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Specification and Verification of
Real-time Concurrent Software

SATOSHI YAMANE!

It is necessary to specify and verify concurrent processes including timing constraints in
real-time concurrent software. For this reason, we have reported the specification and veri-
fication method by timed statechart. Using this method, we have verified the properties of
fairness and regularity by language inclusion algorithm, but can not verfiy the property of
possibilities. In this paper, we propose the verification of both fairness and possibilities using
model checking algorithm and language inclusion algorithm. The main feature is as follows.
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(1)

semantically equal to timed statechart.

(2)

inequalities method.

We generate timed Kripke structure from timed statechart. Timed Kripke structure is

In order to avoid the state explosion problem, model checking algorithm is based on

We have developed the verification system based on the proposed method, and have shown it

effective.
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System specification ;
System configuration ;
system=accel X engine Xtransmission Xbrake :

Process specification(accel) :
State definition part acceloff state, accel increase state. accel invariance state. accel decrease state:
Event definition part acceloff, accelkeep, accelon .carstop:
Initial state definition part acceloff ;
Acceptance state definition part accel increase state, accel invariance state. accel decrease state :
State transition definition part

accel off state +accelon, x:=0  *accel increase state

accel increase state ~accelkeep, x= 1 —accel invariance state ;

accel invariancestate—~accelon, x 2 5 *accel increase slate ;

accel invariance state - *acceloff, x =0-+accel decrease state ;

accel decrease state *accelon, x:=0--*accel increase state ;

accel decrease state *carstop, x 10-+accel off state :
end;

Process specification(brake) ;
State definition part brake off state, normal brake state, ABS state, brake on state :
Substate definition part
brake on state=normal brake state + ABS state ;

Event definition part brakeon, brakeoff, lock, lockrelease :
Initial state definition part brake off state :
Acceptance state definition part normal brake state. ABS state :
State transition definition part

brake off state  >brakeon, w:=0-~brake on state ;

brake on state ~brakeoff, w=5 ~+brake off state :

normal brake state *lock, w:=0- *ABS state ;

ABS state- *lockrelease, w <7 -*normal brake state :
end ;

14 T2 FNDANF— 5§
Fig. 14 Example of input data of compiler.
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Table 1 Evaluation of space and time complexity.

AR AR R L A®) &
HEpH | A VrEoRAEEELE (a) 133 sec 5500 kb
wEs | VR ELE (b) 226 sec 12333 kb
AT L | RO R (a) 111 sec 4512kb
WEEEDRAEPEH B (D) | 122sec 4213 kb

1= | NV oREEELHK (a) 27 sec 552kb
7 b | A VoG E LK (b) 55 sec 1321 kb
nREME D RRAEPEH AL (2) 23 sec 455 kb
o EEPE D RAEEE fEHE (b) 21 sec 432kb
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