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The application of a safeguards verification regime based on existing agreements under
INFCIRC/153 [1] and on the Additional Protocol, INFCIRC/540 [2], has the potential to
allow the International Atomic Energy Agency (IAEA) to relax its traditional facility and
material-oriented inspection procedures. The relaxation will take into account the IAEA's
enhanced access to information as well as complementary access to locations gained through
the application of extended measures foreseen under the Additional Protocol. It will reflect
the associated confidence achieved at the State level.

It is generally agreed that such a trade-off between the new strengthening measures and the
traditional measures is reasonable and desirable, both from the point of view of the inspected
State, which would like to receive tangible credit for providing increased openness and
transparency in its peaceful nuclear activities, and from the viewpoint of the IAEA, which
must apportion its limited inspection resources efficiently.

An often-discussed proposal to reduce routine inspection effort while maintaining safeguards
effectiveness is to replace scheduled interim inspections with a smaller number of random,
unannounced visits. Intuitively, the unpredictability aspect is appealing, as it places the
potential diverter in a permanent state of uncertainty. There are also some disadvantages,
however, such as the difficulty of planning and implementing truly random inspections and
the burden experienced by facility operators obliged to accommodate them. An objective
evaluation of a randomized inspection regime vis-a-vis conventional routine inspections
requires an objective measure of effectiveness and a means of optimizing that measure - in
other words a theoretical framework for analyzing verification problems. In our paper we
provide such a framework by quantifying the notion of timely detection and by treating the
problem consistently a strategic one. We present a series of models which formalize
timeliness and allow its determination with regard to different interim inspection strategies.

The following simple example [3] will give the flavor of our approach: Over the course of a
year and using an appropriate random number generator, an inspector decides on a daily basis
whether or not to perform an interim inspection at a facility. He chooses the probabilities so
that, on average, three interim inspections take place, and so that the end-of-year PIV
inspection occurs with certainty. The inspectee is informed of this procedure, but not of the
precise probabilities the inspectorate uses. The inspectee wishes to violate in the course of the
year in such a way as to maximize the time interval between violation and the next inspection.
The inspector wishes to minimize that time interval, so that the appropriate effectiveness
measure is the average time to inspection after violation. An analysis leads to the following
conclusions:

1. As formulated above, this inspection problem has no solution: the protagonists ~ inspector
and inspectee - do not possess optimal strategies. In technical terms, the average time to
inspection does not have a saddle point in the space of combined strategies.
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2. If the inspector announces {\it in advance and in a credible way} the probabilities he
intends to use in generating his random inspections, optimal strategies exist and the problem
has a solution.

3. The aforementioned solution states that the average time between illegal action and the
next inspection is greater than or equal to that which would be achieved by performing
exactly 3 interim inspections predictably and at 3-month intervals over the year.

While the above example is an oversimplification of real interim inspections performed by the
IAEA, the conclusions are non-trivial and relevant to any consideration of unannounced
inspection regimes. We discuss several other models in our paper, with and without inclusion
of measurement uncertainty and with and without allowance for the option of legal behavior,
interpreting our results in the light of current discussions of integrated safeguards under the
new Protocol.
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