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Fraunhofer CML: Innovating the Maritime Sector
Research areas

Ports and Transport Sea Traffic and Nautical Port Technologies Ship and Information

Markets Solutions Mobile robotics and Al for Management

Analysis and optimization Technologies for new applications in port Software development with

of nodes in the maritime autonomous systems and operations a focus on digital solutions

supply chain nautical assistance systems for fleet management, ship
operations and maritime
services
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Fraunhofer CML and the Maritime Industry
Focus on maritime logistics
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Industry partners HEIYAY
« Mathematical models « Shipping and ports
 Classical algorithms * Providing use cases ﬁ

* Quantum & hybrid . Getting scientific support
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Quantumcomputing
A very short introduction

Potentials of Quantumcomputing
= Shorter calculation paths through a different calculation model
= Promisses better scaling for some specific problems
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Entangelment: . .

Tunnel effect:
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Our Focus

Quantum Computing Stack

END USER & USE CASES

QUANTUM ALGORITHMS

Q API & CLOUD ACCESS

Q ALGORITHM COMPILER
Middleware

QUANTUM 0S

QBITS CONTROL

Hardware

QUBITS
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Hardware
Overview

Potential

Technical maturity

Universal quantum

Classical computer Digital annealer Quantum annealer
computer

Fault

NISQ tolerant

Fujitsu D-Wave IBM

Z Fraunhofer
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Maritime Use Cases

Some of the optimization problems from the industry

Maritme Inventory Routing

Route Optimization
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Fraunhofer Industrial Application Center Quantum Computing Hamburg

IQHH

\

Maritime Logistik Z Fraunhofer
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Route

Katalysatoren-Entwicklung 2 Fraunhofer

IAP

Number of cases 1 >10 —> reduction in cases
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Variation in size ML

Change of nanocrystal morphology

0 Alloying with different elements Leid cand_ldates
or testing

Platinum Variation in shape, i.e. facets
as catalyst

Optimization of surface energy

Variation in surface energy

=3 . . . o Sustainable use of resources
@ Chemical expertise Quantumcomputing -'@\- il o e

Additive Produktion Z Fraunhofer

IAPT
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Medikamenten-Entwicklung Z Fraunhofer

ITMP

\

. - ZZ Fraunhofer
Rcii Hit identification Known training molecules i o

10 000

 4-5 candidate Hit to lead /" Molecular fingerprints
years molecules | / (structural, physico-chemical, ..)  Classify
\ /

Few chemical | e
\ Lead optimization |
series | primizaty / Novel putative hits

-8 | Drug candidate | | {:::.r::h'
5 molecules | f N ¥
years | development | [ pan
\ / )
12 | . . | Predict
e 1 molecule | Registration | molecular properties:
v | Binding, toxicity, ...

Seite Seite 7 11.02.2026 © Fraunhofer CML, Adobe Stock

Z Fraunhofer

CML




Cargo Routing
Minimal fuel consumption

» Scope»

S &

Input ‘
pu Flnd the optimal route and veloat

= Designated ports and time windows
= Distances
= Possible velocity range

Scope
=  Minimizing fuel consumption
= Complying with the orders / time constraints
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From Real-World Data to Problem Instances
Generating the cost matrix and time windows for a given velocity

Kostenmatrix z (Stunden)
H A P G

H 200 300 257

A 200 @ 203 329

P 300 203 (% 64

G 257 329 64 (%]

> &

Zeitfenster [e,1]

H ' Houston (United States) 06.10.2023 (19:54)  10.10.2023 (07:40) = 1
A Altamira (Mexico) 18.10.2023 (15:10)  19.10.2023 (09:42) H 195
P Point Lisas (Trinidad and Tobago) ~ 27.10.2023 (20:12)  29.10.2023 (04:45) A 395 414
(3 Georgetown (Guyana) 31.10.2023 (19:54)  02.11.2023 (06:18) P 617/ 674
Houston (United States) 12.11.2023 (17:00)  15.11.2023 (21:00) G 738 784
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Approach: Travelling Salesperson Problem with Time Windows (TSPTW)
Hybrid model: Quantumannealing as a subroutine

Input Calculation M Output

Fuel
consumption
T;

Velocity

Route length Fuel

Velocity v;

consumption

range vV

T

Minimierung

Ports and Time matrix [ ﬂ '
A

Distances Z;

o
Time Problem Formulating Computational Optimal
windows instance as TSPTW e Route
|
|
—
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Approach: Travelling Salesperson Problem with Time Windows (TSPTW)

Hybrid model: Quantumannealing as a subroutine

Input Calculation M Output

Fuel
consumption
T;

Velocity

Route length Fuel
T consumption

Velocity v;

range vV

Minimzation

Ports and Time matrix [ S '
A

Distances Z;
V/;DQ?

Time Problem Formulating Quantum Optimal
windows instance as TSPTW Annealing Route
|
|
—
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Formalization and Different Mathematical Models

Travelling Salesperson Problem with Time Windows (TSPTW)

1. Approach: Binary Linear Programming (BLP)
= Binary variables for edges and timestamps

{1, die Kante u — v wird vom Zeitpunkt i — 1 bis i befahren,

0, sonst.

= Time windows as constraints
- Many mariables, less constraints

2. Approach: Integer Linear Programming (ILP)
= Binare variables for edges

1, die Kante u — v wird befahren,
0, sonst.

= Integer variables service, arrival and departure times

Oy € L0, 0y € L0,y € L>p.
—> Less Variables, many constraints

Transfo

rmation
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Quadratic Unconstrained Binary

Optimization (QUBO)

= Only binary variables

= Only quadratic terms

= Constraints with penalty terms in
the objective function
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Formulierung als mathematisches Optimierungsproblem

Travelling Salesperson Problem with Time Windows (TSPTW)

BLP

ILP

Seite 13

Transformation
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First Calculations and Results
CPLEX vs. D-Wave Quanten-Annealer

= First demonstration examples
= QUBOs with about 60 Variables
= (CPLEX on a PC with Intel CORE i7
= ~2,55 to an optimality gap of 5%
= D-Wave Quantenannealer Advantage (pure QPU)
= ~100ms pure annealing time
=  QOptimal solution in 40% of the runs
= n=3,4,5-> QUBO sizes 65, 104 and 165
= Connectivity 15

SOLVER 00.00.00.096-:

AVERAGE TIME PER PROBLEM

Advantage_system4.1
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Current Results and Outlook

Optimization problems from operations difficult to transform in QUBOs:
- Empiric determination of penatly terms for constraints
- Srongly coupled constraints challenging

Formulation sensitive:
- Impacts number of binary variables
- implicit constraints lead to dense QUBO Matrixes

Quantum computers currently limited
Interaction between domain and method knowledge
essential to get the best out of current hardware capacities

Future-oriented: focus on algorithms for foult tolerant quantum computers
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Contact

Dr.-Ing. Anisa Rizvanolli

Head of Team , Maritime Scienti
Computing and Optimization”
anisa.rizvanolli@cml.fraunhc
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L epaper
4 Domains — 4 Use Cases ‘

Maritime Logistik | | Katalysatoren-Entwicklung | | Additive Produktion | l Medikamenten-Entwicklung |
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Quantum Computing
in Industrial Applications

Four Domains - Four Case Studies

-z

https://www.cml.fraunhofer.de/en/press/studies/report_gquantum_computing
_in_industrial_applications.html
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