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Model Driven Verification Process for Software Design

SHINICHI NAGANO,ttt NOBUKAZU Y OSHIOKA,tt YASUYUKI TAHARA't
and SHINICHI HONIDEN(t

This paper proposes a model-driven verification process that is yet another software pro-
cess. Generally, verification is a very difficult task that calls for practical tips and experiences.
However, no verification processes have been established systematically along with the tips
and experiences. As a result, it is still difficult for software developers without enough expe-
riences to begin on the verification task. The proposed process is a solution to this issue. It
is defined as transformation procedures of intermediate products yielded during verification,
systematizing the order and the contents of the activities needed for verification. The pro-
cess has the following two advantages. First, it makes clear how to use the practical tips of
verification. Second, the inverse images of the model transformation procedures result in the
definition of debugging process for detecting design faults. We also illustrate a case study of
application of three verification process instances using three model checkers, SPIN, Cadence
SMV, and LTSA, respectively, to digital appliance control software. With the results of the
applications, we evaluate the advantages and the effects of our proposed process.
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Fig.1 Overview of the verification process.
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Fig.2 Dependency between models.
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Fig.3 Element E11 of the DM.
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Fig.4 Element E21 of the MCIM.
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Fig.5 Element E33 of the MCSM for SMV.

goooboooooooooooooooooooon
000000000 000o0ooooSMVOSPING
LTSAOOODOOOOOOO0OO0O000ogrFSMM
o0 FSMOOOOOCOOO0O0O0OO0OO0ODOOFSPO
oo0O0O00000oOoLTscooooMcsM 005
ooOoooOoocoooOo0oE3s1ICMCIMOOCDOOOO
goooboooooooooooonbo0oE320000
O000000E330000oonDo0OE340000O
OoOOE3ODOOOOOOOOOO0OOOO0OOOO0
ODOE360DOO0O00O0E240000000000OE310
E33000000000000000000000E34
OE30000000C0E360 LTLOOOOOODOO
SMvOOO MCSMOOOOOOO 50000

gobooooo40000000000000

T2100000000000UMLOOE22000
goooooooboooooooooocoonoooo
gooobobooooooobooboooooooooon
ooooooooooobooooooooooooo
gobooobooooooooooon

T22 MCIMOOOOO0O0O00OO0OO0O0O0O0OO
ocoooooooOoOO0O UMLOOE21000000
O000o00o0oooOoLTSsAOOoOoOoOoOoooooo
gooooooooooooocooooobooooo
goooooooooooooobooooonoooo
dodoodooooooooooooboooooo
gobooooboooooooooboooooo

T23 MCIM OO MCSMOOOOQODOOOOO
gooooooooooT220000000 UMLO
ooooooooooessoobooooooooon
MCIMOOOOOOOOOODO 100000000
goooobooooboooi1oobocoooooooo
goooboooboooooocooooboooooooo
ooooooooooooooobooooooo
gobobooooooboeEz2so0O0o0oOoOoooooon
goooboooooooooooooboooboooooo
goooooooooobooooooooooooobo
goeEsbooooooooooooooooooon

goooooooOoooooooooobobooooo 197

-

module hd_mod(dvd){

/* define state transtions */
state : {waiting, ready, playing};
init(state) := waiting;
next(state) := case {

1 : ready;

2 : playing;

t3 & (enabled = 3) : waiting;

t4 & (enabled = 4) : waiting;
0. default : state;
1 .

SToeeNoarON

12. DEFINE t1 := ~delay & (state = waiting) & req_reserve_HD;

13. DEFINE t2 := ~delay & (state =ready) &req_play_HD;

14. DEFINE t3 := ~delay & (state = playing);

15. DEFINE t4 := ~delay & (state = playing) & req_stop_HD;

16. DEFINE delay := set_ack_reserve_HD | set_ack_play _HD |
set_playing_terminated_HD;

17. /* define nondetermination between t3 and t4 */
18. enabled : {0,3,5};

19. init(enabled) := 0;

20.  next(enabled) := case {

21. next(t3) & next(t4) : {3,4};

22. next(t3) : 3;

23. next(t4) : 4;

24. default : 0;

25. L

26. /* System properties */
27. reachability : assert F(hd.state=waiting);
28. liveness  : assert G(hd.state=waiting -> F(hd.state=ready));

29. liveness
30.
31. }

: assert G(hd.state=ready -> F(hd.state=waiting));

06 SMV DO MCDOO
Fig.6 Example of a MCD for SMV.
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Table 1 Verification process instances using SPIN, SMV and LTSA.
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Fig.10 Detecting a timing error with SMV.
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Fig.8 Element E33 of the MCSM for LTSA.

/I definition of HD recorder
HD_REC = (waiting -> WAIT),
WAIT = (in[Req_reserve_HD] -> out[Ack_reserve_HD] -> READY),
READY = (in[Req_play_HD] -> playing -> out[Ack_play_HD] -> HD_STOP),
HD_STOP = (in[Req_stop_HD] -> HD_REC
|out[Playing_terminated_HD] -> HD_REC)+{out[Event]}.

OO hON

~N

progress HD_WAIT = {hd.waiting}
8. progress HD_PROG = if {hd.waiting} then {hd.playing}

09 LTSAO MCD OO
Fig.9 Example of a MCD for LTSA.
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Fig.11 Tracing an error in MCSM for SMV.
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Progress violation: HD_LOOP 24
Trace to terminal set of states: 25
hd.waiting 26.
dvd.waiting 27.

; Cycle in terminal set:
3

4.

5 usr.waiting 28
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Fig. 12 Detecting a timing error with LTSA.
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Fig.13 Tracing an error of MCSM for LTSA.
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Table 2 Relations between verification tasks and related works.
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