1208 SCE SCE:
A8 5EHEN AADL 70 FAE . BRI H bR 18 5 RIE A8 ) DLW A GBS H AR 5 R 4 SOUDRS i 4
IR A AT s W il 26 T AADL JFR A BEERES OSATE, Wil IS5 T AADL BRI E 5 40 B TR
AADL2TASM,JFJEF LR 2 S 615 54 RGAT T S0l P40 1E.

T B P4 e S CA TR S T AADL BERS B[R] H bR 2 (g 44 JLH &0 TEHHE

FRBLRL b O 1 56 0F FH 23 T 68 77 AR S T o] 56 F 50 7Y 4 46 (1) 1E At P O — A B ), FRATT AR U O TR AR
(semantics preservation) [ .75 1% £6 AADL A5 78 4 471 5 v, K # R F T A 1A g o B B e v SRR IR FF I,
AR D BEAT T SCORFF BRI A SCHR[32,33 ] FRATTER H T — Bk T XU AT 2038 L) AADL B2 57 46 v SC AR
SEIE I 77980 (1) BT ERATICVE ELEIE W B U #i SCRI AADL FrdfEZy 3BT 300 SC2 R S v, R ik 5
TE R BB SURE Y BE T I 18] 42 3T 2 48 (timed transition system, i #8 TTS)45 HiAH Y. AADL 14 (138 S AE N8 X
PRFFUE B2 2% T X (reference semantic);(2) K4 # i S X 1) TASM R/RFl TASM 1 75 A & 45 /B iR X
HATH A M S —A TTS;(3) WEWIPIAS TTS i A2 B AE 4 ¢ &R (simulation equivalence), B, AADL T-4£ 115 X
7E AADL £ TASM (¥4 55 b 45 SR FF, F 3 T 52 FRAE I 2% CoqP* I AR OG5 BEHEAT T HIE W . 244K, 31X A7 A
“HI TTS 35 H) AADL i A AADL bRl T SO 7 — 20 A e L AE 2 SURRCAS ] 3G SCR & DI I P9 & 1 45
Pt 70— 8 TR E R 8 AR B 4 LR S TR M 26, DT 42 iR %) AADL i SCHEAT B XM R 1 ] 5 1

Bt v S 2 NS (5 ST T (Institut de Recherche en Informatique de Toulouse)f) Mamoun
Filali 500 A SC AR IR B 8 3 R0 S5, S b 42 o) R AT 59T I o L2 U P 1 10 R0 355 I, ) I ) 2 15 46
R T B RG TR IINEE . FER L 5K 55 ] 24 R g
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