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Context-Motivation

Running Industrial PhD:
“Strategic Decision-Making and Optimization: Empowering SMEs with Data-Driven Systems
for Resilience and Digital Competitiveness”

How can we design and implement decision-support systems that improve SMEs by making
them more resilient, competitive, and flexible in a changing market with limited resources?

Background: Telecommunications — Scotland (Fintech & e-learning) — Data Science
Data Optimization & Innovation Engineer in CLIQPOD, S.L.
Why SMEs?

My family has a long history of entrepreneurship

When Facing Storms — Resilience = Learning + Knowledge + Opportunities
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Significance
99% of European businesses are SMEs according to the European Commission

2025 OECD Survey:

SME’s Al Adoption: 26% (2024) = 39% (2025)
Top Use - GenAl: 18% (2024) =2 26% (2025)
But only 50% digitally mature (=competent)

Adoption Main Barriers:
40% Maintenance Costs
39% Lack of time for Training
32% Hardware Costs
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Context

Hard Competition Chaos Al Adoption

* No clear guidance, data policies

* Rapid evolution of digital or path to follow for successful * Sensationalist news or skepticism about Al
technologies (globalization data initiatives
intensifies competition) ) * Lack of resources and knowledge to Adopt Al

* PoC and pilot projects fail to

* .Overwh?lming amount of deliver value — Fit specific needs * New tools & New way fo do things
information. and constraints of SMEs * Gap between Business application and technical
* Uncertainty in market changes implementation.
Are you 110% sure?
Bias Resources No Data Culture

* Lack of a data-driven mindset, using /defining
* Cognitive Biases (intuition over * Long-term planning difficulties KPls and Data Quality tests.

analytical reasoning).

* Return of investment on a data/Al * No clear understanding to apply the most
* Underdeveloped an iterative workforce & infrastructure appropriate data methodology.
feedback-driven strategic
decision-making * Different approaches may produce different

results and conclusions.



ClR025 =
UO Universtt DOCTORATS T XVI CONGRESO DE ‘—-"\T p i
c gegra[lzlunya INDUSTRIALS o INGENIERIA DEL TRANSPORTE P Foro de Ingenieria del Transporte

1542
Universidad
Zaragoza

'RECERCA ESTRATEGCA: COLLABORATIVA-AFLICADA

Industrial PhD Main Objectives
Challenges & Opportunities

Ingestion &

Infrastructure Generalization Integration

*  Simple process for SMEs to * How to consider unique contexts * Analytics Ecosystem Integration
process large amounts of data and constraints in a general aligned with strategic goals and
to feed systems. framework. operational realities.

*  Minimal infrastructure to ensure
viability.

Evidence Adaptability Data Culture

* Quantification and evidence of * Adapting models to be iteratively * How to build and sustain a data culture,
system effects on strategic integrated. with trust on data?
decisions. * Close the feedback loop between * Evaluate different approaches or
model outputs and regular models based on ease of use, potential
strategy reviews. impact, etc.
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Operational Agility
Adaptive Strategic Decision Making System
Problem: Bi-objective Vehicle Routing Problem (VRP) for Business Resilience +anti-fragile culture
electric vehicles: minimize total distance and energy Innovation Management Atk }
consumption, with dynamic replanning under uncertainty VALIDATION CULTURE owdowe
-no agility adaptability in the
. . . Strategic Decison Making organizational DNA?
Context: Urban last-mile delivery for SMEs adopting SEciEon
. . . . . - iti BUSINESS iterati ic ali
electric vehicles, facing operational and sustainability SCIENCES | ~ Competitive Advantage *erative strategic alignment
. o . . . . . K P I How can advanced analytical
challenges, with limited computational and financial ) oo Business Impact S models be iteratively integrated
resources. -no real impact Simutation BOR I N M T e '2:;3?;2g't?niiﬂjfga}:ianznfn?
Optimization Strategies impact?
. OPERATIONAL +technology integration & modelling
Workforce: Fleet of delivery drivers (4 vehicles as in E- Al Aladoption [\]od el researcr
n22-k4 instance), each assigned to a route; no explicit Analytics Ecosystem (81, ML, Cloud) o do s raneform

driver scheduling, but each route simulates a vehicle and  _pankrupey risk dita o actonable
prescriptive moaels:
its ope rator. Data Governance

TECHNOLOGY Digital Transformation DATA
Resources: Fleet of electric vehicles. 4 units, each with 6- Implementation Conditions Benchmark
ton capacity and 250 kWh battery
Data
Problem Context Workforce Resources
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Use case — Model

Objectives:
* Minimize total distance travelled
* Minimize total energy consumed

Main Constraints:

* Each customer is served exactly once

* All routes start and end at the depot

* Vehicle capacity and battery limits are respected

* Battery recharged at charging stations as needed

* Flow conservation: vehicles follow continuous, valid routes

Energy Model:
* Energy use depends on distance and vehicle efficiency
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« Bi-Objective function:

Minimize Z = az Z Z dijxie + Bz Z Z € Xiji

kekK ievuc je VUC keK ieVuC je VUC
j#i j#i

Where:

- d;j is the energy consumption modeled as:
o &= .3‘7]:'1"‘122,-

o Constraints:
o Flow Conservation:

Xy = ) %= Vi VieVUCVkek
jevuc jevuc
J#i Jj#i

o Customer Service Requirement:

V=1 VieV\{0}

keK

o Vehicle depot Constraints:

Z Xojk = Z Xiok = 1, VkeK
Jjevuc ie vuc
j=0 i#0

o Capacity Constraints:

diyfk < Q, VkeK
ie V\{0}

o Battery Dynamics:
bi < by —eyxip +B(1— x5, ), V(@Lj)eEVkeK
by +cx <B, VceCVkeK
b = B, vk eK
by, =0, VieVUCVkeK

o Charging Constraints:

Ceie E TeVeior VceC, VkeK 7

Universidad
Zaragoza



Cig2025

X0
Uo Universiat DOCTORATS T XVI CONGRESO DE m S A
), a 1542
accataunya  INDUSTRIALS o INGENIERIA DEL TRANSPORTE ey
- A Zaragoza
Start
Simulation
L 4
Cresie a Thread for each Route
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- -‘J
v
Dynamic Energy Calculation: Update energy cost for each route segment, N
- .
. . - . \\\
considering external factors and randomness. - e N
Battery Monitoring: Check if vehicle battery is below threshold before each | e Charggod ves
hd
Segment' | [nsert ChargingMode in Route
¥ N g———,
. . . . . Charge Vehicle & Update
Smart Charging: If needed, find nearest charging station, insert stop, and Enegy Consumpion l
reChG rge VehiCIG. ! . Simulation of the vehicle's
travel between nodes
(S
Travel Simulation: Simulate vehicle movement between nodes, updating /‘t\
- ",
- ",
energy and route status. e N
(\\ Edges? //)
lterate Until Complete: Repeat for all segments until vehicles return to depot. Y
—No—,
L

Vichicles arrived to depot ‘ ‘ End Route Simualation
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Use case — Example

CWS Standard Solution
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--- Vehicle 2 Segment 1: Node 0 -> Node 14 ---
Updated parameters: Edge Distance = 7.07, Edge Energy = 41.20, Route Energy = 550.21

Previous Edge Energy: 25.00
Previous Route Energy: 534.00

Energy Threshold (worst case scenario): 559.00
Battery Limit: 2,500.00

Vehicle can continue its journey

--- Vehicle 0 Segment 7: Node 7 -> Node 0 ---
Energy limited - Passes through recharge node 56

--- Vehicle 0 Segment 7: Node 7 -> Node 56 -—
Updated parameters: Edge Distance = 19.10, Route Energy = 345.98

--- Vehicle 0 Segment 8: Node 56 -> Node 0 ---
Updated parameters: Edge Distance = 19.70, Route Energy = 356.89

--- Node 0 has been reached from Vehicle 0.
Vehicle 0 has arrived at the depot.

Our experimental results confirm 100% solution feasibility across scenarios, showing that

modest distance increases (435.7 = 3.71 km vs. 431.99 km) can accommodate charging
requirements while maintaining route feasibility
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Conclusions & Future Research

Industrial PhD: From Specific Application to Generalizable Decision Support —
e.g: Benchmarking using Operations Research Question Answering (ORQA) dataset

Simulation & Learning Under Uncertainty: Simulates real-world uncertainty to test and
adapt decision-making.

Path to Real SME Integration: Designed for future integration into daily SME
operations through pilot projects

10
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Thank you!

ginesmoli@uoc.edu
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