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MILP Formulation
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Models Comparison
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Fixed Risk Relaxation: Intuição

● Results in an infeasible solution to the original problem.
● Gives lower bound for the cost of the original problem.
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constraints to max risk Δ.



Fixed Risk Relaxation (FRR)
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Fixed Risk Relaxation (FRR)
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Risk Allocation Approach (RAA)
● Define risk allocation from solution retuned by FRR 

or FRT.
● Variables Zijt are fixed.

● Constraints (5) are non-linear
● Non-linear solver
● MILP solver using Piece-wise linear approximation.
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Fixed Risk Tightening (FRT)
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Sumário
● Aspectos de Modelagem
● Fixed Risk
● Métodos

● Customized Solution Approach - CSA
● CSA1, CSA2 and CSA3.

● Alguns resultados computacionais



Solution Approaches
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Customized Solution Approach (CSA)



 Solution Approaches
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Begin

Model1 ← Constraints (1)-(3)
∀(j,t)     Model1 ← O(j,t)

CSA1

Model2 ← Model1
Fix Zijt variables values
∀(j,t)
     Model2 ← N(j,t)

Model2
Feasible

False

FalseFor all N(j,t) infeasible
Model1 ← N(j,t) Model1 

Feasible

End

Solve Model1 using FRR/FRT

Solve Model2 using FRR/FRT

True



 Solution Approaches
Begin

Model1 ← Constraints (1)-(3)

CSA2

Model2 ← Model1
Fix Zijt variables values
∀ (j ,t)   
     Model2 ← N(j,t)
     Model2 ← O(j,t)

Model2
Feasible

False

∀O(j,t) infeasible
    ∀τ =t-3 to t+2
       Model1 ← O(j, τ)
    ∀τ =t-2 to t+2
       Model1 ← N(j,τ)
    

Model1 
Feasible

End

Solve Model1 using 
FRR/FRT

Solve Model2 using FRR/FRT

True

∃O(j,t) 
infeasible

∀ N(j,t) infeasible
    ∀τ =t-3 to t+2
       Model1 ← O(j, τ)
    ∀τ =t-2 to t+2
       Model1 ← N(j,τ)  

∃N(j,t) 
infeasible

End

True

False

False

False

True

True



Outline
● Aspectos de Modelagem
● Fixed Risk
● Métodos
● Alguns resultados computacionais

● Increasing number of obstacles
● Increasing number of time steps



Computational Results
● Random map generator based on one described in 

Blackmore et al 2011.

● Time limit 1 hour, 500 maps evaluated; 

● 50 maps for J = 6; 8; 10; 12; 14 with T = 20 and  Δ= 0:001.

● 50 maps for T = 10; 15; 20; 25; 30 with J = 10 and Δ=0:001.
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Computational Results
Method

Number of Obstacles 

6 8 10 12 14

Model 49 48 40 27 24

CSA 50 50 44 29 29

CSA1 50 50 46 43 41

CSA2 50 50 45 42 38

CSA3 50 50 46 43 42
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Computational Results
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49 maps 48 maps
39 maps 25 maps 24 maps
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Computational Results
Method

Time Steps

10 15 20 25 30

Model 49 45 40 38 29

CSA 50 46 44 44 38

CSA1 50 50 48 46 43

CSA2 50 49 47 47 44

CSA3 50 50 48 46 44



Computational Results
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