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Formal Specification and Verification Method for
Hard Real-time Systems

SATOSHI YAMANE*

Hard real-time systems have ongoing interactions with external environments, and consist

of concurrent processes.

It is important to verify whether hard real-time systems satisfy

safety and liveness properties or not. In this paper, we integrally specify concurrency, timing
constraints, functions by generalizing our timed statechart. Moreover, we represent opera-
tional semantics of timed statechart using Pnueli’s clocked transition systems. Next, we verify
whether timed statechart satisfies safety and liveness properties or not by deductive proofs.
Finally, we propose a refinement verification rule and verify whether concrete specification

refines abstract specification or not.
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Fig.1 Example of statechart.
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TEMP = HOT

0<cI<7, ¢1:=0, message=room is_hot /
\ 0<c1¢5, c1:=0, message=room is hot / is_room_hot:=2
is_room_hot:=1

5¢c1<10, ¢1:=0, message=room_is_cool
is room hot:=0 [ ac:=L || VS assert:=L

0<c1<10, t1:=0, message=room_is_hot /
is_room_hot:=is_room_hot+1

vhot

0<c245, ¢2:=0, message=close_door /\ is_room_hot)=1
\ is door close:=1 | ac:=1| VS assert:=on

)
>
<
<

5¢c2<10, ¢2:=0, message=open_door
is door close:=1 ||ac:=L || VS assert:=1

02 0000000000Ooooooon
Fig.2 Example of specification of timed statechart.
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0<c1<5, c1:=0,
message=room_is_hot /
is_room_hot:=1

5<c1<10, c1:=0,
message=room_is_cool /

A
is_room hot:=0 || ac:=L ||
cool Xopen ) vs assert:= L
~

A serda0,eli=0,
message=roon_is_cool /
is_roon_hot:=0 | ac:=L ||

0<c2¢5, ¢2:=0, VS_assert:=L1
message=close_door
A is_room_hot>=1 /
is_door_close:=1 ||
ac:=1|| VS_assert:=on

0<c2¢5, ¢2:=0,
message=close_door
A is_room_hot>=1 /
is_door_close:=1|
ac:=1| VS_assert:=on

5¢c2<10, ¢2:=0,
message=open_door /
is_door_close:=L ||
ac:=1 || VS assert:=L

0<c1<5, ¢1:=0,

message=room_is_hot / '
is_room_hot:=1

Y

<

5¢c1<10, c1:=0,
message=room_is_cool /
is_room_hot:=0 [ ac:=L ||
VS_assert:=1

5¢c1<10, c1:=0,
message=room_is_cool /
is_room hot:=0 || ac:=1
[| VS assert:=L
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l 0<c1<7, c1:=0,
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message=room_is_hot
is_room_hot:=2

0<c1<10, ¢1:=0,
message=room_is_hot /
is_room_hot:=is_room_hot+1

0<c245, ¢2:=0,
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A is_room_hot>=1 /
is_door_close:=1||
ac:=1 || VS_assert:=on
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message=open_door /
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ac:=1; VS assert:=.1

5¢c2<10, ¢2:=0,
message=open_door /
is_door_close:=1 ||

0¢e 1<, ¢1:=0,
cleh e ac:=L || VS assert:=L

message=room_is_hot /
is_room hot:=2

0<c1<10, ¢1:=0,
message=room_is_hot /
is room hot:=is room hot+l

03 00O0ooOoooooooooooboooo
Fig.3 Example of construction of flat timed statechart.
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Fig.6 Abstract specification of aircon control system.
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