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We typically represent the global state of a concurrent system as the cross-
product of individual states of its components. This leads to an explosion of
potential global states: consider a concurrent system with a thousand actors,
each of which may be in one of 5 states. This leads to a possible 51000 global
states. Obviously, it is not feasible to exhaustively search the state space in such
systems. In fact, actors often have an even larger number of states (than say 5),
although these states may be abstracted to fewer states.

Our work is motivated by the following observation. In large concurrent sys-
tems, we are often interested in probabilistic guarantees on the behavior of the
system. This suggests the possibility of sampling the behavior. In the real world,
engineers often use monte carlo simulations to analyze systems. This process
can be made more rigorous by expressing the desired properties of a system in
a formal logic such as continuous stochastic logic (CSL). We have earlier pro-
posed using an approach we call statistical method checking to verify properties
expressed in a sublogic of CSL [11]. This work was extended to verify properties
involving unbounded untils in [12]. The methods are implemented in a tool called
VESTA [12] which has been used in a number of applications. A parallel version
of the tool, called pVeSTA, has also been implemented [2].

In this lecture, I will focus on an alternate method for addressing the problem
of large state spaces. For many purposes, it may not be necessary to consider
the global state as a cross-product of the states of individual actors. We take our
inspiration from statistical physics where macro properties of a system may be
related to the properties of individual molecules using probability distributions
on the states of the latter. Consider a simple example. Suppose associated with
each state is the amount of energy a node consumes when in that state (such
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an associated value mapping is called the reward function of the state). Now, if
we have a frequency count of the nodes in each state, we can estimate the total
energy consumed by the system. This suggests a model where the global state
is a vector of probability mass functions (pmfs). In the above example, the size
of the vector would be 5, one element for each possible state of a node. Each
element of the vector represents the probability that any node is in the particular
state corresponding to entry.

Given transitions between the global states, we can also compute how much
energy has been consumed up to some point in time. Note that using such a
global state assumes a certain symmetry (at least as a statistical approximation).
However, we have also explored cases where there may be more than one type
of node in a system (with its own associated Markovian behaviors). We have
defined a temporal logic iLTL which can be used to write specifications where
the global state of system is defined by such pmf vectors [6]. These vectors
represent points in (convex subspace of) an Euclidean space. The evolution of a
concurrent system can then be modeled as trajectories in this Euclidean space.

The behavior of many large concurrent system is Markovian and often
modeled using Discrete Time Markov Chains (DTMC). The DTMC governs
transforms of pmf vectors representing the state evolution. We have developed
methods to check properties of systems governed by DTMCs expressed using
iLTL formulas [9], [10]. Given the nature of the model, we term the method Eu-
clidean Model Checking [10]. The method has been implemented in a tool [8] and
used to verify properties such communication bandwidth, maximum expected
queue lengths, energy consumption in sensor networks, pharmacokinetic models
[5], and software reliability of many threaded concurrent software [7]. More gen-
eral models may be considered, for example, Markov Decision Processes (MDPs)
where there is no commitment to a single Markov matrix governing the transfor-
mations [4]. However this makes the verification problem in general intractable,
except in special cases such as MDPs with a unique compact invariant set of
distributions [3].
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