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LMNtal is a modeling language based on hierarchical graph rewriting, and its implementation SLIM features
state space search and an LTL model checker. Several variations and extensions of the SLIM have been developed,
and all of them achieve their functionalities by modifying SLIM written in C. If a model checker is implemented in
the modeling language itself, it should be easy to develop prototypes of various model checkers without changing
the base implementation of the model checker. This approach is called metaprogramming which has been taken
extensively in Lisp and Prolog communities. In this paper, we design a framework for implementing extendable
model checkers. First, we define first-class rewrite rules to extend a modeling language. Second, we design an
API to operate on the states of programs. These features enable programmers to handle state transition graphs as
first-class objects and implement diverse variants of a model checker without changing SLIM. We demonstrate it
by implementing an LTL model checker, a CTL model checker and a TCTL model checker. Furthermore, we show
how easy it is to extend these model checkers in our framework by extending the CTL model checker to handle
fairness constraints. The overhead of metainterpretation is around an order of magnitude or less. All these results
demonstrate the viability of the resulting framework based on meta-interpreters that handle explicit state space in
a flexible manner.
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Ret=run(Rs, {$ini[]}):-

Ret=exp0(Rs, s(ID,{$ini[]}),
state_space.state_map_find(state_space.state_map_init, {$ini[]}, ID),
set.empty, set.empty).

Ret=exp0(RS, S0, Map, Ss, Ts), S0 = s($id,{$ini[]}) :- int($id)|
Ret=exp(RS, [s($id,{$ini[]})], Map, set.insert(Ss, $id), Ts),ini($id).

Ret=exp(RS, S0, Map, Ss, Ts), S0 = [s($id,{$src[]})|Stk] :- int($id)|
Ret=suc(R, Stk, Exp, p($id,{$src[]}), Map, Ss, Ts),

Exp=state_space.react_nd_set(RS, {$src[]}, R).
Ret=exp({$rs[],@rs}, [], Map, Ss, Ts), ini(I) :-
Ret=state_space(I, Map, Ss, Ts).

Ret=suc(RS, Stk, [{$dst[]}|Suc], Src, Map, Ss, Ts) :-
M=state_space.state_map_find(Map, {$dst[]}, ID),
Ret=ns0(RS, Stk, Suc, Src, p(ID,{$dst[]}), M, Ss, Ts).

Ret=suc(RS, Stk, [], p($id,{$src[]}), Map, Ss, Ts) :- int($id) |
Ret=exp(RS, Stk, Map, Ss, Ts).

Ret=ns0(RS, Stk, Suc, Src, p($d,D), Map, Ss, Ts) :- int($d) |
Ret=ns(RS, Stk, Suc, Res, Src, p($d,D), Map, S, Ts),
S=set.find(Ss, $d, Res).

Ret=ns(RS, Stk, Suc, some, p($s,Src), p($d,Dst), Map, Ss, Ts) :-
int($s), int($d) |

Ret=nt(RS, Stk, Suc, Res, p($s,Src), p($d,Dst), Map, Ss, T),
T=set.find(Ts, ’.’($s, $d), Res).

Ret=ns(RS, Stk, Suc, none, p($s,Src), p($d,Dst), Map, Ss, Ts) :-
int($s), int($d) |

Ret=suc(RS, [s($d,Dst)|Stk], Suc, p($s,Src), Map, S, T),
S=set.insert(Ss, $d), T = set.insert(Ts, ’.’($s,$d)).

Ret=nt(RS, Stk, Suc, some, Src, p($d, {$dst[]}), Map, Ss, Ts) :-
int($d) |

Ret=suc(RS, Stk, Suc, Src, Map, Ss, Ts).
Ret=nt(RS, Stk, Suc, none, p($s,Src), p(D, {$dst[]}), Map, Ss, Ts) :-
int($s) |

Ret=suc(RS, Stk, Suc, p($s,Src), Map, Ss, set.insert(Ts, ’.’($s,D))).
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1:
CPU Intel Xeon E5-4620 v2

CPU frequency 2.6GHz

Memory 512 GiB

ret = run({’:-’({a(!X)}, {}, {b(!X)})}, {a(1), a(2), a(3)}).

4 state space

2
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Ret = state_space(I, M, S, T) :-

Ret = ss(I, M, set.to_list(S), set.to_list(T)).

Ret = ss(I, M, [$x|S], T) :- int($x) |

Ret = ss(I, state_space.state_map_find(M, $x, Res), S, T),

state($x, Res).

2 state space

ret(ss(5056,<state_map>,[],

[[6336|6208],[5568|6208],[5440|6336],[5056|5312],
[5056|4928],[5312|5696],[5440|5568],[4928|5696],
[5312|6336],[4928|5568],[5696|6208],[5056|5440]])).

state(5056,{a(1).a(2).a(3).}). state(5696,{a(3).b(1).b(2).}).
state(5312,{a(1).a(3).b(2).}). state(6336,{a(1).b(2).b(3).}).
state(4928,{a(2).a(3).b(1).}). state(5568,{a(2).b(1).b(3).}).
state(6208,{b(1).b(2).b(3).}). state(5440,{a(1).a(2).b(3).}).
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Ret = mc(ctl(Ctl ), Rs, Init)
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// system rules

’:-’({p_thinking(!Lx0, !Rx0), fork_free(!Rx1, !Lx0)},

{},

{p_one_fork(!Lx0, !Rx0), fork_used(!Rx1, !Lx0)}),

’:-’({p_one_fork(!Lxx0, !Rxx0), fork_used(!Rxx1, !Lxx0), fork_free(!Rxx0, !Lxx1)},

{},

{p_eating(!Lxx0, !Rxx0), fork_used(!Rxx1, !Lxx0), fork_used(!Rxx0, !Lxx1)}),

’:-’({p_eating(!Lxxx0, !Rxxx0), fork_used(!Rxxx0, !Lxxx1), fork_used(!Rxxx1, !Lxxx0)},

{},

{p_thinking(!Lxxx0, !Rxxx0), fork_free(!Rxxx0, !Lxxx1), fork_free(!Rxxx1, !Lxxx0)}),

// init state

p_thinking(L0, R0), fork_free(R0, L1).

p_thinking(L1, R1), fork_free(R1, L2).

p_thinking(L2, R2), fork_free(R2, L0).

4: LMNtal

counterexample([

’.’({p_thinking(fork_free(p_thinking(fork_free(p_thinking(fork_free(L8))))),L8)}, 0),

’.’({p_thinking(fork_free(p_one_fork(fork_used(p_thinking(fork_free(L9))))),L9)}, 1),

’.’({p_thinking(fork_free(p_one_fork(fork_used(p_one_fork(fork_used(L10))))),L10)},1),

’.’({p_one_fork(fork_used(p_one_fork(fork_used(p_one_fork(fork_used(L11))))),L11)},1),

’.’({p_one_fork(fork_used(p_one_fork(fork_used(p_one_fork(fork_used(L12))))),L12)},1)

])

5:

eu(true, p(!Q), ’=<’(1)), pred({on}, {}, !Q)
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ta({

’:-’({off}, {reset}, ’=:=’(x, 1), {on}),

’:-’({on}, {}, ’=:=’(x, 1), {off})

},

{inv({on}, ’=<’(x, 1))},

{off},
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1 off on

6:

6.

SLIM

API

API

(B)26280024
(2017B-134)

[1] Christel Baier and Joost-Pieter Katoen. Principles of Model
Checking (Representation and Mind Series). The MIT Press,
2008.

[2] E. M. Clarke, O. Grumberg, and D. A. Peled. Model Check-
ing. MIT Press, 1999.

[3] C. Courcoubetis, M. Vardi, P. Wolper, and M. Yannakakis.
Memory-efficient algorithms for the verification of temporal
properties. In Proc. CAV 1990, volume 531 of LNCS, pages
233–242. Springer-Verlag, 1991.

[4] M. Gocho, T. Hori, and K. Ueda. Evolution of the LMNtal
runtime to a parallel model checker. Computer Software,
28(4):137–157, 2011.

[5] Yutaro Tsunekawa, Taichi Tomioka, and Kazunori Ueda. Im-
plementation of lmntal model checkers: a metaprogramming
approach. Journal of Object Technology, 2018.

[6] K. Ueda. LMNtal as a hierarchical logic programming lan-
guage. Theoretical Computer Science, 410(46):4784–4800,

2009.

4

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

4K2-OS-16b-02


