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Abstract Model-based safety analysis methods can improve the modeling and analysis capabilities of current complex safety-criti-
cal systems. At present,fault tree is widely used in system safety analysis and reliability analysis. Fault tree analysis (FTA) is a
top-down deductive failure method, which analyzes undesired states in the system according to the fault tree. In the system engi-
neering, the possible problems of the current system model can be determined as early as possible and avoided in time. The work
of this paper is oriented to a type of system safety modeling language AltaRica in the aerospace field. Based on its semantic model
GTS (guarded transition systems) .a method for automatically constructing a system fault tree from the flattened GTS model is
designed, which saves the time of artificial fault tree construction,and speeds up the progress of system analysis. According to the
semantic rules of the AltaRica3. 0 language, extracting the data of the flattened GTS model to construct instance objects, desig-
ning the GTS model division algorithm to obtain a set of independent GTS models and an independent assertion, constructing the
reachability graph of the independent GTS through the adjacency matrix and obtaining the key event sequence, then, the indepen-
dent GTS that has been processed is combined with the independent assertion,the state of the entire system and the sequence of
key events are obtained through the assertion propagation algorithm,and the system fault tree is generated. Finally,an example
system shows that the algorithm can effectively complete the automatic generation of fault trees from the flattened GTS model.
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class Pump

extends RepairableComponent;

Boolean v{InFlow, viOutFlow (reset="{alse) ;

assertion

viOutFlow : =if vsWorking then v{InFlow else false;

end
class Tank

Boolean vsIsEmpty (init={alse) ;

Boolean viOutFlow (reset=true) ;
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event evGetEmpty;
transition
evGetEmpty:not vsIsEmpty — > vsIsEmpty : =true;
assertion
viOutFlow : =not vsIsEmpty;
end
HAGHAE LT .
block CoolingSystem
Tank TK (evGetEmpty. delay=Dirac(0. 0));
block Linel
embeds main. TK as tl;
Pump P;
assertion
P. v{InFlow : =t1. viOutFlow;
end
block Line2
embeds main. TK as t2;
Pump P;
assertion
P. vfInFlow : =t2. vfOutFlow;
end
block Reactor
Boolean viInFlow (reset=false) ;
end
observer Boolean oCooledReactor=Reactor. viInFlow;
parameter Real pPumpsCCF=1.0X10"%;
event evPumpsCCF (delay= exponential (pPumpsCCF)) ;
transition
evPumpsCCF: ! Linel. P. evFailure &. 1 Line2. P. evFailure;
assertion
Reactor. v{InFlow : = Linel. P. vf{OutFlow or Line2. P. vfOut-
Flow;
end
fij B A R G K AltaRica 3. 0 #8558 X} Ny #8) F & 1k GTS
B B BT
domain RepairableState { WORKING,FAILED}
block CoolingSystem
Boolean T. isEmpty(init={alse) ;
Boolean T. outFlow (reset=true) ;
RepairableState Linel. P1. s (init=WORKING) ;
RepairableState Line2. P2. s (init=WORKING) ;
Boolean Reactor. inFlow (reset="{alse) ;
Boolean Linel. P1. inFlow (reset={alse) ;
Boolean Line2. P2. inFlow (reset="{alse) ;
Boolean Linel. P1. outFlow (reset="{alse) ;
Boolean Line2. P2. outFlow (reset=false) ;
event T. getEmpty;
event Linel. P1. repair;
event Line2. P2, repair;
event Linel. P1. failure;
event Line2. P2. failure;
transition
Linel. P1. failure: Linel. P1. s= WORKING ->> Linel. P1. s : =
FAILED;

Linel. P1. repair: Linel. P1. s = FAILED ->> Linel. Pl. s : =

WORKING;

Line2. P2. failure: Line2. P2. s= WORKING ->> Line2. P2, s : =
FAILED;

Line2. P2. repair: Line2. P2. s = FAILED -> Line2. P2. s : =
WORKING ;

T. getEmpty:not T.isEmpty -=> T. isEmpty : = true;
assertion

Linel. P1. outFlow : = Linel. P1. s= WORKING and Linel. P1.

inFlow;

Linel. P1. inFlow : =T. outFlow;

Line2. P2. outFlow : = Line2. P2. s= WORKING and Line2. P2.

inFlow;

Line2. P2. inFlow : =T. outFlow; T. outFlow : =not T. isEmpty;

Reactor. inFlow : = Linel. P1. outFlow or Line2. P2. outFlow;
end
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block FlattenIrrigationSystem

ComponentState P1.s(init = WORKING);
ComponentState P2.s(init = WORKING);
Boolean P1.upStream(reset = TRUE);
Boolean P2.upStream(reset = TRUE);

Boolean P1.downStream(reset = FALSE);
Boolean P2.downStream(reset = FALSE);

event Pl failure;

transition P1 failure : P1.s == WORKING -> Pl s := FAILED;
transition P2 failure : P2.s == WORKING -> P2.s := FAILED;

e

assertion if P1.s == WORKING and P1.upStream then P1.downStream := TRUE;
assertion if P2.s == WORKING and P2.upStream then P2.downStream := TRUE;

end
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Fig. 5 A simple GTS model description file
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[V1.s,WORKING]: [ null,[ V1. failure],[ V1. close] |

[V2.isClosed, FALSE]:[[ V2. open],[ V2. open&.&.V2.
failure]]

[V2.isClosed, TRUE]: [ null,[ V2. failure].[ V2. open] ]

[V3.s,FAILED]: [[ V3. failure], [ V3. open& & V3. fai-
lure|]
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Input:GTS Class

Output:Independent GTS and Independent Assertion

1. function Partitioning(GTS) ;
2. List{ Transition) transitionList <= )
3. List(Var)vars < Q;

4. List(Event)events < Q;

5. List¢(GTS)independentGTS < Q;

6. List(GTS)independentAssertion <= 3

7. function ProcessTransition(transitionList)
8 t€ transitionList events. add(t)

9. vE t vars. add(v)

10. if (v depend on vtemp) then

11. vars. add(vtemp)

12. function getIntersection(vars) ;

13.  gTemp. setVars

14.  gTemp. setEvents

15, gTemp. setTransitions

16. indepentdentGTS. add(gTemp)

17.  independentAssertion. add(all Assertions)
18.  return List(GTS);

19. end function
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Fig. 7 Independent GTS set and independent assertion

4.2 F GIS#HEWTXEHE

ik 2 BB GTS By Al ik 8 8 vk A 1S
Input; Independent GTS

Output: Reachability graph

1. function GetGraph(IndepentGTS) ;

2. List( Transition) list < GTS. getTranstions() ;

3. List(Var)s0 < GTS. getVarsO ;

4. List(List( Var))graph < 0;

5. function ProcessStart(s0)

6 graph. add(s0)

7. function ProcessTransitions(list)
8 1€ list;

9. if (s0 satisfy t) then

10. function ProcessVars(s0)

11. return ProcessStart(sl)
12. return graph;

13. end function

R 1 R4 T B — A~ Sr GTS SRl ik
B, BRI R r G=V E, T AR T AT RE R 8K
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4 Transition, # % 45 550 /& 24§ Transition T1 A4 /R & ik
A Guard, W 23 52 48 4 Instruct 4K f51 28 & W7 8 {4, #F i
PRI AR RS o XA B Y AR B AR A RGBT AR A 5 AN ¥
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S5 RIS G I 2 TT GTS S XF R 4 Graph Jg MR (K
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B 5 5 ST L 7 24 /i Ak 57 GTS 9 Transition 46 & . J& K
S AbH Transition MY 4F B v 55 25 4b 3 7 /K R 3k X M 4E &4k .
—A> Transition A BEAETE £ D RB B XML 54X
— 1 AR P BR XA R R IB A A S LA IR . H R
PLEAAESPRTRAN B BN o0y, =, BEAT LLAT B AR
MR AR O,

75 B S BE A AT . ARICAT IR RIS LAl a7 GTS 4
S RS MRS L ENTEAE R Y —
), A H AR OGo
4.3 FGISKETZEMNHRAXEN
BE 3 GRS GTS (YT ik 181 4R A /R 24 S0HY 300k A fh
A
Input:Reachability graph
Output: Boolean formula
1. function ComGraph(Graph) ;

2. List{Transition)list <= g. getTranstions() ;

3. List{Node) nodes < g. getNodes() ;

4. Stack{(Integer) stack;

5. Map(Integer.Boolean) states;

6. function ProcessNodes(nodes)

7. function ConstructingMatrix(nodes)

8. while(!'stack. isEmpty())
9

topNode<stack. peek() ;

10. if (topNode= =y)

11. printPath() ;

12. adjvexNode= stack. pop() ;

13. states. put(adjvexNode, false) ;
14. else

15. nextNode=getNextNode(graph,topNode,adjvexNode) ;
16. if(nextNode! =—1)

17. stack. push(nextNode) ;

18. states. put(nextNode, true) ;
19. adjvexNode= —1;

20. else

21. adjvexNode= stack. pop() ;

22. states. put(adjvexNode, false) ;

23. end function
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HEE S B LL Transition # e 38 445 S 45 50 )& 1, JF 43 5 i
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4.4 GTSHEBWTERRAXEM
Bk 4 SRR L N SRR R R A 5 1 A O AT
Input: Independent Asseriton, Independent GTS
Output: Boolean formula

1. function ComAssertion(GTS)

2. List(Var)vars < Asseriton. getVars();

3. List{Arraylist{ Var) ) varsList<Q;

4. function GetCartesianProduct(GTS) ;

5. function GetPathIntersection(Product) ;

6. function ProcessTransition(Asseriton)

7. if (vars satisfy assertion) then

8 printPath() ;

9 return newVars;

10.  varsList. add(newVars) ;

11. end function

5 Jr 0 A S VB AT A o L3 Tk P AR RR A £ A
S5 5 HAM Y GTS MRS RS IE RRBEWRE B
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Fig. 8 Power supply system
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block FlattenPowerSupplySystem

ComponentState V1. s(init=WORKING) ;

ComponentState V2. s(init=WORKING) ;

ComponentState V3. s(init=WORKING) ;

ComponentState P1. s(init=WORKING) ;

ComponentState P2. s(init=WORKING) ;

Boolean V3. isClosed(init=TRUE) ;

Boolean V2. isClosed(init=TRUE) ;

Boolean V1. isClosed(init=FALSE) ;

Boolean P1. upStream(reset=TRUE) ;

Boolean P2. upStream(reset=TRUE) ;

Boolean P1. downStream(reset=FALSE) ;

Boolean P2. downStream(reset=FALSE) ;

Boolean F1. inStream(reset=FALSE) ;

Boolean F2. inStream(reset=FALSE) ;

Boolean F3. inStream(reset=FALSE) ;

Boolean V1. leftStream(reset=FALSE) ;

Boolean V2. leftStream(reset=FALSE) ;

Boolean V3. leftStream(reset=FALSE) ;

Boolean V1. rightStream(reset=FALSE) ;
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BooleanV?2. rightStream(reset=FALSE) ;

Boolean V3. rightStream(reset=FALSE) ;

Event

V1. open; V2. open; V3. open; V1. close;

V2. close; V3. close; V1. failure; V2. failure;

V3. failure; P1. failure; P2. failure;ccf;

Transition

V1. open: V1. isClosed and V1. s= WORKING— V1.
isClosed : = FALSE;

V2. open: V2. isClosed and V2. s = WORKING— V2.
isClosed : =FALSE;

V3. open: V3. isClosed and V3. s= WORKING— V3.
isClosed : =FALSE;

V1. close: not V1. isClosed and V1. s = WORKING —
V1. isClosed : = TRUE;

V2. close: not V2. isClosed and V2. s = WORKING —
V2. isClosed : =TRUE;

V3. close: not V3. isClosed and V3. s = WORKING —
V3. isClosed : = TRUE;

V1. failure: V1. s= WORKING—V1. s : =FAILED;

V2. failure: V2. s= WORKING—=V2. s : =FAILED;

V3. failure: V3. s= WORKING—V3. s : =FAILED;

P1. failure: P1. s= WORKING—P1. s : =FAILED;

P2. failure: P2. s= WORKING—P2. s : =FAILED;

ccf:P1. s= WORKING or P2. s= WORKING—

{if P1. s=WORKING then P1.s:=FAILED;

if P2. s=WORKING then P2.s:=FAILED; };

Assertion

if P1. s= WORKING and P1. upStream then P1. down-
Stream : = TRUE;

if P2. s= WORKING and P2. upStream then P2. down-
Stream : = TRUE;

if not V1. isClosed then V1. leftStream := V1. right-
Stream;

if not V1. isClosed then V1. rightStream := V1. left-
Stream;

if not V2. isClosed then V2. leftStream := V2. right-
Stream;

if not V2. isClosed then V2. rightStream := V2. left-
Stream;

if not V3. isClosed then V3. leftStream := V3. right-
Stream;

if not V3. isClosed then V3. rightStream : = V3. left-
Stream;

V1. rightStream : = V2. leftStream;

V2. leftStream : = V1. rightStream;

V2. rightStream : = V3. rightStream;

V3. rightStream : = V2. rightStream;

V3. leftStream : = V1. leftStream;

V1. leftStream : = V3. leftStream;

V3. rightStream : = P2. downStream;

P2. downStream : = V3. rightStream;
V3. leftStream : =P1. downStream;
P1. downStream : = V3. leftStream;
F1. inStream : =P1. downStream;
F2. inStream : = P2. downStream;
F3. inStream : = V1. rightStream;

end
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