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Decision-Dependent Distributionally Robust Optimization for Facility Location Problem with 

Customer Behavior Considerations

Dual form for the second-stage problem:

• The CCG algorithm consistently achieves the fastest convergence, outperforming both 

Reformulation and CP by several orders of magnitude as problem size increases.

• Under BU with different customer rankings, DDDRO+BU obtains the most stable results 

followed by DDDRO and then DRO.

• The first graph shows that DDDRO+BU achieves munch better solutions than DDDRO under 

the worst-case ranking in the BU uncertainty set.

• The second graph shows that DDDRO+ BU is more conservative than DDDRO under the 

baseline ranking model, but the gap is much smaller than the worst-case setting.
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DDDRO:

Solution Algorithm

This work addresses a facility location problem with customer behavior 

considerations. We develop a Decision-Dependent Distributionally Robust 

Optimization (DDDRO) model that captures customer behavior as a second-stage 

recourse. Specifically, we utilize a ranking-based choice model informed by machine 

learning to represent consumer preferences. 

Problem Setting

where

3

𝐺𝑞 𝑥 : available (𝑖, ℎ) pairs under given 𝑥.

For every trip 𝑞, using utilities 𝑢𝑞𝑖ℎ, ∀ 𝑖 ∈ 𝑁, ℎ ∈ 𝐻, we can obtain ranking 

based customer choices (see Section 5)

Rankings {𝜎1, 𝜎2, … , 𝜎 𝑄 } over 𝑁 × 𝐻 + 1 options indicating each facility and 

type pair and customers not selecting any service.

Each ranking 𝜎𝑞: 0,0 , … , 𝑁 × 𝐻 → {0, 1, … , 𝑁 × 𝐻 } is a bijection that 

assigns each option to a rank, where (0,0) denotes the customer choosing no facility.

Then we have 𝜋𝑞 ∈  Π𝑞 𝑥 ⊆ {0, 1}|𝑁|×|𝐻|.

5 Multinomial Logit (MNL) Choice Model

Here, 𝛼, 𝛽𝑞
1, 𝛽𝑞

2 are the dual variables associate with ambiguity set.

Then, the DDDRO full model can be written as the following

Column-and-Constraint Generation (CCG) method

Utility function:

Once we have 𝛽1, 𝛽2, we can finally define the ranking using utility functions by

Computational performance under California EV charging data

• CP: Cutting-Plane; RT: Runtime; Iter: Iteration; Speed up: ratio of runtime between different methods.

What happens if we consider customer behavior uncertainty (BU) ?

DDDRO+BU:

Here, M can be used to indicate different rankings, based on utility values.

where

Here, 𝑑𝑞𝑖ℎ is the distance between trip 𝑞 and station (𝑖, ℎ), 𝛽1, 𝛽2ℎ are parameters to be 

estimated. We set the error 𝜀𝑞𝑖ℎ i.i.d. disturbances following the Gumbel distribution.

Then under this assumption, the probability of customer q choosing station i with type h 

can be written as

Where 𝑆𝑞 ⊂ [ 𝑁 × 𝐻 ] denotes the choice set 

available to individual q. 

Maximum Likelihood Estimation
𝐽: number of data point

We use the Newton’s method (e.g. 

SLSQP) to solve this problem.
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