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ABSTRACT

With the increasing size and complexity of embedded software, construction of
embedded software reliability model is more difficult, which cannot reflect the
dependencies between components. The issues of constructing software reliability
model as soon as possible, reducing the complexity of modeling and making the model
reflect the relationship of fault propagation between components in system are
important. AADL (Arichitecture Analysis & Design Language) is an architecture
modeling language that aims at embeded software. Its conceptual framework provides a
way to solve these problems.

In this paper, the software reliability theory and AADL is analyzed and resarched
deeply and a method of reliability modeling embedded software is proposed. Firstly,
based on the AADL architecture model, fault propagation path is determined through
AADL flow information to describe the impact of the failure of component on other
components and the failure of system is determined through the component that is the
sink of flow to describe different impacts of each component on system. In addition, the
paper uses AADL error model mechanism to describe reliability model, which can
support formal description. On this basis, through the transformation of AADL
reliabiltiy model to generalized stochastic Petri-Net reliability model, the automated
quantitative evaluation of software reliablity is available. Finally, the paper presents a
case of reliability evaluation and analysis by the AADL reliability evaluation system

proposed, which verifies the feasibility of the method.

Keyword: Embedded Software AADL Software Reliability Modeling

Generalized Stochastic Petri Net
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SRUE LR Bl DURE AR B AR Z [ (1 OGR , {H 2 5L P rh Al A RS 2% 0 TCVA i E -
HI T R T AR A AR R B iR, ARG IAT T AR ACRY, DRk, PRk
BOLREAE BRI o

2.1.3 BRAF A FEEARE AT

AR A RGN, AT LR G5B T SR RS A AR ] SRR AN TR 2 A
T P AT SEME B KU BT SRR AT AT SR A

L REAEATEL, SRR AN T 08, R B SRAEARIR A7t b o P
RAGE TR I AT R h AT SR e A DT 83 AR B R AR AT R A e v
((RNNEST R NP S T AN P G B oo S RVAEet /) B o o i o5 e s BB Hi
AR, YR L R M o A AR A, SR e AE BRI 5

FERRAE RGO S B EE AT DAROA B R e B, DR P ) m] S P 2
AN R P AN e, P8 TRGE . BARBAFE L — BU R A 2
Ja, Wk, (HE T A AR ARCA BT K B fi AN B3 AL T BT A 3K
PR R Y T A2 e I TR A, 7wl C2eiE N T BFERZY], ik
ZREL IR RE ML AR

FEAE AL T, 5 M BT IR RIS DR 3 18 T JT A A 5 55 A T A5 1)
ZE5E, WA GBI G o MTBRAEI AT SEPEA RSN FARIA BTN 0 . A
PR AL (1 A R BE BN R SBT3 UIAR G, DRIAE A m] S A e I S AR
BTN

SV AR T LRIV T3 P S I a7 PN b | &L 7 e E SV R S AL PN
MR AP B AR ORI S . AHEEZ T, S M ml S 1k A PR 3% B2
vt . X ELIR R B T TSRO TR, BRSO, AR YE
YRR P ) e R

2.1.4 AT SEE TR

BAF AT AL TR ROME & R A AE 1991 4RSS = i [ b A TR il B e
P, R AT RS BT AT FEE HAR ORI RSB . Tk, PSS
Wisle I HRENRE, BHPOL T2, IO TR S TREA
AT TSP R RN AT S i, R R AT EEE A SR L TTAT I, vk RS
L, MAKMEAE, A5 EEEEh. ERBIH AT YL, #IE— MOk F 2N H 1
BAFRTAENE TREE S, AT RS BUB IR TR LA A1 5 S

] 2 2P R T AR AT S R Al AR B i SR (AR RS Bl . 7Rk
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BrEn B, E ORI R R E N 2 A, AR Dy BRI SEC SR AR, IR ]
FEVERTHAR, IFXEER I AT FENE HARBEAT ATATPE T IS E s AR BT IT AR BLT
R AT T FENE I T BRI 5 AL NPT e 3 BURAF R B R B 3R,
BEXIZ LAY B REAT AR Bevt, PR ARG RE AT AR s AR B 2
LA RS PR BARAT Rt HE B v A e I AR T AP it P K
PR RTSETE, FEXRHER AR ol et IR B S ZORBATVPOr . S, A GE fE 15
FTUASEAT, A AL T T K

7GSRI < S DO

Y ¥ \ \

BAFATSETEH A P

O - AP EENE S /R 5 S fd L

/\xé‘ \b/\ - N L - . - ERAEAL AN S

P I WA S5 A PR St
A

BAFArSErE R KR | ARl BAFArSEE

(IR e iiF

AT R AT BB S L/GERIINEN BAFA AT E A
A ) 1 1

w oM L M

Bl 2.2 BRAFrSETE T RENS 3
2.1.5 AT SEE R S AL

B P SE PR FE BT FRON A il H A B AT SRR RS A e BV AR AT SE

i B S HCH TRRR KA v SEVE S E0) B R A T SRS, IR BT R ]
SETER L EDP IR,
® WHEA

HRAG A AT FEMEE S, WP AT AR BEFR AR RLE RIS AT IR TP AN (R Y, AN
KA R

R@t)=P(T <) = 2-1
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® RANEE
RGN ZE 2 RN TR > T B85 T ¢ B, AR L SCRT RN e FTTSERE R() 2

(AR MR
F()=1-R(f) 7 222

® RAE
RIS R R TR P R A, R F) & nT o), RRGIEE f) 2 F ()

KT IR — B S, B

Fy= O _ = dR@)

= 2-3
dt dt

® KA
RBCRIEARAE ¢ 2RI LRI ZAE NS AE ¢ I 2025 (1 A7 I 1) 3 e 2
RIGHIEAR . KRB R FORIZFABER L, RS RBREZ. B

_ S _dR@)/dr

R(®) R A2

A1)

® VI RTINS [A]
SRR BRI ] (Mean Time To Failure, MTTF) #2458 2[R 21 F — K K%K
I IA) A, F BT SERE I E S, H

Anvww=jngﬁ X 2-5
0

® A R a] B IR (]

SRR B I ] (Mean Time Between Failure, MTBF ) 2 $i5 P9 /XA &8 S5 if

(I TE) R PRS8BT 2031 T 4, AT n RORE, WA
T,-1,

MTBF =12
n+l

i 2-6

o nH

FEAAEAE N2 ¢ I, FFEERTFLAPAT ARSI, b T AT AR ] A H RS R
.

A(t)=P(T =1) = 2-7

EEXIAN R GEHIRE 1L, 7 S FAS [F] R rTSEPE 23 AR SO AT
BAFRGE, Rl @] SEPE RN A W] P LR TG SR 2R 8 1) m] SEE T
SRS R R ST D RS

2.1.6 AT AT FEPERLRY

BT AT AR AR R A ] FEE T REOT IR A, ek B AR Jo B A AP 1

&
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FEEVEAT g AEBRAE AT SR, P n] SR PR R AT S L e AT,
o R A AU

Hi T CL e i el SEVERIT 7 h (O REALIE o BRAF TSR PR R DL S B e v B
WA TR, DU R, A BB S5 H A A5 SO MR A A, Xk
P FAT A R SEPEPE BEREAT BE R, IR PR R R m] S AR AT D BEAT T AN
HEWT, WA AT REAE IR T BE, - TR AR AR R <5

M, A TSR B A TR R I SR AT BEY, A R RS R A A
AMENLFEITRE, O EEAT, SCRPRE AT SEE S SR 7 Ban 0T A Bk e e A7
1fi

I A RAE SCHR L R A w] S AR R 2 08 b, ) DARR Z WA K. S0
RR[17]FF B2 T 3P RS AR IR 1) A St S A 20 B (R PR AT 5 B
B B Sy BBk e e, AERIIREE s JURARER Y, AEMEES AN R i ARy
AT RS A B

22AADL K HTH

2.2.1 AADL Mt & HEZE

7. AADL $R (M HEZE b, MR AR TR . SAEGE S L Rf1HE
oA, BERETIMAXRETARICE, DU H ARG R R
7E AADL ik AN R G, AR 10 Ze M (thread), 262 4H (thread group),
HEFE (process), Hfi(data), 1 FE>(subprogram) fiff, Z2r HIACE T N #A:H A
() SIEAA o N FH A (R PAAT R BCHE T A7 i o SR 1 S, BRI AT &5 - AADL
FHAT 6 7 A AL FE 2% (processor), {7fifigs(memory), B4 (device), &iZk(bus). #ix
Ja. A THIZEIRCER, T KB E 2 RS 704, AADL $efit 74 &Rk,
Bl & i (system).

R RIS SE I TR, #E AADL AR R0 0 A2 ph AR R L I 11
SIS [FA R . Horp AR R S I rp g S W AN AN AT L JE L R
o AR AR SR X R LR IR A M AT U0, BN R AN B AT 4 A T
REAFPREIBA. WS ErE. TS, R ss B
PE. &R R sl I EdE . IR B, A R BN AR AE
ARSI AT I IR Z A . [MIEAE AADL H, RS T AT DU B 2 AN 15
Mo

7t AADL 1, BAF R 2 1] R A AT FH 3% 2 (connections) K ik s — AN IR

e DL
KRR @
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— AN out it EURTS —ANFYLERT in i DAHE, R AF (R AAE 2 i B B
Vo X FPE A VRN 7 X, AL S o 1 3% £2 (port connections) , 4 /4 15 In) 1% $2
(component access connections), f-F£/3 1 H (subprogram calls), Z$i% #(parameter
connections)s AADL ¥i(flows) fefRIN RS SEFRIE B, HTX RG
GRS BB T PR ROR R T . BRI RS, AADL i ) — ik 4 )
(R4S B2 A R A BIBAT V- & W AF I 0 5E (bindings), AN N HRE 7 A4 11 A 25U FI 40
TP EMIEYEE, RER RGP O fln, — DD E
BN AEFELE

J& T (properties) FEft T ¢ TR IR (S S, WLFERIL eSS . £ AADL
N TSR RS R AR R, AR VE B R R R . R AR
Wedm 4 A SL R R R — A B

B (mode) R I T — ARG ulE M (1) AT IRV ERAS, i CHLIES K B
IR BB v] € SO RAT RSB AEARIPIETS, REEMHEELHE TR
AN, HHBEMS, 7JURIBAFPRE N RS REEF A . ]G
A PLE X2 M DA il R A e R A, DA RIS AT I R 3 22840 17 D
AT

,,,,,,,,,,,,,,,,,,,

e
HiR
po THEFE
418
R , o R
i o Vil ,
b o TR B
- S5 Jis: T
L — S —— ER-Y-
Ble . A A
AR : T =)
REEX : M bl
o v ﬁﬁim ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, » AR
S S rTTTE T Private
- FR I Ol it
| > VA
~ Tt o BM
el
st pmnemnennennnee
il BERLIE = hgGaE
B e MRS

K 2.3 AADL & HESE
AADL AU PSR AR AR R A, S RRRA 2 [A] L SR R 4k 7K
KA, WFTOERAY e WS e ML RS AL (refines) LM 7 2. i
P EHLH], AADL AR BEOR MRS iy, B RS s AR v E i Ae 2 1
R B HF o

&
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76 AADL i1, i (package) R 70— AUHIPFRE 1L IS s fir 44 261 1)
U TE, PO ERE I E T DU AN, IR LT DU 4 kS . i
U8 44 k) T B B TRAT AT A MUBE R SE0 M TR . P 237 7R T AADL 1
M4 iiE S B,

2.2.2 AADL Ht

AADL i 5] ANBH(annex) HLHIR A Rtk o 4 RGN LR J& PR s SUA
RETH AL T 0T RG A R IR 75 SR I, A m] DA RS B it e A o) @ e A A7
PITEVERNE S, HAZ01S AADL RO fELRERTE I3

H T AW AADL IR T3 HT6E)), AADL Z% i 45 CUA%AE T LbruE pff
472 AADL Ao andf iR AL 4 (Error Model Annex). AADL Jufii Al
XMI/XML [f/4:(AADL Meta Model and XMI/XML Annex). K4t AADL 75 Ff 44
(Graphical AADL Notation Annex) % . & 4147 4 It £ (Behavior Annex) Fll
ARINC653 [ff{1:(ARINC653 Annex) iF 7t il i& Fl# 1 H

H AT 2 A B IR Y B AT B AE o BRI P A SRR X R 3
PR R T RN 2R A S P R s AT O PR SSSR T AADL XA SRR D) e
AT HWTEAE AR RE Sy, DL I SRR D REAT A e A ) AAS A 1o

2.2.3 AADL JF R ES

MO g i, BALIKE) TR b i) — AN SR A R R B Bl ik
EHATRT T AADL R TIEM SCRE TR, Ca A Fmr R, AADL
T HAEME: 7 MDE WA 007 AR AR sl At A2 TR TR AR L T A &
A2,

® OSATE

OSATE(Open Source AADL Tool Environment) /& -~ iy FEARE 2 K 22 1A A2
FT R B3 AADL FFEFRMEE . AT R TP #iE$ T OSATE
£ AADL BRI Gm4R 385 . '8 T Eclipse P&, UddfFEASEIL, &A@
TR B THAM A TR @B TR T SORgm S SURHT 4. AADL
FrAERY . BB RY, SCRF AADL AR XML FE JE =R B R [R]20 dar . B
B LR UR o T H AR YL B R A A 2 i ds . H AT i 24
LA BRI AN 43 E 49 M1 (Resource Budget and Allocation Analysis)~ ify 3 8246 %
(Required Connection Checking, Stream Miss Rate Checking). %42 il #5 4 (Security
Level Checking, Safety Criticality Level Analysis). ¥i ZE iR 43 # (Flow Latency

ke
SR RepE @
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Analysis). 5% 2 {3 & A% 56 (Priority Inversion Checker) W 2545 2 55 18 B 4347
(Application Binding& Scheduling Analysis). & 2.4 J& OSATE JF /& M35 ¥ T 1
e

¥l 2.4 OSATE % [

® TOPCASED

TOPCASED(Toolkit in Open Source for Critical Applications & Systems
Development) & B KXY 25 HH & 428 5 R I 55— N ET Eelipse P& I IF R IR B
TOPCASED 4 fUE ™ K& I AR, 0B 5 AT TIRASE, SCREANR
G, 3% Ecores UML. SAM. AADL 1 SysML. ‘& AMU$R4L T OSATE 1K)
BRI 2 e AR ARG 56, B4R AL T AR R R R e 462 . TOPCASED i H it
X E SISO A TR REAT TAEST, s St T — Rl E SR o, T
GIEHT I SCRINR . BRI 2 4h, TOPCASED &4 4E T 2 AR TNl B, Wit
WE L ARSI RIEERSE . ATEAE, TOPCASED & — M ) AL SE Y
H, SCFPRE R KN TR AT W 3l i) R AR

® ADeS

ADeS (Architecture Description Simulation) /& Hi SEI JF & B —Fh 45 5 T H . & &
T Eclipse “F-&, 0 b Al ], a1 4 OSATE #1 TOPCASED KJ4fiff. AADL (¥
PR R GRS AE AT T R B R B 2D e AL RS AL 1), ADeS BERT ATETT A
WIS B2 RGER 4 )R A BEAT O 3, BT DAY TR T 5 IR 2 2R ST RS
AT ATV . ST AT B O TAT NI RR R R, AR R R ST

® OCARINA

Ocarina #& 7% E TELECOM ParisTech X H Ada 155 7 & f1—~ AADL #i4!
WbPE T H . Telecom Paris # AADL 4 20 A1 X SE IR A X RS R BB T A .
Ay, Ocarina JFK T H CHIBAU#ENT &, LLSCRE AADL B &k . Ocarina

&
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H =AM T Dia BEMGAL BRI e s K SC A R AL . Ocarina &2 fi 77—
NMESMEA T T H, ‘& 3T Ada Ravenscar Profile, %1%} 82 0 A XN H AR >
(RISt I e, Bt B34 A8 1T T PolyORB 2 _Ef) Ada2005 F1 C ARG HIFEFE .

® Cheddar

Cheddar & H7% [ Brest K2% 1 LISyC FBA T A& (1 FH T4 56 1 i) 22 48 HH 1) s [1]
LR TH, 34t T R S R BE 43 M e . Cheddar JFAN R B Tt AADL #iik
M RGAR R GRS, B2 HABBAAE 4N o Cheddar SR AT E 7%, HME
DI tH N R a) BB GBS, 1 GTK Ada fE4SEBIRELE, HTHiik
SRR P BUR G b)REAL, p 220 b 28 L IR S I ol B SRR AT PR 2 B SR A
i RiE. BEv UL A A RAE S AW @k, i v S AT W EE /b, T LA
NGV EDE, HEAT IR BT DA

® STOOD

STOOD &t Kk Ellidiss A H O (i 1) —Fp 3 TR A A T - &
5 TOPCASED —#¥, 1ol &l ¥8f il S AF I K 1 %% B, i HIA 3 T DO178B %K .
STOOD ¥ty Z MRS A sh A M EH, A C. Ada fl C++. ERAIIKE)
THIFFITIH, STOOD CHf REEM HNTERE /M . A A1 STOOD R,
STOOD AMYFEME T —4~ AADL KEIJE4niE4s, fefs T AMITH AADL SUAS LA i
MR~ A, I8 S7FF AADL. UML2.0. HOOD =F¥i 7 2 [a] () 25 6 i

ke
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F=F ET AADL BYBR AN ] M RITAEHESR

A uT SR DAL B H AR AR I A R D s DL B S B, AT
FOATHCPE R SR T SEVEIR S o Dy T e ST T A BE A A b S R R G ) = IR A, —
R R VA AT i, A9 SRR

X BT W] AR PR BEA T 52 R VA PR 55 5 (S WD 1) VAR AR AT DT A e I F BN I8
1rJa, AEFCSEREAT I AR I8 T AE R T Dl o AHIX BRI L AN RET 2 AT
R EEORIGIN AR, 1 HL P4l (K 45 SROICTR0 e 82 1 T A S (14l
FRT, FETT B BRI AT W] SE PP Al i e 3 - A T SE v B 50, kT
SEVE AR P T SEVE VP AN ISR A o ATER AR A PPASHEZE LR T SRt
1T

3.1 A HEVE g ATAHE 48

fEHT AADL (R AT Arh s R R GRS TR L, AR
SRIIIAIE M 55 AADL AR S5 R R (R 3t 7 ) 21 i T 181 3.1 B 1 {1 AADL
FESL IR AR AR R i, Tl — MR, ] DURIE RS & Al AR D e
K A AN RIS 8 Je A1 A3 508 2R G4 (0 BETE SRS T B 5 0 A 4R 41 11
8 SONBR B DR BV AL T A9 SK, e Jm 0E g A

BHIEIHFE CIET 8

i MTBF

CPUR ] FMEA

e TH#E f& 35t
AADL

TR ARG

Ak K el it
A . Wit vt
SeHErE B B
Bl v iE

eI

PAFII

U

R

Kl 3.1 AADL B (1) AETh e JE 14
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7E AADL ARifEr, 53 M7 PP K AR D RE e Ml S i)t P LI L A 3 Y sy
FE SIRPEJE PRI (s T =28 AR DI Re e (2 4= Vh) it 25 AADL B 4L
ISR A RERIE . AADL BRI R A FR AL 10 R S8 mT S P PR EA T A
YHE AEARSCH, T AR IE AADL R SRR ik, ] “ AADL
SRR SRACR ARSI AT SEMEAS B K AADL AR R SR

¥ 3.2 /2 AADL W EEPERLR RS HEZE,  AADL B DAL A 4 T2 XA 1
AR EEEAS R REAT O SRR RS AT, XA ERINE] AADL S5 f
b, SR SRR G G, BRI SR (R E SR e, 2
TR SE BN A AT FEVERATY o 0] SR PR AR SRS L T R A T 0 SR AT R
PRERERE R 2 2, S T T SEERE R A B IR o T A R A b SRR G 5 Y
Jra, AERREAT A RN G I BN T N HLI AR, S5 T PR R GE I W]
FENEAT .

DAY AADLZFE A AADLA] SRR
5z

I kL | R

BRI e f#2 :I> Fafka | ST
__—

|ttt -

/' X : ISE. A >

SR HE it WREAT A
.~

P 3.2 AADL R S 78 g N7 AE A

3.2 HEME VPN HESE

AN Hi A 48 AR AT AT SE AR R, AEASSC ) AADL R SE A ARLAN 2 00 Hik
AN EAF AT A B Z0 R SR ] SEVEREE R . 78 AADL ] SRR
LA, BT E RS E EIEREVE TR

3.3 J&7n 7T AADL (AT SEPEPHATHESL . L AADL ml e PR O LA,
MR YA T BRI, A28 ) MFEHL Petri % (Generalized Stochastic Petri-Nets, GSPN)
WAL, ANMY GSPN #EFI R )0 25 5 AADL mJ SRR rh () e 28— — X, A4
RS 4 5 AT R, T HOoW R R gl SE M P PR L T F B T
GSPN B it, wJ LU EAE R 48 H i v SEYRIRES A o SR TR S5 R S B AE R
KB BORE ST A T SEE BAR AT LU, g N — I T & TAE. W]
SEVEVEAO S5 SRR TEETE HAR, BUEENT — B B A T R AR . A Wk o
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ATATEENE M AT, HR B R GE W] SE Ik A BB MIOCE IR, I A AT SEPE B T
F BRI SE RS SR

AADLA] S A

\ 4

\ ]
ﬁ%
E&iﬁ/wﬂ% GSPNT%?E
‘ PERE AT
VPl s
A SV 5 5
\ =
X GIES S
b
H EEn
THES -
i
FTmB

K 3.3 AADL AJ & PETAN HESE
3.3 A EEVEVRAL LA

£ MDE [ S8 A8, i R P IT A SR JEE )L — AN IR AR LR AE A I T A
FErP AL (R A ) B SIS RF . AERE T MDE [T A R, XA 1
FESL IR BTN IC TR SR, W U T AN B A

Kl 3.4 s THETASCH AADL mSEPEVEAL ik i) B S AL Pl L S AU
Pt WSl BT G B g A T & AADL 1BV 18 SO m Sk A 70 R LS
e S R A T AR OGS N A7 it GSPN BB (1 S0 I J5 % GSPN A2 %
AF] GSPN PEfEfRFRTHE TR A, R RGNSV AT 4 2R . B2
HEA AL AADL W] SEVEVEAL &3 58 A TAF . AE THRAISZRF R, AADL AI5EPE
BB GSPN AR 1 S RAT N 1k BEFE AR (TS AT P 3B Wit 17, faifl 178Kk
PERTEEPE VAL AR, $Ram T R0E.
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GSPNTEREFEIR
HHETAR

AADL | | TS|
T 25 A ‘ GSPNAE#Y Wi g

K 3.4 AADL wSEPEVPAL TR B AR

PR3 R O LK AADL AHOC T HPEAT T4,  OSATE T HIAEAK
IR SCRSFEE P IFBEER M) Al H o AR H 55 K F1 OSATE )
PeFh, ASCELIN AADL AJSEVEPEAG 45 JRI%E£¢ OSATE 1 458 g4 T H . K] 3.5
LA P AR 7R T AT AADL W SEPEPEAG 48 o DA DU R 0SB, e il
F 75 SO T OSATE i fF A R BB I A A o A DAL BT A S A1 T A2 Bl A
XML #% AR A DA SO D RE, 7 RS (R e e . T 2 50 BT S 1k 1) o
ﬁﬂ%ﬁiﬁ,AﬁgﬁhmwﬂﬁTﬁﬁRW%TUm@

________________________________________

B8 T R | BHEBTA

Tzns I‘iﬂ:fﬁg‘ﬁ
1016 [ I —
-
bRt | i
3 ‘Vﬁﬂ%; | J i
| 3 P it
| I e D
‘ Eclipse 4R JT & FR5E D

K 3.5 AADL AJ FEPEPEAl 28 10 H P LA
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PR KT AADL RN U ) SEdE At 21

FMNE T AADL BYERARN G AT R T EE

BoEREAe I 7T AADL MR AU AF R SR PRI PP HESE
AADL W] FEPERE AR R A A TSR DAL L 0S5 AR RO FERL, & 0 HAr
AL RENE TR S W R ST T SEVEAT N A B AR, IR ADE AR ITE AT Hid . A
TEA IR 25 & AADL S5ARE0Y, {7 H] AADL 45 GRS B AN R g a7 ik N R A
A AR AR K HAR T T

4.1 B AR T HE AR

AADL BB RAL T i AR PR (K M AT IR R B, FE 55 AADL
SERIREAURR G5 2l o] AR L SE BE K AADL Wl SEPEREAY, S 28 SEILARAF vl S 04T h
I A o BT AR R IR A RS R A g vk DL AP 1) P 8 4 D0y i
B BRSPS N [RRE o 2R AR R S A AR R, A e IR A R e
AETEAT N

A AR K I R GE MR RN AE, WIS AADL (AT ABAR. RS
AADL S5 FRERE R RR PF AL ROAR RN, SRRSO RE SRR T K U AN i
RS Sk R GE RO PTAENEAT o, MERE AL R GT P I SCBERAE ;  n RORLPE I /N 25 A
SN AR TR, TOVAREAT AT REVE VAL . AT DR R GO A R RN
R R GUAE, e Ja Y1) UG FRBU N R I RE S

HfFAR | glligy:
AADL | 8 _ | § \

T + | | LR AADL
e | | o A
wER | |

> RASARRL|

o s 1 I — |

B 4.1 R AR g VA 2
Kl 4.1 45 7 AADL BB HAROD 3R e BRI, D45
REPRAETRY v i) — JR K L PR P A R A S S PO A SR RO, DL S e PN Ry A A AN 52
FCAb R IR BAT N o
D R Ge b iR 2 R BEEAT AR SR B I AS L, BT LAAH N A4 £ 2 8] 47 AR5 4K
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BRER, — MR A . AR Yl AADL g5 b i e B, vl
LU 5E R 2 18] R e A R i A, R PR SR RS20 m FROATL A P ) £ A R s
BRALAR A, DL SR SR (1 28T o FEAbAA PR IR 5 o

I s 3R A A, AR I RO RGN AR, AR 5 225
I8N . i AADL Zi M Rrb g5 8, v A SE R gl B s ke, U
VRS AR GEM R, S AN [RI R P R SR 04T 0 AR SRR

4.2 FPHR AR AR R

PR P IR DA S AADL B URBERL ALl . BEFGB IR, AADL i iRAR Y
A BEHUARZS PR IR R PF IR OB AT o 35 WA T A BB LIRS MR 2R G 0
RIAEGRE I T3, ] LA IR BRI B 5 R a1 o

FERAASEHL L, B AADL BRI RUAN S5 R BB SEEILAALL, el
PR RS DA R SE IS R R, IR vy 1 B DR R B o B IR AR SRR
AT BT AT R AR A A < o L rh R A R Ak o T SRR S
IR o B ERAR AR S ELrp R ST SR i LRI S 2

AL SEINAS

Recovéry: a3 Restart; a2

U K AL
BN S HL

Detected: 1-b NonDetected: b

4.2 BT AR AR Y
AT R BEN LIRS L, M DRI TG, WIS BACH —4,
A BB SRR Z (B o PR A ASE B 1 Sl N7 B A ) iR N 3R dn i
TR aUae e g T THATE A ) A R AT W O L 2R B8 ) TR RO AH Y,
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error model Example /& i #5128 Y
features //EE A AL

ErrorFree: initial error state; /AJUGIRAS

Faulse, Failed: error state; /& Ik 2

Restart, Recovery: error event; /i [Egi 1
end Example; /287 7= B 45 0K

error model implementation Example.impl // i AR AR ST,
transitions /R HFE 7 HH
ErrorFree-[Fail]->Fault;

Fault-[Detected]-> Faulse;
Fault-[NonDetected]-> Failed;

Failed-[ Restart]->ErrorFree;

Faulse-[ Recovery]->ErrorFree;

Properties //fs FA1 R BEAL 11 7 B
Occurrence => poisson al applies to Error;
Occurrence => fixed b applies to NonDetected;
Occurrence => fixed 1-b applies to Detected;
Occurrence => poisson a2 applies to Restart;
Occurrence => poisson a3 applies to Recovery;

end Example.impl; /523075 B 45
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PropError: out error propagation; /4% H # AL 7% 1+
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error model implementation Source.impl /Y51 1B 15 A5 Y ST 75
transitions

Failed-[out PropError]->Failed; //fil & A% H d e A% % F 44
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error model Target  // H ARF IR RS R ALY S 70 75 Y

features //F¢ 15 B

PropError: in error propagation; /& N & 5 Fi 44

end Target;

error model implementation Target.impl // F A5 44 IR A A AR Y ST 75 B
transitions

ErrorFree-[in Error]->Fault; /4% N AL 8 45 | RS

end Target.impl;
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AT AT FEVEVPAE I, X AAXL SEGIR SCPEREA TR, S R G T
FEVERR S TR, AT 5.3 0 (RSN, Re A5 B 0 T SEMER R BEA T R 4, Ak
FARF) GSPN B, EXZE B GSPN BB BEAT 73 b i, 45 HARIRASHIVERESR
PRVPHT, RIATFEPEVPAL S5 2R RN SR TSR PP A 45 RANRED AL T SR BUdt
SER A REVE AR, 5 B AT AR, SE LR AR G T R MR R .
BATAEEPE TN, EOC R AT EENE T S HL, MRS, fEJR AT GSPN A
FRIBEA b SO AR T R S AR, 4593 ZBT 0 GSPN BERL. f /5%t GSPN B4
BABATERES AR USSR asR, IF DO R IEE T
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sl 5.8 Fion, e MBEE AN AADL Wiif5 5, h 2 ) (R b A R e iR 55
3 IR R R, TR AEAR R, R A R A ORI R, SRR
SRR IR A PR A R, A A R L RS A s i . I RS Wbtk
AR AL FAT, HURBOL MR TIL e B ) S, 380 B S P (¥ GSPN
B MR R T MR R, AR S DR MRS B % . ST A
Fe s [ 5 BRI, AR AADL LA NI S FR B A 3 45 SR W i £ 22 1) 2
I AFAE bR A 1, HEAT PR AR B . 278 AADL Jids BT M R R0 4
T UCPHCHURIIE [RDRI WA A 18] (0 b A% 4k, mTLASE iy AADL B SRR (1 S L AT
RN G TAERE

BRVE 5.1 2 FAA AR RRE R FR R e B0% PR N B R 2 v )RR A e
BEgiff. Hihe GSPN AR, i Ao E i oI e Tk FoRE&S s 1, e
BB E A ¥ GSPN Ju M, W s TRHRAE IR, 5 Z SN A5 B

Begin
Do
If (errltem is Error State) /7T 2% /& MU IR A
GeneratePlace(); //*E % GSPN JEE T
Else If (errItem is Error Event) /70 % & 3F iU S AL £ Fi44
GenerateTransition(); /42 GSPN 48t
Else If(errltem is ErrorTransition) /7T % AR S5
GenerateArc(); /4 P T AR 3T I F I
Else If (errItem is OutProp) //7C % A& Ui A%
WriteSourcelD(); //ic sk 54 1LF 1D
WriteSourceEvent(); //ic s 4% i Z1F
Else If (errItem is InProp) //JC % /& M5 A\
If(MatchName()); /£ 1] [7] 44 {5 A% H i
WriteTargetID(); /it 3% H ArF4F: 1D
WriteTransition(); //ic 3% H AR AR H#

FEnd

Sk 5.1 PR PR S
BE 5.2 XS WU AL R S ik . L AADL Vs RO JERT, i
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Begin
Do
If (Comp is Source) //F 1 &Y HI2F
GenerateOutTransition(); //2E % OutError [1) JLANEIT
GenerateOutPlace(); /4 % OutError 1) JLANZE T
GenerateOutArc(); /42 i OutError 3% HATHIH] 5T
Else If (Comp is Target) //FJ 14 5& H bt £
GenerateInTransition(); /i InError )75
GenerateInArc(); /£ i InError i3I
End

51 5.2 WAL AR L ST

7E 5.4 15 C 2406 GSPN KR EEPE UPAl IR BEGEAT 1 BRI, AT SR PRAl 45 SR 52 5
J2 7T GSPN RGP e Fiabn-- R S MR . 78 Ak, X —ANRASE
TTHabR AT Al AADL nf 5EPERLAL ) Report JCHEFE R WK, 75EH /' 4E (st
AR o

HF O A7 AL K I REsR K H S I BEAL Petri WRERL0HT V-6, ASCBRAT
SLit—A GSPN T H., 1fj/&i# T TimeNet®® T HAE 4 GSPN KM (K 1k GEFE bR
S3HT T H . TimeNet FAAM A2 Jm A= S Rl 5e iy, BE T K HE SORS DA S AR %
RS, HES ROt HIhaeik, ALY R Petri MREAT
PN BEMT AE, LR &g A Petri WIEAT /M. X 8&m T W58
PEVEA SR mT etE, R 2 ARSI

7F AADL W] SEPEVEAL 2 4E % TimeNet T H 5, it )5 & M TimeNet 5t 52
LT 6 GSPN AL VEREFRAR VA, AN A S VPG A AR RIS P S,
SCHL T A AADL nSEVERERY ) A B A6 UPAL o

5.4.4 "] EENE AR T

FEASCH) AADL ] SEPEVPlias . S0t T3 R BUEPE 71k, BRI
AADL IR P R b i D S, A5 AR S RENLZ BN A0S T R ]
FEVERI R MRREE ,  DAURRA 2 S R IS . ARG MR IO ANIR],  if e Wi
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Begin
Do
SelectFaultEvent(Event); /1% £ 5 Ca i s 44
InputScope(Parameter); /4y A\ i BEAL 2 H 15
GenerateGSPNAnalysisModel; /42 5 206 M. 1] GSPN 5 78Y
While() //i%#¢5¢ L
Do
Analyzes(GSPN); /7381 GSPN #/, 13 HiiZ 8 SR 45 1
WriteResult(); /13 45
While() //3 7 i3 ¥ GSPN #524
DrawCoordinate (); /% il AL A5
End
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6.1 YATEH RS

ARG VATERG, ST AADL MR A UK A IR o] HE 2 A
PG 50 HT B 9249 . AT R 459 (Flight Management System, FMS) /&84t
AP ECAE R AL L, R ATHRI, PRREICAL . G BaLSH .
REEDI R R, I AT TR I RSk SE B AT AR S5 1) E B, R
T AT R

W DIRERI 7, FMS g 6 NI, 70l T 0 A% Jsk o ab 24 72
(Navigation Sensor Processing, NSP). £545 ‘3 i 2 (Integrated Navigation, INav). il
34 B 2 2 (Guidance Processing, GP). AT MBI ZEFE (Aircraft Performance
Calculation, APC). "®AT K2 FE(Flight Plan Processing, FPP) A1 4k % Hi(Period 10,
PIO). & 6.1 H/E/R T FMS ] AADL Z5HAR 7Y, BT g R Ae Al ik S 2 35 X AH
AR, BJEiEIT P10 e M LIs s Hifth 1 R 4.

FMS
PIO
] v “\5 Shared Frr
éﬁ%ﬁﬁ)\ Data / I ;&ﬁ ?@j ',:H
- " Area I

P 6.1 FMS Rt 41k
TERfE FMS IR 2 805 30 75 200 58 S SRR A 2 TB) ] A i 2% - FMS
R N T e 2 NSP 2RISR A AL B, AL 4045 INav ZeREf PR IF 7= R 55
SEfE4 GP. APC Fl PIO —ANEEFEMIf:, 20id GP Al APC ZefEM b 21 )5
[ S AVE A B A 4 FPP SRy, 19 RAT TR RIEdE . e, It
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Fail
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Restart
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6.4 PPAL gz T4 B

kages/Systems_FlightManager_impl_Instance.aaxl - OSATE
roject OSATE Analyses [Reliability| Run  Aadl Editor Window Help

f 'i;; o F | & Evaluation 0 A B
v 5] v ¥5 (o | @ Analyses
~ 2 Convert to GSPN

= 8| ﬁ'_-f_ Systems_Fligh hd fnve i E O

] <}==_§ v.l B platform:fresource/FlightManager/aaxl/packages/Systems_FlightManz

4 System Instance S:.rstem5_F|ightl-'va-ager_impl_lﬁstance == System
4 Properties
7 PT_MSP: Process Instance MSP
7 PT_INaw; Process Instance [Mav
7 PT_APC: Process Instance APC
7 PT_GP: Process Instance GP
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FAINH 1) AADL Al SEVEVEAL 833145 U131 OSATE #difh L, OSATE FRkL:
S 6.6 TRSERIN, RIFVPAL g 2R, 1] OSATE M8 g 4T A i
HU T TR ) AADL w5 AR SO ), PATRER Sk, A2l AAXL SRR S

o BERTBLAATATSEAEVP 3 0E. B 6.7 RLHEHR Lib A7

FARETRIAS ) AAXL 5241

F platiorm:frescurce Foght®anagerfanslfpac kegesSyabers_Flightansger impl_Instance ansd

4 4 Systern Irstance Systems_Fightfdanager_impl_nstance = System Impl SystemsnFight™anagerdmpl

FRES T ) AADL 45

4+ Prapeting

O PT_MSP Process Instance MSP

T PT_IMaw: Bracnas Invesnce 1Maw

O BT_APC) Process |restanos AC

L7 BT_GP: Process Instance G°

L7 BT_FO0: Process Instonce PR

T BT_PI0: Prooess Indtance FIO

# End Ta End Fow Irstance PageComient]

& End Ta End Fow Instance PageContentd

# End To End Fow Imstance PageComtent3

% End Ta End Flow Inctance PageCaondenid

% Port Connechon Instence: Syrtems_fsghtfMansger_impl_instence. PT_NSP.Dutput -» Systems_FeghifAansger_impl_instance. PT_|Mavdnput
Port Comnection Instance: Systems_FRghtManager_ impl _Inctance. PT_Nav Outpat = = Syctennc_ Fighiiisnsgern impl_bnctance. FT_FIO Inpait
Port Connection Instance: Symtems_FegMiManager impl_instance. PT_Pdav.Outpat - » Symems_Fighivianagsr impl_instance PT_APC Input
Port Comnection Instance: Systems_Aighifanager_jmpl_instance. PT_Pav.Outpat - = Systems_Fightianager impl_nstanoe.FT_GFImput
Port Connaction Instance: Sysems_FgMManager impl_instance PT_APC.Ouipint -= Systenma_Flighthianager_mpl_InstancePT_FPRInout
Port Comnection nstance: Spstems_FRghiManager_impl _instance.PT_GP.Chetput - = Spstems_FightMamager impl_instance.PT_PIO. I npat
Port Conmastan Inptance: Syrame_FeghiManager ima|_instence. PT_GP.Dwput -~ Symmams_FeghiMansgar_img|_instence. PFT_FPP.Inpus
Port Comnection instance: Systems_FghtManager_imal_instance.PT_FPR.Output -» Systems_Flightdanager_impl_InstamceT_FAOInoum
Syamien Oparatizn Meds Nabade:
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6.7 SHIft AADL Hi
B8 4R P LI S AR T T S B 02 6.1 RIS 6.2 T, AT

AADL mIFEPEVHAL SR P ThRE ), 43 TPl 45 R Wil 6.8 Fros o AE Pl E 3 (2,
N TR SRR K R] T BE AR R G T T

6.1 WFu]SErE 2L

FF BEHLZ % HAF BEHLS % HF BEHL %
NSP Fail Poisson 5.0e-4 GP Fail Poisson 5.0e-4 FPP Fail Poisson 2.0e-4
NSP Restart | Poisson 1.0e-1 GP Restart | Poisson 1.0e-1 | FPP Restart | Poisson 1.0e-1
INav Fail Poisson 1.0e-3 APC Fail Poisson 1.0e-3 PIO Fail Poisson 5.0e-4
INav Restart | Poisson 1.0e-1 | APC Restart | Poisson 1.0e-1 | PIO Restart | Poisson 1.0e-1
6.2 HbRALE T SEE S
AR BEHLZ 5L HAf BEHLS %

EP (NSP, INav) 0.80 EP (APC, FPP) 0.65

EP (INav, GP) 0.75 EP (GP, PIO) 0.72

EP (INav, APC) 0.75 EP (INav, PIO) 0.75

EP (GP, FPP) 0.70 EP (FPP, PIO) 0.5
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