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The main goal of an efficient supply chain is to produce acceptable quality products and deliver them to customers at a competitive cost within reasonable delivery times. With increasing uncertainty in product demand, transportation times and production times, it becomes more challenging to achieve these targets thus leading to the introduction of risk in supply chain decision-making. Along with maintaining efficiency, it is also important that there is flexibility within the network so that risk can be controlled. There can be many aspects of flexibility related to the different processes. However, in case of supply chains, the total system flexibility needs to be evaluated and not just flexibility of a particular component.1 Achieving flexibility incurs costs and therefore, there is a need for assessment of flexibility levels and risk management during the planning of supply chains under uncertainty. 
Researchers have studied various dimensions of flexibility in the context of supply chains and have also proposed different strategies for achieving them. Vickery et al.2 study five key supply chain flexibilities: product flexibility, volume flexibility, launch flexibility, distribution flexibility and responsiveness to target markets.  Pujawan3 presents a framework for assessing flexibility of a supply chain. He identifies the different dimensions of flexibility and assesses their drivers. He presents a framework to assess the flexibility of a supply chain. Winkler4 discusses the design and use of strategic supply chain networks to improve flexibility. He shows how structural, technological and human potentials of the strategic supply chain network can be managed to gain flexibility. Garavelli5 studies process flexibility and logistical flexibility and proposes that configurations with limited flexibility perform relatively better compared to no or total flexibility when the trade-offs between costs and flexibility are considered. He also found that achieving flexibility in upstream activities leads to better results than downstream activities.
[bookmark: _GoBack]Under uncertain conditions, usually the expected performance measure is optimized. The obtained solution performs well for all the scenarios on an average. However variability in performance due to uncertainty in conditions is an important aspect that needs to be assessed. Eppen and Martin6 use two stage stochastic programming model for production capacity planning for the auto industry. Demand is considered to be uncertain. They use downside risk as the risk measure. Barbaro and Bagajewicz7 present a methodology to include ﬁnancial risk management in the framework of two-stage stochastic programming for planning under uncertainty. A probabilistic definition of financial risk is adapted to be used in a two-stage stochastic programming model. You et al.8 study risk management for mid-term planning of global multi-product chemical supply chain. They consider demand and freight rate to be uncertain. They propose a multi-period planning model and use two-stage stochastic programming approach within it. An algorithm based on multi-cut L-shaped method is proposed to solve the large scale problems. They compare four different risk measures using the proposed framework. 
In this work, we study the trade-offs between cost and flexibility of a supply chain. The supply chain is modeled using an agent-based simulation, which helps to capture the supply chain dynamics in a realistic scenario. Therefore, it helps evaluate the flexibility of the network under realistic conditions. Demand is considered to be uncertain. Variability in demand that the supply chain fulfills is used to define how flexible the network is. A multi-period planning problem is solved using a rolling horizon framework where a two stage stochastic programming problem is solved at each period. In order to solve the two stage stochastic programming problem, hybrid simulation based optimization is used. Hybrid simulation based optimization has been shown to provide a few advantages in solving supply chain planning problems.9,10 The simulation model provides a better representation of the dynamics of the supply chain while the optimization model is used to guide the simulation towards the optimal solution. The framework is also used to study risk management. The different objectives give rise to a multi-objective optimization problem which is solved using the ε-constraint method. The approach has been used to solve small scale case studies in order to demonstrate its effectiveness.

References
[bookmark: _ENREF_1]1.	Upton DM. The Management of Manufacturing Flexibility. California Management Review. Winter94 1994;36(2):72-89.
[bookmark: _ENREF_2]2.	Vickery Sn, Calantone R, Dröge C. Supply Chain Flexibility: An Empirical Study. Journal of Supply Chain Management. 1999;35(2):16-24.
[bookmark: _ENREF_3]3.	Pujawan IN. Assessing supply chain flexibility: a conceptual framework and case study. International Journal of Integrated Supply Management. 2004;1(1):79-97.
[bookmark: _ENREF_4]4.	Winkler H. How to improve supply chain flexibility using strategic supply chain networks. Logist. Res. 2009/03/01 2009;1(1):15-25.
[bookmark: _ENREF_5]5.	Garavelli AC. Flexibility configurations for the supply chain management. Int J Prod Econ. 8/11/ 2003;85(2):141-153.
[bookmark: _ENREF_6]6.	Eppen GD, Martin RK, Schrage L. A Scenario Approach to Capacity Planning. Operations Research. 1989;37(4):517-527.
[bookmark: _ENREF_7]7.	Barbaro A, Bagajewicz MJ. Managing financial risk in planning under uncertainty. AIChE Journal. 2004;50(5):963-989.
[bookmark: _ENREF_8]8.	You F, Wassick JM, Grossmann IE. Risk management for a global supply chain planning under uncertainty: Models and algorithms. AIChE Journal. 2009;55(4):931-946.
[bookmark: _ENREF_9]9.	Sahay N, Ierapetritou M. Supply chain management using an optimization driven simulation approach. AIChE Journal. 2013;59(12):4612-4626.
[bookmark: _ENREF_10]10.	Nikolopoulou A, Ierapetritou MG. Hybrid simulation based optimization approach for supply chain management. Computers & Chemical Engineering. 12/20/ 2012;47(0):183-193.

