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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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4���O��9�C !�	*"���#�$�	J%@�	
"&$F'

[�	4(�$�	��')$*���[��+"���,-�UV*

���UV�������.��`/�E�/01��\��	���*

���
2	��5�
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HI���
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� UV�A

UV�A#UV>%M<U>< t	�A�="=+ �CX'��� R(t)�

%D�+�J)

)(1)( tRtF −= � 2-2

� UVK�

UVK�#UV�A	;��!�+* F(t)#�-H	�UVK� f(t)# F(t)

(<>%	��E!�L

dt
tdR

dt
tdFtf )()()( −
== � 2-3

� UVA

UVA#5� t>QFF@@UV	G���� t>Q�H	IM>%?@@

UV	�A*UVA#UV�A F(t)	G��A;��J:G�UVK�*L

)(
/)(

)(
)()(

tR
dttdR

tR
tft ==λ � 2-4

� JVUV�>%

JVUV�>%GMean Time To Failure, MTTFK#5L�>%%��WUV

>%	VM������	����

∫
∞

=
0

)( dttRMTTF � 2-5

� �VUV%�	%

�VUV%�	%
Mean Time Between Failure, MTBF��5
���UV	

%%�	V������ T1	Q� T2	Q���� n�UV���

1
21

+
−

=
n

TTMTBF � 2-6

� ���

7����	Q t	��6'��� �!	�!<�/4"���#$	�

%*

)()( tTPtA == � 2-7

:��C)&	�'��6���C	������ ()**+:����

��)&��,�-���������.N/0�6'1�)&	���� 

()&�	�'��O���49� ()*

2.1.6�������

�������������/234	JK�X�5�*�@FP��	
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�5	�Y�*��������
�F��F

�9�����
��	UV������$<O�9&����������

���	�������� ������]�	���#� �9��=� 

!
�+F���"�UV	#%$�3%	��&'<*

M(��������)��*"	+,HI-$[35]�6�����./0

)	��C1*2�N3���L4]���+,HJM������=���

�*

�����	
@	���������@
������9����*	
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@	3�F���!�"�
��#�O�������$�C	����

%&'3�F�*

2.2 AADL(=&'

2.2.1 AADL��>?

� AADL BC	��>?5�$��)J*	>�*62+,-@	$��

��C�.������)+5	�C>���\/./01)+	2)3$*

� AADL���)+��5���$�H9��(thread)����(thread group)�

4�(process)� 5(data)�6�5(subprogram)7��H8���6���5	�

C�2*6���	�9% 5	�:�6��	;<����	�9� *AADL

]�9� H9�F!(processor)��:!(memory)��"(device)�#�(bus)*)

=�9�2`7>()�K?���$9)+	HI�AADLBC��	@$��

�)+(system)*

%�%�.	�`KA@N�� AADL 5$�	��R�B@�(=�6	

�`�C&A*=5�$�@�5�6'(�1$�8CD�E	)�*��%

FG*H�$��`5��$�	ID3$49'(�9+�`�CJ9+�K

)+�C#,	��*ID-.	)�*=�L.	6$�*6$�%	/0�

�*M6$��%N1	 5*�`�����5���$�	FG2934�

HID�`���5���**:\� AADL 5�$�@����6�1$��

`*

� AADL5���$��%	/0
�;F(connections)�����1;F]
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�1$�	 out �G%<�1$�	 in �G�;��O��%��78N9 5

N*P�;F5=�K��L$�G;F(port connections)�$�?7;F

(component access connections)�6�5Q�(subprogram calls)�> ;F(parameter

connections)*AADLN(flows) �:�O)+5�;	O<N1��=�)+5/

.	O<PE49SR&A%HI*:����)+�AADL 5	<��$�%

	/0���$�>�9� $�	?4(bindings)��16��5$�;@%�

9� $�?4���O)+5��?�	
�SX*9+��1��;@?4

>�1�F!*

)�(properties)BC�(=$�	&AO<�+��	1L�@*� AADL

5I��M��C@�$�	)��RTAa4-	)��&A$�*)�A�

BC@	5�C��	��)�*

��(mode)�`��1)+9B$�	��	U4#,�+DY	AD*-�*

HE@FVG�4-9D9)+	��*��C	��K�)+	���J9#

,GW���[�SB����������C#,K)+	�����*)+

��4-�1���(C���^X	Y���\�)+J9#	1,�[SX

49��*

D 2.3 AADL��>?

AADL �A;<$��`PU$�@��R;<@��%*�`�%	PU

()�L$$�@�HI*$��`HI*$��`	J[(refines)E�K�*M

	�@Y8�AADL ��	F���NB"�HKJ[	O���KARL>�

B 	;<*
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� AADL 5�L(package)	��TA��$�B�09=5'�C@Z%	

H'H>*=5��	>���$��1L��H��M	L@�N�*L�B

C	@�Z%��1OI[49�
�)+	HP��*D 2.3[7]IO� AADL5

	1D;<6�*

2.2.2 AADLJ�

AADL M	N�J�(annex)Y8�BCHI�*C)+I�	)�%;-�

��.�K�$�	&A�\#�J�����1OPDP178*.=5'�

	;A%;-�L;@6 AADL0/PMQ<;-	�N*

9��
�O AADL	&A%HI���AADLEFWR0M���PMJ

�OP> AADLPM5*+WX��J�(Error Model Annex)*AADL>��%

XMI/XMLJ�(AADL Meta Model and XMI/XML Annex)*DZ[ AADLGGJ�

(Graphical AADL Notation Annex)@*�5+99J� (Behavior Annex)%

ARINC653J�(ARINC653 Annex)H�84%��5*

�����		5WX��
���9
�*WX��
�
��$���

�	01���01�����	����9
���� AADL �$�����

�9	���A����� !
����9 !%a"#?�$*

2.2.3 AADL%��	

�	&'B(����")*5	+,-6.8C/��%�(*	a"[*

0��(=J= AADL %�K1	
�)2��5�&'5-3	$4*AADL

)25���MDE5	���HI����		
��*
���������

�=���!*

� OSATE

OSATE(Open Source AADL Tool Environment)/���J���������

� 
!	�" AADL 
�
!�	*#	6�
!	$%&'78� OSATE

49 AADL	��()�	**J+ Eclipse,-�./�Z��`�01���

��� 2���HI��*����BC�	#()&�	#3I&�AADL

4�&�DZ()&�56 AADL	#�XML�DZ7�(D	CK����8

6^9:= 2HI��0;;1�;-<I&�=�HI&*>?BC	HI

&�?�=S�HJHI(Resource Budget and Allocation Analysis)��@�A<I

(Required Connection Checking, Stream Miss Rate Checking)�9
�B< (Security

Level Checking, Safety Criticality Level Analysis)�N:;HI (Flow Latency
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Analysis)�1L�����(Priority Inversion Checker)����	
��
�HI

(Application Binding& Scheduling Analysis)*� 2.4� OSATE����	�4��

��*

� 2.4 OSATE ��

� TOPCASED

TOPCASED(Toolkit in Open Source for Critical Applications & Systems

Development)�����5������	� !J" Eclipse #$	����*

TOPCASED	=%��&>'���(��;<?��G��A�)6�C	�

�;<�0* Ecore+UML+SAM+AADL� SysML*,�@BC� OSATE5	

��-./�����/��BC��CC�	��^0/*TOPCASED12�

(a3[	456��?�����7�KBC� ���8	9�K���"

D�:		4��*J\�E�TOPCASED�BC�;!.'<3=F�0*F

(=F+>#?8��GPA�*�@A�TOPCASED� !>'��[�U�

��)6���3��B�<3	��C*

� ADeS

ADeS (Architecture Description Simulation)�� SEI��	 �H���*,J

" Eclipse #$,�I'9��'�49 OSATE � TOPCASED 	D�*AADL 	

J)3$���E����	F�5HGHI[�BJ[	�ADeSK�@E��

L1(@M)+	
N�9?�H��'�@�"E��O1(PM)+	BJ

�9?�$Q*,RL3I/��5("�9	�AOS�TOC\H�)+�

9*

� OCARINA

Ocarina��U6 TELECOM ParisTechK� Ada;<��	 ! AADL��

VF��*Telecom Paris] AADL49HW��K���)+��	;6��*

9\�Ocarina���aP	��3I/�@)6 AADL��	D�U4*Ocarina



J" AADL	�����������$Q16

� !J" Dia�JVF	��^0/�)6(�Z	VF*Ocarina�BC� 

!a3[54���,J" Ada Ravenscar Profile�:(LC6�HW����	

	E�K����a356E�" PolyORB�@	 Ada2005� C�����	*

� Cheddar

Cheddar��U6 Brest��	 LISyC�Q��	�"���K)+5	K%

FX	���BC�J#	�K
�HIY�*Cheddar��NT"� AADL�A

	)+J)3$���'A�=M��49Q�*CheddarK�H�KU�=
�

H�/�G!NH�6�a)�Z-./�9� GTK Ada49�`>?��"�A

�K���	9)+:b)>?��;�OP	�K
�SU����HISU�6�

9��<*K�@a3Z��������M�	
F��
��HI���@

���	
���)A�
���
���*

� STOOD

STOOD ���� Ellidiss [�5�BC	 �J�$�	������*�

� TOPCASED ���� ���!�	"#$%�&'�>� DO178B	6(*

STOOD)6*�+�,-	a356�./�01 C2Ada� C++*E���3

��)6K>�STOOD)6)+	31��HI*9./*�	 STOOD[��

STOOD �4BC� # AADL �Z-56��78��8/ AADL 	#@93

I�:5����)6 AADL2UML2.02HOOD;����%	<H^=*
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� � !" AADL#�	
��
����$%&'

�����$?	@	�EA��	���IB�@QC	JD@�?	/

@?��)+	���#E*9����L��FJ!"#)+	G?#E� 

QH/�C$?	KI�J/ #C[.K*

A������
�C$?	LM?FJ	KI�E��!�'6�M�E


O�E��	E
��5����UV	NX*LP�KI����O\[	

6(*�6(	K%P1Q�&'$?	34RIAOS	��!�BC&T*

@?�E!�$%	�����$?KI�J��������	KI����

����������$?	JD*#>A����2$?>?@9��)6�


JA*

3.1�����>?

EJ� AADL 	�����!�5�J)3$���U#��	���J)

3$	�22HI�AADLJ)3$��	��C�I!*�3.1I`�9/AADL

��	J)3$��	=%�M� #���C�@V�)+	"�]W���*

PC98�C]W���R�AJ)3$	6	DX�
�2�HIBC�Y

$�L�T�!JZ6	�O/K	�(�YTO1R;	,H*

AADL
J)3$

��

���

MTBF

FMEA

U�HI

����

��

CPU	%

�
��

���

�


�U�

Y��

���


���

�O�

���

�	�

�
	%

�S

��

� 3.1 AADL��	�����
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" AADL #$5�%H&I	�����(+�	�)��@M'(�	9)

a�-	$����*�	+,-.	����(+���)C/6 AADL 0�Y

[	123�*�*AADL WX��0�BC�A)4	�����5
��	

12*"#	5�9��6�!*� AADL�����	�7K8�9/9AADL

:$��;�,*KT����OS	 AADL<):$��*

� 3.2 � AADL �����	�7>?�AADL WX��	4/�A$�	

"����OS0=01
920123<5
�A�T>T�? AADL :$�

�5�������5	"�$��:@��WX�����	$�
��AT

Z6�U	����������*S�����>?�`�01
9��B�

�:$��	HL�B\������	./�*,WX���:$��
�	

K��901
9��B:$��69�C#DY	U<��3�F3)4	�

��
9*

� 3.2 AADL������7>?

3.2��� !>?

�E�?F�G	��������"#	5	 AADL �����4�A�

����	01
9	QRB"����=H	^.�A*" AADL �����

	JD@��/6)4�
�� H��*

� 3.3 IT�J� AADL	��� !>?*@ AADL�����9JD�

M���^I
��56]-�Y Petri_(Generalized Stochastic Petri-Nets, GSPN)

��*�4 GSPN��5	>B� AADL�����5	>BCCA���JW

6��^I>	OSUU�,'9��)4���	�
 HBC�4K*J�

GSPNF���@A��)4@?	���#EL/�
 H* H:4���/

($K�7	�����@#5
R�>�D�MC�	��!N�4*+4�

�� H:4�O���@#�C5�MC$K	��!N�4*O�C/65
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���HI��/S1)4���	UNB(U�Q�M'�����6	K

V2RU<):$�B\)4	���*

� 3.3 AADL��� !>?

3.3��� !��

"MDE	SN5�3D��!N-.�78	C#DEC�"��	!N'

�5BC%H	9�%	a3[12*"J�MDE	��!N'�5�A��	

�72�22HIBC�(��	12��@YO!N\F	�4
*

� 3.4 IT�J�#		 AADL ��� !K8	a3[ !��	#<N

�*RLM'��-5T56G@ AADL;82;-
�	�����9=	�+

�>M'��^I��56A�	UV GSPN ��		�+A>] GSPN ��Q

�? GSPN ��.#	
��5�J?)4	��� !BHI:4*�5W�

>(9#		 AADL��� !T�6	�4*"��	12M�AADL���

��? GSPN ��	^IB����.#		
�4A/KL6[��&[��

����	 !�4�B\�V�*
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� 3.4 AADL��� !��#<N�

"<:>5WA(E	 AADL �(��5
��G� OSATE ��=��,

-!�2	4-�2Y$!X<=�,H]K9/*M�1@	/(B OSATE	

1X�#	�`	 AADL��� !TO78 OSATE49��-5��*� 3.5

@/K(RIT�#		 AADL ��� !T* !T@D�Z��`��	9

//6&'� OSATED�BWX��0�D�*WX��0�D�BC�56@

XML&�UV	WX��	�	���K?��	^I*/K6�6���	 

!BHI�4�S/6" Eclipse��M5
Y4C�@�6*

� 3.5 AADL��� !T	/K(R
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�(� !" AADL#�	
��
����

<P>5WZ7/�J� AADL 	�����	�����B !>?*

AADL �������������� !2HI<�4	JD��	@#��

7�7$�"#)4���
9	^.����/Z�[	;-5
�A*#>

�IJA:@ AADL:$���9/ AADLWX��Y[B;2�7�����

�����	�<K8*

4.1WX���7>?

AADLWX��BC������$�	01
9	�AOS�]��AADL

:$���:@C�@$6�U	 AADL ������AT�`�����
9

	Z�[�A*J�<):$	�������K8@��	(%:$9JD�

WX��	�7E[/6�/:$��5BC	�(OS�3��A��)4	

���
9*

9-.\�-.)4	������P_ AADL 	O,!NSN*RLM�

AADL :$��5	$��6OS�78@B	��V��+4V�'����

��"#)4	���
9�$��T)45	(U$�++4V�'T�J9

�7	��'�\��R85
��� !*�@")4!N	3178��	

V�+])4<�,">1�@78�T	V�+��<*

� 4.1WX���7>?

� 4.1 7/� AADL WX���7	�<��*RL����	V��9:

$��5ECM`@	BD$��7I'$�UV���@"#I#$�"��

=M$�S1M	UV
9*

I9)45	$��%65
�(OS	Y]�B@��$��%U"�&
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'()�C#$�	UVJS1=M$�*M� AADL :$��5	NOS��

@��$��%	0123PE��/WX��5	Y["I'$���5T�

WX23�A�@\"#I#$�	UV
9A=M$�	S1*

��0123	U"��E$�	UVA)4	S1�E�"��	/6Q

^SIB*M� AADL :$��5	NOS��@��)4OS	Q/$��@

\�7)4	UV���"#�E$�	UV
9A)4	S1*

4.2I'$���

I'$�	WX��� AADLWX��	JD*�=!P�AADLWX��

9/�Y#EY�A$�	01
9*M']01
9�Y#EYB)45A�

	$�
�	K��C�@�A^#$�a�	01
9*

"�<�`@�I'$�	 AADL WX��B:$��	�`�N��WX

��C�BWX���`�E$6�PB\�WX��	./�*WX��C�

5Q6�BD��	01#EB01_�*=501_�	CNJ8N01#E

	^U*WX���`5��-�01_�9=�YZ�*

Error_Free

Erroneous

FailedFault

Error: a1
Restart: a2

NonDetected: bDetected: 1-b

Recovery: a3

L�#E

_�9=
�YZ�

� 4.2I'$�WX��

"WX��	�Y#EY5�$�@L�#E!��L�#ED'4DC#�

_�	?�JCN#E�%	^U*I'$���	�7�:A�����+_

�_M2UTQ"2MR`[(	���D01.-2VW��	=%����

	#E^U*+� 4.2BT�C#J#	WX���$�@ Error_Free9L�#E�

Error_�	?�JCN8 Error_Free#E? Erroneous#E	^U*,G$�`�

Erroneous #E	�D��JH)4P�?��D���J*+HP�?�$��
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5� Fault#E�D��IRecovery_�,.-? Error_Free#E*GKHP�	�

5� Failed#E�\	/6 Restart_�3�.S5� Error_Free#E*

" AADL WX��5*_�?�	��=�DG��A*C��N5���

�@!(Ha	Z�*TC#_�N5	���Z�\�9 0 ? 1 	��*�C

��?�����*T01_�	?�G@[�'��Z� λ\����*TYV

?���*"@A9]5�DetectedB NonDetected_�	����� 1-bB b	

��*�*Error2RestartB Recovery_�?�	���Z�9 a12a2B a3	[

�Ha�A*

MF7/�� 4.2 	 AADL WX��	Z�[;2�-*feature (UT*6

@M�WX��#E9_�	Q6*transitions(UT*6@M�_�NA	#E

^UPE	Q6*properties (UT�*T�A_��YZ�	Q6*Z�[;2

�-9 AADL!N��5	a3[�����	�`Z��JD*
error model Example //WX��C�

features //WX��=�

ErrorFree: initial error state; //L�#E

Faulse, Failed: error state; //01#E

Restart, Recovery: error event; //01_�

end Example; //C�Q6:�

error model implementation Example.impl // WX���`

transitions //#E^UQ6

ErrorFree-[Fail]->Fault;

Fault-[Detected]-> Faulse;

Fault-[NonDetected]-> Failed;

Failed-[ Restart]->ErrorFree;

Faulse-[ Recovery]->ErrorFree;

Properties //01_�	�Y��Q6

Occurrence => poisson a1 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; //�`Q6:�
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4.3 0123

4.3.1 0123	'�

9-.-.	�
���	!N���`,��CQH/�G[6	���

)4�@[4��^#�G�]4/,6��[M'Z�2��������	

2�<K�
��4��
S�)4��	��*�`�	���)�$5�$

�	Q�������������������
���5	�
$�N5	

01�=�$�	S� �!"D�`�	#$*��)�$M%���012

3!"	�VC��
$��01&'(�+)S�=�$�	�*�+$��

,V3�?=�$�	S�*-.��/0	�������`15�$�	2

�S�34�5�������67@89$��%	0123I:*

; 4.30123'<

; 4.3 �)4�	�=0123'<*=5$� i DG+>?H.@>$� j

B$� k*/$� i�46�$� k>��$� i	Q��I\�$� kK�?S

�A$� i�>N5�01�B$� j>��$� i01�>	WXQ��,T8
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�$� j�N5�01*I\�F#�0123	'<+(�GL��+$��:

5�01�H+$�U9�$�A/01K�H�I�8�$��2/��+9

J+$�>��01Q�A�+9J+$�HS�BN501�U9@K$�*

4.3.2 WX��	0123�A

�0123'<5�01�LJ8�$�52/�D=�Y�*9+/�$

�N501>:5�WX	��MQ/?�����N�O�@K$�>�WX

	���P��$������N��:���	����01K2�?@K$

�5*#	�-0123�Q+(�

�� 4.1 AEP[A(s)�B]*T)45$� BB`	&'�?$� A`E01&

' s6S�	�Q*�$� A �&' s6:5	0123?$� B	�Q*

S�-�R AADLWX��5�E0123	�AK�
�@	�AEP[A(s)�

B]��++��Q���$� A STN501B`E01&' s 	+�(�S�

$� BB`&'	�Q*

� AADL WX��5�E@A0123'<	�A��U'$���	JV

@���0123W�	����A0123'<*0123W�H92/01

23W�B2�0123W�G��=52/0123W�XD�YY���0

123�Q*��$�	U'WX��5�Z6�-�F:52/0123W�

	01&'�/�$�`EH�01&'6�C��CN2/0123W�	:

5*H
/E�A�0123'<	C��BC:�*0123'<	CP�M

'2�0123W�B@TVJY[��A*/:52/0123W�6�SW

�CJ)>S��+9J+@K$��9@K$�^[*01&'*=5@K$

�	C.M'@TVJ�`�
@	2/�2�0123W�*T�0123	

A%BT%*

; 4.4 0123	 AADLWX���A

�$�	U'WX���0123W�B@K$�	U'WX���
$�

� AADL0123��*; 4.4 7/��+ AADL0123��	9]�/�$
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�`E Failed&'6�CJF c	�Q:5@9 PropError	2/0123W�*

B@K$�5����+
@	2�0123W�*�I�$�:5� PropError

2/0123W��'@K$�`E Error_Free &'��@K$�HS� �

Erroneous 01&'*H)�0123�Q	*�4�2/0123W�5�B�

�2�0123W�5�BF�I:5�2/0123W��CJ)>8N@K

$� �01&'*

(%�; 4.4 5WX��	Z�[�A	��*� AADL WX��5�M'

2��2/0123��	��	
��
�$��
�$�*���5�

PropError��� Source5	2/0123��*�� Target5�������	

2�0123����6 Source � Failed���C�� c	�Q�� PropError

�����I PropError�����' Target ! ErrorFree���C�"#^$%

Fault��*
error model Source //�$�	WX��&���

features //-���

PropError: out error propagation; //2/0123��

end Source;

error model implementation Source.impl //�$�	WX��'`��

transitions

Failed-[out PropError]->Failed; //C(2/0123��

end Source.impl;

error model Target //
�$�	WX��&���

features //-���

PropError: in error propagation; //2�0123��

end Target;

error model implementation Target.impl //
�$�	WX��'`��

transitions

ErrorFree-[in Error]->Fault; //2�0123��)A	��^$

end Target.impl;

4.3.3 0123PE

�*)�$+,�--�;.O/0��1��2�G3��G�%	45

N�?[N���6J	[36]�M'7�O/����0123	PE*� AADL
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*)�$��5�N���:N;)<5B2$�	^.O/	�I=A��B

C:O/N	HI��*+N>�HI������R��HI5	���6K

,�7?�@	$�C �=A*AADL NO/H9GA�45NO/�?[N

O/�HB"#�)<5��$��%	45	CD()�?[()*�!��

�)<3$�CD	'E�45	CD��6)<9])<Q/	����Q/

	459&5�F\#	GH AADL 45N49��0123PE	&5��O

�$��%	?[N	S�*

; 4.5 AADLN��

; 4.5 � AADL �$��5�+�I	N���*��45+)�J])<

3	K�$��%N3*=5$� 1 5	 T ��*�J$��NPE	A%��

$� 3 5
"	 T ��*��J$�9T%*I+N��*��458$� 1 !

LMN;$� 2�MT�$� 3TN*5\����$��%	0123PE98

$� 15	01��23?$� 2��$� 25	01��23?$� 3*

4.4 )<UV��

�����)<��O�
:'7	$��])<a@�(��	�)<	

UV��B2$�9])<B ����P�	*#	�8:95:��	UV

YF ��JA��\9)�	��WXMT8Q���UV	(�*O���

�B2	��WX0�8Q��UV*�F���R�$�	UVW�8QI�

])<9)<(�UV*2<	���F��QS9�)��$�	UV0�8

QI�)<(�UV�7AR%KT9��$��U0123	S��4(V�

U�$�	01�9�8Q�\�)<	UVQ*

���	UVYF5�4HEB�C	019)A]01Q/?�EB3U

9��UV*�)<5��2REBCD	$�(�UV6�EB3��C)<

	UV��*+; 4.6B��$� 3	01Q/?EB6��JU'$�9BT�

CS9�$�UV��O7�-*)<(��UV�4/REBCD	#?$� 4

(��01MQ/6�3S9)<(�UV*
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; 4.6)<UV��

������5���])<3B2	$� F	45W�2W?=�])

<�42��9E�$�	45�2W/W*+�; 4.55�8])<3%X�$

� 3 �452Q	T%�O���])<���Q>	�B�$� 3 	45MT

�2Q7=�])<9)�K*#	B/�� AADL�$��5	 AADLNT%

$�-*)<5	CD$��49)<UV	�
&5*

; 4.7 0123:)<UV	S�

�#		)<UV��5�T9�0123F:�����!:/Y)<	

����� � \*+; 4.7B��RT$� 2(��01�OF=0123	

�Y��4/0123?�#?$�--$� 36�])<3(�UV�L�S9]

)<K(�UV*

J!\�M5 AADL�$��5U'$�WX���AADLNO/��	0

123PE�#?$�����)<	 AADL ����������*; 4.8 B

���P�$���	])<	 AADL�����*=5$� 3	 Failed���

9)<	UV��*
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Erro
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2

; 4.8 AADL�����
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�)� !" AADL#�	
��
��$%

@�9JA�9� AADL�7����������	K.*O� AADL�

����44�����
!=A���	01�9�J/������
 \

.���Z64��X	1[*

Petri_� 19624�J^����	 C.A.Petri��	��	
5��B/	�

	
5
����M�	����������R��%	()���A*��

���
	� !"#�Petri _�9���$6	%�)<���&�='�(

) 6*5�MO+,�	-Y./0$�1	-Y�2�HIK3*

�Y Petri_9)<����	�4BC�5 	�A678�=��\%9

R�YX"�V:;$�9�� <BC�S'	��J=[37]*>\]�Y Petri

_'�!�����?��HJ5 	V4*

5.1 @��Y Petri_

5.1.1 Petri_��

�A Petri_��BC]B��D�2']!HXE�F:*]B�W]G��

��HXHX�M��@�HX�?	@I*HX-G�)<5	8���	�

?�����;]B�%N%��J%G�*�D�XZG���2��'S�

�'S!'SP���*K�D	Q�]B5%MC2�AHX6��9�'S

��8K�D�O'S
�G�	��6���'S���LM�DBN#	Q

�]B?Q/]B	HX��N%*2']��N#]B!�D�G��HXN

%	K'��OH�Q�]B��D!Q/]B*

�A Petri_)<�.P2LLQC	 Petri_��*BRQC�.HX� Petri

_5	�;HS�X�LLQC-G�)<	LL��*� Petri_)<5��L

LQC9A%��I�O�D	'S����D	'S�9HXY�]�]B�

%N%*HX	N%LM�QC	^���\�A�)<��
��T	%��

[�<*

; 5.1 ��AJ#	 Petri_)<�BC2PA]B!EA�D�LLQC�

]B P0! P35KC2�AHX*�U!LLQC6��D T2U!�'S��*

T2'S��P0! P35	HX�;6N%?]B P25*�D T3'S��9�N
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W? P0! P3 5*K�D T1 'S6�HX8 P0 N%? P1���D T0	'S�

LMHX9NW?]B P05*

; 5.1 Petri_)<�X

�'Y��5�2']N#]B!�D	�;K��A�)<	./0$8

QC�A�)<��
	%��[5
YBU	��8�D-G)<5�'	�

���D	'S-G���)<	��	^�*

5.1.2 GSPN

�31	 Petri_()�45�6%��MKHT9�>96%Z���[^

Petri_0$�7G��')<5B2��	�9	$N*O���AO'�`1�

-B�)<��	
?HI5�Z66%	����
(	���&S�,+\

,*!�6%Z�H��? Petri_)<5�H � Petri_	'���*

�RA�D	�'SR'S�%J)�A�Y	>�6%�\�A�D T8

���'S	6Q?�	'S6Q�%HX���ANS�Y�? Xt(H�'�)�

'V8�AHS��

}{)( xxPxF tt ≤= � 5-1

+4B2�D	HS��W
��.�HS���\
xtt eFTt λ−

−=∈∀ 1: � 5-2

=5�? 0≥x �Z� 0>tλ ��D T	Y0'S�Q*7[	�DU9�Y

�D�=27[�D	 Petri_U9�Y Petri_(Stochastic Petri-Nets, SPN)*K SPN

5	.�6%�D8�'S	�9��'S	�����9���	�	
�+

��
=���%9������Y����)	������	*���� 

�Y����)	��!"��##�$
9��*]%&'�7[	�Y Petri

_	(�\%)$*�+,�-.�/:*

0�1��5� tλ 230���	�	
^4�%3	50�����#	
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��M78�6(89���):�1�?5;J	�<=�1	=F>�	*

50���Q	�� tt λτ /1= �9�� T	50����*

?��Y Petri_(Generalized Stochastic Petri-Nets, GSPN)�] SPN5	��

H@9A���B.��%��G��8�H � SPN	'���*=5.��

%��C�@A	�Y��*A����<�%����ID*���E�?4

���*
� 5.1� GSPN	Z�[
�*

�� 5.1 �+ ),MW,,H,O,I,T;(P,GSPN 0 λΠ= �=5

� P�]�	FG�P=(p1,p2,……,pm)

� T���	FG�BHA���B.��%��*T=( t1,t2,……,tm)=

expTTim ∪

� I�I�JFG TPI ×⊆

� O�I/JFG PTO ×⊆

� H������ TPH ×⊆

� Π��	
�	1L�
��

� M0 �����

� λ��	
�	�
��

� W��	
�	����

=5�	
�	1L�
������������	�	
��	���


		�� �
�!H�
*"#�_���	
�$%��������	


� �!(H
���� �������	��*

� GSPN5��	���������?�� %*!"#������	

$���&���9����&��$����&���9���&��'�%

"	������(&')8%"	��5(/*

5.2 GSPN�����

5.2.1��K)

�*
	 GSPN�����5�� ���+	
 *01+��')	N,

	
�$�+�	�[�H-')	��	
./�,	+�*"��&�	�

�	
�+� %	^(�%-�0 *�YH
*9��R AADL �����

1'�238^'$���40123��5K61 GSPN�����7�8A*

� ^'$� GSPN��

�^'$� GSPN�����5���	
+��')	
$��,	+�*
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;9��$�� ��Q<=�,� *+���2�^'$� GSPN ��5=

�� �')*. 5.2� � GSPN�����*=5& 4����HB	
 4*

+��Error ���>��%���/?�XZ
3�	
�$�	01�-�>

�H
*Detected��@ NonDetected���A����/��XZ
3�!B 

%	!(H
	
�01��0C?	��*��	�����K)15�1C

2	D�J/	*

. 5.2 ^'$� GSPN�����

� 0123 GSPN��

1�0123	���6-�0123	$%EF*�$�7�UV+��

9/5���	A���10123	�Y�7�QR�5���	!(H
	


�=$%��*. 5.3�012/	 GSPN��*G$�$�,�01+���

��')� Failed ��<�&2/01	��*5�A��� Prop @ NoProp 


3�012/	��*Porp��	��
3$�	0142/�" NoProp��	

��
301K2/*��� Prop ������ Failed @ PropPlace <�5&'

)�
H$�,��22/01	+�*�$�I! Failed+����� Eliminate0

@ Eliminate1�2�J PropPlace@ NoPropPlace5	')*9��K?��2/

01	+�*

. 5.3 012/ GSPN��

. 5.4�012�	 GSPN�����$�2/�01��'.L$�,�M
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N	9�+��� PropPlace��@ Run2 ��5+5&')��InProp A���

�:���&�"4����.L$��8MN9�+�7�UV+�*OC1

�$�2/01LL;.L$�01	EF7����*

. 5.4012� GSPN��

9/@AK)1�����5	$��$� %	0123�4	 GSPN �

���7"#��)15	K*01+�P=+��[�9�����7���

��29:_��JQ*

5.2.2���9:$F

������F	5�<9��$�	aM-�>�H
[17]��2��)1

	9�EF-�-.�=�YEF*>7-.�=:	?F��RE&I@	+

�^(��K�+�^(	���#N �AI���S93���*+�]�

�	9�+�@01+�2P!B %	^(B.9-.�=:��)1RET

C3�	9����+�	&I@^(���2(/)17�UV+�	3��

��O����1)1TC9��$%UV	��	:C*/
4R�UE�GSPN

	+�?%@-.�=:�$��ME GSPN�4	��������2^[9

�$	-.�=:�P"(/3����J/1��)1	���9<*

� GSPNF	5�3���	DJ���>LHI5V6	 E*�21)1

	���+�	�29:R GSPN ��	��>LHIK) ;*!	HIK)

�*H923F�EF[36]*GL�4)1	 GSPN ����*
5� GSPN ��

���W=X>7��HI/�&��	+�P+�^(�7\$J/R GSPN

+�?%1'	�3.WT�>7�3.$J/R GSPN �$	-.�=:WM

�>7-.�=�YEFF	�	K:5	
)1_$�	UV+�	3����

DJ1)1���	�29:D�*
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5.3 AADL�����? GSPN�����	^Y

�6P819:>?4R7��8A�AADL �����1)1	����

97���A�" GSPN �����9�29:BC�L7�=Z6]/)^Y

?�)�C�`������	���9:*

5.3.1^'$�	��^Y


 5.1 �^'$�	 AADLWX��? GSPN��	^Y
�[30]�� �W

X��5	F:+1'GSPN5	 �F:*AADLWX��5	+��1'GSPN

��5	��*WX��5	��+���� GSPN 	��LZWWX��5�

�	$%�L;01+�	^(��2��1' GSPN 5	��*��	&�>

7��	�YZ�&���*;9WX��5	?3���>Z�9 a 	>�H


��21' GSPN 5	����9 a 	�Y�%��*"$%��1'A��

�5	!(H
* X+�	^(C1'%'I���?�����?I/��

	�*


 5.1WX��? GSPN��	^Y
�
AADL WX�� GSPN

+� ��

��+� ��LZ

�� ��

�YZ�-?3��YaM �%��-Z� a

�YZ�-$%��YbM A���-!(H


+�^(YSrc_State-[event]->Dest_StateM
8�� Src_State?�� event	�@8��

event?�� Dest_State	�

. 5.5 5[3�>7
 5.1 5	^Y
�]^'$�	WX��^Y? GSPN

��	D�*ErrorFree4ErroneousN01+�+^Y9 GSPN��5	 ���

��*Recovery N2?3��9�YZ�	01���^Y9��	>��%�

�*"2$%��9�YZ�	01���HB^Y9 .��	A���*�

�	���01��	�YZ�� .��	
� �!(H
+�*
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. 5.5^'$�	^Y

5.3.20123	^Y

ErrorFree1

Erroneous1

Failed1Fault1

Error: a1
Restart: a2

NonDetected1: bDetected1: 1-b

Recovery: a3

ErrorFree2

Erroneous2

Failed2Fault2

Error: a4
Restart: a5

NonDetected2: bDetected2: 1-b

Recovery: a6

PropError: c

2/01

23��

2�01

23��

�$� .L$�

�$� .L$�

^Y

012/

012�

. 5.6 0123	^Y

0123	^Y���$�@.L$�	 GSPN �� %��0123

GSPN���2"# AADLWX��5�A	0123EF*. 5.6� �012

3^Y	3X*^Y	EF�GG1�$�	012/7�^Y�]�%2/0
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123��	01+� Failed1R012/	%(��ME"#�4IO�"#\

�WT�].L$�5�0123��S�	+�^(@	
012/	��

PropPlace"#\��]�012�	 GSPN��^Y*

5.4���9:O	$	R�`

9PO!$\Q	P��B���V������		
�����5�6

	
��H*�������5���	Z�[;��A�9��	a�[��

@HI���J�*AADL ��������*�������������K

 	�`�!BC�a�[	��"�@J*	HI"���#V-.����

��4	R.�*

5.4.1$)%$&'

. 5.7 ������$)%$

. 5.7 � AADL ��������	$)%$*8($@^����H9�

�^)*GSPN����+,'K*�����*���HIE��H*���-

AAXL��49I�*AAXL�X��� AADL ��	 XML(.�!] AADL

��5	)1./%$*)1	$�
��$�	0SO12<3- XMLQ��

4� ���5�K5����	a�[��@HI�4*� OSATE��5�B

C�%� AAXL�X����	"�*
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Begin

Do

If (errItem is Error State) //F:�01+�

GeneratePlace(); //%� GSPN��

Else If (errItem is Error Event) //F:�_0123T�

GenerateTransition(); //%� GSPN��

Else If(errItem is ErrorTransition) //F:�+�^(

GenerateArc(); //%�����	"[�

Else If (errItem is OutProp) //F:�012/

WriteSourceID(); //�U�$� ID

WriteSourceEvent(); //�U2/T�

Else If (errItem is InProp) //F:�012�

If(MatchName()); //ZZ��012/T�

WriteTargetID(); //�UA,$� ID

WriteTransition(); //�UA,$�+�^(

End
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Begin

Do

If (Comp is Source) //$��
$�

GenerateOutTransition(); //�� OutError	����

GenerateOutPlace(); //�� OutError	����

GenerateOutArc(); //�� OutError	�������

Else If (Comp is Target) //$��A�$�

GenerateInTransition(); //�� InError	��

GenerateInArc(); //�� InError	���

End
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Begin

Do

SelectFaultEvent(Event); //G�(�	01��

InputScope(Parameter); //��01�Y�		��

GenerateGSPNAnalysisModel; //��R�	��	 GSPN��

While() //G�ER

Do

Analyzes(GSPN); //HI GSPN����/�G�� %!

WriteResult(); //"#%!

While() //?$�%	 GSPN��

DrawCoordinate (); //�����

End
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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

26.2 0123����	
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EPYGP�FPPM 0.70 EPYFPP�PIOM 0.5
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