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Abstract Model Checking of Concurrent Garbage Collection
by Regular Expressions

KoicHI TAKAHASHIT and MASAMI HAGIYATt

Model checking, which is a framework for automatically verifying a system by enumerating
its entire state space, always faces the problem of state space explosion. Although abstract
model checking is considered as a promising technique for solving the problem, a general
method that can abstract linked structures, such as memory or network, was not known. In
this paper, we propose a method for abstracting linked structures independent of their size.
By the method, each cell in a linked structure is abstracted by whether it satisfies each of
the predefined regular expressions. The entire linked structure is then abstracted by a set of
abstract cells, each of which is a result of abstracting a cell. For showing the effectiveness of
the method, we did abstract model checking of the safety property of several algorithms for
concurrent garbage collection.
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Table 1 Operations of mutator.
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Table 2 Operations of collector.
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Table 4 Results.
oo oooooo
oo shade | mark | append | unmark
0oooooo 6 40 69 47 7
0ooooooooo 5 58 69 35 73
oooooooo 7 53 85 40 91
oooooooooooo 6 53 85 52 95

0400000000000 Dr = {f,b,g,w,r}0
Dp ={r,[bguw]*r,w*¢} 000000000 ODOOO
oooooooooooo

000000000 shade0OOOOO0OOOOODO
ooooo0oooooOOooooOoOoOoooDoOooOoOoooOn
OO0 mark 0000000000 Oappend 00000
O00000uwnark O00OO0O0OOO0O0O0OCDOOO
O000000000O0Oshade 0000 00OOOOO
gooooooooooopoOooo 200000 4
coboooobooooooboobooooobbooooo
ooooooooboobOooooooooooooo
0000000 B)Uoooooooooooooo
ocooooOOoooOoooooOoOoooOOO0OD0O000n
ooooooooooo

4. 0 a

gooobooooooooooboooboooooooo
goobooooobo0ooobooooooooooDo
ooooobooooooboobo0o00o0ooonoooo
gooooooooobooooooooooobood
gboooooboooooooooooooooooo
ooooodoooooobooooooboooboooDo
gooooooobooobobooOoobocobobooboooon
goooooooooobooooooobooooDo
ooooobooobooboboo 1000000
gboooocooooooooooobooooboobooo
ooboooooooboboDo

gooobobbooooob11000bo0oooooo
gobooobooooooooobooooooooo
ooboboooooooooooooooooobon
goooooooooobobooooooobooboo
gooooboooocoooooooboooooooo
gobtooooboooboobooboOooobooboon
goboooooooboooo

gbobooooobooooooooooooooon
OO000O0 PYVSO HOLOOOOOOOOOOODO
goooooboooo

o0 Ooooooooobobooooboobooobo

ooBO 2000000000000 @0 114800620
oooooooooon

o o o o

1) Bruns, G.: Distributed Systems Analysis with
CCS, Prentice Hall (1997).

2) Clarke, E.M., Grumberg, O. and Long, D.E.:
Model checking and abstraction, ACM Trans.
Prog. Lang. Syst., Vol.16, No.5, pp.1512-1542
(1994).

3) Dijkstra, E.W., Lamport, L., Martin, A.,
Scholten, C. and Steffens, E.: On-the-Fly
Garbage Collection: An Exercise in Coopera-
tion, Comm. ACM, Vol.21, No.11, pp.966-975
(1978).

4) Havelund, K.: Mechanical Verification of a
Garbage Collector, 4th International Work-
shop on Formal Methods for Parallel Program-
ming: Theory and Applications (FMTPTA
’99), pp.1258-1283 (1999).

5) Long, D.E.: Model Checking, Abstraction,
and Compositional Reasoning, Ph.D. Thesis,
Carnegie Mellon University (1993).

6) Miiller, O. and Nipkow, T.: Combining Model
Checking and Deduction for I/O-Automata,
Tools and Algorithms for the Construction and
Analysis of Systems, Lecture Notes in Com-
puter Science, Vol.1019, pp.1-16 (1995).

7) Pnueli, A.: Deductive vs.Model-Theoretic Ap-
proaches to Formal Verification, Automated
Deduction, CADE-15, Lecture Notes in Artifi-
cial Intelligence, Vol.1421, pp.301-301 (1998).

8) Sagiv, M., Reps, T. and Wilhelm, R.: Solv-
ing Shape-Analysis Problems in Languages
with Destructive Updating, POPL’96: The
238th ACM SIGPLAN-SIGACT Symposium on
Principles of Programming Languages, pp.16—
31 (1996).

9) Schmidt, D. and Steffen, B.: Program Analy-
sis as Model Checking of Abstract Interpreta-
tions, Static Analysis, Lecture Notes in Com-
puter Science, Vol.1503, pp.351-380 (1998).

10) Schmidt, D.A.: Data-flow Analysis is Model
Checking of Abstract Interpretations, POPL’98:



70 goooooooooooooooo

The 25th ACM SIGPLAN-SIGACT Sympo-
sium on Principles of Programming Languages,
pp-38-48 (1998).

11) van Rossum, G.: Python Tutorial (1998).
http://www.python.org/doc/tut/tut .html.

12) Yuasa, T.: Real-Time Garbage Collection on
General-Purpose Machines, Journal of Systems
and Software, Vol.11 (1990).

13) D000O0o0oooooouooooooon
0000000000 200000000000
O000O0o0OoooooOoOoOooooo SPA 99
(1999).

14) 000000000 O00oOoOoooOoooooo
0 O Vol.35, No.11, pp.1006-1013 (1994).

(00 12050 26000)
(00 120 90 8 0O0O)

Feb. 2001

oo oo

oo 3suoooooe3nonooon
gooooooooooooooon
goooobdoooooobooo
goooooocoboooooooon
goboooooobooooooooo

goooooo

o0 ooooooo

oo 3200000 5700000
ooooooooocoooooon
goooooooooooooon
goooooooobooooooon
gooooDoOoOoooooomo
goooooooob0oooooobooooooooboo
gboboooooobooooooooooooooo

gbooooobooooooooog




