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Appendix B  
 
The dynamic programming solution algorithm 
  
     1.  Define parameters, functional forms and discretization of state and action space   
 
        (a) biological and economic parameters, state transition equations  
 
        (b) viability goal given by the triplet {𝑌, Δ, 𝑇}  
 
        (c) state and control sets {𝑥, 𝑦,𝒜}, (inf(𝑦) = 𝑌, an absorbing state1) 
 
    2.  Specify or initialize dynamic programming routine arrays and functions   
 
        (a) Markov transition matrix 𝑃(𝑋234, 𝑌234|𝑋2, 𝑌2, 𝐴2)  
 
        (b) “risk-to-go” function 𝑟(𝑋8, 𝑌8|𝐴(𝑥, 𝑦))  
 
        (c) identify the viability kernel (De Lara and Doyen, 2008), i.e. the subspace where viability 
goal is feasible at desired confidence Δ, {𝑥, 𝑦}9s. t. 𝑟({𝑥, 𝑦}9|max{𝒜}) ≤ 1 − Δ  
 
        (d) initial (large) bounds for cost of non-viable population (penalty), [ΩE, ΩF]  
 
    3.  Guess a value for penalty, Ω = 𝑚𝑒𝑎𝑛(ΩE, ΩF). Fix the value function at the absorbing 
state to the penalty level, 𝑉M(𝑥|𝑌) = −Ω, and solve for the value function 𝑉M(𝑥, 𝑦) and 
optimal policy 𝐴M(𝑥, 𝑦) via value function iteration (dynamic programming step) 
 
    4.  Check if viability constraint is met within the viability kernel (see e.g. Figure C.1)   
 
        (a) if 𝑟({𝑥, 𝑦}9|𝐴M(𝑥, 𝑦)) ≤ 1 − Δ everywhere, then ΩF:= Ω, since Ω∗ ≤ Ω  
 
        (b) if 𝑟({𝑥, 𝑦}9|𝐴M(𝑥, 𝑦)) > 1 − Δ somewhere, then ΩE:= Ω, since Ω∗ ≥ Ω  
 
        (c) if within desired tolerance, [ΩF − ΩE] < 𝜖, then Ω∗:= ΩF and terminate  
 

                                                        
1 Generically, even if 𝑌 is not truly an absorbing state, it is useful to model it as such in the 
solution algorithm since we are concerned with any obtainment of 𝑌 (failure) in a time path and 
thus capturing the first such obtainment is sufficient and simple. 
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        (d) otherwise, repeat 3-4  


