
Appendix A

Binary Search Algorithm

Initialization:
Let

ε= 10-3 // Small constant

δ = 10-3 // Target absolute difference between the calculated upper and lower bounds for Z

L← 0, U← 1+δ+ ε // Initialization of lower and upper bounds for Z

Z0← 1 // Initialization of the Z imbalance measure

T = 10800 // Time limit (in seconds) for searching for a feasible solution for a given Z0

t // Time spent in attempting to find a feasible solution given bound Z0 (if it exists)

while (U − Z0)>δ do
Solve model with Z fixed at the value Z0,
if feasible integer solution is found then

U ← Z0,
end
else if t>T or Infeasibility is proven then

L← Z0,
end
Z0← U−L

2
+ L

end
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Appendix B

As defined in Section 5, dis denotes the nominal number of doors required by destination i during

sort s and is calculated as the median of the random variable d̃is, representing the number of doors

required by destination i during sort s.

FBP1-D

minimize Z (FBP1-D-1)

s.t.
∑

j∈J
x i j = 1, for all i ∈ I , (FBP1-D-2)

∑

i∈I µis x i j
∑

i∈I µis
− Pjs ≤ Z , for all j ∈ J , s ∈ S, (FBP1-D-3)

Pjs −

∑

i∈I µis x i j
∑

i∈I µis
≤ Z , for all j ∈ J , s ∈ S, (FBP1-D-4)

∑

i∈I
dis x i j ≤ D j , for all j ∈ J , s ∈ S, (FBP1-D-5)

SC , (FBP1-D-6)

x i j ∈ {0, 1}, for all i ∈ I , j ∈ J . (FBP1-D-7)

FBP1-B

minimize Z (FBP1-B-1)

s.t.
∑

j∈J x i j = 1, for all i ∈ I , (FBP1-B-2)

F−1

�

q+ 1

2

�2

(τ j s
ᵀτ j s )≤ ζ2

js, for all j ∈ J , s ∈ S, (FBP1-B-3)

F−1

�

1− q

2

�2

(τ j s
ᵀτ j s )≤ φ2

js, for all j ∈ J , s ∈ S, (FBP1-B-4)

τ j s = Ls
ᵀy j s , for all j ∈ J , s ∈ S, (FBP1-B-5)

ζ js = (Z −µs
ᵀy j s ), for all j ∈ J , s ∈ S, (FBP1-B-6)

φ js = (Z +µs
ᵀy j s ), for all j ∈ J , s ∈ S, (FBP1-B-7)

∑

i∈I dis x i j ≤ D j , for all j ∈ J , s ∈ S, (FBP1-B-8)

SC , (FBP1-B-9)

ζ js,φ js ≥ 0, for all j ∈ J , s ∈ S, (FBP1-B-10)

x i j ∈ {0, 1}, for all i ∈ I , j ∈ J . (FBP1-B-11)
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FBP1-R

minimize Z (FBP1-R-1)

s.t.
∑

j∈J x i j = 1, for all i ∈ I , (FBP1-R-2)

∑

i∈I µis x i j
∑

i∈I µis
− Pjs ≤ Z , for all j ∈ J , s ∈ S, (FBP1-R-3)

Pjs −

∑

i∈I µis x i j
∑

i∈I µis
≤ Z , for all j ∈ J , s ∈ S, (FBP1-R-4)

∑

i∈I dis x i j +
∑

i∈ Îs
πi js + Vjs ≤ D j , for all j ∈ J , s ∈ S, (FBP1-R-5)

η js ≥ ρ
�

∑

i∈ Îs
x i j

�

, for all j ∈ J , s ∈ S, (FBP1-R-6)

λ js +πi js ≥ d̂is x i j , for all i ∈ Îs, j ∈ J , s ∈ S, (FBP1-R-7)

Vjs ≥ tλ js +
�

∑T js
k=t κ

k
js − 1

�

M , for all j ∈ J , s ∈ S, t = 0...T js (FBP1-R-8)

η js =
∑T js

t=0 tκt
js, for all j ∈ J , s ∈ S, (FBP1-R-9)

∑T js
t=0 κ

t
js = 1, for all j ∈ J , s ∈ S, (FBP1-R-10)

SC , (FBP1-R-11)

η js ∈ Z+, for all j ∈ J , s ∈ S, (FBP1-R-12)

πi js ≥ 0, for all i ∈ Îs, j ∈ J , s ∈ S, (FBP1-R-13)

λ js ≥ 0, for all j ∈ J , s ∈ S, (FBP1-R-14)

x i j ∈ {0, 1}, for all i ∈ I , j ∈ J , (FBP1-R-15)

κt
js ∈ {0,1}, for all j ∈ J , s ∈ S, t = 0...T js. (FBP1-R-16)
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