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Optimal production management
when demand depends on the business cycle
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We assume that consumer demand for an item follows a Brownian motion with
drift that is modulated by a continuous-time Markov chain that represents the
regime of the economy. The economy may be in either one of two regimes, it remains
in one regime for a random amount of time that is exponentially distributed with
rate λ1, and then moves to the other regime and remains there for an exponentially
distributed amount of time with rate λ2. Management of the company would like
to maintain the inventory level of the item as close as possible to a target inventory
level and would also like to produce the items at a rate that is as close as possible
to a target production rate. The company is penalized by the deviations from the
target levels and the objective is to minimize the total discounted penalty costs
over the long term. We consider two models. In the first model the management of
the company observes the regime of the economy at all times, whereas in the second
model the management does not observe the regime of the economy. We solve both
problems and obtain the optimal production policy as well as the minimal total
expected discounted cost. Our analytical results show, among various other results,
that in both models the optimal production policy depends on factors that are based
on short term concerns as well as factors that are based on long term concerns. We
analyze how the impact of these factors depend on the values of the parameters
in the model. In addition, we compare the total expected discounted costs of
the two models with one another and determine the value of knowing the current
regime of the economy. We also solve the above problems when the cumulative
consumer demand follows a geometric Brownian motion that is modulated by the
continuous-time Markov chain that represents the regime of the economy.

Acknowledgements. The research of A. Cadenillas was supported by the Social
Sciences and Humanities Research Council of Canada and by the WCU(World Class
University) program through the National Research Foundation of Korea funded
by the Ministry of Education, Science and Technology (R31-2009-000-20007).

References

[1] A. Bensoussan, S. P. Sethi, R. Vickson, N. Derzko (1984). Stochastic Production Plan-
ning with Production Constraints. SIAM Journal on Control and Optimization 22:920-
935.

[2] A. Cadenillas, P. Lakner, M. Pinedo (2010). Optimal Control of a Mean-Reverting
Inventory. Operations Research 58:1697-1710.

Speaker: Abel Cadenillas, e-mail: abel@ualberta.ca



Contributed talks 75

[3] W. Fleming, S. P. Sethi, M. Soner (1987). An Optimal Stochastic Production Planning
Problem with Randomly Fluctuating Demand. SIAM Journal on Control and Opti-
mization 25:1494-1502.

[4] E. Khmelnitsky, E. Presman, S. P. Sethi (2011). Optimal production control of a failure-
prone machine. Annals of Operations Research 182:67-86.

[5] L. R. Sotomayor, A. Cadenillas (2009). Explicit Solutions of Consumption-Investment
Problems in Financial Markets with Regime Switching. Mathematical Finance 19:251-
279.

[6] L. R. Sotomayor, A. Cadenillas (2011). Classical and singular stochastic control for the
optimal dividend policy when there is regime switching. Insurance: Mathematics and
Economics 48:344-354.


