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Quantum Computing is in the Room
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QC interest

IBM QC services 
accessible in the cloud

(April 2016)

Quantum Supremacy 
Announced by Google

(October 2019)

GPT-4 Release
(March 2024)

Google’s Willow Quantum 
Chip Breaks a 30-Year Barrier 

in Error-Corrected Computing.
(December 2024)

GenAI ?
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QC interest

Artificial Intelligence

Taylor Swift ?
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Quantum information is a radical 
departure in information technology, 
more fundamentally different from 
current technology than the digital 
computer is from the abacus

William Daniel Phillips, 1997

Some thoughts
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Today (and Tomorrow) Quantum Computing Expectations
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Hype Cycle for Emerging Technologies 2018



Today (and Tomorrow) Quantum Computing Expectations
Hype Cycle for Emerging Technologies 2025
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Quantum Computing Hype Cycles

Credit: Jarrod McClean
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Quantum Mechanics Foundations

1927 Solvay Congress Conference on Electrons and Photons
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Foundations: Superposition 

Schrödinger's cat
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Foundations: Entanglement
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What kind of computer are we 
going to use to simulate 
physics?

Richard Feyman, 1982

Quantum Computing Foundations
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Quantum Computing Foundations
Juan Ignacio 
Cirac
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Qubits
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Quantum Speedups
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The thing driving the hype is the 
realization that quantum 
computing is actually real.
It is no longer a physicist’s 
dream — it is an engineer’s 
nightmare.

Isaac Chuang, 2018

QC is not a tomorrow’s technology, it is real
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Physical Realization of Qubits

Olivier Ezratty, September 2025.
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Quantum Computing Hardware

Photonics

Superconducting
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Physical Realization of Qubits
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IBM Roadmap
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IBM Roadmap
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Evolution of Number of Qubits
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https://introtoquantum.org/



QC in HPC (High Performance Computing)
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Quantum computing challenges: Decoherence

• Limited timeframe where qubits are useful
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Quantum computing challenges: Error Correction

Causes:
▪ Control
▪ Calibration
▪ Material defects
▪ Cosmic rays
▪ Multiple interactions
▪ Thermal noise
▪ Electromagnetic noise
▪ Photon los
▪ …
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Expected QC Applications

Higgins & Sutor, 2018
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Expected QC Applications
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Quantum Supremacy?
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NISQ (Noisy Intermediate-Scale Quantum)
FTQC (Fault-Tolerant Quantum Computing) vs.
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Quantum Advantage (expected by 2026?)
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Target Problems for QC

Bharti et al. (2021)

Shor’s factoring, 
Grover’s search, HHL’s 
linear system solver,….

QML?
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Predicted #Qubits for Quantum Advantage
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R&D Policies

CIFAR, 2021
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Public Investment
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Quantum Software works with 
Probability and Uncertainty
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How to work with qubits?
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How to work with qubits?
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How to work with qubits?
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Quantum Circuits & Quantum Programming Languages
from qiskit import QuantumRegister, ClassicalRegister,

QuantumCircuit
from numpy import pi

qreg_q = QuantumRegister(3, 'q')
creg_msg = ClassicalRegister(1, 'msg')
creg_register = ClassicalRegister(1, 'register')
circuit = QuantumCircuit(qreg_q, creg_msg, creg_register)

circuit.h(qreg_q[1])
circuit.cx(qreg_q[1], qreg_q[2])
circuit.barrier(qreg_q[1], qreg_q[0], qreg_q[2])
circuit.cx(qreg_q[0], qreg_q[1])
circuit.h(qreg_q[0])
circuit.measure(qreg_q[0], creg_msg[0])
circuit.cz(qreg_q[0], qreg_q[2])
circuit.measure(qreg_q[1], creg_register[0])
circuit.cx(qreg_q[1], qreg_q[2])

OPENQASM 2.0;
include "qelib1.inc";

qreg q[3];
creg msg[1];
creg register[1];

h q[1];
cx q[1],q[2];
barrier q[1],q[0],q[2];
cx q[0],q[1];
h q[0];
measure q[0] -> msg[0];
cz q[0],q[2];
measure q[1] -> register[0];
cx q[1],q[2];
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Manuel A. Serrano, José A. Cruz-Lemus, Ricardo 
Pérez-Castillo, Mario Piattini:
Quantum Software Components and Platforms: 
Overview and Quality Assessment. ACM Comput. 
Surv. 55(8): 164:1-164:31 (2023)

Quantum Programming Languages
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Quantum Software Development Stacks
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Quantum Software Development Stacks

Quantum Device

OpenQASM

Qiskit
Terra

Qiskit 
Algorithms

Qiskit 
Runtime

Not public QIR

Cirq

ReCirq
Quantum 
SDK – Q#

TensorFlow 
Quantum (TFQ)

Azure 
Quantum

IBM Google Microsoft

QMASM Quil

Ocean 
SDK pyQuil

D-Wave 
Hybrid, QBSolv Grove

Braket IR

Amazon 
Braket SDK

Braket
Algorithm Lib

t|ket⟩ IR

t|ket⟩ SDK

Blackbird

Strawberry 
Fields

Leap 
Cloud

D-Wave

Forest SDK

Rigetti

Amazon 
Braket

Amazon

Lambeq
pytket-extensions

InQuanto,
TKET Cloud

Quantinuum

PennyLane 
QNode

PennyLane

Xanadu
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Quantum Software Engineering (QSE)

• Understanding both low and high-level algorithms

• Know-how about the way these algorithms can be assembled 
and coupled with classical algorithms

• How to find the ways to translate “business problems” into these 
algorithms. 
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The Talavera Manifesto 
for Quantum Soft. Eng. and Programming (2020)

https://www.aquantum.es/manifesto/
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The Talavera Manifesto for Quantum Soft. Eng. and 
Programming (2020)
Principles

1. QSE is agnostic regarding quantum prog. languages and technologies

2. QSE embraces the coexistence of classical and quantum computing

3. QSE allows  the management of quantum software development projects

4. QSE deals with the evolution of quantum software

5. QSE attempts to deliver quantum programs with desirable zero defects

6. QSE is concerned about the quality of quantum software

7. QSE is in favour of quantum software reuse

8. QSE is aware of the need for security and privacy by design

9. QSE covers the governance and management of software
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QSE Roadmap and Challenges
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Research Interest on QSE

54
Murillo et al., 2025



Challenges on QSE

▪ Quantum Software Testing
• Ch-ST-1. Efficient test oracles.
• Ch-ST-2. Test scalability.
• Ch-ST-3. From simulators to real quantum computers.
• Ch-ST-4. (Quantum) AI and (quantum) software testing.

▪ Quantum Service Oriented Computing 
• Ch-SoC-1. Interoperability.
• Ch-SoC-2. Platform independence.
• Ch-SoC-3. Demand and capacity management.
• Ch-SoC-4. Workforce training.

▪ Quantum MDE
• Ch-MDE-1. Modeling quantum-specific constructs.
• Ch-MDE-2. Development of high-level design methodologies.
• Ch-MDE-3. Scalable quantum software maintenance and 

evolution.
• Ch-MDE-4. Intelligent code generation and orchestration.

▪ Quantum Programming Paradigms 
• Ch-PP-1. Complexity of circuits.
• Ch-PP-2. Composable and reusable quantum software.
• Ch-PP-3. Abstractions for quantum software.
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▪ Quantum Software Architectures
• Ch-SA-1. Architectural decisions in quantum software.
• Ch-SA-2. Design patterns for hybrid software systems.
• Ch-SA-3. Empirical evidence for the application of 

design patterns.
• Ch-SA-4. Evolution of hybrid software architectures.

▪ Quantum Software Development Processes
• Ch-DP-1. Iterative development of hybrid software.
• Ch-DP-2. Risk management.
• Ch-DP-3. Project management.

▪ Quantum Artificial Intelligence
• Ch-AI-1. Quantum circuit optimization.
• Ch-AI-2. Developing hybrid AI-quantum workflows.
• Ch-AI-3. Error mitigation and correction.
• Ch-AI-4. Scalability of AI-assisted quantum software 

development.

Murillo et al., 2025
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▪ Quantum Software Architectures
• Ch-SA-1. Architectural decisions in quantum software.
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• Reverse Engineering of Quantum 
Annealing programs to KDM

Our Research Journey

2020 2021 2022 2023 2024 2025 …
• Talavera Manifesto
• Quantum Software 

Modernization Framework
• Reverse Engineering of 

Quantum Software to KDM
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Classical vs Quantum Software Systems

▪ Classic Information Systems are still useful for 
companies

• Those who have embedded a lot of mission-critical 
knowledge

▪ Quantumfy every business operation, perhaps
for sure, does not make sense.

• High cost and no computational gain for simple 
operations

• Both computing paradigms must will operate together.
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Quantum Software by SEI
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Integration in Hybrid Software Systems

Classical and 
Quantum Software 
must operate together
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Software Modernization from/to Hybrid Software Systems
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Pérez-Castillo, R., M.A. 
Serrano, and M. Piattini, 

Software modernization 
to embrace quantum 

technology. Advances in 
Engineering Software, 
2021. 151: p. 102933.



Target Classical-
Quantum System

Software Modernization from/to Hybrid Software Systems
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Pérez-Castillo, R., Jiménez-
Navajas, L. & Piattini, M. QRev: 

migrating quantum code 
towards hybrid information 

systems. Software Qual 
J (2021)



Advantage of KDM Ecosystem

parser

Model

integration

analysis

Quantum 
Model

parser

Model

integration

analysis

DB Model

parser

Model

integration

analysis

Code 
Model

Silo solutions

parserparser
parser

KDM Model

Transformation

KDM Ecosystem

UML/Quantum Model

data

Classical 
code

Quantum 
code

Common 
classical-quantum 
artefact repository
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Reverse Engineering: Q# to KDM

Q# file

Q# Parser

Syntax Tree

KDM 
Generator

KDM 
Model

Q# file Q# file

a

b
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Reverse Engineering: Q# to KDM

…

KDM Quantum Extension Family
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Dynamic Analysis for reversing Quantum Annealing Programs

Dynamic Analysis

Expression 
Image

KDM 
model

Program 
Execution

Python code

D-Wave Ocean 
SDK code

Tracing codeAdding Traces

Hamiltonian 
discovery

Hamiltonian 
Expression

KDM 
generation

Traces

Ocean Samplers 
Patterns

Manual

Automatic

CSV 
metrics

''' Lines for dynamic analysis of dwave functions '''
import sys
from dwave_reverse.DwaveReverse import DwaveReverse

sys.settrace(DwaveReverse.traceit)

''' Lines for dynamic analysis of dwave functions '''
import sys
from dwave_reverse.DwaveReverse import DwaveReverse

sys.settrace(DwaveReverse.traceit)

Based on the standard 
debugging mechanism
Based on the standard 
debugging mechanism

Ricardo Pérez-Castillo, Luis Jiménez-Navajas, Mario 
Piattini: Dynamic analysis of quantum annealing 
programs. J. Syst. Softw. 201: 111683 (2023) 67



• Reverse Engineering of Quantum 
Annealing programs to KDM

Our Research Journey

2020 2021 2022 2023 2024 2025 …
• Talavera Manifesto
• Quantum Software 

Modernization Framework
• Reverse Engineering of 

Quantum Software to KDM

• UML extension for Quantum 
Software

• KDM-to-UML transformation

• Survey on Quantum Software 
Components and Platforms

• Reverse Engineering of 
OpenQASM3 Quantum Programs 
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Software Modernization from/to Hybrid Software Systems

69
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Quantum UML Profile
Classical-Quantum Logic

<<Quantum Request>> +quantumAlgorithmReque...

<<Quantum Driver>>

QuantumDriver

<<Quantum Request>>

QuantumRequest

-counts[]

-shots : int = 1000

+getCost()

CostFunction

Presentation

-method

-tolerance : double

Optimizer

Business Logic

Form Controller

Persistency

BusinessEntity

BusinessEntityDAO

DatabaseAgent

Quantum Activity Diagram - Full Adder<<Quantum>>

Quantum Logic

<<Quantum>>

QuantumController

costFunction

1..*

1

optimizer
1..*

0..1

0..1

1

0..*

1

<<refine>>

<<Quantum Request>>

Ricardo Pérez-Castillo, Mario 
Piattini: Design of classical-

quantum systems with 
UML. Computing 104(11): 

2375-2403 (2022)
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Restructuring: Quantum UML profile
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Q# element Input KDM Output UML
Quantum program CompilationUnit Interaction
Quantum operation CallableUnit Activity
Qubit declaration StorableUnit ActivityPartition

Quantum gate ActionElement
CallOperationAction/
AcceptEventAction/
SendSignalAction

Data flow between gates Flow ControlFlow

Restructuring: Transformación KDM a UML

MM KDM MM UML

KDM UML

KDM-to-UML

72

http://3.bp.blogspot.com/-RUpjyV0TO2U/VfczKew9mzI/AAAAAAAABo8/joqufcY-HNs/s1600/4_Proceso_Transformacion_ATL.png


• Reverse Engineering of Quantum 
Annealing programs to KDM

Our Research Journey

2020 2021 2022 2023 2024 2025 …
• Talavera Manifesto
• Quantum Software 

Modernization Framework
• Reverse Engineering of 

Quantum Software to KDM

• UML extension for Quantum 
Software

• KDM-to-UML transformation

• Survey on Quantum Software 
Components and Platforms

• Reverse Engineering of 
OpenQASM3 Quantum Programs 

• Hybrid code generation 
from UML models

• ICSM  lifecycle for 
developing hybrid 
software systems

• Quantum Software Design 
Patterns

• Quantum Software Product Lines
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Software Modernization from/to Hybrid Software Systems
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Hybrid code generation from UML

▪ Model-to-Text transformation with EGL (Eclipse Generation Language)

Extended UML model

Class Diagrams

Activity diagrams 
(Quantum Circuits)

Model-to-Text transformation
(EGL)

Circuit 
transformation

Classes 
transformation

Source Code

Qiskit code

Python code
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Hybrid code generation from UML

▪ Excerpt of EGL transformation for quantum gates generation in Qiskit

Luis Jiménez-Navajas, Ricardo 
Pérez-Castillo, Mario Piattini. 
Code generation for classical-
quantum software systems 
modeled in UML. Softw. Syst. 
Model. 24(3): 795-821 (2025)
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ICSM Life Cycle for Hybrid Software

▪ ICSM (Incremental Commitment Spiral Model) as a Lifecycle

Ricardo Pérez-Castillo, Manuel Ángel 
Serrano, José A. Cruz-Lemus, Mario Piattini: 
Guidelines to use the ICSM for developing 
quantum-classical systems. Quantum Inf. 
Comput. 24(1&2): 71-88 (2024) 77



Software Product Lines for Hybrid Software

Samuel Sepúlveda, 
Ricardo Pérez-Castillo, 
Mario Piattini. A software 
product line approach 
for developing hybrid 
software systems. Inf. 
Softw. Technol. 178: 
107625 (2025)
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Software Product Lines for Hybrid Software
There are already 
many existing FM-
Ds. Domain experts 
can use existing FM-
Ds or define their 
own ones.

There are already 
many existing FM-
Ds. Domain experts 
can use existing FM-
Ds or define their 
own ones.

The proposed FM 
for hybrid software 
systems (FM-H) can 
be applied to 
different domains 
through the FM-D.

The proposed FM 
for hybrid software 
systems (FM-H) can 
be applied to 
different domains 
through the FM-D.

Our proposalOur proposal
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Design Pattern Detection on Quantum Programs

Filter False-Positive

quantum code

Static Analysis

of quantum code

Reduced Quantum

Circuit Representation

Compute Aggregated

Statistics

Detect Patterns

with QCPD

Compute Code Metrics

with QMetrics

GitHub Quantum Code

Ingestion

repository files

(MongoDB)

quantum code files

(MongoDB) AST

RQCR circuit

Pattern Usage

Statistics

13462 75800

5004 15320

1616 101

806 101

30 50

Qiskit QASM

Oracle pattern 
detected

Entanglement pattern 
not detected
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Design Pattern Detection on Quantum Programs

0

10

20

30

40

50

60

70

80

Initialization Superposition Oracle Entanglement Uncompute

Qiskit OpenQASM No pattern

Superposition is the 
most frequent pattern 
(35%)

Entanglement and 
Uncompute not 
detected

initialization pattern

Uniform superposition 
pattern

Miriam Fernández-Osuna, 
Ricardo Pérez-Castillo, José A. 
Cruz-Lemus, Michal Baczyk, 
Mario Piattini. Exploring 
design patterns in quantum 
software: a case study. 
Computing 107(5): 111 (2025)
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• Reverse Engineering of Quantum 
Annealing programs to KDM

Our Research Journey

2020 2021 2022 2023 2024 2025 …
• Talavera Manifesto
• Quantum Software 

Modernization Framework
• Reverse Engineering of 

Quantum Software to KDM

• UML extension for Quantum 
Software

• KDM-to-UML transformation

• Survey on Quantum Software 
Components and Platforms

• Reverse Engineering of 
OpenQASM3 Quantum Programs 

• Hybrid code generation 
from UML models

• ICSM  lifecycle for 
developing hybrid 
software systems

• Quantum Software Design 
Patterns

• Quantum Software Product Lines

• AI for Hybrid Software 
Architectures

• DSPL for self-adaptive 
hybrid systems
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GenAI is a game changer?

UML Profile for 
Hybrid Software

Preliminary Hybrid 
Code generation based 
on M2T rules (QCE 23)

Deterministic 
Code Generation 

from UML

Qiskit Code Assistant
https://quantum.cloud.ibm.com/docs/

es/guides/qiskit-code-assistant

Qiskit HumanEval
Benchmark for Quantum Code 

Generative Models (QCE 24)
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GPT-4 Release
(March 2024)

QC

GenAI

https://link.springer.com/article/10.1007/s00607-022-01091-4
https://quantum.cloud.ibm.com/docs/es/guides/qiskit-code-assistant
https://quantum.cloud.ibm.com/docs/es/guides/qiskit-code-assistant
https://quantum.cloud.ibm.com/docs/es/guides/qiskit-code-assistant
https://quantum.cloud.ibm.com/docs/es/guides/qiskit-code-assistant
https://quantum.cloud.ibm.com/docs/es/guides/qiskit-code-assistant
https://quantum.cloud.ibm.com/docs/es/guides/qiskit-code-assistant


RAG for hybrid software architecting
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RAG System
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Dynamic SPL for Self-Adaptation

▪ DSPL Integration with MAPE-K
• Integration of Dynamic Software Product Lines (DSPL) with 

the MAPE-K feedback loop to support self-adaptation.

▪ Run-time Variability Model
• Explicit representation of variability at run-time to enable 

context-aware reconfiguration.

▪ Monitoring Engine
• Collects data from the running system and its environment 

to detect changes and trigger adaptations.

▪ Reconfiguration Engine
• Applies adaptation decisions by enacting the selected 

system configuration.
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87
Olivier Ezratty, September 2025.

The ‘funny’ discussion



Quantum Software Engineering Matters

Research for
quantum computers

Research with
quantum computers
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The Road Ahead for QSE?
Se

rv
ic

e-
O

ri
en

te
d 

C
om

pu
ti

ng
 (S

O
C

) • Challenges:
Platform 
independence and 
interoperability, 
demand/capacity 
management.

• Future Directions: 
Standards and APIs, 
and tools for 
quantum and 
classical services 
integration

M
od

el
-D

ri
ve

n 
En

gi
ne

er
in

g 
(M

D
E) • Challenges:     

Design of high-level 
methodologies for 
hybrid systems, 
scalability in 
quantum software 
maintenance, and 
code generation.

• Future Directions: 
Improvement of 
code generation and 
orchestration of 
hybrid systems.

Te
st

in
g 

an
d 

D
eb

ug
gi

ng • Challenges:            
Test scalability, 
optimization of test 
oracles, and 
transition from 
simulators to real.

• Future Directions: 
Noise reduction 
techniques, efficient 
oracles, specialized 
debugging tools, and 
mutation and 
metamorphic 
testing?
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The Road Ahead for QSE?
Pr

og
ra

m
m

in
g 

Pa
ra

di
gm

s • Challenges: 
Complexity of 
quantum circuits 
and reuse of 
quantum software.

• Future 
Directions: 
Abstractions and 
composition of 
quantum 
programs.

So
ft

w
ar

e 
A

rc
hi

te
ct

ur
e • Challenges: 

Architectural 
decisions for 
integrating 
quantum and 
classical systems.

• Future 
Directions: 
Empirical studies 
on design patterns 
and architectural 
evolutions.

So
ft

w
ar

e 
D

ev
el

op
m

en
t P

ro
ce

ss
es • Challenges: 

Iterative 
development 
models and risk 
management in 
hybrid software.

• Future 
Directions: Agile 
methodologies 
and DevOps tools 
to quantum 
environments.

90



91

Quantum Convolutional Neural Network

Unveiling the synergy of AI and QC



Takeaway #1

Quantum Computing is here and now
This is a today technology more than a tomorrow one

Still, some technical milestones are expected for boosting 
its adoption

Skepticism is a normal and healthy attitude in science
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Takeaway #2

Quantum Software is crucial to get the 

quantum advantage
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Takeaway #3

The business information systems will 

combine classical and quantum software

Software modernization is needed
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Takeaway #4

The Quantum Workforce is key

Be ready

95



Get the elephant out of the room!
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Please, ask me

Ricardo Pérez del Castillo

Faculty of Social Sciences & 
Information Technologies
Av. Real Fábrica de Seda, s/n
45600 Talavera de la Reina – Spain

ricardo.pdelcastillo@uclm.es
www.linkedin.com/in/ricardo-perez-castillo
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