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OR problems and the modeling process
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How to solve OR problems

Solvers Exact and heuristic approaches
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Finding out about OR

Two fundamental courses:
Operations Research in 2012 and Optimization Algorithms in 2014
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Timeline — Experiences, information
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m Oct. 2013: B.Sc. in CS Engineering at UniBS |:|

m Sep. 2015 — Jan. 2016: Visiting researcher at ULaval
m Mar. 2016: M.Sc. in CS Engineering at UniBS |:|

m May 2019: Visiting researcher at UPEM I:I

m Oct. — Dec. 2019: Visiting researcher at NII EI

m Mar. 2022: Ph.D. in Mathematics at UniTN-UniVR |:|

m Apr. 2022 — Mar. 2023: Postdoc at UniVR |:|

m Apr. 2023 — Mar. 2025: Postdoc/visiting at UniCal-UniPD |:|
m Apr. 2025 — Ongoing: Postdoc at UniPD |:|
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Master thesis on routing problems
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Between industry and academia — A Ph.D. apprenticeship

At least, what it was supposed to be
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Turning point #1 — July 2017
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My Ph.D. experience — Research on enumeration problems

Listing all bonds of a Deciding the duality of two
connected graph monotone Boolean functions
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My Ph.D. experience — Collaborations with companies
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My Ph.D. experience — Teaching various OR courses
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Turning point #2 — October 2018
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My Ph.D. experience — The dark side
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Turning point #3 — October 2019 and August 2020
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My Ph.D. experience — Talking
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My Ph.D. experience — Research outputs

On average, they took three years to be published
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My Ph.D. experience — Service and networking
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Turning point #4 — September 2022
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Research network
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Ongoing research projects

Last-mile Delivery Fleet Sizing Urban Air Mobility
Mixed Integer Linear Robust Optimization &  Exact methods: Branch
Programming Appr. Dyn. Program. &Cut, Branch&Price
Warehouse Managem. Uncertain Knapsack OR Teaching
Meta-heuristics & Exact methods: Active learning &
Matheuristics Dyn. Program. Constructivism
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Last-mile Delivery with Autonomous Robots and Public

Transport Lines — Problem Definition

Joint work with Antonino A. Caré (Politecnico di Milano), Roberto Roberti (University of Padova),

Sara Stoia (University of Calabria), and Yanlu Zhao (Durham University)

m Single depot, homogeneous robots, customers, and metro stations
m Payload-dependent energy consumption and battery swap

m Goal: minimize total cost to serve customers
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Last-mile Delivery with Autonomous Robots and Public

Transport Lines — Methodology and Results

Shift network:

— Traditional x;

Multi-transit network:

m Realistic instances with
20, 40, or 60 customers
and 2, 4, or 8 robots

PR,s

— X DIR and X+ dominance rule m Sensitivity analyses
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Robust Policies for a Multi-Period Fleet Sizing Problem

under Demand Uncertainty — Problem Definition

Joint work with Demetrio Lagana (University of Calabria) and Roberto Roberti (University of Padova)

m Stochastic-dynamic setting
over multiple days

m Customers with uncertain

demand in known intervals,

day windows, and penalties
Optimal solution (value = 2205 €) —
Employ vehicle 2 to serve:

= Goal: minimize total costs = Customers 1 and 3 on 09/26

due to fleet sizing, staffing, m Customers 2 and 4 on 09/25
and customer inconvenience

m Vehicles with # capacities and
fixed costs
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Robust Policies for a Multi-Period Fleet Sizing Problem

under Demand Uncertainty — Methodology

Lower bounds:

EP — Deterministic ex-post:

m Variables for service, usage, and number of vehicles of each
type each day

m Constraints on service, capacity, vehicle availability

QMIN — Pending orders in the objective function and uncertain
orders with minimum demand in constraints

Upper bounds:
WC — Worst case (maximum demand)

RO — Robust counterpart: budget of uncertainty and
cardinality-constrained uncertainty set

Z G aikp + Zg,afkp + max Z(ﬁ,— ~a)akp < Reup k€ K,p € P\ {0}

i€No el \[<r i€S

Linearization through dualization or recursive equations

A. Raffaele
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Robust Policies for a Multi-Period Fleet Sizing Problem

under Demand Uncertainty — Methodology and Results

Deterministic cost Expected cost
Action x € X(5p) Random information wp
X
Pre-decision state Post-decision state

Definition of Approximate Dynamic Programming policies applied in a
folding-horizon fashion to provide upper bounds

QMIN < EP < RO,UB <WC

EP uBko UBaMIN UMY
2205 € 2205 € 3305 € 3310 €
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Conclusions — Eight memos for the next researchers

Nana korobi, ya oki

Nonlinearity is perfectly fine

Experience something before judging it

1 When life gives you lemon, make your best lemonade, and
plant lemon seeds

Talk to as many people as you can

[@ Aim to one primary topic and many secundary others

Keep an eye on the present goals and the other ahead

Bl Answer the question: Why am | pursuing a research career?
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Conclusions — A path of one's own

Deterministic cost Expected cost
Action x € X(5p) Random information wp
X :
Sp Sp .................................. 5P+1  ——
Pre-decision state Post-decision state

m Problem: Pursuing a research career
m Model: Stochastic-dynamic problem with personal decision
variables and constraints

m Goals:

m Learning one's own policies
m Balancing these with all the rest you cannot control
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Events — 10th AIROYoung Workshop and Ph.D. School

Website: https://ayw2026.github.io
Abstract submission deadline: December 14, 2025
Paper submission deadline: February 14, 2026
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Events — Creative Math. Sciences Communication 2026

Website: https://cmsc2026.github.io
Paper/poster submission deadline: TBA
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Timeline — Books
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m May 2010: Virginia Woolf, “A room of one's own" — Independence and equality

= June 2017: Natalia Ginzburg, “The little virtues” — Vocation and relationships

m Jul. 2017: Pirkko Vainio, “For those who want to fly” — Falling and standing up

m Oct. 2018: Massimo Recalcati, “The class hour” — Impact of teaching

m Dec. 2019: Leonard Cohen, “The flame" — Resignation, cracks, and gratitude

m May 2020: Italo Calvino, “Invisible cities” — Research

m Aug. 2020: E-E. Schmitt, “M.me Pylinska and Chopin’s secret” — Finding one’s door
m Dec. 2020: Kobi Yamada, “Maybe" — Personal qualities

m Nov. 2021: Italo Calvino, "“Six memos for the next millennium” — Pure principles

m Dec. 2021: Chandra Livia Candiani, “Questo immenso non sapere” — Role of errors

m Sep. 2022: lan Steward, “Letters to a young mathematician” — Research community
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