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tionsCl�audia Nalon, Clare Dixon and Mi
hael FisherDepartment of Computer S
ien
eUniversity of Liverpool, Liverpool, L69 7ZF, UK.E-mail: fC.Nalon, C.Dixon, M.Fisherg�
s
.liv.a
.ukCombined temporal and modal logi
s have been used in 
omputer s
ien
e for reasoning about
omplex situations su
h as, for instan
e, the spe
i�
ation and veri�
ation of distributed [5℄ andmulti-agent systems [9℄. We 
onsider a parti
ular 
ombination, the fusion of PTL and S5(n), aTemporal Logi
 of Knowledge (KL(n)) in whi
h the dynami
 and informational 
omponents of su
hsystems 
an be represented. Given a logi
al 
hara
terisation of a system, we then want to provethat it mat
hes the desired requirements and properties. Although there are proof methods forsu
h logi
s [5, 4, 3, 7℄, most of these 
annot be easily adapted to deal with intera
tions betweenthe temporal and epistemi
 dimensions.We say that time and knowledge intera
t when axioms relating the temporal and epistemi
dimensions are added to the logi
. For instan
e, the axioms Ki g' ) gKi ' (perfe
t re
all andsyn
hrony) and gKi ' ) Ki g' (no learning and syn
hrony) [5℄ express how the knowledgeof an agent evolves over time: the �rst models situations at whi
h agents remember all theirpast history, whilst the se
ond models situations at whi
h agents do not distinguish their futures.Adding intera
ting axioms usually in
reases the 
omplexity of the validity problem for the 
ombinedlogi
. For instan
e, on the single-agent 
ase, the validity problem for the 
ombined logi
 withoutintera
tions, KL(1), is PSPACE, whereas if, in parti
ular, the no learning and syn
hrony intera
tionaxiom is added, the 
omplexity be
omes EXPSPACE [6℄.Re
ently, it has been shown that the resolution method for KL(n) proposed in [3℄ 
an also beapplied, with few modi�
ations, to deal with perfe
t re
all and syn
hrony [2℄ and with no learningand syn
hrony [8℄. Instead of adding new resolution rules, whi
h would make implementationmore diÆ
ult, we introdu
e a set of 
lauses, whi
h make expli
it the 
onstraints imposed by theintera
tion axioms. Also, a number of de�nitions have to be added to the set of 
lauses before theresolution method is performed. Many of these de�nitions are used for renaming 
omplex formulain the s
ope of the knowledge operator (Ki ).We have now proposed a new normal form, whi
h avoids the introdu
tion of these de�nitionsfor 
omplex formulae, and so redu
ing the set of 
lauses to whi
h the resolution method is applied.This new normal form was inspired by that proposed in [1℄, whi
h simpli�es the resolution methodfor temporal logi
s. We then bene�t from this improvement in the method for dealing with thetemporal dimension, and have adapted the resolution rules for the knowledge dimension. Theresulting proof method for KL(n) is terminating, sound and 
omplete. Proving 
orre
tness of theextended method for syn
hronous systems with perfe
t re
all or no learning is ongoing work.We are also investigating how to extend the basi
 method to deal with intera
tions of the formglKi � ) Ki gr� and Ki gl� ) grKi �, where l; r 2 N, g0� = �, and gi� = g gi�1� fori > 0. Whilst, in general, intera
tions of these forms have not been studied in 
omputer s
ien
e,some of their instan
es, su
h as the above-mentioned axioms, are very well known, as they expressimportant properties of multi-agent systems. This is the �rst step towards a general method fordealing with general intera
tions between modalities representing di�erent dimensions of reasoning.
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