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Abstract: As embedded software systems are widely used in many crucial areas such as automotive, energy industries and aerospace,
failures of these systems will cause pollution of environment, property losses and even casualties. Therefore, safety analysis has been
critical for developing these systems. The traditional safety analysis method is mainly used in the software requirement analysis stage and
the design stage. However, the gap between requirement and design is a challenge in software engineering area, for it is difficult to
transmit and reflect the analysis result of the requirement analysis stage into software designing. The primary reason is that the current
software requirement is mainly described in natural language, in which there is ambiguity and fuzziness, and that makes it difficult to be
automatically processed. To solve this problem, this paper first focuses on component embedded software and proposes a set of
requirement template based on restricted natural language to reduce the ambiguity and fuzziness of natural language requirements. Then,
to lessen the complexity of automated processing, requirement abstract syntax diagrams are used as the intermediate model to realize the
transition between software requirement specified by restricted natural language template and AADL model, and automatically record the
traceability relations between them. Finally, a tool for the method proposed above is developed based on the AADL open source system
OSATE, and an example validation is carried out through the spacecraft guidance, navigation and control system GNC (guidance,
navigation and control).

Key words: embedded software; software safety; requirement specification; restricted natural language requirement template; AADL;

traceability

Bl RN VA E IS T R4 Db G845 . A% Db A% 22 4 S AN 1 T 32 B B0CA 1) O 380 RT R 3 i
W7 983 2« FRIE AR TR L AN B3 40 TR A e, el T ) R | R R AR 451 41,2007 4 2 9 H,
HIAE H A F-22 RS & BRI % S F MRS I H A ST 2R 1), ol T L & A2 Bk A )il s B L R 4 2k R s 3T
[F]2:2009 4, — 4+ H LT A 28 W e w5 737-800 Y KLAE LI Mo k30T 0 18], vy T 0 s 5 B0 opL A 0,
2010 4F, H T 500F W) BT R 0 3 0] T, B A T H AR R A H] 20 4226 TR 4B kLR L r R 4
Xt itk N 2 FR G5 2 A M IR R T AT 0 U AT B A R 4 I R R 2 A v el A I TR DR
PR] AR B b N IR A 9 22 A 1 ok A TR AR Ak — > S B .

AE AR RS AT AR RE G E I8 PR E ) RGN0 B A R % AN E e My
7= RNERE (1) 22 4 AEL A Bl A SR A WLAS T, 0 AT B8 PR 2R 23808 N 0 B R TG T B S i 6 AL
T H RN 224 KB R ST 5, T RE DR A 1 5% b 4 T 3R 90 T 06 i S 1 1) 5 . ALK AT b 481, R PLAI
TN A TR R I 3 o e s ) R 6 U P LA R BRI A e, 7 U2 s KRB B A T LA | A R
F e A WAZ A R fE R ),

WA 22 AR5 W (safety analysis) U (B 1 22 Ak (0 —Fh 32 3552 10 5 105 24 0 B RH B 1 1 22 4 1k 0 T
A AR TR A O SRR P e v B B Leveson TA A, B1E ) e T B 2 0 L LA R R 24 R S S 4 A
1R A 2 8 Dt PRI B 24 i A A SR SR B ARE R AE AR SR RSO 1 DL R AS 5 e, FLxfE AEAT A 3
A 53 AT Adb A A A A 8 T S AR T v N DO RS TR SR B AR X A R A B IR B T kU7 i (model-driven
development, f& Ak MDD)— &5 i MR 19 43 A7 A5 200 35 35 15 - A%E 280 T 43 7 Al 7 SR ASE 2R R AR A s BRI A2 | 1 1
SRVE 5 T SRS O] 38k S Hb A7 7 SCMERIASOR 1k, A 2 A 43 4 1R AR 2 TR v A B oF 5 R B8 1 A8 — 801
B 2 328 110 S BUBKAT ) 2 Ak )

ASCEF RN A 3K 5 B v 22 I X — 8 7 JE TR S 0 T T B ARG 5 i ok = SOME L ROt 5 X DA
E Bl 5 AT A B 38k 2, £ 78 43 40 T ] A AN AR DA 9T LA B 2 i Tl ik AN S T SR i O 20 R A L
LA SRR AT N KA TE R I BE AR 42 T —Bh 3 T BT B AR TE 5 T SRABEAR (1 75 SR i 7 72, 7T LA 2%
Hh AR B ARAE 5 7 SRk I U SRR

Bttt itk N 3R G0 R 1 5 R (R AR SO SR P A2 e N 2 S I 2R 1) 1 R 5 4 e v 55 00 BTV B b
YlE——AADL (architecture analysis and design language)®®*E 47 % £ B 11 AADL J&: H1 35 [F V< % TR 2 SAE
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(Society of Automotive Engineers)T- 2004 4E7E MetaH. UML FIE:Al F32 HHE— Rk A X R GE R ST
Bk S I A SAE AS5506 FrifE, H K2 S At — Fiobr Ak iy SO WA i (1407 3, B 5 0 i i N SUR G AR
B 2R S R K D Re 5 AE D RETE 0T, R ] o — BB SRR 22 Bl o W (0 07 S8 R e veit . 0y e B s g
AR ARG RS T4 HEAR N AADL B TEIATRT . DRERROC. AT R AL T R R
A 55, AADL 3 2 7 Wk 3 Tl F 4 0 i 25 R 453 (W Airbuss Lockheed Martin, Rockwell Collins. Honeywell,
Boeing) (1 3 #f.CMU(Carnegie Mellon University). MIT(Massachusetts Institute of Technology). UIUC(University
Of Illinois at Urbana-Champaign). Pennsylvania K%, NASA DL & 7%EE IRIT(Toulouse Institute of Computer
Science Research). INRIA. Verimag 25 W 5L %) AADL J& IT T AW 5T 54 @M ToPCcASEDM, SPICES!!,
AVSI-SAVIMIZE 1L Rk S Tl F A1 R AL R 2 5 ) AADL FKBEFEI0 H 35 K AADL bRfEd J@ . @it T 7
TRl S WE . SEPE AT TR B A AT DL R B S AR AR A TR 93X e 2 H T AADL ST AL

AADL BNyt JE TR R KA R iR AN AR e BETE 5 SEBL R A, (B /2 AADL Bk 22 6T 5 5K K 48, FRE
B 58 AR T RS TS 75 SR SO P 2, X1 B8 F) 222 e ME AR S B o B0 Th N R i i) AADL A28 JF A B IE A
AN 56 B S R AR 5 SRR AN AL X RS BT, i T/ SR S A et 2 PN IR R B
YEF IR 5 KB AR R W AN 58 R e AN TR R AR U 22 AR O AT 5 R SR R ORI )
R, A SCAE 5 K A 5 SR 20 1R B iy b Bk T A e R O N e 3 B, 1 0 A 5 R A TR AR SR B
AADL BRI, B B i ok 5 AADL M 1FZ [a) B Al IR R R &R

ARTCH 1WA I EET I E ARTE S TR A AADL BEELAE BT VA RIWFSHE S 28 2 A X R SE AR TE
KRB AT RN IR 5 3 FT R SE T R B ARTE 5 F R AADL KRS K 3 Kl B PR R 1K B 3 2
BT854 AT RSSO LA 2R ST 4 5 WA ST T Bt O kA AP 5 B RS I Y AR A SRS T
AT AN S i, 235 6 34T 40 M 5 5 AR F 9L T AR .

1 HFRIES

AR SRR 22 A R RN SR SR BT 2 T R A R TTIE 9T Bt T — R T BRE A AR T SRR
(K0 8 SR R4 T332, 9 0 o e 40 R 0 R0 e 0 B0 FL sl 2B T 04 AADL BT BRI, B 3 el SE R SR S Bt
(] FA) T 3 B O AR AN SCIR I S HE S T 18 1 s

i SRAST (¥) AADLASE R A= il 7 vk

i3

AADL ¥ Y

Root system

\I |
|
i
(W]
[N
: |
i Subsystem | [ process |  [Processor ] ! i
[N
i
i
I

S

_________________________________________________________________________________________

Fig.1 Framework of generating AADL model based on restricted natural language requirement template
K1 JETROE AR S SRR AADL 58 1 77 2 T AE 8
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1 P30y AR SOV R BT 5T N S A 9T 0, SR BEELRR AN 0 J TR AR TE TR SRR 1) 7 Sk
AL K AADL ¥ vH A5 8RN 75 SRAB BE 5¢ R K B B4k 4R mle BRI 5 36 T IR B ARTE S TSR Ao S 2k
PR I1E.
(1) AR AR G 0 PR B AR TR 5 3K 50 BOBOHE - LR A5 1] P2 1) ) . G o MR 5 LR R O 7 7 R
SRS R (5 P B AR R Rk, I FLUR S L NS 1 07 3O e AT S M AT A L E 0 B
AT A TR, BV, 6 SRS P 4 3R AN 1) J 2 A 3k B0 mT A7 380 b 70 [ W o 4 R0 7 (0 4 0 16 75
A5 FH 7 5000 - I 3 AR ERSEOE . NS L A B L b s o e T DA R A
WL PULETINS X BT S H00T DUE O SN RO N B R R R R A s AT
bR b 5 2R A P N S B S A N I B B B A FR R R KA TR I AT I R v S A R A 2
P SEA B W WL AR RGN RSz AT SR VE 10 SR, A B0 T S v 467 188 o o g e S 280 83 1 4
P st g e e O A L R SR A DA K 2 ARPAT61 Al DOL178B S5 AT MbAH S s a2 S 1 b s vk
AR AU ] 2 U] 3 B A o I o TR A0 R SR SR b BT R 1 RO 5 4 1 SR kR TR R — 1 2
WHIRMEHNRGES . AL R &, A AR TR A 45 0 ok o A im) A i
A5 FH AR TRV SFe SR 5 SR SO R 4 B 1A B, AV 78 77 SRk 4 5 o B2 v BN D G B R R T T RE.

(2)  7EHE - SN AR FE ) SR A B R U B I B B 1 AR E TR SRS 5 LA R R4 7 SR, 7E
R T B ARSI SO U AR TS 3R R R AT I 2 R, BT S —
T V2 24 SR,

(3) frilIdFRE ARE S W KRB E BN R R TR MA )G, 8 T 83T A3 i 5 4 Pl e
DA R AR T — B BB () AR 28 B 4tk A AR SR A 75 SR ABEA I )2 I 285 ) O 3o — AL B 58 ARG 5 7 SR A8
R A PR A 2R 20 75 SR A e 1) v TRDASE 20— —ih 51 2: [l (abstract syntax graph, i #% ASG).

WG AADL T A5 B N 75 SR 2500 2R (19 B 3l A6 A2 B ) 32 008 i 5 400 5 | 45 SE L AR 5 7E 0T 48 AADL A B (1)
el b 3@ N TS 05 0% 8 58 38 Th e 5 JE Th g J8 Pk, 300 78 o 5 38 1K B TR [ I 0 R AL ek R P e T
TE5E T T SKOB AR B L 5 M (W T SKAB B 0GR, 2 A vk oy AT SR A S, RIS Oy S A TR SRR 2 4 L5 3 Ak B
S FE A,

2 ETREBAES FRERMFRRATTE

B 5 4 N 2 A 2R 8 ) R AN BT o s, 2 e AR 2 3% M S T v AL 2 P 4 491, 5 0 1 285 D AR R L Py L
BARFRLE T 29 1 000 J5AT HOARAS FEZR T 60% LA L (¥ N ) BT K 2 T B L T £ 80% 1 4 il T g i i T Mt
RE. HIERG. WATEHIRS. DRG0 G T 38 W i 250 2R G AR R A2 % 15 f 42 g, ik A 20
REIBH A 2 AN T RGO, TE I 2R G0 FLAT 2 vai (K A 2 AR i, K 2 SR FH A R4k 4 A1 g o) — A
it N 2R G0 A0 25 0 2 AN [ S50 T A AR T AP AN [ A3 1 T AR 2R T 3 R 56 e AN [ ) S A SR S I AH L
I ok 1R AT A A8 L TR R B U TR T R [ A 328 L (A e ) 5% IR 0k i P 2P A B AR T
SRR S B — 4 5T % AT 55 A A5 A P A B T 7 12 P A 24l e T R AT S8R 1) = 9 T oy k8 291,

TER AR AT TF R 7 i, — AN S8 3 I R GO A R AT T H L0 43 BF AN M S 350 43 0 4 I — 5 (R s v o 2
JK 1 (component), 38 3k 41 25 33K S b v Ak KA 41 gk TT AT & R R AR 5 o il A 7 o 202 s i N SR
T LR PR R A 4 A A 2228 T AR P TRRAE . KRB . KBRIAE  RAT IR R AT 45 F K
Py B IR 5B AR B AT SR A T A R I P A A 3K S A S 2 g T P A e T o 1
Z AV FR) I AL HABAE 58 A TR AT (Y D e

1F 2 5 iR\ 2 10 0 o e 2, AR S A 6 0 R At N R 5 SR ik O X i Sy b IR I 55 20 b7 T
RUCM(restricted use case modeling)®*! SPARDL?®) EARS(easy approach for requirements syntax)274s 5 sk %
35 77 3 T T 1) AL R A R TR R T it T RS T B 1 AR 5 A SRR 1) 75 SR 24 7 25, e R AN R
T2 T 280 28 PR 32 T SO (R A 5 S8R 5 S 0, [ B AR AR 1 ARV 5 5 SR A7 A 1 SR 5 R
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2.1 REBRIEE T KIEWR

TR SR A B R DA T A DG T R AT A AT 1 T AR AR 0 ZB0 Tk N TR R T AR A
BEAT FARTE & 5 SRR BT I B T 2% RN s A A A R AIE 22 A0 3B A 5 SRS 3 I T 38 23 0 (¥ i ot
AADRICE, F T SCRE G BT 1) B 2 A AR e LA T 5, 40K R 50 20l 1 R AR SR, 5 SRR 32 2200l R4
TR AT TALEIX 4 DNZRIT AN A RGNS, 8 e W K L Th R 25 W EAT 2 1K
K53 8 J5 43 S T 3k A I 2 R I 9 SRR AT 5 SR R0 e Ab 5 T AT 55 R AT 45 rp — 8 B AT L 1 T B FRL G
I 4 LA S I T RS H T T2 R 0 T SRR 2 A 5 2 AT 45 R 1A 55 AR 1 FH L L A [ 75 SR ABE AR
W 1.

Table 1 Restricted natural language requirements template
F 1 ME AR S T RER

ID BEA T SRASEAR A AT M — 1) 4 I
G AT RPN IA D) fE P IC (R BT R RME S 1255 ) ¥ 2
KA Kot 8 2 7 R T Iy A\ S
HF 3k Ty B 5T I B A\ AT
pron Kot Fili3dk Ty B 570 A B Hcd
RN Filidk Ty i 5 T HO) A 21
TARY —ARRRGE UG RN T T RS
k| 1% B RGUT RGBT L8 A THE S
TAES — AN AT S5 AT LU il F AR S5 (R T AESS)
Ty gt ok Fili 3R B A Ty B BTG AE T RE 75 I ) 77 5K
P BE i 5k R BE A Ty BE BTG AE E BE 75 11 ) 7 SR
EAREIE R A A Ty BE BTG AE 12 11 75 1T A 7 SR
BOHAHR IR BEA Ty 58 570 BEVH I BE A B R

XTI D R AN T B AT U RE R K L Pk RE R SR S Uy TR IR I AL SN L i R
TG F RN T 18 AR S R A AR SO X i SRS o 1R AN 7] 88 8 5 5K T 8 ) A R ) 249 SRR U f
Feak Jy AT BR s L ey 5 BE A (138 H 29 ORI DL 2 2.

Table 2 Common restriction rules for natural language
F 2 WA BERIES YR

29 KRN ik
R1 F)T I LB B AR RS T RGMESI TS
R2 LU Rk Ay
R3 SUE I I
R4 FH 3= 3 2 i A gl s i A
R5 ANAE FE A 25 30 A (A M) AR DA R 3 % 15 5 2 S @A 25 4]
R6 SR i g
R7 T A () R G (P45 MR8 B, 3 6 M SR IEAAN RS 5 Kk
R8 AN BEA P 43 1] VAR IR VA8 4 3R]
R9 L — i1 J7 2 Ad 3 3, 48 P B 1) 4 3 SR B AR A

T A AR 1 A S TG 3 AT B A A 28, TR] A g 24 SRR D E AT 157 B 35 B

(1) 1D B —ATREMR g5 KRG T RS A5 TAESX 4 MR R, FZ 5 508 SR,
SSR,TR,STR,J&G 4%k B SR B4 1y 48 m.

(2) MR FRENEEA RGT R BT FAT 55 10 2 7R, BR i 2 4 0] 5l 2 A 4 ] B 46 R AT i W b oA IR
RGBT RGNS I TS 0TI RE

(3) HASHH ik AN R G 2 M IV RS, X 28R G0 2 AN R A0 350 IR 8 EAT 28 L R AS T
NN ER I rp A5 BN TS IR 25 PR DRLIE B N S o T TR IR A RS T RGMTST
T4 IR BT H SR IR Fn N LA S 28 T 57 A B0 5 45 3R 0 0SB PR 358 110 i HH L /D S IR 358 (0 35 4 R e b o
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(4)

®)

(6)

U]
®)

U Nl At s B X R G — MO 55, 4 N 5 0 HE 3 00 A 00 R A R 2 R 4 Bl 0B A MR
W R A W NONE.

AR B T AT AT RGN ZRR 53 B — A2 2% RN U 28 S8 4 B Rl vtk mT BARI 43 A
HF T RE M RGN FRE AT R 0K A S R IR S T RS HAT R
G BT B R N T BARAT 55 MR B R B AT 45 I8 0] B IR 4 ) FAT 55, FAT S 4 A T F kR
43 S A I 3E NONE.

ThRETR RGBS R T REMES I TAES T Be 75 K P, 1 B2 50 R G a2
V) PR 800 A8 T REAT 3, 0 et 1) R 16 e A AR SO e T — SRR R ) X R 2 A ) 10 A e A
KR, A K% B I FAE CIHAM AT C AL A h M 1 &1 420, 1] LU RS
FEA YL, B — ST AT B A2 A6 B0 1) 0 e 185 1 1R B 42 B, 080 1) b B0 SR A
WA R, K RESEE B

HERETR KRB IR A RG T RGMT S5 TAT 55 75 ZE0 2 10— L858 f oK, 32 BLEE X i S 1 S i ek
S R, AR SRR s T 2 P (A M R S R R ) 2K Sz A A 1 TR S ABL IR A D BRI
Hk; B AR HT A I 0T S S AR A B4 hrsec,min,ms £

e O T SRR G RG T RGBT 551 AT 55 (082 105K, Qe 13304 A% i 1 1055

B AR SR R RGME S I FATSS S E ARk, F B 5 L R ESR . fEffa%
HMEE G, W CPU 5L 7 R4 idink 1553B 5 28 B # 2Nk A7 $iie 4% 138 46 L CPU RlZ T R4 5
AT ] g e 3%, 15538 A 2 25 5 X U0 75 2 70 250 7 g rh ot v LR R (R B A K

R HPE P & 4 (attitude and orbit control system, & #8 AOCS)& S il T 5 H R4 (R GNC &%)
[ — A~ R G0, AOCS il I Wi 42 1 Ak 344 Fof 2 Ja 4 1100 ) 0040 ok 5 il ) 3 R 4 BT 45, B BT U o B
il AT LA HIE T RE, F 0575 Aoy REEAT RS H,AOCS — MR R4 (1 7 U 38 il
SEME AT WU B 5 VR F KA W L B R BN AILAE AR TR R S SR s ) S 7 T AR R B AL U Sk
PATHENLBAE . FTHRIEL AOCS & 48 4 4l A8 F 75 sRABSAR IEAT 75 Sk A, AOCS R 4eJZ IR 1M KL 41 .

* 3.

Table 3 Description of attitude and orbit control system based on template
F 3BTRS SRR T KRR
ID SSR1
k4 KEGPIERH R
AT IR B SR T
B RS B4l R A i [
3P AL SR e
T3 T B R 4w
ERGE NONE
R ARHR R AR 2
Rz WS BBl R 2 4
FHARDLE I R fr 4
I v s R AR 4
H A NONE
TARS NONE
UL S
& D5 T 45
RG WA S
WS
TAES NONE

A Bt

2 {45
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Table 3 Description of attitude and orbit control system based on template (Contiuned)
FT 3 TR RESPOE RS N K A (L)
ID SSR1
YA 5 HIE T R G0 0% A% 1 B SR AR i . 45 AT 45
PS5 HIE T R G802 B B ASCEH 4R i . B AT 45
LA 5 PIE T R G0 % T AR AL SR AR i Y 3 4 AT 45
WA G PIE T R G800 0% I o SR A i N 345 T 45
RSB R BMOR B L5 0L A R R TR 4
ek BAGHE R R EOR B ¥ AT 5 1 B SR R He 4
WA GBI RGOk B T4 AU LR R4 4
RASHIE R R EMOR B RS s o R TR 4
AR5 ROB A T ar A 1 BB k5
P AT 45 Rk A il dr 4 1 B
P AT 45 R U 5 il iy & B R sl
PE i oK NONE
FANE SN NONE
AER] K#,S_FlyWheel, % %
55 ,S_Attitude_Nozzle, ¥ %
s L & 5 HL,S_Orbit_Engine, ¥ %
BT AOCS 54k 1, AOCS_LAN, 5.4
AOCS 17k 22 ¥4 #F,AOCS_Mem, {7 fit; 2%
AOCS 4k 3% #1, AOCS_Proc, &b 2%
BRIMRIELE

BT PRE ARIE S 5 RBRC AT DU R AN B3 75 5K 4 5 S A5 RR il 3 TF S N U 5 SR L, T I

A7 R AR B ARTE 5 5 SR 0 SR S Bk AER X T — DN R AR AR A A R S8 &l

(R e SR &l

DTRG RS UL ARG KB @R B AL AT B S0 A BEAR TS 3 2% DN B A SCR ) i B i eI A0 v
IR, 50K — AL R OE B ARTE 5 SRR IS 1) 400 7 SR 0 2 il B v P 9% i 3 o 2 e e )y XS R
%15 K B AADL BERL )

M8 B RE B AR TE 5 e SR BT K 32 B0 3R S L T0 3R 2 AR 5 2R, T LASRHOGS I3 18 75 SR il 52 78 725 P ) o 2

e 2 .

FunctionalReq, Performance Req, Interface Req,

Model

DesignConstraint

ShareFunctional | J

+name String +name String +name String

+name String

Module N — s i
System +name String
0.1 1
1.% 1 Enumerated
tasklP> *
— System Task
£
— i 1
+name St”flg +name H  Double DoubleValue
* * *
i tput input| output
A - W‘M w P % v P +value Double
subSystems <« subTask
1
M Integer IntegerValue Value
+value Integer
event data <
- . *
+name String +name String Ll 1 1 BooleanValue Stringvalue [<—
Boolean
+value: Boolean +value: String

Fig.2 Requirement abstract systax diagram meta-model
Kl 2 RSk E TR
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Ik FATRE ARESE RN AADL R A o7k 2357

7E 81 2 iR (1 Jo R v Model i [ & 48 AN N U IE R R B T2 R4, B B — N B2 S D REAH X Al 57
) ZR GE AR, LB B 2 ) System 5250 F 43 1R 2 1 28 48 IO 2 T K 5 1 28 U MRASE DA A 532 % 18k 1) AN [+ T A
AT 2 2T RERN 5> MAN B TRA(F) RGN 5, X0 50 il A T AF 55 AT S ik B e T Lk — 2 R 5 7
{E45 A SO &, FATSAE N R FAT KA T BRI K o AR BN e VP AT — IR FAT 45 X o R O T B IRMT 45 5
TAESS IS R N I TEHEAT 1 R GE R 0 N R G R Ge D e T P2 K. ShareFunctionalModule  $ifi i ) 2
AL 45 B AT 45 7 1 28 SL Tl RERRE B 3 358 43 A 5 AT LASST (1) AT 45 5 SROBEAR B b 1 DL 3R A S0 e AT 45 B
TAES R Z RN 1 NI RERIHC LA X TR ()RS (LS5 S A A Y 0 46 A i 25040 (data)
FFH A (event), B BEAN(F) R G (TS 75 4 ) 68 75 3K (functional requirement) . $% 111 7 3K (interface
requirement). 114 5 (design constraint). 1k {E ¥ =k (performance requirement) 34T iA.

UEAh S F R S RE T SR . B RSk, MERERE SR WA AR LSO AR B 2 BT (0 oA B R R
AT HCHR 53 P92 10 B S A 3k 52 2, DR A SO AN AN 2% 18 Ty i 5 S 1) B 28 L DA R R e s b 1 R 4
PRSI B e A 2 T A R M D2 I A 37 2 T o A A R ) 4 ) e e AR R e i e N TR A 1 O O e
B> WA B S I BBt B rp 8] 3 45 T 38 3 7RI AOCS 2 4 i SRBEMSON I 1) il R 15 VA I T fij Ak fe
TR R T AR AT B B4 1) T R M AT B

—+—Model

—data name= GNC

name=>Star_Sensor_
Data_Sampling

Sub Systems

I . Sllb%stelm

name= Gyroscope
Data_Sampling

—+data

name=Camera Data_|

Sampling

—data

name=
Accelerometer
Data_ Sampling

intput P N
name= Telemetry name= System
name=_ Control and Telecontrol Monitoring name=IdleTask
output SubTasks
v output outpul output
name= Star Sensor | | name=Gyroscope _ name=Camera_Data_| name=Accelerometer_
Data_Sampling Return| [Data_Sampling Return| Sampling_Return Data_Sampling_Return|

| |

Fig.3 Abstract systax diagram for requirement template in Table 3

3 R 3 o KA N ) i 5 712

© TEBREEEEIEDT  htp/ www. jos. org. cn



2358 Journal of Software #4373k Vol.29, No.8, August 2018

3 HMHN 5 AHEERE

PR E AR IR 5 T SR BEBOR B AR TE 5 IR IA 8 AT T3& S BRI A A R T ARE S TRk = s
AROR 1, o TS 28 5 SR A 5 T vk R — 20 0 3R A 1 SO 5 SR A i 17 IR &5 40 1) 5 SRS 28 189 58 T J SR A
BAL AL BILRE J5 . 2% 18 Bk N\ 3R G0 ERORE A 1  A IRe PE TE AT SR 5 T 1R TRT B, . 2 L 2% 2 0 [ R A 0K i
71.AADL 1E R —Fibrdk R AN 3R R SR R R 5 200715 5 R 5 1R 10 S R N 50 R S i A By IR -
BT 0 AT — 4B eV B T T SR S5 VR B AADL B2 [ Bk 2R 7 v DL % 7 Sk AT B B RS, R T
B X AADL HEATAH SR,
3.1 AADLfE#

AADL R JEEME SRR RGN R R 2l e AR | PR IR R A TR D RE PR
W B AL e (mode  transition) i IR 12 AT I 44 2R 45 R4 Ak 8 H - 8 B PRI SR T R X T B AR R S
L AADL it 40 (package) #E 47 ZH 2L AADL 4241 T 3 P )5 s S0 A . XML LU BB AL.
K& AADL 5 5 IR A B 0, 9T 4 AR . AR AR AR R GEA 1 IX 3 R A R AR
% %k (identifier) 0 57 J& [ Fl 8 (category). — ™ 56 B[4 F4) 14 & SCELFE 1444 28 24 (type) 1K) 44 S B (implementation)
PR3 AR 5 AR A T A R 4 b el L FE 20 B (data) . £k FE (thread). £k F2 4 (thread group). HEFE
(process) T-F2 ¥ (subprogram) 4 {4 #0475 & A4 £ F T B 1k 3R 45 W) el A, G0 436 AR B 2% (processor) K2 484 BE 2%
(virtual processor). f7fi##s (memory). &2k (bus). KEHLE Ze(virtual bus). 4k (device) i REM A& A
BRI, 2 A U ST R Gk R 5 1.
B T DL BRI B R R R RGN TR IR R 4500, AADL i { FH AT #5578 (execution model) 282
AR R G B AT BT, T SRS A AT X B 2 AADL 35 5 I — N EEE EE RS
4%, AADL i 8 O3 RS SBAFALE S R R S DL R 2 4 P D05 i Mk SR Rl R R SIS AT I FR
FEARAE, X 48 Ja AR B T AR A L L o 1 DA RS AU AE EBETT 3 AADL 71 “TIUE SUB M I sk g il T
FT A AT g k.
o “FE 5 K thiX: Dispatch_Protocol: enumeration (Periodic, Aperiodic, Sporadic, Timed, Hybrid,
Background) applies to (thread);
o H¥E s LA HLE]: Timing: enumeration (sampled, immediate, delayed) applies to (port);
e ¥ 1% Scheduling_Protocol: enumeration (FixedTimeline, Cooperative, RMS, EDF, SporadicServer,
SlackServer, ARINC653) applies to (processor, virtual processor);
o %30 A% B X :Mode_Transition_Response: enumeration (emergency, planned) applies to (mode
transition).
FJLWRAADL 3852 ST IX AT A5 2 JE 1 (01 S, SRR A AT RS RS . B AE B S0, W
TS, B AR e 1 0] T SO e AT AR O AADL i 5 I 3AT 8 X (execution semantics), tFR A 5 45 i L.
BRI b, DAV T2 T, AT A 20 T 8 1k S 21 1 5 AT B 058 (00 56 A ke A1 AN U T b AT B2 5 LT
AADL 5 5 AT 15 S, LI b 3 S8 AT 18 SORAM AR IS AT BT Ay 10 8 e 1 R ] 900 A4
ST I N 2 ) SR AADL $RAE T4 B (annex) WL 4 R B A B A Bl ST R TE VR AR L E A I
JEMI =24 Graphical AADL Notation Annex®?, AADL Meta Model and XML/XMI Interchange Format
Annex®®% Language Compliance and Application Program Interface Annex®*. Error Model Annex?****, Behavior
Annex®2 Data Modeling AnnexBL /2 ARINC653 Annex[3:34],

3.2 MM

AT HIIRAN A RN JE AL TR ML B 2L 3 B WA, 70 i B v i . 4] /2
DA RE AR & 0 KBTS AADL A2 [ ) A 25 BN, 000 7 M 70K 2 6 e 1) AADL BEHY v 1) 42 Jmy L =2 40
ik 1 (data component), & f JLIU EL A 7 B HL B — A SOR AN 1 il 8 AU 0] P2 0 H T sk AN R E R e R )
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TR G 4% T AL T SR AR S B I AR DRt X 4 AN 7R S e R R K AU P B AR TE T AR SR AR
FI| AADL 5% 2 [ % e 30 0.

ETHRE BRE T FHRERWFRIMGEER EEOQS U CETZ RS Model. R4 System. £55
Task. JLZEINAEAEL ShareFunctionalModule. % A /46 H 2l (data) A1 2 £ (event) . Zhfig 7 5K Functional Req. -
P fig 7 >R Performance Req.. #1175k Interface Req.LA il %) K Design Constraint. A 3O T 51 S 4 4B 11
AADL BRI SER 1) A A A B TR AR R B IR R G A5 AN S o # 4, D Re ok . PERERR
SRy 3 DTSR DU A0 K T T A B AADL AR 2B . AR I B U 0 R

(1) Rule 1:ASG 1 (1) Tl Z M Model %443 AADL #57 [1) System #44.

TR S IEVEE ) Model JGE 2 Hr ik AR R G T SRR o 1) B T2 R 58, 1T LM A 35 F R4,
DA H B ey AADL A5 2 (1) £ T2 System A28, AL 355 Ky 11 58 Y A6 1 Sz B T 36 4

(2) Rule 2:ASG H'f] System #% 44 3] AADL BEZF) System #4{F.

T R B VE B P ) System TT 2R R IR 7 SRR ORI 43 v (K R 48 IR R ) DURE L4646 1) AADL A
Iy System K 1F, (Hi% System #£F 2047 T3 2 System #)£F ) Implementation ) subcomponents .
MHR T SR 7 R G2 U 54 A8 AR R AADL BB Hp R AR B 46 2 2 7 R G 45 1.

(3) Rule 3:ASG 11f] Task 4% # %] AADL #HLK) Process 414,

T R ANV B 1 Task 2 57 FAR DI BEAT 5070, AT LAE I RGEFN 1 RGE M 1 50T, A 6 78 A2 il AADL Y,
Task ¥ 4% 4 4 FEFE A4 Process.

(4) Rule 4:ASG 1) SubTask %% #: %] AADL 127 (1] Thread #4£F.

TR BB VEE P SubTask 2 75 SRASZY i (1) 35 /1> Ty BE 5 0, — MO B IR o — N B D R DR G 7 A
AADL BB I, SubTask K 4 #e 4 26 FE #4144 Thread. /& AADL H 2R FRIE & 43 o B P26 R . R R PE LR
B LR FR AN AN SO 32 TG I I LR FE RN AR R 2 fE I

o JAMIPELFEYHZAT I BG4 R A (dispatcher) JE 3 fi , B 31 41 ] (dead line) RI4 fid 7 ;

o ARJASAVELRTR B SRR 1 B0 SRk BUR AR AR 10 R PR Ak R R T iR 4% A 14 3058 N )

LY R ER, Ji T3 B (soft deadline) f il %

2R I 2B T JOAH O K DA SR A Y R ) Performance Req. 35453 W14 Performance Req. i il BAPE HEAT
T M A, W ) AADL JESIYEZEFE, 35 4F properties 22 A EL AR PR B 300; 75 D 6 e 29 I ) S0k 2R

(5) Rule 5:ASG "] ShareFunctionalModule % #t 5] AADL f %4 f#) Subprogram #444:.

s KAl Bk VL& ) ShareFunctionalModule 2 11 /2 A 7 SRR PR L il L il B ok fr) L == Ty e Sk,
AEFEAMT S5 5% T AT 45 T BT 2 T BE AP I, ) 5 AH R 16 (7 ) AT 55 77 sRABEACHEAT 1 T, BR1 i ] DA L3 46 3
AADL )7 R5 T FCRE R (1 8 0% e 1) AADL 5 R )73 FH .78 AADL 1, subprogram 27 AT iU 44,
AT Ry vy 8 FH 00, )38 2 B 390 R AR U R S IR (1 4508, 9 B AR T A SR B U i AT B A L

(6) Rule 6:ASG 14§/~ System/Task/SubTask 14 A\ 4 th B4/ = 155 . 3) AADL BEAY feature HP 1) 11
(Port).

RN VE B W data FIFEAE event iR T &R G T RGME ST TAES BN b H i 4
i AADL B AL, = A ple AADL BEAY feature HP i) H .75 AADL i s 2 49 4 TR (38 4 42 m, D T
F P R £ AL 5% 0 12 R, 20 in R out BB 1 S0 oA P 1 B s 1 R R e v 11 4%
3 2 A AN R A A FL b S T S R o (alarm) PR A% 32, B0 i 1 T A ds IR A HH s (At IR
PER).

e Rule6_1:ASG H1[f] data 7t 2 %44 #: 3] AADL #2 feature 1 1¥) data port.

>  Rule6_1_1:u1k ASG 111y data Jt 25 ki N, ) 4% 4 2] AADL #i7 feature H1 1 in data port;
> Rule6_1_2:413R ASG 111 data JT3 Ay Hi 22 D) 4 46 2] AADL #5271 feature 77 (1) out data port;

e Rule 6_2:ASG H1¥) event JuZ ¥ 5 AADL #i2 feature 77(%) event port.
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> Rule6_2 1:1 % ASG 1 H event JG 2 b i N 25 5 3 21 AADL 5 78Y feature 77 in event port;
>  Rule 6_2_2:1 4 ASG (1) event o3 b fi H 28 1Y, U 4% 46 2] AADL 1527 feature 1) out event

port.

(7) Rule 7:ASG #' Model/System/Task/SubTask 21

uity 11 8] {1 3% 4% (connection).

i R 5L Y Functional Req. d#i& [#14& X Y. Model/System/Task/SubTask [#) 1)
AR RGN F DR 3K 35 4 1% 0038 43 32 B0 A8 B R T AADL 15 & M A 2 I A8 AT O E 28
1 1% 42 (connection) i, 5 M A REAE XS I, AADL SCRFui FUIEHE . S 80%E KX Ui In) X 3 Fhide g 7 2. =,
Uiy V422 1E 1 T T 4508 I S PRAT KA A4 2 T ) i 15 42 1 A8 T DT b 78 A2 1l AADL 8528 i, AT DS A 48 Sy o 11
Vi) )32 422 i 11 32 42 1A% 2 F B

&b ==

He i

name: [descriptor][source port][connection symbol][destination port].

B

ob e

e o 2L A R

K (Functional Req.) ' It B85 A % 4 21) AADL A 7Y

Mt T3 e 45 R ) AR SR 1) 75 SRR G 22 5 AADL R4 £ 1] [ %55 13 56 3R LA K . 1) AADL ik L3 4.

Table 4 Mapping between element of requirement template and AADL component and
the corresponding of AADL description
R4 TORBBICE S AADL R PRI RIRE R SC 5 AR () AADL #iik

it KA T % AADL AADL # 4k
Model System 4 system systemTypelD end systemTypelD;
Svstem System #4 £ (14 Model Jo 2 4 i system implementation systemTypelD.impl
Y System [\ T4, LB A J2 R A6 45 1) end systemTypelD.impl;
process processTypelD end processTypelD;
Task({1:45) Process #4{F process implementation processTypelD.impl
end processTypelD.impl;
thread threadTypelD properties Dispatch_Protocol=Periodic;
Task end threadTypelD; thread implementation thread TypelD.impl
SubTask end threadTypelD.impl;
(JRTAES) Thread i ff thread threadTypelD properties Dispatch_Protocol=>Aperiodic;
end threadTypelD; thread implementation thread TypelD.impl
end threadTypelD.impl;
subprogram subprogram ID end subprogram ID;
ShareFunctionalModule Subprogram subprogram implementation subprogram 1D.impl
end subprogram ID.impl;
thread threadTypelD features iep: in event port;
vt Event Port oep: out event port; end threadTypelD;
thread threadTypelD features idp: in data port;
Data Data Port odp: out data port; end threadTypelD;
Functional Req. Connection name:[descriptor][source port]

(Bl AT 5B )

[connection symbol][destination port]

T Ut D RE 7 SR U 7 25 AADL AT D B PFEAT Hi8, 1L B 3l A S s T A i ik T BT S0l R v, A iy

Brit

3.3 HIREEAINTBEM

Fo T R EE 40 A SCBE T TR R A e Bk R, A T RE A S T SR GE B ok R B LA R, A SCHE
AR ST B R RN T W RIB ERAE BRIl R ki E S AADL MR IRIHE BE R R AT R T R4 iE
EE GRS AR AADL K410 [R] I 3R 4 4 7 2 2 18] F R Bk 96 2R H shid S 7E 75 SR IB A5 W 3R b AR 52 Ik
TR BB VLB B AADL B B 30 i) ] F, th gl s A 8 T AH R 0 75 SR B A B3R LA ) S92 0 A QT dn A9

1R,

3% 1 AADL R B sh ik Ak s Tk

Input: ASG_Model S.

Output: AADL_Model M,

e N TORG AR 1R 308 2D R X 2845 B 58 3 1) AADL it R 2 i
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Output: Requirements Traceability Table RTT.
Procedure Transform_ASG_Model
Global Requirements Traceability Table RTT
top_system«—call_rule_1(S)

For each asg_systeme$S
aadl_system<«Transform_ASG_System(asg_system)
ADD aadl_system TO top_system

For each FunctionReqeS
aadl_connection«—call_rule_6(FunctionReq)
ADD aadl_connection TO top_system

ADD Create_Tracement(S,top_system) TO RTT

RETURN top_system

IIASG 111y System %4 £ AADL #i%! 1 [¥) System
Input: ASG_System asg_system;
Output: AADL_System aadl_system.

Function Transform_ASG_System

aadl_system«—call_rule_2(asg_system)

For each asg_taskeasg_system
aadl_process<«—Transform_ASG_Task(asg_task)
ADD aadl_process TO aadl_system

For each FunctionReqeasg_system
aadl_connection<«call_rule_6(FunctionReq)
ADD aadl_connection TO aadl_system

ADD Create_Tracement(asg_system,aadl_system) TO RTT
RETURN aadl_system

HIASG H ¥ Task #:#%] AADL H ¥ process
Input: ASG_Task asg_task;
Output: AADL_Process aadl_process.

Function Transform_ASG_Task

aadl_process<«—call_rule_3(asg_task)

For each asg_sub_taskeasg_task
aadl_thread<«Transform_ASG_Sub_Task(asg_sub_task)
ADD aadl_thread TO aadl_process

For each FunctionReqeasg_task
aadl_connection«—call_rule_6(FunctionReq)

ADD aadl_connection TO aadl_process
ADD Create_Tracement(asg_task,aadl_process) TO RTT
RETURN aadl_proces

IIASG T[] SubTask 4% #t %] AADL 11 thread
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Input: ASG_Sub_Task asg_sub_task;
Output: AADL_Thread aadl_thread.

Function Transform_ASG_Sub_Task
aadl_thread<«—call_rule_4(asg_sub_task)

ADD Create_Tracement(asg_sub_task,aadl_thread) TO RTT
Return aadl_thread

IIASG 1) ShareFunctionalModule %% #: %] AADL H[f] subprogram
Input: ASG_ShareFunctionalModule asg_share_functional_module;
Output: AADL_Subprogram aadl_subprogram.

Function Transform_ASG_Share_Functional_Module

aadl_thread «call_rule_5(asg_share_functional_module)

ADD Create_Tracement(asg_share_functional_module,aadl_thread) TO RTT
Return aadl_subprogram

IIASG " T Z M2 Model %4t 31 AADL 224 f) System #4{F.
//Rule2-Rule4,Rule6 55 Rulel &4

Input: ASG_System asg_system;

Output: AADL_System aadl_system.

Function call_rule_1

aadl_system<«AADLUTtil.createSystem()

For asg_datacasg_system
aadl_data<—call_rule_6_1(asg_data)
ADD aadl_data To aadl_system

For asg_eventeasg_system

aadl_event«call_rule_6_2(asg_event)
ADD aadl_event To aadl_system

IIASG 711y data 7T 3% 464 81 AADL #i2 feature 7% data port;
Input: Asg_Data asg_data;
Output: AADL_Data aadl_data.

Function: call_rule_6_1

if asg_data.islnput()
aadl_data<«—call_rule_6_1_1(asg_data)

else
aadl_data<—call_rule_6_1_2(asg_data)

RETURN aadl_data

IIASG " f] event L2 # #51] AADL #5% feature (¥ event port
Input: Asg_Event asg_event;
Output: AADL_Event aadl_event.

Function: call_rule 6 2

© EEEERK T
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if asg_event.islnput()
aadl_event«call_rule_6_2_1(asg_event)
else
aadl_event«—call_rule_6_2_ 2(asg_event)

1144 Ty g 7% 5K (FunctionReqy) (14 £ 4fs A8 T4 e 1) AADL KR
I3 3 18] ¥ 3% $% (connection)
Input: FunctionReq req;
Output: AADL_Connection.
Function call_rule_7
if req.isConnection()
aadl_connection<—AADLUtil.createConnection()
aadl_connection.setTarget(req.getTargetName())
aadl_connection_setSource(req.getSourceName())
aadl_connection.setType(req.getTypeName())
RETURN aadl_connection
else
RETURN null
TSR R FURHIAR K AADL SRR, S B AA ) AADL B vt A5 2 5 i A T4 K 43X (K]

Vb TG B e e U BEA T 1 500 P e 0 A X L A R e 1 3 4 Iy e A ) e 41 SR 40 RO KA 25— M
o ARSI B, DR 8 8 B8 5 SR B O R B 06 M 10 S 00 B AT QA PR EAT N TS A6 AR SO iR R 12 AADL
BEVHBERY (1 9 40 A 18, 75 SR AB B A5 A AL Dy AR e 4 ) i b i 7™ A TR b, AR SC A J ) 7 SR B B G R A
AN e — FoRDREL BE (K375 SROB EROC R, 28 TR0 N se L RS i SR T SR IB R OC R 6 7 )5 WI7E. AADL BEAURS {0 i 72
N 58 3 B0 il B TR AL & 85 TR HEAT SR A AROR BT 70 A T it — B O R 2% . Se I 7 K iE
B S H SR R

AR R IB R SC R I BENS TR 560 15 SR 2 757 9l 58 B M AR BILAE A Ve vk 22 o TR 78 AR 2 4 5 s A 1
P it SRAE ER O ZR 30 B AT ALK N 3 R IR ) J A, 1) I 73 3 S DR 7 SR A8 B ol A PR 000 35 o Bk B Ay ) it A
2 4 R AT, T SRIB I 5% A8 BE NS AT RO SCRF P 0 22 A PE o0 B A AU 7 SRAB R R 3R I RE G 75— e R
2% g o A TR U B T AR R R AT 22 4 3 A R FRDR 2 s TR AR AT e L

4 TEIRSEBISHF

AL 3 ey T TH R A AL AR T R I PR E B AR IE S T SRR L KK . 1R 7 SR il G i vk JE e AR
54 TNAE LR FIgIR T TR R B K B AADL R AR L b ) K SRk T 5 T SR L R SEER
AADL BRI [ Ak 2E i, AT 4F AADL F35 T H OSATE(open source AADL tool environment)® 3Ll
HEATY 78 AL LA 05 SCREIE T BR e [ AR TE 5 75 SRABAR (¥ 75 KoM 24, 17 o i 8 0 75 SRS 5 490 J il 5 Vv P A
HE 58 B AADL A5 8L LK SR B C &R 11 B Sk A Bk
41 TARH

OSATE & H CMU JTF &1 AADL JFIEAE T & 345, /2 7F Eclipse “F & B —&44F, T AADL HA,
HER AT AL OSATE LJFAR T 2R 0 Mrdfifh BEAT AT R0« e oM IR AR 5B 43 #2454 SR A
OSATE 2.2.1 J:fii b WRET FRRIT KB IR T 75 K @ A4 £ (Req. Modeling plugin)fl AADL #2241 4k AF i
fF(Req2AADL plugin), H AADL 58 [ 3l 4k 2F S 11 4 36+ 75 SRS - F R (0.9 28 10 R G40 W & 4 B,

© TEBREEEEIEDT  htp/ www. jos. org. cn



2364

42 EH o

Journal of Software #kf+% 4k Vol.29, No.8, August 2018

|
conform to
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Fig.4 Framework of tool system

K4 THRZEEH

TR T PR S R GNC ARS8 SR A 7 S AT A% O PR Bt 38 48, AR AH A TR A% 4 A M PUE T 2 S
Pl EEAT 55 PL.GNC R T S AL RS . P SEHURIAT HUR L8 3L T, 3 A% K 2 A 355 AR

Pl RRURSS . FEIR. D R o 5%, 3 B TR AR R 2 U SR AR O B S PLUE R HI R 4 AOCS; 3

AL B 2% R0 2 o T+ S AL 2 TR A AE — 482 1 2 T ok sk SR 4 1) i 96 47 17 300 4 B, BR Ol $4i A PE #A T (data
UK Sy Jr S 2% i 4b B B8 7T (local terminal unit, {8 Bk LTU). H: fd 44 F

process unit, &k DPU); 1 DPU Fl1 53 i 4 &%
REMARE M NE 5 PR,

)
LD

SR A A BE T (LTU)
SERHUARBL

REiZ

el
&

Hdfs a2 >
HLG(DPU)
T T
RSB T RS P

AOCS
L)

\i

PATHL

C

AR EE )

(

W )

(

KA )

-
-

[y
|

HLUR I Bl as

Fig.5 Simplified architecture of GNC system
K5 GNC REMfifbik &G

3L Req. Modeling plugin HEAT 7 SRR, B4 it 2K WO 2 JP i SR SORS 10 2% o B0l LA B S5 s 1 H
r T Y 3 0 25 Aol 42 G MR OA, e 1 T Bl DL R R ] R B AR A AP AR K A SR AT

J& AL Ty RE 5.0 70 il A8 I Al 5 FOR I )y B HR 0 T SRR (K 5 AT S B P 7 SR LA A B R
AP 0 K0 Ry S 44 T 259 SRR T B i USR] P LT AR S S S S R R S R A

ZoimAb B TS A S PUERHRI R AW A 7 R B S PUETES 7 R AOCS X W [ 77 KR W2 3,

% ¥ ] Req. Modeling plugin i #F 87~ 0 & 6 s,
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S5R-2
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3 CAVENSE
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T

3 CAVENBGEMES
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7 pESiEN R RSN ES NS R S SR
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Fig.6 Requirement template of AOCS subsystem in Req. Modeling plugin
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Fig.7 Generating AADL code of GNC system by Req2AADL plugin
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Fig.8 Graphical expression of generated GNC AADL model by Req2AADL plugin
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