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)2(
11[s (t,2)](10)=exp[−0.04t],  

 
)2(

11[s (t,3)](10) = exp[−0.05t],  
 

)2(
11[s (t,4)](10) = exp[−0.055t],  

 
)2(

12[s (t,1)](10) = exp[−0.033t],  
 

)2(
12[s (t,2)](10) = exp[−0.04t],  

 
)2(

12[s (t,3)](10) = exp[−0.05t],  
 

)2(
12[s (t,4)](10) = exp[−0.055t],  

 
)2(

13[s (t,1)](10) = exp[−0.033t],  
 

)2(
13[s (t,2)](10) = exp[−0.04t],  

 
)2(

13[s (t,3)](10) = exp[−0.05t],  
 

)2(
13[s (t,4)](10) = exp[−0.055t],  

 
)2(

14[s (t,1)](10) = exp[−0.033t],  
 

)2(
14[s (t,2)](10) = exp[−0.04t],  

 
)2(

14[s (t,3)](10) = exp[−0.05t],  
 

)2(
14[s (t,4)](10) = exp[−0.055t],  

 
)2(

21[s (t,1)](10) = exp[−0.066t],  
 

)2(
21[s (t,2)](10) = exp[−0.07t],  

 
)2(

21[s (t,3)](10) = exp[−0.075t],  
 

)2(
21[s (t,4)](10) = exp[−0.08t],  

 
)2(

22[s (t,1)](10) = exp[−0.066t], 
 

)2(
22[s (t,2)](10) = exp[−0.07t],  

 
)2(

22[s (t,3)](10) = exp[−0.075t],  
 

)2(
22[s (t,4)](10) = exp[−0.08t],  

 
)2(

31[s (t,1)](10) = exp[−0.066t],  
 

)2(
31[s (t,2)](10) = exp[−0.07t],  

 
)2(

31[s (t,3)](10) = exp[−0.075t],  
 

)2(
31[s (t,4)](10) = exp[−0.08t],  

 
)2(

41[s (t,1)](10) = exp[−0.033t],  
 

)2(
41[s (t,2)](10) = exp[−0.04t],  

 
)2(

41[s (t,3)](10) = exp[−0.045t],  
 

)2(
41[s (t,4)](10) = exp[−0.05t],  

 
)2(

51[s (t,1)](10) = exp[−0.033t],  
 

)2(
51[s (t,2)](10) = exp[−0.04t],  

 
)2(

51[s (t,3)](10) = exp[−0.045t],  
 

)2(
51[s (t,4)](10) = exp[−0.05t],  

 
)2(

61[s (t,1)](10) = exp[−0.033t],  
 

)2(
61[s (t,2)](10) = exp[−0.04t],  

 
)2(

61[s (t,3)](10) = exp[−0.045t],  
 

)2(
61[s (t,4)](10) = exp[−0.05t],  

 
)2(

71[s (t,1)](10) = exp[−0.033t],  
 

)2(
71[s (t,2)](10) = exp[−0.04t],  

 
)2(

71[s (t,3)](10) = exp[−0.045t],  
 

)2(
71[s (t,4)](10) = exp[−0.05t]. 

 
The subsystem 5S  consist of components ,)5(

11E   

,)5(
21E  ,)5(

31E  with the conditional multi-state safety 
functions co-ordinates 
 

)5(
11[s (t,1)](10) = exp[−0.033t],  

 
)5(

11[s (t,2)](10) = exp[−0.04t],  
 

)5(
11[s (t,3)](10) = exp[−0.045t],  
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)5(
11[s (t,4)](10) = exp[−0.05t],  

 
)5(

21[s (t,1)](10) = exp[−0.033t],  
 

)5(
21[s (t,2)](10) = exp[−0.04t],  

 
)5(

21[s (t,3)](10) = exp[−0.05t],  
 

)5(
21[s (t,4)](10) = exp[−0.055t],  

 
)5(

31[s (t,1)](10) = exp[−0.033t],  
 

)5(
31[s (t,2)](10) = exp[−0.04t],  

 
)5(

31[s (t,3)](10) = exp[−0.05t],  
 

)5(
31[s (t,4)](10) = exp[−0.06t].  

 
At the operation states 11z , i.e. at the ship turning 

state the ferry is built of 211 =n  subsystems 1S  and 

2S  forming a series structure shown in Figure 23.  

The subsystem 1S  consist of component ,)1(
11E  with 

the conditional multi-state safety functions co-
ordinates 
 

)1(
11[s (t,1)](11) =exp[−0.033t], 

 
)1(

11[s (t,2)](11) =exp[−0.04t],  
 

)1(
11[s (t,3)](11) = exp[−0.045t],  

 
)1(

11[s (t,4)](11) = exp[−0.05t]. 
 
The subsystem 2S  consist of components ,)2(

11E   

,)2(
12E  ,)2(

13E  ,)2(
14E  ,)2(

21E  ,)2(
22E  ,)2(

31E  ,)2(
41E  ,)2(

51E  

,)2(
61E  ,)2(

71E  with the conditional multi-state safety 
functions co-ordinates 
 

)2(
11[s (t,1)](11) = exp[−0.033t],  

 
)2(

11[s (t,2)](11) = exp[−0.04t],  
 

)2(
11[s (t,3)](11) = exp[−0.05t],  

 
)2(

11[s (t,4)](11) = exp[−0.055t],  
 

)2(
12[s (t,1)](11) = exp[−0.033t],  

 

)2(
12[s (t,2)](11) = exp[−0.04t],  

 
)2(

12[s (t,3)](11) = exp[−0.05t],  
 

)2(
12[s (t,4)](11) = exp[−0.055t],  

 
)2(

13[s (t,1)](11) = exp[−0.033t],  
 

)2(
13[s (t,2)](11) = exp[−0.04t],  

 
)2(

13[s (t,3)](11) = exp[−0.05t],  
 

)2(
13[s (t,4)](11) = exp[−0.055t],  

 
)2(

14[s (t,1)](11) = exp[−0.033t],  
 

)2(
14[s (t,2)](11) = exp[−0.04t],  

 
)2(

14[s (t,3)](11) = exp[−0.05t],  
 

)2(
14[s (t,4)](11) = exp[−0.055t],  

 
)2(

21[s (t,1)](11) = exp[−0.066t],  
 

)2(
21[s (t,2)](11) = exp[−0.07t],  

 
)2(

21[s (t,3)](11) = exp[−0.075t],  
 

)2(
21[s (t,4)](11) = exp[−0.08t],  

 
)2(

22[s (t,1)](11) = exp[−0.066t],  
 

)2(
22[s (t,2)](11) = exp[−0.074t],  

 
)2(

22[s (t,3)](11) = exp[−0.075t],  
 

)2(
22[s (t,4)](11) = exp[−0.08t],  

 
)2(

31[s (t,1)](11) = exp[−0.066t],  
 

)2(
31[s (t,2)](11) = exp[−0.07t],  

 
)2(

31[s (t,3)](11) = exp[−0.075t],  
 

)2(
31[s (t,4)](11) = exp[−0.08t],  

 
)2(

41[s (t,1)](11) = exp[−0.033t],  
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)2(
41[s (t,2)](11) = exp[−0.04t],  

 
)2(

41[s (t,3)](11) = exp[−0.045t],  
 

)2(
41[s (t,4)](11) = exp[−0.05t],  

 
)2(

51[s (t,1)](11) = exp[−0.033t],  
 

)2(
51[s (t,2)](11) = exp[−0.04t],  

 
)2(

51[s (t,3)](11) = exp[−0.045t],  
 

)2(
51[s (t,4)](11) = exp[−0.05t],  

 
)2(

61[s (t,1)](11) = exp[−0.033t],  
 

)2(
61[s (t,2)](11) = exp[−0.04t],  

 
)2(

61[s (t,3)](11) = exp[−0.045t],  
 

)2(
61[s (t,4)](11) = exp[−0.05t],  

 
)2(

71[s (t,1)](11) = exp[−0.033t],  
 

)2(
71[s (t,2)](11) = exp[−0.04t],  

 
)2(

71[s (t,3)](11) = exp[−0.045t],  
 

)2(
71[s (t,4)](11) = exp[−0.05t]. 

 
At the operation states 12z , i.e. at the leaving 

Karlskrona Port state the ferry is built of 312 =n  

subsystems ,1S 2S  and 4S  forming a series structure 
shown in Figure 24.  
The subsystem 1S  consist of component ,)1(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)1(
11[s (t,1)](12) = exp[−0.033t],  

 
)1(

11[s (t,2)](12) = exp[−0.04t],  
 

)1(
11[s (t,3)](12) = exp[−0.045t],  

 
)1(

11[s (t,4)](12) = exp[−0.05t]. 
 

The subsystem 2S  consist of components ,)2(
11E   

,)2(
12E  ,)2(

13E  ,)2(
14E  ,)2(

41E  ,)2(
51E  ,)2(

61E  ,)2(
71E  with the 

conditional multi-state safety functions co-ordinates 
 

)2(
11[s (t,1)](12) = exp[−0.033t],  

 
)2(

11[s (t,2)](12) = exp[−0.04t],  
 

)2(
11[s (t,3)](12) = exp[−0.05t],  

 
)2(

11[s (t,4)](12) = exp[−0.055t],  
 

)2(
12[s (t,1)](12) = exp[−0.033t],  

 
)2(

12[s (t,2)](12) = exp[−0.04t],  
 

)2(
12[s (t,3)](12) = exp[−0.05t],  

 
)2(

12[s (t,4)](12) = exp[−0.055t],  
 

)2(
13[s (t,1)](12) = exp[−0.033t],  

 
)2(

13[s (t,2)](12) = exp[−0.04t],  
 

)2(
13[s (t,3)](12) = exp[−0.05t],  

 
)2(

13[s (t,4)](12) = exp[−0.055t],  
 

)2(
14[s (t,1)](12) = exp[−0.033t],  

 
)2(

14[s (t,2)](12) = exp[−0.04t],  
 

)2(
14[s (t,3)](12) = exp[−0.05t],  

 
)2(

14[s (t,4)](12) = exp[−0.055t],  
 

)2(
41[s (t,1)](12) = exp[−0.033t],  

 
)2(

41[s (t,2)](12) = exp[−0.04t],  
 

)2(
41[s (t,3)](12) = exp[−0.045t],  

 
)2(

41[s (t,4)](12) = exp[−0.05t],  
 

)2(
51[s (t,1)](12) = exp[−0.033t],  

 
)2(

51[s (t,2)](12) = exp[−0.04t],  
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)2(
51[s (t,3)](12) = exp[−0.045t],  

 
)2(

51[s (t,4)](12) = exp[−0.05t],  
 

)2(
61[s (t,1)](12) = exp[−0.033t],  

 
)2(

61[s (t,2)](12) = exp[−0.04t],  
 

)2(
61[s (t,3)](12) = exp[−0.045t],  

 
)2(

61[s (t,4)](12) = exp[−0.05t],  
 

)2(
71[s (t,1)](12) = exp[−0.033t],  

 
)2(

71[s (t,2)](12) = exp[−0.04t],  
 

)2(
71[s (t,3)](12) = exp[−0.045t],  

 
)2(

71[s (t,4)](12) = exp[−0.05t]. 
 
The subsystem 4S  consist of component ,)4(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)4(
11[s (t,1)](12) = exp[−0.05t],  

 
)3(

11[s (t,2)](12) = exp[−0.06t],  
 

)3(
11[s (t,3)](12) = exp[−0.065t],  

 
)3(

11[s (t,4)](12) = exp[−0.07t].  

 
At the operation states 13z , i.e. at the navigation at 

open waters state the ferry is built of 313 =n  

subsystems ,1S 2S  and 4S  forming a series structure 
shown in Figure 25.  
The subsystem 1S  consist of component ,)1(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)1(
11[s (t,1)](13) = exp[−0.033t],  

 
)1(

11[s (t,2)](13) = exp[−0.04t],  
 

)1(
11[s (t,3)](13) = exp[−0.045t],  

 
)1(

11[s (t,4)](13) = exp[−0.05t]. 
 

The subsystem 2S  consist of components ,)2(
11E   

,)2(
12E  ,)2(

13E  ,)2(
14E  ,)2(

41E  ,)2(
51E  ,)2(

61E  ,)2(
71E  with the 

conditional multi-state safety functions co-ordinates 
 

)2(
11[s (t,1)](13) = exp[−0.033t],  

 
)2(

11[s (t,2)](13) = exp[−0.04t],  
 

)2(
11[s (t,3)](13) = exp[−0.05t],  

 
)2(

11[s (t,4)](13) = exp[−0.055t],  
 

)2(
12[s (t,1)](13) = exp[−0.033t],  

 
)2(

12[s (t,2)](13) = exp[−0.04t],  
 

)2(
12[s (t,3)](13) = exp[−0.05t],  

 
)2(

12[s (t,4)](13) = exp[−0.055t],  
 

)2(
13[s (t,1)](13) = exp[−0.033t],  

 
)2(

13[s (t,2)](13) = exp[−0.04t],  
 

)2(
13[s (t,3)](13) = exp[−0.05t],  

 
)2(

13[s (t,4)](13) = exp[−0.055t],  
 

)2(
14[s (t,1)](13) = exp[−0.033t],  

 
)2(

14[s (t,2)](13) = exp[−0.04t],  
 

)2(
14[s (t,3)](13) = exp[−0.05t],  

 
)2(

14[s (t,4)](13) = exp[−0.055t],  
 

)2(
41[s (t,1)](13) = exp[−0.033t],  

 
)2(

41[s (t,2)](13) = exp[−0.04t],  
 

)2(
41[s (t,3)](13) = exp[−0.045t],  

 
)2(

41[s (t,4)](13) = exp[−0.05t],  
 

)2(
51[s (t,1)](13) = exp[−0.033t],  

 
)2(

51[s (t,2)](13) = exp[−0.04t],  
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)2(
51[s (t,3)](13) = exp[−0.045t],  

 
)2(

51[s (t,4)](13) = exp[−0.05t],  
 

)2(
61[s (t,1)](13) = exp[−0.033t],  

 
)2(

61[s (t,2)](13) = exp[−0.04t],  
 

)2(
61[s (t,3)](13) = exp[−0.045t],  

 
)2(

61[s (t,4)](13) = exp[−0.05t],  
 

)2(
71[s (t,1)](13) = exp[−0.033t],  

 
)2(

71[s (t,2)](13) = exp[−0.04t],  
 

)2(
71[s (t,3)](13) = exp[−0.045t],  

 
)2(

71[s (t,4)](13) = exp[−0.05t]. 
 
The subsystem 4S  consist of component ,)4(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)4(
11[s (t,1)](13) = exp[−0.05t],  

 
)3(

11[s (t,2)](13) = exp[−0.06t],  
 

)3(
11[s (t,3)](13) = exp[−0.065t],  

 
)3(

11[s (t,4)](13) = exp[−0.07t].  
 
At the operation states 14z , i.e. at the navigation at 

restricted waters state the ferry is built of 314 =n  

subsystems ,1S 2S  and 4S  forming a series structure 
shown in Figure 26.  
The subsystem 1S  consist of component ,)1(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)1(
11[s (t,1)](14) = exp[−0.033t],  

 
)1(

11[s (t,2)](14) = exp[−0.04t],  
 

)1(
11[s (t,3)](14) = exp[−0.045t],  

 
)1(

11[s (t,4)](14) = exp[−0.05t]. 
 

The subsystem 2S  consist of components ,)2(
11E   

,)2(
12E  ,)2(

13E  ,)2(
14E  ,)2(

41E  ,)2(
51E  ,)2(

61E  ,)2(
71E  with the 

conditional multi-state safety functions co-ordinates 
 

)2(
11[s (t,1)](14) = exp[−0.033t],  

 
)2(

11[s (t,2)](14) = exp[−0.04t],  
 

)2(
11[s (t,3)](14) = exp[−0.05t],  

 
)2(

11[s (t,4)](14) = exp[−0.055t],  
 

)2(
12[s (t,1)](14) = exp[−0.033t],  

 
)2(

12[s (t,2)](14) = exp[−0.04t],  
 

)2(
12[s (t,3)](14) = exp[−0.05t],  

 
)2(

12[s (t,4)](14) = exp[−0.055t],  
 

)2(
13[s (t,1)](14) = exp[−0.033t],  

 
)2(

13[s (t,2)](14) = exp[−0.04t],  
 

)2(
13[s (t,3)](14) = exp[−0.05t],  

 
)2(

13[s (t,4)](14) = exp[−0.055t],  
 

)2(
14[s (t,1)](14) = exp[−0.033t],  

 
)2(

14[s (t,2)](14) = exp[−0.04t],  
 

)2(
14[s (t,3)](14) = exp[−0.05t],  

 
)2(

14[s (t,4)](14) = exp[−0.055t],  
 

)2(
41[s (t,1)](14) = exp[−0.033t],  

 
)2(

41[s (t,2)](14) = exp[−0.04t],  
 

)2(
41[s (t,3)](14) = exp[−0.045t],  

 
)2(

41[s (t,4)](14) = exp[−0.05t],  
 

)2(
51[s (t,1)](14) = exp[−0.033t],  

)2(
51[s (t,2)](14) = exp[−0.04t],  

 
)2(

51[s (t,3)](14) = exp[−0.045t],  
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)2(
51[s (t,4)](14) = exp[−0.05t],  

 
)2(

61[s (t,1)](14) = exp[−0.033t],  
 

)2(
61[s (t,2)](14) = exp[−0.04t],  

 
)2(

61[s (t,3)](14) = exp[−0.045t],  
 

)2(
61[s (t,4)](14) = exp[−0.05t],  

 
)2(

71[s (t,1)](14) = exp[−0.033t],  
 

)2(
71[s (t,2)](14) = exp[−0.04t],  

 
)2(

71[s (t,3)](14) = exp[−0.045t],  
 

)2(
71[s (t,4)](14) = exp[−0.05t]. 

 
The subsystem 4S  consist of component ,)4(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)4(
11[s (t,1)](14) = exp[−0.05t],  

 
)4(

11[s (t,2)](14) = exp[−0.06t],  
 

)4(
11[s (t,3)](14) = exp[−0.065t],  

 
)4(

11[s (t,4)](14) = exp[−0.07t].  

 
At the operation states 15z , i.e. at the navigation to 

turning area state the ferry is built of 215 =n  

subsystems 1S  and 2S  forming a series structure 
shown in Figure 27.  
The subsystem 1S  consist of component ,)1(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)1(
11[s (t,1)](15) = exp[−0.033t],  

 
)1(

11[s (t,2)](15) = exp[−0.04t],  
 

)1(
11[s (t,3)](15) = exp[−0.045t],  

)1(
11[s (t,4)](15) = exp[−0.05t]. 

 
The subsystem 2S  consist of components ,)2(

11E   

,)2(
12E  ,)2(

13E  ,)2(
14E  ,)2(

21E  ,)2(
22E  ,)2(

31E  ,)2(
41E  ,)2(

51E  

,)2(
61E  ,)2(

71E  with the conditional multi-state safety 
functions co-ordinates 
 

)2(
11[s (t,1)](15) = exp[−0.033t],  

 
)2(

11[s (t,2)](15) = exp[−0.04t],  
 

)2(
11[s (t,3)](15) = exp[−0.05t],  

 
)2(

11[s (t,4)](15) = exp[−0.055t],  
 

)2(
12[s (t,1)](15) = exp[−0.033t],  

 
)2(

12[s (t,2)](15) = exp[−0.04t],  
 

)2(
12[s (t,3)](15) = exp[−0.05t],  

 
)2(

12[s (t,4)](15) = exp[−0.055t],  
 

)2(
13[s (t,1)](15) = exp[−0.033t],  

 
)2(

13[s (t,2)](15) = exp[−0.04t],  
 

)2(
13[s (t,3)](15) = exp[−0.05t],  

 
)2(

13[s (t,4)](15) = exp[−0.055t],  
 

)2(
14[s (t,1)](15) = exp[−0.033t],  

 
)2(

14[s (t,2)](15) = exp[−0.04t],  
 

)2(
14[s (t,3)](15) = exp[−0.05t],  

 
)2(

14[s (t,4)](15) = exp[−0.055t],  
 

)2(
21[s (t,1)](15) = exp[−0.033t],  

 
)2(

21[s (t,2)](15) = exp[−0.04t],  
 

)2(
21[s (t,3)](15) = exp[−0.045t],  

 
)2(

21[s (t,4)](15) = exp[−0.05t],  
 

)2(
22[s (t,1)](15) = exp[−0.033t],  

)2(
22[s (t,2)](15) = exp[−0.04t],  

 
)2(

22[s (t,3)](15) = exp[−0.045t],  
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)2(
22[s (t,4)](15) = exp[−0.05t],  

 
)2(

31[s (t,1)](15) = exp[−0.033t],  
 

)2(
31[s (t,2)](15) = exp[−0.04t],  

 
)2(

31[s (t,3)](15) = exp[−0.045t],  
 

)2(
31[s (t,4)](15) = exp[−0.05t],  

 
)2(

41[s (t,1)](15) = exp[−0.033t],  
 

)2(
41[s (t,2)](15) = exp[−0.04t],  

 
)2(

41[s (t,3)](15) = exp[−0.045t],  
 

)2(
41[s (t,4)](15) = exp[−0.05t],  

 
)2(

51[s (t,1)](15) = exp[−0.033t],  
 

)2(
51[s (t,2)](15) = exp[−0.04t],  

 
)2(

51[s (t,3)](15) = exp[−0.045t],  
 

)2(
51[s (t,4)](15) = exp[−0.05t],  

 
)2(

61[s (t,1)](15) = exp[−0.033t],  
 

)2(
61[s (t,2)](15) = exp[−0.04t],  

 
)2(

61[s (t,3)](15) = exp[−0.045t],  
 

)2(
61[s (t,4)](15) = exp[−0.05t],  

 
)2(

71[s (t,1)](15) = exp[−0.033t],  
 

)2(
71[s (t,2)](15) = exp[−0.04t],  

 
)2(

71[s (t,3)](15) = exp[−0.045t],  
 

)2(
71[s (t,4)](15) = exp[−0.05t]. 

 
At the operation states 16z , i.e. at the ship turning 

state the ferry is built of 216 =n  subsystems 1S  and 

2S  forming a series structure shown in Figure 28.  

The subsystem 1S  consist of component ,)1(
11E  with 

the conditional multi-state safety functions co-
ordinates 

)1(
11[s (t,1)](16) = exp[−0.033t],  

 
)1(

11[s (t,2)](16) = exp[−0.04t],  
 

)1(
11[s (t,3)](16) = exp[−0.045t],  

 
)1(

11[s (t,4)](16) = exp[−0.05t]. 
 
The subsystem 2S  consist of components ,)2(

11E   

,)2(
12E  ,)2(

13E  ,)2(
14E  ,)2(

21E  ,)2(
22E  ,)2(

31E  ,)2(
41E  ,)2(

51E  

,)2(
61E  ,)2(

71E  with the conditional multi-state safety 
functions co-ordinates 
 

)2(
11[s (t,1)](16) = exp[−0.033t],  

 
)2(

11[s (t,2)](16) = exp[−0.04t],  
 

)2(
11[s (t,3)](16) = exp[−0.05t],  

 
)2(

11[s (t,4)](16) = exp[−0.055t],  
 

)2(
12[s (t,1)](16) = exp[−0.033t],  

 
)2(

12[s (t,2)](16) = exp[−0.04t],  
 

)2(
12[s (t,3)](16) = exp[−0.05t],  

 
)2(

12[s (t,4)](16) = exp[−0.055t],  
 

)2(
13[s (t,1)](16) = exp[−0.033t],  

 
)2(

13[s (t,2)](16) = exp[−0.04t],  
 

)2(
13[s (t,3)](16) = exp[−0.05t],  

 
)2(

13[s (t,4)](16) = exp[−0.055t],  
 

)2(
14[s (t,1)](16) = exp[−0.033t],  

 
)2(

14[s (t,2)](16) = exp[−0.04t],  
 

)2(
14[s (t,3)](16) = exp[−0.05t],  

 
)2(

14[s (t,4)](16) = exp[−0.055t],  
 

)2(
21[s (t,1)](16) = exp[−0.066t],  

 
)2(

21[s (t,2)](16) = exp[−0.07t],  
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)2(
21[s (t,3)](16) = exp[−0.075t],  

 
)2(

21[s (t,4)](16) = exp[−0.08t],  
 

)2(
22[s (t,1)](16) = exp[−0.066t],  

 
)2(

22[s (t,2)](16) = exp[−0.07t],  
 

)2(
22[s (t,3)](16) = exp[−0.075t],  

 
)2(

22[s (t,4)](16) = exp[−0.08t],  
 

)2(
31[s (t,1)](16) = exp[−0.066t],  

 
)2(

31[s (t,2)](16) = exp[−0.07t],  
 

)2(
31[s (t,3)](16) = exp[−0.075t],  

 
)2(

31[s (t,4)](16) = exp[−0.08t],  
 

)2(
41[s (t,1)](16) = exp[−0.033t],  

 
)2(

41[s (t,2)](16) = exp[−0.04t],  
 

)2(
41[s (t,3)](16) = exp[−0.045t],  

 
)2(

41[s (t,4)](16) = exp[−0.05t],  
 

)2(
51[s (t,1)](16) = exp[−0.033t],  

 
)2(

51[s (t,2)](16) = exp[−0.04t],  
 

)2(
51[s (t,3)](16) = exp[−0.045t],  

 
)2(

51[s (t,4)](16) = exp[−0.05t],  
 

)2(
61[s (t,1)](16) = exp[−0.033t],  

 
)2(

61[s (t,2)](16) = exp[−0.04t],  
 

)2(
61[s (t,3)](16) = exp[−0.045t],  

 
)2(

61[s (t,4)](16) = exp[−0.05t],  
 

)2(
71[s (t,1)](16) = exp[−0.033t], 

 
)2(

71[s (t,2)](16) = exp[−0.04t],  
 

)2(
71[s (t,3)](16) = exp[−0.045t],  

 
)2(

71[s (t,4)](16) = exp[−0.05t]. 
 
At the operation states 17z , i.e. at the mooring 

operations state the ferry is built of 317 =n  

subsystems ,1S  2S  and 5S  forming a series structure 
shown in Figure 29. 
The subsystem 1S  consist of component ,)1(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)1(
11[s (t,1)](17) =exp[−0.033t], 

 
)1(

11[s (t,2)](17) =exp[−0.04t],  
 

)1(
11[s (t,3)](17) = exp[−0.045t],  

 
)1(

11[s (t,4)](17) = exp[−0.05t]. 
 
The subsystem 2S  consist of components ,)2(

11E   

,)2(
12E  ,)2(

13E  ,)2(
14E  ,)2(

21E  ,)2(
22E  ,)2(

31E  ,)2(
41E  ,)2(

51E  

,)2(
61E  ,)2(

71E  with the conditional multi-state safety 
functions co-ordinates 
 

)2(
11[s (t,1)](17) = exp[−0.033t],  

 
)2(

11[s (t,2)](17) = exp[−0.04t],  
 

)2(
11[s (t,3)](17) = exp[−0.05t],  

 
)2(

11[s (t,4)](17) = exp[−0.055t],  
 

)2(
12[s (t,1)](17) = exp[−0.033t],  

 
)2(

12[s (t,2)](17) = exp[−0.04t],  
 

)2(
12[s (t,3)](17) = exp[−0.05t],  

 
)2(

12[s (t,4)](17) = exp[−0.055t],  
)2(

13[s (t,1)](17) = exp[−0.033t],  
 

)2(
13[s (t,2)](17) = exp[−0.04t],  

 
)2(

13[s (t,3)](17) = exp[−0.05t],  
 

)2(
13[s (t,4)](17) = exp[−0.055t],  

 



SSARS 2010   
Summer Safety and Reliability Seminars, June 20-26, 2010, Gdańsk-Sopot, Poland 

 

 493

)2(
14[s (t,1)](17) = exp[−0.033t],  

 
)2(

14[s (t,2)](17) = exp[−0.04t],  
 

)2(
14[s (t,3)](17) = exp[−0.05t],  

 
)2(

14[s (t,4)](17) = exp[−0.055t],  
 

)2(
21[s (t,1)](17) = exp[−0.066t],  

 
)2(

21[s (t,2)](17) = exp[−0.07t],  
 

)2(
21[s (t,3)](17) = exp[−0.075t],  

 
)2(

21[s (t,4)](17) = exp[−0.08t],  
 

)2(
22[s (t,1)](17) = exp[−0.066t],  

 
)2(

22[s (t,2)](17) = exp[−0.07t],  
 

)2(
22[s (t,3)](17) = exp[−0.075t],  

 
)2(

22[s (t,4)](17) = exp[−0.08t],  
 

)2(
31[s (t,1)](17) = exp[−0.066t],  

 
)2(

31[s (t,2)](17) = exp[−0.07t],  
 

)2(
31[s (t,3)](17) = exp[−0.075t],  

 
)2(

31[s (t,4)](17) = exp[−0.08t],  
 

)2(
41[s (t,1)](17) = exp[−0.033t],  

 
)2(

41[s (t,2)](17) = exp[−0.04t],  
 

)2(
41[s (t,3)](17) = exp[−0.045t],  

 
)2(

41[s (t,4)](17) = exp[−0.05t],  
 

)2(
51[s (t,1)](17) = exp[−0.033t],  

 
)2(

51[s (t,2)](17) = exp[−0.04t],  
 

)2(
51[s (t,3)](17) = exp[−0.045t],  

 
)2(

51[s (t,4)](17) = exp[−0.05t],  
 

)2(
61[s (t,1)](17) = exp[−0.033t],  

 
)2(

61[s (t,2)](17) = exp[−0.04t],  
 

)2(
61[s (t,3)](17) = exp[−0.045t],  

 
)2(

61[s (t,4)](17) = exp[−0.05t],  
 

)2(
71[s (t,1)](17) = exp[−0.033t],  

 
)2(

71[s (t,2)](17) = exp[−0.04t],  
 

)2(
71[s (t,3)](17) = exp[−0.045t],  

 
)2(

71[s (t,4)](17) = exp[−0.05t]. 
 
The subsystem 5S  consist of components ,)5(

11E   

,)5(
21E  ,)5(

31E  with the conditional multi-state safety 
functions co-ordinates 
 

)5(
11[s (t,1)](17) = exp[−0.033t],  

 
)5(

11[s (t,2)](17) = exp[−0.04t],  
 

)5(
11[s (t,3)](17) = exp[−0.045t],  

 
)5(

11[s (t,4)](17) = exp[−0.05t],  
 

)5(
21[s (t,1)](17) = exp[−0.033t],  

 
)5(

21[s (t,2)](17) = exp[−0.04t],  
 

)5(
21[s (t,3)](17) = exp[−0.05t],  

 
)5(

21[s (t,4)](17) = exp[−0.055t],  
 

)5(
31[s (t,1)](17) = exp[−0.033t],  

 
)5(

31[s (t,2)](17) = exp[−0.04t],  
 

)5(
31[s (t,3)](17) = exp[−0.05t],  

 
)5(

31[s (t,4)](17) = exp[−0.06t].  
 
At the operation states 18z , i.e. at the unloading state 

the ferry is built of 218 =n  subsystems 3S  and 4S  
forming a series structure shown in Figure 29. 
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The subsystem 3S  consist of components ,)3(
11E  

,)3(
21E )3(

31E  with the conditional multi-state safety 
functions co-ordinates 
 

)3(
11[s (t,1)](18) = exp[−0.2t],  

 
)3(

11[s (t,2)](18) = exp[−0.3t],  
 

)3(
11[s (t,3)](18) = exp[−0.35t],  

 
)3(

11[s (t,4)](18) = exp[−0.4t],  
 

)3(
21[s (t,1)](18) = exp[−0.2t],  

 
)3(

21[s (t,2)](18) = exp[−0.25t],  
 

)3(
21[s (t,3)](18) = exp[−0.3t], 

 
)3(

21[s (t,4)](18) = exp[−0.4t],  
 

)3(
31[s (t,1)](18) = exp[−0.033t],  

 
)3(

31[s (t,2)](18) = exp[−0.04t],  
 

)3(
31[s (t,3)](18) = exp[−0.045t],  

 
)3(

31[s (t,4)](18) = exp[−0.05t]. 
 
The subsystem 4S  consist of component ,)4(

11E  with 
the conditional multi-state safety functions co-
ordinates 
 

)4(
11[s (t,1)](18) = exp[−0.05t],  

 
)4(

11[s (t,2)](18) = exp[−0.06t],  
 

)4(
11[s (t,3)](18) = exp[−0.065t],  

 
)4(

11[s (t,4)](18) = exp[−0.07t],  
 
 
6. Identification of the components safety 
models of real complex technical systems – 
using computer program 

The computer program consists of two parts. In the 
first part, the program allows to estimate unknown 
parameters of the exponential distributions of the 
component conditional lifetimes of the complex 
technical system in the subsets of safety states. This 

part of the program is based on the methods and 
algorithms for evaluating unknown parameters, 
especially the unknown intensities of component 
departure from the safety state subset presented in 
[1]. The maximum likelihood method is applied to 
estimating these intensities, considering different 
cases of the empirical experiments and including the 
cases of small number of realizations and non-
completed investigations. In the second part, the 
program allows to verify the hypotheses, that system 
components have exponential multistate safety 
functions with intensities of departure from the 
safety state subsets estimated by application of the 
first part of the program.   
The computer program may be used for real 
technical systems i.e. maritime transportation 
systems [6]. It may also be used to construct the 
integrated safety and safety decision support systems 
for various maritime and coastal transport sectors. 
This program together with the description may also 
be included into this training course addressed to 
industry.    
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