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1 Introduction 
A major concern when reasoning about time in artificial 
intelligence problems is computational tractability. We 
present a method for applying temporal reasoners to large 
scale dynamic problems. We present a partitioning of the 
temporal database and means of constraint propagation 
that presents an efficient approach for producing tractable 
systems. Our goal is not to enhance underlying reasoners 
but to develop mechanisms by which reasoning about time 
can be practically applied to certain problems. Tractable 
computation is the basic consideration. 

In reasoning with time a relation exists between express- 
ibility and tractability. In real and complex problems, 
increased expressibility requires tractability to be more 
than a theoretical concern [Allen92]. Approaches to intrac- 
tability include restricted expressiveness and using frag- 
ments of an algebra; or using organizational and heuristic 
approaches for a particular application. We provide a 
method for temporal reasoners to be invoked on large sets 
of dynamic assertions and constraints while providing an 
adequate inference mechanism within the computational 
constraints of the class of problems of interest. 

Our approach to controlling computation comes from 
the conjecture that time and temporal relations have a 
structure that can be exploited. The intimate relation of 
time and space also provide a basis for the heuristic propa- 
gation of constraints. Assertions and constraints may have 
limited, although not necessarily only local, effects. In 
dynamic problems it is infeasible and perhaps unnecessary 
to compute a complete minimal network upon every invo- 
cation of a temporal reasoner. 

2 Approach 
We provide a framework and mechanisms for controlling 
computation costs. The mechanisms are based on the heu- 
ristic propagation and compiling of constraints. The 
framework is based on a reference hierarchy and partition- 
ing of time and space. No restrictive assumption is made 
on the underlying representation or reasoner. In addition to 
tractability, the solution developed is anytime [Dean&- 
Boddy 883 and as theoretically complete as the underlying 
temporal reasoner permits. The trade-off required is a nec- 
essary incompleteness at anytime and a relaxed or bounded 
definition of consistency. 

The approach taken here is to provide a flexible system 

that can operate: in a trivial manner of only recording con- 
straints; in an efficient manner, considering only those 
constraints necessary; and, as an anytime algorithm. This 
last method of operation is required as efficient (near opti- 
mal) may still be intractable in practice. 

This approach includes developing a structure of refer- 
ence hierarchy intervals based on a partitioning of time; 
and by analogy applicable to spatial data also. This 
approach and its pitfalls has been suggested in [Allen83]. 
In order to preserve the hierarchy we create non-strict ref- 
erence intervals, removing restrictions on intervals being 
strictly during a reference interval 

Using the reference hierarchy structure, an anytime 
algorithm is implemented, partitioning inference and 
restricting the size of any call to the core inference proce- 
dure. This procedure is called on individual reference 
intervals. The procedure is restricted to operate on the con- 
straints and intervals of a single reference interval at any 
one time. Limiting the size of reference intervals and asso- 
ciated inference computation time provides halting and 
resumption for anytime performance. 

3 Results 
We implement propagation and inference schemes using 
an expressive temporal reasoner, MATS [MATSgO], that 
provides tractable reasoning and anytime operation. We 
provide methods for control of propagation and inference 
based locality and on spatio-temporal relations. 

Application to a small problem has yielded encouraging 
results, exhibiting locality of effects. The implementation, 
with caching and propagation overhead and repeatedly 
invoking the reasoner on smaller interval sets, is nearly as 
fast as a single batch application. MATS does not scale 
well, while our approach has been developed for scaling to 
large, dynamic problems. 
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