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Abstract: A reactive system does not terminate and its behaviors are typically defined as a set of infinite
sequences of states. In formal verification, a requirement is usually expressed in a logic, and when the models of the
logic are also defined as infinite sequences, such as the case for LTL (linear temporal logic), the satisfaction relation
is simply defined by the set containment. However, this satisfaction relation does not work for interval temporal
logics, where the models are finite sequences. In fact, for different interval based properties, different satisfaction
relations are sensible. Two classes of finitary properties are identified, and then two satisfaction relations are
defined for them, which are unified by a general relation. A model checking algorithm is proposed and implemented
in a verification tool for QRDC (quantified RDC (restricted duration calculus)), which is an interval temporal logic.
The tool QRDChecker can check the validity of QRDC formulae under both continuous and discrete interpretations.
Moreover, for discrete QRDC, it can also translate the formulae into an automaton in the form accepted by the Spin
model checking system, which can be subsequently used to verify a reactive system against properties expressed in
the logic.
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Fig.1 Architecture of QRDChecker
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“const” , , . =
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const BOUND=4;
“define” ,
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il 1 (
) .
QRDChecker MicroSoft™ Visual C++ 6.0 C++ ,
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Table 1 Operators in QRDChecker
1 QRDChecker
Mathematical sign ASCII Priority  Association Meaning Example
v | 0 Left Or p1lp2
A & 1 Left And pP1&p2
= => 2 Left Imply [pa]=>[pa]
& <=> 2 Left Iff [p1]<=>[p2]
" N 3 Left Chop [pa]"[p2]
> > 4 None Bigger than {p1}>5
< < 4 None Less than {p1}<5
= = 4 None Equal {p1}=5
> >= 4 None Not less than {p:}>=5
< <= 4 None Not bigger than {p1}<=5
% 1= 4 None Not equal {p:}'=5
+ + 5 Left Plus 445
- - 5 Left Minus 4-5
x * 6 Left Times 4*5
+ / 6 Left Division 4/5
- - 7 Right Unary minus -5
- ! 8 Right Negation Ipy
o <> 8 Right Sometimes <>[p1]
0 i 8 Right Always [lp1]
3 Exist 8 Right Existential quantification Exist p1([1[p1])
v Forall 8 Right Universal quantification Forall pi(<>[p1])
0 0 9 Left Brace (P1lp2)&ps
T 1 9 None Duration invariant [pa]
| {3 9 None Accumulated time duration {p1}
:Peterson
, QRDChecker Peterson 2 Promela
1. #define true 1 22. }
2. #define false 0 23.
3. #define aturn 1 24. proctype b()
4.  #define bturn 0 25. {
5. 26. do
6. bool areq, breq, turn; 27. n atomic{breq=true;
7. bool ain; 28. turn=aturn; }
8. bool bin; 29. (areq==false||turn==bturn);
9. 30. bin=true;
10. proctype a() 31. /* critical section*/
11, { 32. /* assert(ain==false);*/
12. do 33. bin=false;
13. " atomic{areq=true; 34. breg=false;
14. turn=bturn;} 35. od;
15. (breg==false|[turn==aturn); 36. }
16. ain=true; 37.
17. /* critical section cs*/ 38. init
18. /* assert(bin==false);*/ 39.
19. ain=false; 40 run a(); run b();
20. areq=false; 41. %}
21. od;
Fig.2 Promela model for Peterson algorithm
2 Peterson Promela
, 3 turn,areq  breq. 15 29 ,
, turn ain  bin
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DQRDC , |
Req; = [(1>1=]] —(ainabin) T]).
,Promela 3 . , “accept”
1. never{ 12. T2
2. TO_init: 13. if
3 if 14. ::((Yain||!bin))—>goto T2
4 :igoto T1 15. ::((ain && hin))—>goto accept_5
5. fi; 16. fi;
6. TI1 17. accept_5:
7 if 18. if
8 ::((true))—>goto T1 19. ::((true))—>goto accept_5
9. ::((*ain]|'bin))—>goto T2 20. fi;
10. ::((ain && bin))—>goto accept_5 21. }
11. fi;
Fig.3 Temporal claim for Req;
3
: ( 18 32 )
, ! 2 , 1
Req, = [T areqabin) T1T —bin TT bin Tl=0l ain ).
: 4
1. never{ 16. T6:
2. TO_init: 17. if
3. if 18. :(("bin && lain))—>goto T6
4. ::goto TO 19. :((bin && 'ain))—>goto accept_14
5. fi; 20. fi;
6. TO: 21. accept_14:
7. if 22. if
8. ::((true))—>goto TO 23. ::((true))—>goto accept_19
9. :((areq && bin && lain))—>goto T2 24. ::((bin && lain))—>goto accept_14
10. fi; 25. fi;
11. T2 26. accept_19:
12. if 27. if
13. 2:(('bin && 'ain))—>goto T6 28. ::((true))—>goto accept_19
14. :((areq && bin && lain))->goto T2 29. fi;
15. fi; 30. }
Fig.4 Temporal claim for Req,
4 Rqu
,Spin
4
QRDChecker )
LTL )
.QRDChecker , LTL ,
DQRDC LTL ,Peterson Req,,
, LTL
.Skakkebaek  Sestoft!™!] , PVS
.Pandyal® DCValid Monal*? Mona , Mona
, . , DCValid
QRDChecker ,
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