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   



 

   

 

find_d('[d>'(X,D,_Y,_Span),DF) :-  
(find_d(X,E) -> rat(D=<E,DF) ; DF=D). 
 
find_d('/d\\'(X,D,_Y,_Span),DF) :-  
(find_d(X,E) -> rat(D=<E,DF) ; DF=D). 
 
find_d(wait(D,_Span),DF) :- 
(fractoint(D,DF) -> true ; rat(D,DF)). 



 

[]

find_d(agent_call(_Span,F,Par),DF) :- 
unfold_function_call_once(F,Par,Value),find_d(Value,DF). 

 

find_d('\\'(Expr,_CList,_Span),DF) :- 
find_d(Expr,DV),(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
find_d(ehide(Expr,_CList,_Span),DF) :- 
find_d(Expr,DV),(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
find_d(';'(X,_Y,_SeqSpan),DF) :- 
find_d(X,DV),(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
find_d('/\\'(X,Y,_Span),DF) :- 
(find_d(X,D),find_d(Y,E) ->  rat(D=<E,DV) ;  
(find_d(X,D) -> DV=D ;  
(find_d(Y,E) -> DV=E ; fail))), 
(fractoint(DV,DF) -> true ; rat(DV,DF)). 



calculate_res(wait(D,Span),DV,Res) :-  
rat(D-DV,DF), 
(fractoint(DF,DFW) -> true ; DFW=DF), 
Res=wait(DFW,Span). 
 
calculate_res2(wait(D,Span),_DV,Res) :-  
rat(D,DF), 
(fractoint(DF,DFW) -> true ; DFW=DF), 
Res=wait(DFW,Span). 

calculate_res('[d>'(X,D,Y,Span),DV,Res) :-  
(calculate_res(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res2(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)), 
rat(D-DV,DF), 
(fractoint(DF,DFW) -> true ; DFW=DF), 
Res='[d>'(X1,DFW,Y1,Span). 
 
calculate_res2('[d>'(X,D,Y,Span),DV,Res) :-  
(calculate_res2(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res2(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)), 
rat(D,DF), 
(fractoint(DF,DFW) -> true ; DF=DFW), 
Res='[d>'(X1,DFW,Y1,Span). 



(cspm_trans('\\'(Expr,CList,Span),tau(hide(_ActionX)),_Res ,WF) -> fail 
 



(cspm_trans(';'(P,Q,SeqSpan),tau(tick(_)),_Res,_WF) -> fail ;

 



 



 



 





 

 

 

         
 

 
 

cspm_ttrans(stop(SrcSpan),time(SrcSpan),stop(SrcSpan),_). 
 
cspm_ttrans(skip(SrcSpan),time(SrcSpan),skip(SrcSpan),_). 
 
cspm_ttrans(prefix(SPAN1,Values,ChannelExpr,CSP,SPAN2),time(SPAN1), 

    prefix(SPAN1,Values,ChannelExpr,CSP,SPAN2), _). 









 

cspm_ttrans('[]'(X,Y,Span),A,Res,_) :- 
(find_d('[]'(X,Y,Span),DV) ->  
((DV == 0 ; (calculate_res('[]'(X,Y,Span),DV,Res) -> fail ; true)) -> fail ;  
( 
 (A=time(DV,Span),calculate_res('[]'(X,Y,Span),DV,Res)) ;  
 

(A=time(DV,E,Span),(cspm_ttrans(X,time(_D,E,_Span),X1,WF) -> Y1=Y ; 
cspm_ttrans(Y,time(_D,E,_Span),Y1,WF),X1=X),Res='[]'(X1,Y1,Span)) 

)) ;  
cspm_ttrans(X,_AX,X1,WF),cspm_ttrans(Y,_AY,Y1,WF),A=time(Span),Res='[]'(X1,Y1,Span)). 





 

 

cspm_ttrans(';'(P,Q,SeqSpan),A,Res,_) :- 
(cspm_trans(';'(P,Q,SeqSpan),tau(tick(_)),_Res,WF) -> fail ;  
(find_d(P,DV) ->  
((DV == 0 ; (calculate_res(';'(P,Q,SeqSpan),DV,Res) -> fail ; true)) -> fail ;  
( 
 (A=time(DV,SeqSpan), calculate_res(';'(P,Q,SeqSpan),DV,Res)) ;  
 
 (A=time(DV,E,SeqSpan), cspm_ttrans(P,time(_D,E,_Span),P1,WF),Res=';'(P1,Q,SeqSpan)) 
)) ;  
cspm_ttrans(P,_AP,P1,WF),A=time(SeqSpan),Res=';'(P1,Q,SeqSpan))). 

cspm_ttrans('\\'(Expr,CList,Span),A,Res,_) :- 
(cspm_trans('\\'(Expr,CList,Span),tau(hide(_ActionX)),_HideRes ,WF) -> fail ; 
(find_d('\\'(Expr,CList,Span),DV) ->  
((DV == 0 ; (calculate_res('\\'(Expr,CList,Span),DV,Res) -> fail ; true)) -> fail ; 
( 
 (A=time(DV,Span),calculate_res('\\'(Expr,CList,Span),DV,Res)) ;  
 
 (A=time(DV,E,Span),cspm_ttrans(Expr,time(_D,E,_Span),NExpr,WF), 

Res='\\'(NExpr,CList,Span)) 
)) ;  
cspm_ttrans(Expr,_AExpr,NExpr,WF),A=time(Span),Res='\\'(NExpr,CList,Span))). 



cspm_ttrans(val_of(X,Span),A,NewExpr,WF) :- symbol(RenamedX,X,_,_), 
   cspm_ttrans(agent_call(Span,RenamedX,[]),A,NewExpr,WF). 
 
cspm_ttrans(agent_call(Span,F,Par),NA,NNewExpr,WF) :- !, 
     unfold_function_call_once(F,Par,Value), 
  ~~pp_cll(cspm_ttrans(Value,A,NewExpr,WF)), 
    full_normalise_csp_process(NewExpr,NNewExpr), 
    merge_span_into_event(A,Span,NA). 

cspm_ttrans('/\\'(X,Y,Span),A,Res,_) :- 
(find_d('/\\'(X,Y,Span),DV) ->  
((DV == 0 ; (calculate_res('/\\'(X,Y,Span),DV,Res) -> fail ; true)) -> fail ;  
 
( 
 (A=time(DV,Span),calculate_res('/\\'(X,Y,Span),DV,Res)) ; 
 

(A=time(DV,E,Span),(cspm_ttrans(X,time(_D,E,_Span),X1,WF) -> Y1=Y ; 
cspm_ttrans(Y,time(_D,E,_Span),Y1,WF),X1=X),Res='/\\'(X1,Y1,Span)) 

)) ; 
cspm_ttrans(X,_AX,X1,WF),cspm_ttrans(Y,_AY,Y1,WF),A=time(Span),Res='/\\'(X1,Y1,Span)). 



 

 

 



 
 

cspm_ttrans('/d\\'(X,D,Y,Span),A,Res,_) :- 
rat(D,RD), 
( 
   (A=time(DV,Span), find_d('/d\\'(X,RD,Y,Span),DI), (fractoint(DI,DV) -> true ; rat(DI,DV)), 
   (DV == 0 -> fail ; calculate_res('/d\\'(X,RD,Y,Span),DV,Res))) ;  
   (A=time(DV,RD,Span), find_d('/d\\>'(X,RD,Y,Span),DI),(fractoint(DI,DV) -> true ; rat(DI,DV)), 
   (DV == 0 -> fail ; Res='/d\\'(X,_E,Y,Span))) 
). 

cspm_ttrans('[d>'(X,D,Y,Span),A,Res,_) :- 
rat(D,RD), 
( 
    (A=time(DV,Span), find_d('[d>'(X,RD,Y,Span),DI), (fractoint(DI,DV) -> true ; rat(DI,DV)), 
    (DV == 0 -> fail ; calculate_res('[d>'(X,RD,Y,Span),DV,Res))) ;  
 
    (A=time(DV,RD,Span), find_d('[d>'(X,RD,Y,Span),DI),(fractoint(DI,DV) -> true ; rat(DI,DV)), 
    (DV == 0 -> fail ; Res='[d>'(X,_E,Y,Span))) 
). 



  

 

/* Timeout */ 
cspm_trans('[d>'(X,D,Y,Span),AS,Res,WF) :- cspm_trans(X,A,X1,WF), 
 ((A=tau(_), Res='[d>'(X1,D,Y,Span))  ;  (top_level_dif(A,tau(_)), Res=X1)), 
 shift_span_for_left_branch(Span,LSpan), 
 merge_span_into_event(A,LSpan,AS). 
cspm_trans('[d>'(_X,0,Y,Span),tau(timeout(Span)),Y,_WF). 
 
/* Timed Interrupt */ 
cspm_trans('/d\\'(X,D,Y,Span),AS,Res,WF) :- cspm_trans(X,A,X1,WF), 
  (A=tick(_) -> Res=X1 ; Res='/d\\'(X1,D,Y,Span)), 
  shift_span_for_left_branch(Span,LSpan), 
  merge_span_into_event(A,LSpan,AS). 
cspm_trans('/d\\'(_X,0,Y,Span),tau(tInterrupt(Span)),Y,_WF). 

cspm_ttrans('-d->'(SPAN1,Values,ChannelExpr,D,CSP,SPAN2),time(SPAN1), 
    '-d->'(SPAN1,Values,ChannelExpr,D,CSP,SPAN2), _). 

cspm_ttrans(wait(D,SrcSpan),A,Res,_) :- 
(D == 0 -> fail ;  
( 
      (A=time(DV,SrcSpan), 
      cspm_ttrans('[d>'(stop(SrcSpan),D,skip(SrcSpan),Span),time(DV,Span), 
      '[d>'(stop(SrcSpan),0,skip(SrcSpan),Span),_),  
      Res=wait(0,SrcSpan)) ;  
 
      (A=time(DV,RD,SrcSpan), 
      cspm_ttrans('[d>'(stop(SrcSpan),D,skip(SrcSpan),Span),time(DV,RD,Span), 
      '[d>'(stop(SrcSpan),_E,skip(SrcSpan),Span),_),  
      Res=wait(_E,SrcSpan)) 
)). 







 



 

  



cspm_trans('-d->'(SPAN1,Values,ChannelExpr,D,CSP,SPAN2), io(EV,Channel,SPAN), 
           '[d>'(stop(SPAN2),D,NormCSP,SPAN), WF) :- 
   evaluate_channel_outputs(Values,ChannelExpr,EV,Channel,SPAN,WF), 
   unify_spans(SPAN1,SPAN2,SPAN), 
   full_normalise_csp_process(CSP,NormCSP). 

cspm_trans(wait(0,SrcSpan),tau(timeout(SrcSpan)),skip(SrcSpan),_). 



 



 



definite_cspm_process_construct('[d>'(A,D,B,Span),[Span],[D],[A,B]). 
definite_cspm_process_construct('/d\\'(A,D,B,Span),[Span],[D],[A,B]). 
definite_cspm_process_construct('-d->'(Span,_A,_B,D,C,Span2),[Span,Span2],[_A,_B,D],[C]). 
definite_cspm_process_construct(wait(D,Span),[Span],[D],[]). 

cspm_transition(State,Time,NewState) :- State \= root, 
   %print(comp),nl, 
   cspm_ttrans_enum(State,Time,NewState). 
   %print(new(NewState)),nl. 



 

:- dynamic timedata/2. 
timedata(v_0,[]). 

binary_csp_op('[d>'(X,D,Y,_Span),X,D,Y,'[d>'). 
 
binary_csp_op('/d\\'(X,D,Y,_Span),X,D,Y,'/d\\'). 
 
pp_csp_process(delay(_SPAN1,Values,ChannelExpr,D,CSP,_SPAN2),S,T) :- !, 
  pp_csp_value_l([ChannelExpr|Values],'.',S,['-',D,'->'|S2],20), 

pp_csp_process(CSP,S2,T). 
 
pp_csp_process(wait(D,_Span),S,T) :- !, S=['WAIT ',D|T]. 

translate_event2(time(_Span),['Evolution Transition [0..inf)'|T],T) :- 
process_algebra_mode, !.  /* CSP */ 
 
translate_event2(time(D,_Span),['Evolution Transition ',D|T],T) :-  
process_algebra_mode, !.  /* CSP */ 
 
translate_event2(time(D,_,_Span),['Evolution Transition [0..',D,')'|T],T) :- 
process_algebra_mode, !.  /* CSP */ 
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   

       
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channel a, b 
MAIN = a –{8}-> (OTHER\{b}) 
OTHER = b -> SKIP 
 



  

 

 

SKIP [{7}> (a -> STOP [{2}> b -> SKIP) 
 

 

 

    

 



 

SKIP /{7}\ (a -> STOP /{2}\ b -> SKIP) 
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 

 





  



 

 

 

 





 

 

 

 



 

http://www.uppaal.com/


http://crpit.com/confpapers/CRPITV4Winter.pdf


 
 

 

 

 

 

 
 

 

 

 

 

 



 

 

 
 

 

 

 

 

 
 



gcd(X,X,X):- !. 
gcd(X,0,X):- !. 
gcd(0,X,X):- !. 
gcd(_X,1,1):- !. 
gcd(1,_X,1):- !. 
gcd(X,Y,Z):- 
X>Y, !, XY is X mod Y, gcd(XY,Y,Z). 
gcd(X,Y,Z):- 
X<Y, !, YX is Y mod X, gcd(X,YX,Z). 
 
lcm(X,Y,LCM):- 
gcd(X,Y,GCD), LCM is X*Y//GCD. 
 
simplify(A/A,1/1):-!. 
simplify(A/1,A/1):-!. 
simplify(1/A,1/A):-!. 
simplify(A/B,C/D):- 
gcd(A,B,E), C is A//E, D is B//E. 
 
rat(A/B+C/D,E/F):- !, 
lcm(B,D,Den), N is A*(Den//B) + C*(Den//D), simplify(N/Den,E/F). 
rat(X+Y,E/F):- 
rat(X,C/D), rat(Y,A/B), !, rat(C/D+A/B,E/F). 
 
rat(A/B-C/D, E/F):- !, 
lcm(B,D,Den), N is A*(Den//B) - C*(Den//D), simplify(N/Den,E/F). 
rat(X-Y,E/F):-  
rat(X,C/D), rat(Y,A/B), !, rat(C/D-A/B,E/F). 
 
rat(A/B=<C/D,E/F):- !, 
AB is A/B,CD is C/D,(AB=<CD -> E/F = A/B ; E/F = C/D). 
rat(X=<Y,E/F):- 
rat(X,C/D), rat(Y,A/B), !, rat(C/D=<A/B,E/F). 
 
rat(A/B>=C/D,E/F):- !, 
AB is A/B,CD is C/D,(AB>=CD -> E/F = A/B ; E/F = C/D). 
rat(X>=Y,E/F):- 
rat(X,C/D), rat(Y,A/B), !, rat(C/D>=A/B,E/F). 
 
rat(A/B, SA/SB):- 
CA is A, CB is B, !, simplify(CA/CB,SA/SB). 
rat(A, CA/1):- 
CA is A. 
 
fractoint(A/1,A). 
fractoint(A/A,1). 
fractoint(A,A) :- integer(A). 



  

 

 

find_d('[]'(X,Y,_Span),DF) :- 
(find_d(X,D),find_d(Y,E) ->  rat(D=<E,DV) ;  
(find_d(X,D) -> DV=D ;  
(find_d(Y,E) -> DV=E ; fail))), 
(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
find_d(aParallel(_CList,X,_CListY,Y,_SrcSpan),DF) :- 
(find_d(X,D),find_d(Y,E) ->  rat(D=<E,DV) ;  
(find_d(X,D) -> DV=D ;  
(find_d(Y,E) -> DV=E ; fail))), 
(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
find_d(eaParallel(_ECList,X,_ECListY,Y,_SrcSpan),DF) :- 
(find_d(X,D),find_d(Y,E) ->  rat(D=<E,DV) ;  
(find_d(X,D) -> DV=D ;  
(find_d(Y,E) -> DV=E ; fail))), 
(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
find_d('|||'(X,Y,_Span),DF) :- 
(find_d(X,D),find_d(Y,E) ->  rat(D=<E,DV) ;  
(find_d(X,D) -> DV=D ;  
(find_d(Y,E) -> DV=E ; fail))), 
(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
find_d(sharing(_CList,X,Y,_Span),DF) :-  
(find_d(X,D),find_d(Y,E) ->  rat(D=<E,DV) ;  
(find_d(X,D) -> DV=D ;  
(find_d(Y,E) -> DV=E ; fail))), 
(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 
 
find_d(esharing(_CList,X,Y,_Span),DF) :- 
(find_d(X,D),find_d(Y,E) ->  rat(D=<E,DV) ;  
(find_d(X,D) -> DV=D ;  
(find_d(Y,E) -> DV=E ; fail))), 
(fractoint(DV,DF) -> true ; rat(DV,DF)). 
 

 

 



  

 

 

calculate_res('[]'(X,Y,Span),DV,Res) :-  
(calculate_res(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)), 
Res='[]'(X1,Y1,Span). 
 
calculate_res(aParallel(CListX,X,CListY,Y,SrcSpan),DV,Res) :- 
(calculate_res(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)) 
,Res=aParallel(CListX,X1,CListY,Y1,SrcSpan). 
 
calculate_res(eaParallel(ECListX,X,ECListY,Y,SrcSpan),DV,Res) :- 
(calculate_res(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)), 
Res=eaParallel(ECListX,X1,ECListY,Y1,SrcSpan). 
 
calculate_res('|||'(X,Y,Span),DV,Res) :-  
(calculate_res(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)), 
Res='|||'(X1,Y1,Span). 
 
calculate_res(sharing(CListX,X,Y,SrcSpan),DV,Res) :- 
(calculate_res(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)), 
Res=sharing(CListX,X1,Y1,SrcSpan). 
 
calculate_res(esharing(CListX,X,Y,SrcSpan),DV,Res) :- 
(calculate_res(X,DV,X1) -> true ; cspm_ttrans(X,_AX,X1,WF)), 
(calculate_res(Y,DV,Y1) -> true ; cspm_ttrans(Y,_AY,Y1,WF)), 
Res=esharing(CListX,X1,Y1,SrcSpan). 



  

 

 

calculate_res('\\'(Expr,CList,Span),DV,Res) :- 
(cspm_trans('\\'(Expr,CList,Span),tau(hide(_ActionX)),_Res ,WF) -> fail ; 
(calculate_res(Expr,DV,NExpr) -> true ; cspm_ttrans(Expr,_AX,NExpr,WF)), 
Res='\\'(NExpr,CList,Span)). 
 
calculate_res(ehide(Expr,CList,Span),DV,Res) :- 
(cspm_trans(ehide(Expr,CList,Span),tau(hide(_ActionX)),_Res ,WF) -> fail ; 
(calculate_res(Expr,DV,NExpr) -> true ; cspm_ttrans(Expr,_AX,NExpr,WF)), 
Res=ehide(NExpr,CList,Span)). 
 
calculate_res(';'(P,Q,SeqSpan),DV,Res) :-  
(cspm_trans(';'(P,Q,SeqSpan),tau(tick(_)),_Res,_WF) -> fail ; 
(calculate_res(P,DV,P1) -> true ; 
cspm_ttrans(P,_AP,P1,_WF)),Res=';'(P1,Q,SeqSpan)). 
 
calculate_res('/\\'(X,Y,Span),DV,Res) :-  
(calculate_res(X,DV,X1) -> true ; 
cspm_ttrans(X,_AX,X1,WF)),(calculate_res(Y,DV,Y1) -> true ; 
cspm_ttrans(Y,_AY,Y1,WF)),Res='/\\'(X1,Y1,Span). 
 
calculate_res(agent_call(_Span,F,Par),DV,Res) :-  
unfold_function_call_once(F,Par,Value),calculate_res(Value,DV,Res). 



 

update_result(CSPState,Modifier,CurD,NewState) :-  
((CSPState =.. [OP,X,Y,Span],((OP == '\\' ; OP == ehide ; OP == ';') ->  

NewState =.. [OP,X1,Y,Span] ; NewState =.. [OP,X1,Y1,Span]) ;  
CSPState =.. [OP,CList,X,Y,Span],(OP == sharing ; OP == esharing), 

NewState =.. [OP,CList,X1,Y1,Span] ;  
CSPState =.. [OP,CListX,X,CListY,Y,Span], 

NewState =.. [OP,CListX,X1,CListY,Y1,Span]) 
-> update_result(X,Modifier,CurD,X1), 
   ((OP == '\\' ; OP == ehide ; OP == ';') -> true ; update_result(Y,Modifier,CurD,Y1)) ; 

((CSPState =.. [OP,X,E,Y,Span] ->  
(ground(E) -> CSPStateD =.. [OP,X,E,Y,Span] ; CSPStateD =.. [OP,X,CurD,Y,Span]) ; 

        CSPState =.. [OP,E,Span],  
(ground(E) -> CSPStateD =.. [OP,E,Span] ; CSPStateD =.. [OP,CurD,Span]))  

 -> calculate_res(CSPStateD,Modifier,NewState) ; NewState=CSPState) 
). 



 

 



 

 



 

 

 

 



 



  

 





 



 

 

 



 

 

 



  
 

  
 

  
 

  

 



 


