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0. supplementary materials1

0.1. Theorem2

Theorem 1. Assume that ξ1, ξ2, · · · , and ξn are independent uncertain variables obeying regular uncertainty
distributions h1, h2, · · · , and hn, respectively, and h1(x), h2(x), · · · , and hn(x), and h0(x) are real-valued
functions.

M{
n

∑
i=1

hi(x)ξi ≤ h0(x)} ≥ α

holds if and only if
n

∑
i=1

h+i (x)ϕ
−1

i (α)−
n

∑
i=1

h−i (x)ϕ
−1

i (1 − α) ≤ h0(x)

where

h+i (x) =

{
hi(x) hi(x) > 0

0 hi(x) ≤ 0

h−i (x) =

{
−hi(x) hi(x) < 0

0 hi(x) ≥ 0

Theorem 2. The equivalent deterministic form of chance Constraint (12-1) in Model (12) is as follows:

n

∑
j=1

−λj(αrjyrjU + (1 − αrj)yrjL) ≤ (−S+
r )− ((1 − αrj)yrj0U + αrjyrj0L)

Theorem 3. The certain deterministic form of the Constraint (16-2) in the model is as follows:

n

∑
j=1

λj(eij − (
√

3σij)/πln((αij)/(1 − αij))) + S−
i ≤ θ ∗ ((exij0

− (
√

3σxij0
)/πln((αij)/(1 − αij))))

0.2. Proof3

Constraint
n

∑
j=1

λjỹrj ≥ ỹrj0 + S+
r
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Multiplied by (−1) on the left and right sides, the inequation is subjected to a linear distribution, which is
converted to the following:

−
n

∑
j=1

λjỹrj ≤ (−S+
r )− ỹrj0

Furthermore, let

x̃ij ∼ ℓ [xijL, xijU ], ỹrj ∼ ℓ [yrjL, yrjU ], z̃rj = −ỹrj ∼ ℓ [−yrjU ,−yrjL]

So Constraint (12-1) could be converted as follows:

M{
n

∑
j=1

λj z̃rj ≤ (−S+
r ) + z̃rj0} ≥ 1 − αrj

Through Definition 4, the corresponding linear conversion could be obtained as follows:

n

∑
j=1̃

λj(αrjzrjL + (1 − αrj)zrjU) ≤ (−S+
r ) + ((1 − αrj)zrj0U + αrjzrj0L)

We subsequently substitute and reorganize Constraint (12-1). The deterministic form of chance Constraint
(12-2) of Model (12) is as follows:

n

∑
j=1

λj(αijxijL + (1 − αij)xijU) + (S−
i ) ≤ θ ∗ ((1 − αij)xij0L + αijxij0U)

0.3. Proof4

n

∑
j=1

λjỹrj ≥ ỹrj0 + S+
r

This can be multiplied by (−1) on the left and right sides and then the inequation is subject to normal
distribution, which is converted to the following:

−
n

∑
j=1

λjỹrj ≤ (−S+
r )− ỹrj0

Let
x̃ij ∼ Normal (eij, σij), ỹrj ∼ Normal (erj, σrj)

Then
z̃rj = −ỹrj ∼ Normal [−yrjU ,−yrjL]

So the Constraint (16-1) can be converted as follows:

M{
n

∑
j=1

λj z̃rj ≤ (−S+
r ) + z̃rj0} ≥ 1 − αrj

Through Definition 9, we could get the following normal conversion:

n

∑
j=1

λj(ezrj − (
√

3σzrj)/πln((αrj)/(1 − αrj))) ≤ (−S+
r ) + (ezrj0

− (
√

3σzrj0
)/πln((αrj)/(1 − αrj)))

We subsequently substitute and reorganize Constraint (16-1).5
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