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Abstract  This paper aims to model and solve the Sum and Product Riddle in public announce-
ment logic. A dynamic epistemic model is proposed, that is the linear temporal combination of the
epistemic model of environment and the epistemic models after each announcement, such that the
authors” model checking technique for temporal epistemic logic can be extended to support the
modeling and verification of public announcement logic. This model checking method not only can
help to find all solutions, but also verify related temporal epistemic properties. Such characteris-
tic is not fully supported by the current version of MCK, MCMAS and DEMO. The authors im-
plemented the proposed method in the symbolic model checker MCTK via OBDD and verified the
sum and product riddle. The experimental results show that the proposed method is correct and

efficient.
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1 MODULE main()

2 VAR

3 1 0..3; --announcement variable, m=3

4 X : 2..100; y : 2..100;

5 sum 4..200; product : 4..10000;

6 S: SumAgent(sum, a);

7 P. ProductAgent(product, a);

8 INIT x>1 & y>x & x+y<=100 &

9 sum=x-+y & product=xxy &

10 a=0;

11 TRANS  next(x)=x & next(y)=y &

12 next(sum) =sum &. next(product) = product &

13 (a=3 —> next(a)=a);

14 MODULE SumAgent(Observable sum, Observable av)

15 MODULE ProductAgent(Observable product, Observable av)
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Background

Epistemic riddles, such as muddy children puzzles, sum
and product problem., and “what sum” problem, are usually
considered as multi-agent systems (MAS), an ordered se-
quence of announcements about the knowledge or ignorance
of agents involved will be issued successively, which result in
some new knowledge about the fact in the environment. In a
multi-agent system, each agent has its local state in each
global state of the system. It is commonly known that each
agent can only knows (observe) its local state. In MAS com-
munity a particular emphasis is given to the formal represen-
tation of the mental attitudes of agents, such as agents’
knowledge. beliefs, desires, intentions and so on. Dynamic
epistemic logic was developed to study the changes of agents’
individual knowledge or group knowledge caused by commu-
nication about agents’ or group knowledge. Public An-
nouncement Logic is a kind of dynamic epistemic logic. It is
very suitable for modeling the sum and product problem be-
cause it is able to describe the actions of public announcement
about agents’ or group knowledge. van Ditmarsch et al.
claimed that they was the first to use an automated model
checker DEMO to tackle the problem. They stated that the
problem cannot be tackled in two state-of-the-art symbolic
model checkers for temporal logics of knowledge, MCK 0. 2. 0
and MCMAS 0. 7, because they does not support checking
epistemic formulas as preconditions in their specification lan-
guages.

In the earlier version of this paper published in WI-IAT
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2008, the authors developed a preliminary model checking al-
gorithm to reduce the model checking problem in public an-
nouncement logic to a series of symbolic (Boolean) manipula-
tions of the set of states that satisfies a given epistemic for-
mula, with Ordered Binary Decision Diagrams (OBDD).
However, in that paper the authors just focus on presenting
the basic algorithm for finding solutions. the complete formal
model couldn’t be shown clearly due to the limited space. In
this paper, the authors propose a new dynamic epistemic
model for public announcement logic, which is the linear
temporal combination of the epistemic model of initial envi-
ronment and the epistemic model resulted from each an-
nouncement. The dynamic epistemic model is compatible
with the model used in MCTK, a BDD-based model checker
for temporal epistemic logics developed by the authors. In
this modeling way the model checking algorithm of MCTK
can be applied to the verification of temporal epistemic prop-
erties, such characteristic is not supported by DEMO. On
the other hand, the modeling way can be thought of as an ex-
tension of traditional model checkers for temporal epistemic
logics, to support the modeling and verification of public an-
nouncement logic. Therefore, this could be a solution to the
limitation of the traditional model checkers for temporal epi-
stemic logics for public announcement logic. The proposed
method is implemented in MCTK and the sum and product
problem is verified. The experimental results show that the

proposed method is correct and efficient.



