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Key decisions
1. Connectivity, i.e., buildings to connect.
2. Timing, i.e., trucks departure times.

Objectives
1. Reduce cost.
2. Minimize carbon emissions.
3. Maximize delivery speed.
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Time-expanded network flow problem
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Intractable at Amazon’s scale!
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Network Design: Connectivity
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min
p,v

NetworkCost(p,y)

s.t. (p,y) 2 FeasibleNetwork
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Network Design: Timing

time

CPT from FC#1 to DS#1Truck from FC#2 to DS#1

Customer order cannot be 
served via FC#2

Truck vector variable 

2PM 8PM

Views

Dependency on connectivity
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max
z

Speed(z)

s.t. z 2 FeasibleSchedule(p)
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Network Design: The joint problem

Why is this problem hard to solve?

(a) Feasibility: We must consider granular non-convex operational constraints, e.g., site opening hours.

(b) Speed objective: Inventory at FCs impacts the speed given by expensive fast connections. 

(c) Scale: Billions of variables to model hourly decisions, e.g., when a truck should depart.

(d) Uncertainty: Customers’ demand is uncertain, thus we should minimize the expected cost.

<latexit sha1_base64="6Ej+Cz6DQa00zPoMtYOTTseFceA="></latexit>

min
p,y,z

NetworkCost(p,y)� Speed(z)

s.t. (p,y) 2 FeasibleNetwork

z 2 FeasibleSchedule(p)



Network Design: The joint problem

Why is this problem hard to solve?

(a) Feasibility: We must consider granular non-convex operational constraints, e.g., site opening hours.

(b) Speed objective: Inventory at FCs impacts the speed given by expensive fast connections. 

(c) Scale: Billions of variables to model hourly decisions, e.g., when a truck should depart.

(d) Uncertainty: Customers’ demand is uncertain, thus we should minimize the expected cost.

<latexit sha1_base64="6Ej+Cz6DQa00zPoMtYOTTseFceA="></latexit>

min
p,y,z

NetworkCost(p,y)� Speed(z)

s.t. (p,y) 2 FeasibleNetwork

z 2 FeasibleSchedule(p)



Speed-aware Network Design
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Speed-aware Network Design

Fast connection from FC1 to DS1

Unique items to DS1

Ugo Rosolia, Marc Bataillou Almagro, George Iosifidis, Amit Kumar, Georgios Paschos, “Speed-aware network design: a parametric optimization approach”.

Fast connection from 
FC2 to DS1
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Network Design: The joint problem

Why is this problem hard to solve?

(a) Feasibility: We must consider granular non-convex operational constraints, e.g., site opening hours.

(b) Speed objective: Inventory at FCs impacts the speed given by expensive direct connections. 

(c) Scale: Billions of variables to model hourly decisions, e.g., when a truck should depart.

(d) Uncertainty: Customers’ demand is uncertain, thus we should minimize the expected cost.
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Solving MIPs with ML + Optimization

Figure from Nair, V., at al (2020). Solving mixed integer programs using neural networks. arXiv preprint arXiv:2012.13349. 



Solving MIPs with ML + Optimization

Key idea: 
1. Learn the probability that a variable will be active.
2. Fix variables that are active with high-probability to reduce problem dimensionality

Benidis, K., Rosolia, U., Rangapuram, S., Iosifidis, G., & Paschos, G. (2023). Solving Recurrent MIPs with Semi-supervised Graph Neural 
Networks. arXiv preprint arXiv:2302.11992.
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