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Consider the following problem

min 2x + E
[
y1 + 3y2

]
s.t. 2y1 + y2 + x = h1 a.s.

− y1 + y2 + 4x ≥ h2 a.s.

y1, y2, x ≥ 0

(h1,h2) ∈ Ξ =
{
(1, 2), (1, 3), (2, 1)} Equal probability.



Consider the following problem

min 2x +
3∑

s=1

πs
[
y1s + 3y2s

]
s.t. 2y1s + y2s + x = h1s s = 1, . . . , 3

− y1s + y2s + 4x ≥ h2s s = 1, . . . , 3

y1s , y2s ≥ 0 s = 1, . . . , 3

x ≥ 0

(h1,h2) ∈ Ξ =
{
(1, 2), (1, 3), (2, 1)}

π1 = π2 = π3 =
1

3
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Master Problem

Iteration v = 1

MPv = min 2x + ϕ

s.t. x , ϕ ≥ 0

Solution (xv , ϕv )



Feasibility Subproblem

F (xv , ξs) = min v1 + v2 + v3

s.t. 2y1 + y2 + v1 − v2 = h1s − xv

− y1 + y2 + v3 ≥ h2s − 4xv

y1, y2 ≥ 0



Optimality Subproblem

Q(xv , ξs) = min y1 + 3y2

s.t. 2y1 + y2 = h1s − xv

− y1 + y2 ≥ h2s − 4xv

y1, y2 ≥ 0



Iteration 1

▶ Solution MP1 (x1, ϕ1) = (0, 0)

▶ F (x1, ξ1) = 1, (σ1, σ2) = (−1, 1)

▶ F (x1, ξ2) = 2, (σ1, σ2) = (−1, 1)

▶ F (x1, ξ3) = 0, (σ1, σ2) = (0, 0)

Feasibility cuts
−1(1− x) + 1(2− 4x) ≤ 0

−1(1− x) + 1(3− 4x) ≤ 0



Iteration 2

▶ Solution MP2 (x2, ϕ2) = (0.66666, 0)

▶ F (x2, ξ1) = 0, (σ1, σ2) = (0, 0)

▶ F (x2, ξ2) = 0, (σ1, σ2) = (0, 0)

▶ F (x2, ξ3) = 0, (σ1, σ2) = (0, 0)

x2 ∈ K2 (second-stage feasible)



Iteration 2

▶ Solution MP2 (x2, ϕ2) = (0.66666, 0)

▶ Q(x2, ξ1) = 0.16, (ρ1, ρ2) = (0.5, 0)

▶ Q(x2, ξ2) = 1.0, (ρ1, ρ2) = (1.33, 1.66)

▶ Q(x2, ξ2) = 0.66, (ρ1, ρ2) = (0.5, 0)

Since 0 = ϕ2 < Q(x2) = 0.66666 we add the following optimality
cut

ϕ ≥1

3
0.5(1− x) + 0(2− 4x)+

1

3
1.33(1− x) + 1.66(3− 4x) +

1

3
0.5(2− x) + 0(1− 4x)



Iteration 3

▶ Solution MP3 (x3, ϕ3) = (0.87037, 0)

▶ F (x3, ξ1) = 0, (σ1, σ2) = (0, 0)

▶ F (x3, ξ2) = 0, (σ1, σ2) = (0, 0)

▶ F (x3, ξ3) = 0, (σ1, σ2) = (0, 0)

x3 ∈ K2 (second-stage feasible)



Iteration 3

▶ Solution MP3 (x3, ϕ3) = (0.87037, 0)

▶ Q(x3, ξ1) = 0.06481, (ρ1, ρ2) = (0.5, 0)

▶ Q(x3, ξ2) = 0.06481, (ρ1, ρ2) = (0.5, 0)

▶ Q(x3, ξ2) = 0.56481, (ρ1, ρ2) = (0.5, 0)

Since 0 = ϕ3 < Q(x3) = 0.23148 we add the following optimality
cut

ϕ ≥1

3
0.5(1− x) + 0(2− 4x)+

1

3
0.5(1− x) + 0(3− 4x) +

1

3
0.5(2− x) + 0(1− 4x)



Iteration 4

▶ Solution MP4 (x4, ϕ4) = (0.7777, 0.27777)

▶ F (x4, ξ1) = 0, (σ1, σ2) = (0, 0)

▶ F (x4, ξ2) = 0, (σ1, σ2) = (0, 0)

▶ F (x4, ξ3) = 0, (σ1, σ2) = (0, 0)

x3 ∈ K2 (second-stage feasible)



Iteration 4

▶ Solution MP4 (x4, ϕ4) = (0.7777, 0.27777)

▶ Q(x4, ξ1) = 0.11111, (ρ1, ρ2) = (0.5, 0)

▶ Q(x4, ξ2) = 0.11111, (ρ1, ρ2) = (0.5, 0)

▶ Q(x4, ξ2) = 0.61111, (ρ1, ρ2) = (0.5, 0)

Since 0.27777 = ϕ4 = Q(x4) = 0.27777, solution x4 = 0.7777 is
optimal, with optimal objective value MP4 = 1.8333.
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