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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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DA A i Mk AT 205 H AT B R R 4 AADL 588U SCB IR 5 0 W7 1 E 2R 4%, W4 #e 21 BIP(behavior
interaction priority)!*!, Fiacrel™). ZI{F I} FFi% 4 TLAHS, [F23E 5 Signal 45, H 00 T E X SR B4
Y6 E F0 43 AT g

AADL 5 N AL RGFRAE T 4 & MR IA B8 ) AR H O 018 USSR R B 4R35 5 R -1 2: 47
f#FE. A Y AADL 5 SCHIFSY 32 350 ) 4% 4638 Y (translational semantics) (¥ 77 2L 81, A 59— P 308 = (FR oA
HbriG &) k%35 AADL i 5 1938 X, BIPMY, Fiacre™, TLA+ Signal 7, IF!%, RTMaude!',ACSR!"?, Lustre!'*!,
Petri Net!" 12 13X Fl 7 S Af 7515 B 5 T BUAR, th 2t AADL BE7 54 5 (1 SE Rk AF I, 6 4 O AT W 50T X 5/ )
AADL 4 A 25 th— AN FR se 3 1 8 2 SO SGHR, 2 BER AT A SR 5 46 4 701 &5 B 88, G (% AADL 1
SR H AR E S B G ORI 58 SO b AN 8 T 20 e i, W5 R I A 2 22 A O SIS R e g — A
T L AR E AR S AT AN A (0 R IA R D) B Re 8 W sURIE BHIRAT N IR S D

%R & HL(abstract state machine, fiiFR ASM)! 32 37 F -4, B PF R G it LA R il SO LA T 3%
RS RGN REAT A 10 8 1k DA R W 950 v AR 1R 5 38,2006 4E, MIT 75 ASM [ 56l B4 H T il 2ok &40
(timed abstract state machine, fij#k TASM)!'®'L k3 %} T BIP,Fiacre, TLA+,Signal 45 H #5715 &, TASM AEW [ ) 57 £
Thfie IR0 LA B 95 S AT A 0 B F 0 43 A, i HL B s A A

IR, A SO —Fh 6 T TASM 1) AADL a0 i S, AR B 1

(1) EFX =AM 52301 AADL 145, B U S 4R I Hh LB 0;

2) B TASM [BHih % 5%,

(3)  FE T8 R 5 W %) B AADL iF 75 2 TASM ifi 75 (B PR 56 R, 373 128 MM ot 5 e

S e i SCRR ).

[ i £ T8 o i IRt b 3 T AADL [ PR B3R 1% OSATE!, B i 3£ 503 AADL BRI B0IF 5 4y
Mt T. A——AADL2TASM, DA 37 335 38 5 55 4 f I T BL UPPAALPOLL J2 45 2143 #7 T. B TASM ToolSet®%f AADL
PRI HEA T B0 AIE AN 43 T

AR RN 4 AADL 5 MR AME S 56 2 T4h AL AADL AN S5 3 44 TASM
VB IR S L ILH SR 4 TR I L T LB 5 TR ZE 4 AADL2TASM fR ARG T .
W56 LMK IS SN S S R LS, A4 AADL2TASM L HL 119 W FH G 10058 7 15 45 HRH 6 T4 Eh %t
558 LA SR I &, I U B IR e 4 1 A Y ) S

1 AADLESHEN

GO SE N RG2S A AT N PRI R LB AR R 40 LA R A S IR RS M E 2 R,
AADL i 5 5 2 0 N HI AR AL T 3R AR R 4508 | 384T I PR A5 DA B B AL 4k 2R 445 ) (1 S AR 5 0 5 28 % (thread) . £
FE4H (thread group). HEFE(process). Zi¥z(data). T F&/3 (subprogram)&E i £4: UL S & ok #iiA R G MRk R &5
F4; 38 1ok AL B 2% (processor) s JiE AL R85 (virtual processor). £7-fif 4 (memory). #hi¥(device). i Zk(bus). HEH
S8R (virtual bus) &5 84 4 DL K CIE 5 k 1R R S 10 A F A R S50l i 4 R B i (dispateh) 38 (P I
(communication). & 5 M (scheduling). #3424 1)p 1 (mode change) L & 43 X L (partition) 55 J& P K Hfi ik &
GEIRIEAT I 5L, 7E AADL ¥ 5 T FR N SAT B (execution model); 55z J 3 3 58 48 (system) K 1 HEAT 20 45, =
i 37 R 8 A R SRR 55 A1, 47 4 B A (behavior annex)?2 L 4% 3E & 4 (transition system) [ 7 2019 5 T
AADL X ZFE K A0 0 F2 P A AR D REAT b I 1E 40 50 B8 7, 10 ELAT S IR 5 AT BB B A 3 2 T Ik R, B AT
R 7 ST £ RN FE P SR A (R A S Pk A R ) b S L T SRR R a6 B AT Ay B AR DR R T RS 7
ATAT AT V40 200 ) DSt BB A AR ZR A 4 . BRAT AT DL R AT A A )l — A 58 25 1K) AADL Hfiik.

AADL SR HAL TP 73— D EE T AADL iE S (R IEGE S 4 U, b 45 7 B 4 (error model
annex) M7 TR R B (0 B SO L R R A T R R A, DA S R R G T SRR AN O T S FE ARINC653
FrifE, AT T ARINC653 3 J& I H2Y AADL 5 5 (WA ML & T3k — 25 2 WOCiik[2,3,25].
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2 AADL TEREHWMKRIEE

M 2004 - AADL b 1E 2R AT BAK, HAZ 0o SORS B A7 Je R 8 A W 9 A8 10 R A Jee A, B i A% 0 SCRS
AADL V1.0 (AS5506),AADL V2.0 (AS5506A)F1 AADL V2.1 (AS5506B)iX 3 A, AADL V2.2 M IEAEB T4
T B U0 4% Annex AS5506/1,Annex AS5506/2,Annex AS5506/3 25 Z 51 SCRY, IEAE € 24 T ) constraint
annex2°/#1 BLESS annex>""4 & 7ii ) Annex AS5506/4. AADL Uk —AN i K AR HEAK 2, R i, AADL 5 SUB R
AR I £ —AME S 1 SR AT 1.

MR R 25 55 22 A MR SIS R GE I8 40 A0, A SO B AADL T4 41 1

() HBREGHWITMAR ARG BRI SREMME. BRI AFEIR AT DL 8 2 1155
labive-

(2)  PATHEEL 7L A FE S RREIAT . AR SRR RREPAT. DG . BRI
IT LAY SR

(3) YRR T, = AT R B
T HREREA EREM AR B AADL HiR: AR 4. R SRR DL RAT A IARIE 4 A2 0okt
LRGN AADL BB FEAGHERR BUR B AL PSR A AR R WA B R A A B WS A 2R A, R A A
FUREFR R A AT LA SOBE S B B A A e T e R AT S5 2 BIERR gl . B e, 20k RSS2 e, e FR i 15
R 8 52 BRI AR 1K 5. T AADL 0 AT R8AG P28 (1) 8 SCIX AT AR AN R GEIAT 4 =2 e I v T L IR
BAE TR 5 X i AADL T4 S8 VE AL S B VAR R P, 45 M e 3 RIAT B B M R B 12 W)
— MBS 2 i PORT,SOM,EVENT,DURATION,BASTATE,EXPRESSION Ll & VALUE Jy Tiisg X 285,
IR BN 76 2R G 1 v BRI 5 E8 S Ak 5% 5 L R DK B R g - e S 280 Ak 8 88 g 41

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,
}
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;
}
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3 TASM REMZKIEX

3.1 TASMERH A

— > TASM 3 H P 308 73 48 IR B3 A0l G BR800, 45 PR 455 A% f J FLAS AR T 2 4% o 1) Y i AL, h 5 0L
HEAT VIS8R 05 B F AR f R (R, DA SE I R A IR SR IE . [RI ), TASM. 78483 L3 in 77 B IR R 28 5 7 e X, 93l
NG L 14 4 282 By ) R % 5 3 #E.
E M 1. TASMSPEC=(E, ASM)Y, }j— . J641:
(1) 3% E=(EV,TU,ER),EV F R4 & HAT e AR TU P, F EAFEHE T | Boolean KA, S
KRBV 7 € KB ER={(rn,rs) } 78 TR I BEAR (1) 58 SCANAL BRAS . A% 498 . TGS,
rn & YR IR rs=[lower,upper| W 75 TR IR /N,

(2) B ASM=(MV,CV,IV,R), I3 %75 MV(monitored variables) 5% Wi it G HLIAAT I AR B4R 5, %2 4%
A% 18 CV(controlled variables) A fill 5 WK 2 55T AR & (945 5 A2 & [V (internal variables) 435
HL PR A FH 11 F () A8 B, AN 52 PR332 110 52 W0 R=(, 2, RR vy 3 S B ML I SAAT U 2 B D) 1 44 R ¢ 7t
DUPAT R e 8 ) [0, 1T LA — A o] 5 A, B — AN DX 0] [# i Fmax ) 1 T DUJE CHEE T next(r:=next FmHLAs
I FERRAS, BB EANF R A),RR AU rm=rs BIE VRN FE,r W2 B Un“if Condition then
Action” (PR &, H P, Condition 2 I 4548 ik (1) 24 5 WUH A ction 10,4552 4548 1 I IR AH  skip DA AGE
{545, 37 FF“else then Action”$ ).

ASM T LLH Z 4R, RATH RiRy,... R, s, (H AL 2 )& T 0T 1, BRI RR IR A — 4% R U006 A2 41
HHAT BN Ry).R AT SRR S5 5 BEX PRI AR B (W A k] DA S 8 9053 FE 3R A7 B R bk, ASML IR AT 1)
PAR IR R — TR SR P 4.

R T I IR A YRAT 9 LLAR TASM I SZRFIF R AL 2 IRALA DR R0 0 A5 55647 A ) i a4y I, TASM. #%
HENL R 3 2 F MG ML (main ASM). T-H#1 ZHL(sub ASM)FI i 4 S ML (function ASM). [F] 25 {5 3= B LAE
TR B 8], I 7T DA 52 A4 s e 5 Py Ay 2.

JEAh, TASM A I BCAL KL T H UPPAALPY'LL K 45 KU43 BT T H TASM ToolSet i JLAEH M . 24t ¥
PR IFTRLIE AR B U R P I A 1k S5 DG B 1 JBE AT 36 R 3 AT
3.2 TASMIARIEAE

ASCAYCR S AR e i E A5 5 2 R TASM [l R B VE R R

P:=x:=exp| skip|if BExpr then P |else then P | time(t,;,, .
| resource (7, ¥y ) > P|POP|P®P
TASM :=(E,P|| P||...|| P)
P E LT A MZHUNAT Jy x=exp R T 2 45848 5t x W BUE skip RN AAEERIBIAE time 278 FLUAAAT (1 I
f];resource 27 KU BAT JU 18] BT Vi R 1) W VIR R DRV IR A4 B PO 3R [R]— AN R AL A [R) A ) 2 [) ) ide 48
AR POP R 7R [A] — 4 ) N A [) 3l A 2 Ta) ) 9 A 3 VR ARUAS fig [) I 2 T3 [ — N A8 1k R HUMEL P | P 3 2 A4 il
GHLES Z I R AE, e AL = A R W R 5 E.

P ) ) g SCRT BAAh % R 75 1 I AL s e S 0L o A

A TASM B MU AT T 2 — MBI AR o P14 7% f 1) 4 T EDCARL, 3 45— 4% A 4% A1 1 0 ), 35 4 0 )
V183 3 452 F 1], 3 8 0 0 e A5 o [ 5 3 J , B R 5 A8 o T B, 2 SR A A )20 ) 5 B S5 A i U PRAT 52 2 ),
R — MGk AT . 2 A I RIS T SO 2% S TR R i 4 5

4 ETF TASM By AADL FEREEIRIENX
BT AADL MR % EE R TASM (4l %82, 30 AT L 2 R A« BEHeA 1 75 50 48 I i S L.

) > P|time next > P
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4.1 R

Y M0 S it FEAL R BT 6 0915 SLALA TR AT A~ A SL R ke
Translate(s : System) =

(

U Trans _ProcessData(pr) U ( v Trans _ModeData(tr)) v

pres.Processes tres.Mode _transitions

U Trans _SchedulerData(sch))w( U  Trans ThreadData(th))\w

sches.Processor the pr.Threads

v Trans _ConnectionData(cn)) U( U  Trans BehaviorAnnexData(th)),

cne pr.Connections the pr.Threads

[ Trans _Process(pr)||( I 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))

cn e pr.Connections the pr.Threads

)

ZE X RE N 3 ANEIR ARG TR E IR BEREA R B R 2 IR B AT R A 2 IR BN 2 IR
HIALFE P 3 UV 5 K CRR/AE A R A P 5 R TR 3R PIAT AR TR 1tk DL B AT A B 1) 45 4 TG 32 ) R B S TASM 24 k5%
AR B AAT N AT IE SCRL AT g B 538 SO A TASM St L. B AT TR 4 1 28 ML /o0 iE 5 R R s WL g fn
HERKA:

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

.. P P
-IF condition THEN TASM ELSE TASM

4.2 BEEMMH
BEFERATAR R 2R G0 ) R 400 1L 00k 2 1), 24 o 7 £ A B 285 3 8 2 i 0 e BB AT 1) — B S BE 48 ST 2 38 i
PO ik = ) A SO BN BE AL IR B (R AR A0 AN A0 B8, T ELAEAN I R TT g2 Hh A e 25 1
T 4GB BERE A A B N/ T I T A DA RS Bl TASM. PRI AR & oh i i
Integer % 378 b5t ) | Boolean 2% 15 3¢ 7, A4 B vt 1 W9 /N 42 18 (Integer, Boolean) K 3 7 31 58 LI
TR 5] A BlyI e), 77 AR 4 TASME AR I Fy AT I 1)
EXHN 4.2.1. AADL SRR FIK) TASM 5228 R0R.
Trans_ProcessData(pr)=
{ State: {unloaded,loading,starting,loaded} =unloaded,
Iport: Iports(pr)—Integer;
Oport: Oports(pr)—Integer;
LoadTime: Integer;
StartupTime: Integer;

}

FLR R A B PAT 8 S 3 9 — AN 7 48T U (Loading Begin,Loading Complete,Loading Abort,
Starting Complete,Starting Abort,Process Stop,Process Normal) ] TASM #1 % 1. TASM A LR J5 {f 1o 7E 45 ] %)
BN B — S RN R R TR A LI AT R LA

o Started(processor)3R 7~ AP 3% 215 A B i B, BRIN Started(processor)=true;

o Abort(processor) 3 Ab FRIF AL T 4% BT

o Load(th)R /R ZHERE P IR 2 FE 2 17 I 88 T

o Stop(processor)3R R b BLZR 21545 11, 41 R Stop(processor)=false, E F£i# N\ Process Normal LU, H—H
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AbF loaded KA.
XA E AL TASM g,
EXHN 4.2.2. AADL SRR AT T LK TASM &R,
Trans _Process(pr) =
LET TASM _ Process(pr) =
// 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 o> (if State(pr) = loaded and Stop(processor) = true then
State(pr) = unloaded)

@ // Rule Process Normal

time next > (else then

skip)
INTASM _ Process(pr)

4.3 BAETHR

FE R GERAERVIERE AL A rb 8T LA SORE AR #3068 2% [ 1 6 1 04 1 1 1 B2 PO AR A 3R T B i 25 R A 5
AR L REPAAT RS 1152 W, 0 HAE AR A AR PR I E R M PF IR B 2 5 B 1 2 T R G U g 3k
RS M.

Mode_transition_in_progress End_of SOM_transition
MCR - Hyper(critical _old) - Hyper(critical_continue)*

Continuing critical threads both in
oldsom | Waiting SOM transition pldiand new mods 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
1 AADL ARG AL (1 AT IR R B 1F

ARG TR T IH B (0ldSOM) 15 X A i 5K (mode change request, fij Bk MCR) 2L 2 J&, RGt#E N —>
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755 5 A8 e 1 ME 2 U, SRR AR (10 2 Y Oy K 2 AR ¥k (ModeTramsition Response=Emergency), U L HE %% HH 11 &F
SR A] Dl 054 SR AR e 1 R 4 11X AR e (Mode_Transition Response=Planned), W) B HE 2% U1K #5282 31 [H B X
TR OCEEER R M R A (IE R Hyper(critical_old)), FRATHR A [A] 27 55 (synchronization point), ifi H. 1 isf (7] Ay £ % i)
Ti) A G S ) TH AR R 1 2 R 4k SR AT 12 0 T AR UF AR A 460 308 D) 208 22 R AT R LA 0 i o k. 22 A G
SEI R G0 AT 45 I DB RE B 0 T AT 45 1 M AADL JH“Synchronized _Component” J& 1 Jg B[ JE 3014 4 Fe
KRR KRR,

MR A B RGN Mode_transition_in_progress ARAS, 7 1E 2T LEH 2 AR #7801 H A 2 (newSOM)
AANJE T IHBE (0ldSOMY K Z R N R I BT HLAS & T 8045 2 1 2 AN 385 [ I Ja T 9 A = ) O i e
AR SEAT R I Ja 1 AN B R B 3 T DU 345 58 X e A 2 5, R G A I AUk N F A, I B0 B 45 X
AR T SRS AR e (R SRS T DAy B e i, DU A R P R 8 I ) D 0 SRS AR e (0 S T O v ) A e, DU A
TR 0K R 8 30 7T 1 S 1) 0% 5 AR AT 1) G B e 2 (10 68 ) U3 (B, 1) Il g T AN 2 PR DG B 2 B, 0T BT gk 24
I, AT Hyper(critical _continue)*.

FR G AR WA AN B AR 0 7 SR P AR AR e R v oA MCR #B 2548 200 iy HA % 18 2 A~ MCR 4

1E TASM M 3545 & FRAT5] AN “CurrentSOM” ,“ModeTransitionInProgress”,“ ArriveHyperPeriod =57 & .

EXHN 4.3.1. AADL R G K) TASM M52 5 F0R.

Trans ModeData(tr)=

{ CurrentSOM: SOM;

ArriveHyperPeriod: Boolean;
ModeTransitionlnProgress: Boolean;
SOMRequest: Boolean;

}

HPATHE 4y TASM_SOM_Transition F1 MCR W5 ARl L, 3 73 6f AR AR 86 [ 47 by NS AR 4 47 5k
97 A4 BT 4 B FG Waiting Hyper Period,Mode Transition In Progress,Mode Transition LA}z Waiting MCR %5 4 45 4
M), JF i H AR Activation(th) T Activation(cn) KR 7n L6 FEFNE B J& 5 4b T 2 BB =6 T 0F R AR #6, i T [7)
5 1 Hyper(critical_old) & 45 i) 1), [K 6 ] Waiting Hyper Period J U K 2 7~ 48 J4 3 1) B3k, HEAE IX AN Z 3k A
Mode_transition_in_progress W7 ;% T 37 B AR o ANT5 B[R] 25 55, 52 5L B3N Mode_transition_in_progress IR
25,90 WP 58 e U A e MCR B WL & 5 45 KU, 1 F [0, Hyper(critical _old)1 KRR RBENLFZ 4 MCR (1) H ],
T Hyper(critical continue)* W] &} % 8 A W, B0, N Mode_transition_in_progress R 2| End of SOM _
transition IRA W HF LI VA @, D L FRATAE H 59 — NS Manage Hyper Continue K5 BLIX AN [H].

EXHN 4.3.2. AADL R G NAT I XL TASM £,

Trans _Mode (tr) =

LET 0ldSOM = tr.SourceMode

AND newSOM = tr.DestinationMode

AND TASM SOM _Transition =

/I Rule Waiting Hyper Period

IF tr.TransitionType = planned THEN

time Hyper(critical _old) > (if State( pr) = loaded and CurrentSOM = 0ldSOM and SOMRequest = false then

ArriveHyperPeriod := true)
@ // Rule Mode Transition In Progress
IF tr.TransitionType = planned THEN
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time 0> (if CurrentSOM = 0ldSOM and SOMRequest = true and ArriveHyperPeriod = true then
ModeTransitionlnProgress = true ® FlagNewSOM = true ®

)Activation(th) =true ® ® Activation(th) .= false ®

thethreads(newSOM ) \ threads (oldSOM thethreads(oldSOM ) \ threads (newSOM )

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

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

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

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

thethreads(oldSOM ) \ threads(newSOM cn econnections(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 )

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

cne 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 ZEHFEROBENLENY
2 S i VA A e R AL 1 R T SO e G RE AL 1R IS AAT DAy LU R 2 23 B AN 50l o 18 A5 O PAAT 1 X
Ha) R, 267 A 1 SCREIU 4.4.1 FiE SO 4.4.2.
BN 4.4.1. 75 8 Kl i 1A 1L R A (1) TASM MRS58 R0,
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;
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RscUsage: RESOURCES— Integer;
WaitingNextDispatch: Boolean;

}

Trans_ConnectionData(cn)=

{ ConnectionType: {immediate,delayed}

}
XN 4.4.2. 25 S HcH v 1A ) 2R A 1F AT 15 LI TASM 8.
Trans Thread (th) =
LET TASM _Thread(th) =
/I Rule Initialization
time 0 > (if State(th) = halted and Load (th) = true then
State(th) := waiting _mode)
/I 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 1> (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
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time Next > (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 o> (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] > (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 A
DestinationPort(cn)=ip AConnectionType(cn)=immediate

Trans Connection Write Imm(th) = ® IportBuffer(DestinationPort(cn)) = op
i - - opeOports(th) ncneConnections A
ConnectionType(cn)=immediate ASourcePort(cn)=op

Trans _Connection Write Delay(th) = ® IportBuffer(DestinationPort(cn)) = op
- - - opeOports(th) ncneConnections A
ConnectionType(cn)=delayed A SourcePort(cn)=op

441 EFERAENIEARLT

R RS — A HE R AR PR AT I H8 2 7 41,2 AADL 3 B AT R B 5070 AT A — /N 2R FE A
PRAE AT 2 11, 4 75 TR L 0 B A5 SO 0 28 30 HE R, N8 D) A e Ab T4 A 4 ACIR A (waiting dispatch); 4
RAGAETEA R, R T ar i X AR A Be 23 I, 75 ), 6 78 Ak T 55 A5 5 0OIR A (waiting: mode); 4b T
SR 2 RORTS B SR W] LA J STk b b B2 A ok 20 i B0 A B0 . AR B R A5 2 P o I W L 23 R I 6
i W TS5 A I B AT (waiting execution); 75 21 4b 21 35 1 28 F2 E N PUATIRZS BT B9 HARAT 9 AT FHAT 9 B A4
(behavior annex) K7 4l %1 i ; X T~ 2k B [7) 3 5, AADL K ] “Input-Compute-Output” [ v+ 545 T BRI, 7F 2%
G R R IR 220 A A N i 11 P s O SR AR TE LR TH B 58 IO 2 A5 S N H g 1 (RUAN [ R A AL A
(immediate/delayed) £ 5% W L FE AT . SRR A1 2 Frow.

Load Active Dispatch ~ Start of execution ~ Complete  Next dispatch
N
Waiting Waiting Waiting . Waiting next
q t! .
| 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 Zf M AT RS R s R
TG R LR B AR N e S SRR AR (B KON 100%) BAR ZeFR A e 4 0 TASM M8 48 i, 9
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A A B € X — AN IportBuffer, H T G A7 5 FL R K R R A AR (R HRAT 18 SCRE 0 — L5 8 & hAT
#E )] (Initialization, Activation,Dispatch, Waiting Execution,Execution, Write Data,Waiting Next Event,Deactivation)
#) TASM #1% Wl TASM _Thread(th):
e Initialization KN F oAb #E2& FE AN HEFE N4 (1) O¢ R B I 2 AR 5 Load(th): {true, false} K [R5, MEFE#
PRI PATTE LAEEE 4.2 TR &€ L.
e Activation # 0| H SRR R e FEHE N 24 A 45 5K (Enter(mode)), 3l i 3L 2248 & Activation(th)=true K[ 25,
R QAR AT I AR 4.3 W gee L.
o Dispatch #tIJ: FH > b 38 26 T Fll 93 & 7 (dispatcher) [ OC &R, 40 A a1 LU 30T B Ja S sl Al = ok 3t ) e 2k
T2, 1B L =45 & Dispatch(th): {true,false} K [ 25, 365 IportBuffer H H B0 52 B H) %y N i 1 Hp
o Waiting Execution I : &2 AT <% 32 I3 5 WM B BE 1 g, AT AL FH L =48 5 Ger_ CPU(th):
{true,false} K [ 2, i )i 28 (scheduler) B $04T 15 SCKFFE S8 4.5 b sE X,
o Execution FLIJ: a1 BB & SUAT A B, K0 R B A T i T8) 4 [BCET, WCET), B AT 1 H “Compute OutPut”
RBCKR IR R R HPAT I H AT Doe AL RS . fEffds . Sk DUREMIARI A 2, S e ST 47 0 A,
V) 575 ) 3% 4% R UL R AT SRR AR5 4.6 TR 45
o Write Data FUU:HRAT 58 B2 i, B 320 it o 11 (R 38008 5 NFZ LR TR 1Y IportBuffer .
o Waiting Next Event }JJUJ: FH T 4b B 4% 1 AN i 2 10 75 Z2 55457 B 000, 090 o iE R I 2R e A A T 24 i B
Ko BEWD K BAAR BN LD PR ZIUAE T TASM HE3 H 21 [R5 L =next.
e Deactivation 0 Hok RN 26 RE1E H 2 7T A 2 (Bxit(mode)), JF il it L2458 Activation(th)=false K [F]
B AR e AT AR 4.3 b B 4sE X
442 EFSR
16 AADL 1,3 R AR FE A — /N MSZ A T 2 AR M ) — AN BAT BB 8 Ve SR I AR k.
S R JE R 6 R RIS AS SC T R I ET 3 FhE .
L FE o KA AT IE U 53 — DN ZE AN Dispatcher(th) K 3K 7, I R FEFEARAT T S LI R BAT, e
2 (88 L= A B Dispatch(th) I FRAR S ZE B State(th) K [7) 25 I-ATTH £:=[0,max]2 7~ A& J& W H A4 (1) 2135 15 1],
H t:=[period,max] 3 =18 K F A4 1) 2135 15} 7] Dispatch Thread 2R 7K.
o WIRZFRE T AT, I H AL T8 4 43 ROIRES, U 43 i 26 742
o T EMAVEL AR, RARYE A K G0 KA T B R — AN AL AL SRR N T — IR K R T R R
R AR 0 1) 5% ), DR LG A4 2 PR A 1 R S A
o TR B R SRR, B AR AT T8 M ST B AT L N S AR AOIRES.
4.43  Hds v L AR
AR S0 DG Ak SRR 2 W] B i VAT o A T SRRy XU SR A (sampled), (H BT TR R AN
1) Ji DAL 845 AT 0 T BEATAE A 8 Ve, AT S BN RGEAATELEIR . BB EUARTE Ik, AADL $2 41t T B Rl
P B4 B o 1 38 A5 LA B S AR (immediate) A ZE IR 3 {7 (delayed).
DI B
(1) RIRLFEFI A AR S AP AR
2 XTI A I AH R (FR 4 synchronous), 2 5K P AN S8 7] I 23 A 2 SR J JUIAN [, 24 A 36 2 A Jl 20
JE WL R R I A5 2PN oversampling), B, B 26 £k B 03 e — IR, T IR FE & 03 R 2 IR B — i L
SRR ILLRFR T 43 e 2R FE I 35 1 IR O3 A2 TR IS ) X e A 2 i ) 40 2 O 36 2 R B PR A5 B (R
undersampling), R, & IR G T 73 K 20 I TSR 73 R — IR, — IR SR IR AR I 5 1 IR 43 e Rl
AR5 I AL TR ).
(3) KT FIAT: B ARPIALRFE AL R I 43 R 1, (IS 2 7 1) B 1E AT B 45 1) R R 2R R 58 I 2 SR A RETT 44,
R ARG AR H Complete IF 2K H0H 55 N i il 11, T 2 WAC e P 55 282 70 0L 280 BT 1 U 38 e 742 (1)
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i B I LR AT
o JEIRIE{FEIR
(1) RIRLEFEFNFL LR FE AR I AW PE 2 T
(2) X F 4Kk AFAE Synchronous,Oversampling, Undersampling 31X 3 Fli i ., {5 AN B SR 5 AN 2R 752 (6] 1 43 %
(3) MWTHPAT RIXLFEZETEH Deadline B ZI(— 855 T8 ) A K 24 5 N i H o 10, 70 B e 46 A 70
Dispatch i I HL b — N il 3 5126 2 A% 1) it 0000, TR1 0be AN 75 282 B oy 45
TG K SR SRS AR O TASM PR3 A8 s L ¢, A 80 0 S A R RE A A1 LB ) S 1 4 O B A3 ¥ o
Mz b3 — 22y 73l A5 i 1 e S i A 2 i, AT Trans_ Connection(th)/y A Trans_Connection_Read(th),
Trans_Connection_Write_Imm(th)LL ) Trans_Connection_Write_Delay(th)), 53 555 N BV IR 8 15 132 e 28 RE 76 FF 4
AT 2 00 T A s . RO I AR 1 R IE R REAE Complete I 2% H i DL % IR I8 45 11 K 3% 26 FE4E Deadline
R Z0) i 0 A B ) e R AT I o B s e o o — AN RERR IR FESE 4.5 545 i HL i SCR R =
119 JE 1 2 B, Synchronous,Oversampling, Undersampling, Immediate DL & Delayed 2 % P i L #8% e 46 H .
4.5 HER
ASCT e R TR BE B BT B A R R, HOA AR 2 R
o S, PRI E R B0 i AR 7 SR E TR I e R R WA R ) I S N ) R B b 4
SE T ERFRPAT T, BATHR A 45 4 & (offline  scheduling). B 7% 1 F5 7E 22 4= R0 K S ) R 48 A0 48 Al
FHL BRI A 8 B 2R A5 b 45 th AT I, 1 EL AT DA (58 b 26 7= AT 2% 2 TR PR AR S % R
o JLIR,AADL SCRp7E AL BE 28 46 4 vh 2 2 SO B SR s, B0 46 [ 2 I b OK 3 . %% . RMS. EDF.
SporadicServer. SlackServer L& ARINC653 45 i f& s F A1 5 B2 f [ s i 2h Ik 5 . 8 4% B DL &
RMS S5 B R0, HH T 37 AT %5 K35 AADL B (8] 240, 7T UG 2 A 1 3R
GG A AR PTG I [F) TASM IR B 42 5 A2 5 CPU 45 free A1 busy PR
EXHN 4.5.1. AADL ZER2 U 5 X W (K] TASM 38542 k.
Trans SchedulerData=
{ Deadline: Integer;
CPU:{free,busy};

}

YRS Y FE A5 0T 9 TASM il SR AL 42 1 2 20, FRATT ) 3 e A R AT 1A ] 5 0 2 W G L T 4 it
Token={thy,...th;,...th,} KR IR), L R 2 A 26 FE A [5] I 4 FH Ab BE 35

EXHN 4.5.2. AADL ZFE 1 BE T 15 LT TASM 5.

Trans _Scheduler =

LET TASM _ Scheduler =

@ // Rule Scheduling Thread th
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)
INTASM _ Scheduler

FESE A B SRS (10 R At m] DUIE — 2 2% 18 e P A 50 i B2 (R 5 i LR RE A 1 7 244 0 Waiting resource R
A& BRI AT AR R Ny 4 {idle,usedy 1A ARSI G AL, I 55 e R M) PF AT T LIRS B LI R 4h AT
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4.6 1T HMH

AADL ZFE R 1AL T 12 “Input-Compute-Output ™ T SR Fiy A | iyt 47 04 2 dy 2R A% (K LA AT 7 SO 2R
REIE A5 T SCHRE (K9, 1047 D49 R I 6 7 547 AT A AL AT SRR

Bl 3 gt 74T A B e R AT B 1R O A8 e Rt AT R 18 23 e WL AR i 5 N B N B o 1154 DA B
P I A R RO R W o S50, T SR 58 P R H 5 R N i B i (R ERE, AT  BR e T B e A A
FAE N SRR i P R, i W SR s Al R e R 9 0 S A% 1 A T R A 5
IR s A R e O AR AR A A R W SR . R L BERAR T SR A A AT A
PR HRAT T SRS LR REAE 1 P AT 1 SO “Execution™ LU ¥ 48 A6 A1 RS

Rule: Execution

BA_State(th)=S;

BA_State(th)=S,

State(th) = Guard/Action

execution

State(th) =
completed

Guarddction GuardfAction

BA_State(th)=S,

’Data port » Event data port )Evem port

Fig.3 Relation between the behavior annex and execution model

K3 A7 55 e R AT AR 1R DG 3R

W0, BAVE IR 3 ST IR A48 i (state variables) W8T 5 TASM PR35 45 & R 25 (state) WS 4 1% 4L
I P 58 IR 2 (internal variables); & 45 A8 3T WO 25 — £ TASM # DU) ity R0 000 1) 2% 4 oh 22 W 28 72 3 1F BIR A&
(State(th))~ 4 HIAT 49 B AR A LA R AT Ay B 1R AR AT 4% 1 (guard ) 2H A6, B0 0 PRI AT 368 23 DB 4547 49 B AR e AT
EAE (action) LA K I AT A B R — AN RS IR ARL; R ATTIE 3G in — 2% B8 ) (behavior annex completion), il 2k F2 #4) 14:
HENTE IR 26, F 3 G0 ) S 25 450 4 2 ) 20 4R AT 1 S ¥ “Execution” U

HIRIETHEEX Guard 1 Action W AT 44k

Guard £ EATEFHMHEI (event)) bt 1 B 1322 58 2 Wi ((BExpr)), il J& & W %0 W8 43 - “on (BExpr)” il
“when (BExpry” JRm B0

(guardy::=(BExpr)|[on (BExpr)—] (event) [when (BExpr)].
(eventyZZ7m A1 s B AR (P) BN FH4 it i 2 B O ARV E I (P2(x), P Ry 1 44 A RS AR w41
A LLGIN Boolean A& i K 3 7R WU A1 e (11 25080 DU DR A7 S0 I8 FR) A 35 A% 8 224 v (B Exepre) e 0 B304 iy 1 =1 40
P S 11 00 B0 R AT 22 4 BT, P DA S S X TASM 3R 35 4% 5 FR) 44 on (BExpry 2 78 % 2 i RAS T 13 111 4
P BEAT W, 11T when (BExpry 37 b 44 22 15 U s 2R 47 38 55 ) W 3T 1K WAL R 8 [ guard ]

Action T ZEALFRAR FIRAY o Hdhs S AR 10 AR | HSEIN TR) | A5 AR IN ) 45 AR E E R DUE BRI X TASM
PRE AR B MR 0 T R0 3 (P (), P=x) R T 2 3% (PY), AT LA N Boolean 255 K 7 K% A x WIRAEF]
PONA TR N e = I SR G B Ul e 4 i L1 - O N S -l AN W Ll o 1 A T e = AL R T
(Computation(min,max))&K /~ i H CPU 18] ], 55 45 I [8] (Delay(min,max)) 3 75 # 35 6 5% 7 T (97 B 18], R T-4T 4
Bt 1) Action @A FHAEARAT b, PR HIX S I (1) Jeg 17k 1) LA T 422 RS 2 TASM R0 (1) 4047 Ik ().

£ TASM IAE5AR & A FRATT 5| N “CurrentBAState” “isInitial”,“isFinal” %575 & “isInitial” F] T J Wi 17 Jy B4
RPIRAS 2T R BILRIRES  “isFinal” F T FIWTAT A9 BHRIRDIRZS 2 15 24 58 R ZS T H AT T8 SOk SRS M) A AT 15
X “Execution” I (1] 3K 4.

EXHM 4.6.1. AADL 17 I 1 (¥ TASM Hf 878 R0,
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Trans BehaviorAnnexData(th)=
{ CurrentBAState: BAState;
isInitial: BAState—Boolean;
isFinal: BAState—Boolean;
.}
TEX AN 4.6.2. AADL 17 Fi PF 0471 SCHT TASM K.
Trans Thread(th) =

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

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

BA=th.Behavior ABA_tre BA Transitions
(if State(th) = execution and CurrentBAState = SourceState(BA _tr) and [[Guard (BA 7tr)]] = true then
CurrentBAState .= DestinationState(BA _tr) ® Oport(th) := Action(BA _tr)(Iport(th))
@®// Rule Behavior Annex Completion
Time 01> (if isFinal(CurrentBAState) = true then
State(th) .= completed)

5 AADL2TASM #5844 T H

LEREHAE SR 55T AADL (KR A EA 5 OSATE!N ™, #1 3f Se B M 46 3: T. . AADL2TASM, LA
S FERT AADL B HEAT 1 R0 E A0 20 A AR R S5 R 4 .

A Applications

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

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

4
A Formal syntax and semantics
Subset of AADL
Theory syntax Translational TASM
translationl semantics operational
evel

[[TASM Abstract Syntax]] semantics
Execution

semantics
(informal)

Fig.4 Architecture of the model transformation toolAADL2TASM
4 AADL2TASM R4 T LK) e A 28

(1) FEHA7 100, JT U HE A FR B OSATE 8 37.7F Eclipse “F- & b, 37 #7 LUIE 44 15 20 S 0 AADL A5 78 (4 56 31F Al
I3 T H 1 a) L ] TOPCASED # 3R 5.
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T AR B 4557 T, SR A R 5 4035 75 ATL(atlas transformation language)®* )5k Szl AADL 45 7Y 5|
TASM FEALIK) B 5 %% 4, TASM AT HIBEAL RS I T H UPPAAL A K45 5043t 1. TASM ToolSet 4 £ 7
HEATHAE R T %% UPPAAL th 5% 4 1 $1| OSATE 4+ 3T MIT 45 th i 5 4 530 R Y ATL
S TASM #5231 UPPAAL A58 1) [ 2l e 6t 5 5 A5 20 A 4t 1 HLBE ik 48— 1) OSATE A 1,77
fEH AT .

TEE UG AIE 55 43 87 J7 T, TASM ToolSet SCHF XS 5 Y 1K) 56 H 1H A1 — BOME AT 40 F , LA B X I (] 47 249 A1
POEAT A AT U7 B4 M5 T UPPAAL SZREXTZEAN . 224 v dE DL K S I P R R A7 3640, P 35 1R A 34
AT LLE b,

TEFR SN 70,78 T A0 H 052 RE T, AT B HURES S0 Hl S 5 ESIRS% . L8 AT
RGN SR AT I R GREAT T BRI S PR BT

6 LA

6.1 RENE

SR S RS A GNC R GEENLR A A IS AT A% O R Bt R 58 R AR TR 2% S BUE T € 5
P E AL PLGNC RGBT AL RS . S STALAIAT B 2 . He e,

SRR A TS SN BBUKES . BEIR. R TSR, R B TR AR &R .

P FEAL AR Oh B8 5 PUE #EH) & Si(attitude and orbit control system, fij FX AOCS), 3 i Wt £ Fl &b #
T A SR A 1) D B R 5 S R AT 45, B BATRE M E . PUERE] . B E . BEER
ZEThfie, A i 9 50 5 Hoth 4 R B HEAT RS H,AOCS — SR FH XWUML A 13 ) 7 s R 42 vl k.

PAT WU ALHE RAE RS WEME L B R BIALAE, S P J i P S 47 s 2, T A4 R sl L
RPATFLE NS FE IE.

5 UAR B AR AN T L TR AE — AN 40 T 22 BB, P St SR 43 10 5 A7 1 300 4k B, 0 DAy 80 Ak 2 5. e
(data process unit, fij X DPU), 1l DPU F1 5 i 4% [ 2% L FR O R 348 2% i 4b #5876 (local terminal unit, i BX LTU). 5
W RGEEREGHWE 5 PR,

Jo i £ i Ab B T(LTU) PATHLRY

RARM et

Uit

e AOCS
AL RE (oL ) LAl
HARE T R T < e

Fig.5 Simplified architecture of the GNC system
5 GNC RIHIRLR R LG

6.2 RGEWE

FAILL AOCS ¥R G AH.AOCS FRAH — N REM MUK F R, WIFE R S_AOCS_Process. AbPL3
KItE AOCS Proc. TEME#sMIME AOCS Mem. REMIME AOCS LAN Ul Je 3 NANEERE, S AT 18K ] B ey 1
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SRIEAE. FIN,GNC REW KEF 3 B X HMR. AR, ZHfaE . RPpah i AT
F25E (stabilization) F1H1 3l (maneuver) P MR X 4 61, 1 6 B,

Star Senzor Interruct Return AOCS Proge
= C{EventDatasy Star Sensor Interruot Return cDatass S Flulhes]
Star Sensor Sampline Interruot Attitude Control Command 1 —‘Attitude Control Command
= | .
i Ewemtlatars Star SEn.snr Sampling Interruot Hetwork
Gvroscone Interruot Return Attitude Comtrol Command 2
L2 < EventDatas> Grroscope Interruot Return (<Datady
Gvrozcope Samoline Interruot Orbit Control Command p——=Attitude Nozzle
4 T FventDatass ﬁGvroscone Sampling Interruot Attitude Control Command
Camera Interruot Return —H~ Hetwork
E {EverntDatad> Camera Interruct Return <Datars
Camera Samoling Interruot ) )
4 CEventDatar> ¥ Accelerometer Samoling Interruot S Oubit Enzine
Aecelerometer Interrunt Return I Orbit Control Command
B <<EwertDatady Accelerometer Interruot Return Network
Accelerometer Samoling Interruot
4 ™ Camera Samoline Interruot <{Bushccess>>
“EventDatas> Hormal Change Orbit
<{{Busfccess>>
AQCS LAN <{{Bushccess>r

V)

V> 40CS Mem Bus

<{Bushcceszrr {{Bushccessr>

Fig.6 AADL graphic model of the AOCS subsystem
K6 AOCS TR AADL KA

AOCS T REW K 4 FAES NPT A5 HIE S5« BRINRIRATS5 . RG I IWAE S5 LA R IR S5, 301 - 2% 18
VAR 45 PB4 FFL K 52 PO 2845 265 L5 B0 O P ), 6 9 R % 13 LR 48 4 (Star_Sensor_Data_Sampling,
Gyroscope_Data_Sampling,Camera_Data_Sampling Accelerometer Data_Sampling)~ %41 %€ (attitude filter).
YUIBH E (orbit filter). LT 1(attitude guidance 1) LAYEN 1(attitude control 1) HBAHIT 2(attitude
guidance 2). %Y 2attitude control 2). (L5512 (gquidance law)55 FAT 55 FEAFEHIAE 55 1 1600
360ms, Pl it , 3 8 AT 25 1) J) A1 A 360ms, {0 30 AT I 8] AN [7] . 75 B8 e B 3K R ,Star_Sensor_Data_Sampling,
Gyroscope_Data_Sampling Attitude  Filter,Camera_Data_Sampling,Orbit  Filter, Attitude Guidance 1,Attitude
Control 1 25 AT 37 AT AEWL B 28 ,Gyroscope_Data_Sampling,Attitude Filter,Accelerometer Data_
Sampling,Orbit Filter,Guidance Law,Attitude Guidance 2,Attitude Control 2 %5 A4 1 FHAT B s F1E 5538
SR ST 1 e R ke 3R AT 45 2 18] SR F (1 B i VAR LA A RN G845 .36 1 45 1 T AOCS T R G55 1 A 4.
PATET ] BEIE T FECTAE . At LA K BT 8 I =X

Table 1 Parameters of the tasks of the AOCS subsystem
R1 AOCS TRALF IS

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
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6.3 XHEMERIGIEFS AR

5T AADL2TASM #5044 T 2, S AADL #5820 I TASM B84 (¥ B 2 460,

YT, HEIET TASM ToolSet 4 4413 2 ) TASM B HEAT 43 7. TASM  ToolSet 7 5 X 15 75 1y 5 B M Al
—BUPEHEAT U0 UE, LA SO0 IS [0 AT A AN S I8 AT A AT Ui 5 AT B 7 45 T TASM B! vh e A7 Sl Sp LI AT I 5.

[F) I, TASM ToolSet k45 Fl 78 Y5 4t — AN B AR BE YR T K6 43 17 I, b T 8 T 6 — M Sk — AN IX Tl Rt
TASM ToolSet %8 X [8] 1 fe/ME . B KAH . PR LA BENIEIX 4 Bl x5 28 48 0 9 V5 T FE 15 Db AT 20 4T,
Wik 8 Fior.

TIME
50 00

Power.

Memory

s 720 723 730 73 7a0 7es 750

time

Fig.7 Time simulation of the TASMToolSet Fig.8 Resource simulation of the TASMToolSet
Bl 7 3T TASMToolSet M i £j L 43 B Kl 8 JkT TASMToolSet 1% U5 1) 553 BT

HWIET UPPAAL XFAE4E. 224tk 36 M DA S S PR i B AT 563F ,UPPAAL Fl TASM ToolSet T LL F b,
FL[A A TASM BSR4 3 & 38 E 5 4 H7 B . F AT 11 TASM2UPPAAL A7 e 4 T EL, A 8y A Ji 6} )3 1) 1) (7]
HBhHLER R, anE 9 FIIE 10 k.

mode_change star_sensor

Adti o
begin_mode_change S20 cl<=0 vaiting_sxecttion

star_sensor_else

mode_change_else

36
ur
y L
360
7 e Jelse!
iv 3
At
A

begin_mode_change 1125

SSDS_else!

N

Fig.9 Timed automaton expression of Fig.10 Timed automaton expression of the task of
mode change Star_Sensor Data Sampling
9 B H K| 10  Star Sensor Data Sampling 1155 111
I 1] F B L& R I 1) A Zh LR 7R

TASM LRI B R B4 Integer,Boolean,Float VLN H 7 H & XK1 UPPAAL N7 HF Integer 25H) %t
TH P A R mEREPRE, &H n DNRILIE UPPAAL AL int[0,n—112KR KR, 07X N EE 1 AN
B, n=17%F 5 n AN DAL 8 T Boolean 38 1 int[ 0,112k 7R 3 HL,<0” A0 true, 174X 3 false; TASM il UPPAAL
S5 I 1] (1) B2 35 AB AN ], TASM (R IR [R] 52 SCAEARSE 1, fif UPPAAL [ I ] 5 SCAEIRAS b, DR otk % - TASM B -1
IS [A],7E UPPAAL b i 38—/ DR S SR R 7m, i B (9 waiting_hyper_period_S,begin_mode_change_S2M
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SRS TASM BLURT UPPAAL I [ [ Sl ML) AR AT 2 % 2 A, 10 %0 T <“t:=nexe™ S5 A5 AL, 3032 386 o0 — N340 4 1S
] B BB R R,

TEMGHERL b T DA AR e ey S TS AT S E )

() REARTEAEHESN, A deadlock;

2) wEM YRGS T IR, Star_Sensor_Data_Sampling 1155 — & 2 B HIE:

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

3) EHWREARSHAFEBRK,E() (CurrentMode==0).

B4R BT LLIE T W %2 1 Bl ML (observer) X dpe TR W 3 B[] | o 28 g 28 3R« T8 5 A 55 S i 1k St AT B0

AT H AADL 4R FL 454 4 31 UPPAAL: 1 4, UPPAAL ¢ R ) Hudi 58 A0 45 /b H K UPPA AL AN i S
PR M 1 R IE 5 5 TASM AR 2y vh RIS AL, ) ) S R UPPAAL F4Jj 5043 BT T L TASM Toolset, 7F — & & & 1]
A SE IR 256 E 55 47 5 53 17 14 A

7 tHEIE

Mgk X752 9T AADL o X — M EE2EF B in#% #6: 2] BIP,Fiacre, TLA+,Signal, IF,RTMaude,ACSR,
Lustre,Petri Net 25 H FriE 5.

1 Verimag S22 T AADL 2| BIP {5 XU 28090 b RE . ZRRE. TRERS. AL PR A8 S5H 111
PATVE S T L TR A5 ANAT Sy R 10 1 S SUANE VRN ok T O (8 B AR i 0 S0 38 LA T 1 7 4 1 T S G0
(RIBIF ST 7 S5 MEE SR U 32 R P 1 AR 5 i

23 % 420 ) [f) TOPCASED 10 H #2111 T AADL £ [f]35 & Fiacre FiH Ul 3= 45 1 T 2B A7 A0
A5 0 2 0 S T Y PRV BIE 5 1 B AN S 30 SR AR 5 AT A

5 IRIT 5256 58 5% F 4 63 8 S R T5 = TLA+XT AADL AT A R 1R 50 23 55 SO T 47125 101 9 18, A 4% i
FUBAS LS s A I AR .+ by 20 B2 S ms LA R 1 33X 2 AADL 5 SUB 3UAK I s L 5T TAE,
A 30 I 2 DUTE: SRR B0 T 45 H L (E TLA+IBERYAS I T H TLC SR RE ) 4 59.

:[H INRIA-Rennes 525 %5 3 T[] 35 15 3 Signal % AADL 1 AT T WF 5007, 5 202 A1 0 4R BEBAT 15
A7 0 AR S R AR B 50T TR 26 T R G R L R 1 4 3 S, 91 LA T SRR 30 77 304 H 73 43 B 5
W) fy i 5 s

Abdoul % \¥s AADL #4051 1F 8 510 S fp B AT 845 AT 0 MRS IF (%4 (AN AADL brift
AT o B 44, T2 A IF 35 5 % 17108 AADL & SURIAT o B 72 3 4 07 11, — 4~ AADL ZEF2 60 N A 1F ERE R 44,
S350l F T3 43 I REZRFEAT D9, 10 T TF B b ke 26 DG v RO 90— 2 R0 s o U)K ) A0 5 .

Olveczky 2 AN42H T AADL F|520f Maude M35 UM S0 Maude S —FiL+ 5 5 38 4 (rewriting
logic) 1S I 2R 48 BEVE 35, 70 16 3007 1T B 901 SR ARG 40 3 R ) 19 4R35 o5 34T 4R

Pennsylvania KR E T AADL 3% R 3R ACSR El"]i%X%Tﬁ[lz],iE@Tﬁéfﬁﬂﬁ\ SR A S
LT (TR SCREA, B R R T AT R0 T 4 A, A ot R P BR A QAT S v 1 T A 5

Kk 2 ASSERT I [Kf AADL % ¥ 8 [F 2518 75 Lustrel™, 285 AR FEIAT . S LU R B = AT T8
SCAE 475 T 50T B R G e 30 0) 32 BRI AR E 5 EAT R R 1 B SO U T T 204

i LAAS 5286 5 3L T ML Petri 95 [ T 5T AADL W b 70 B4 (8 KU F iR o 7 S ff T sk
AT AT 4R S R D RE R 5 4 AT

75 8 P9 [FAT 1 AR J5 T, SCHR[3014% B T — % AADL #5288 m S P 43 B P4 T H, F 29 k. AADL R fii Y
B SCHR[3 11K AADL A58 70 8 0 51 ki 1 ShHLAB AR, 3 325675 AADL 828 (1 ] 3 B 43 b7

ASCHEH ) AADL2TASM JE 20 305 5 ix 88 O AT B 7 AN [A) 2 Ab E BERBUAE LR LA 7 T

(1)  AADL 4 AR I8 AR 2% 55 22 A R0 G SN R 46 10 3 40 R A0, A SCIR L T — NN 58 23416 AADL 14K,

FEIG RO BT T R R A PATARIY L AT 4 A 2 T G &R
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(2)  HAREERIEAE S TASM SCHRFIIRE I IR) LU BRI AEAT N (R, 0 AT HFFU0 HARTE 5 IR DK
FEBRIRAT A INAIE.

(3)  He Ak IR E S AR 2 Ul BEEAR 105 2 T 302 S0 AADL 148 (¥ e 40 it 30, 7 I b 221 i 45 45
Bz 18] 119 2% 28, A BELR AR AR DI A8 23 TB IR S F AN Dy TASM RIS AR 8 ) A AT 0 s TASM il
ZHLIFHE T2 ML [0 5 R Hi R W 415k &

8 SEE5WE

SR T ML T A SR SN AADL U #0E 5 B 1) AADL 5 #1 SUF A B, 120 e
HR NN AADL (TR T4 BB BARE 5 RE R LB RIE T« B FRiE 5 A 4 w8 SO S A
R mE AL il SR SERE E T AADL JHUSE B8 OSATE, Bevh JF S8 T AADL BEARLRHIE 55 04 TR
AADL2TASM,FE3E T Wi R4 Wi Hl 3 586 R GUAT T 5L 1 5 00F .

T P s U L, BT 0SBl T AADL BRSO H bR B e e L 2 THEAH
PR ASE 2 b VA TR 56 TIE 0 43 AT B8 D7 AR ] 560 F ABE 20 26 48t 1) 00 0 kR — A e L, FRATT IR O R 3 SR
(semantics preservation) [ @ 71 JX £ A ADL 8 4 e it 50 A, K ER SR FH - T A 1t 07 3K, B0 1 e v SO AR R 11,
AR D REAT 18 SCORFF BUAIE B SCAR[32,33 ] FRATER T — A 56 T XU AT 2038 L) AADL RO 3 48 Ry SR
FRUEWA 7301 B FRAVICIE EHEAE T U 008 LR AADL BRUESS H 0 3R 200 SO (R 2500 1, R ik
TE 3 e XX, 3k T 1 7] 483 & 4t (timed transition system, {8 7% TTS)4 Hi4H . AADL T8 (1 X A5 05 X
TRFFUE B 1) 2% 18 X (reference semantic);(2) R 64uiE S b 1) TASM K71 TASM i 5 A% & (M #R 115 X
HEATAL A MRS A TTS;(3) FE B PN TTS i AL B 454 5% R (simulation equivalence), I, AADL -4 1% ¥
7£ AADL | TASM FAS R 5 4 ip 459 B LR FF, 57 25 T8 FEUE WA 38 CoqP% A 56 52 BEIEAT T UE W 24 4R X A7 A5
“FH TTS 31511 AADL i SUFT AADL ARt SO 75 — 201 1n) 3 AR 2 SURAS T 208 SR 45 H IR BR P 345 119 45
Witk 72— e FE B FRENS PR B 4o LR A IR MR 28, JF 32 it AADL i SCHEAT T AR 1 v A5

Bigt gy E S 2 SN S {5 AU 9T BT (Institut de Recherche en Informatique de Toulouse)f) Mamoun
Filali #4200 48 3C AR B BRI 45 -5 RS2 R, Bt A6 mt 42 ) TR0 53 O ut 5 T F2 U B3 1R 70 355 B[R] i) e 2 B
R TR R TR IINEE . FER L 5K 55 ] 27 R s I
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