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• Einstein

• Planck

• Bohr

• Feynman

• Schrödinger

• …
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Theoretical Physics
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Experimental Physics Engineering

Quantum Computing
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Take advantage of quantum 

mechanics to compute (the 

physical properties of nature 

at a subatomic scale).
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Quantum Computing Principles
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Specifically:
• Superposition: being in different 

states at the same time

• Colapse: once observed, the 
system will always be in one of 
the posible states.

• Entanglement: The state of a 
particle cannot be described 
independently of the state of 
others
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Quantum Computing Principles
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Quantum Computing – Why?
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• 1998 – Los Alamos 
National Laboratory – 
Massachussetts Institute 
of Technology

• Primer computador 
cuántico
– 2 qubits

• Resonancia magnética 
nuclear
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12



http://quercusseg.unex.es
@quercusseg

Software Engineering
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Software Engineering
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Quantum Software Engineering
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“the use of sound engineering principles for the 
development, operation, and maintenance of quantum 
software”

One of the main challenges in QSE is to translate the 
knowledge and practices from classical software 
engineering to the quantum domain while also developing 
new methodologies tailored to match the unique 
requirements of quantum computing
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Quantum Software Engineering
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Quantum Software Engineering
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• QSE – Active areas

– Quality Assurance: Testing and Debugging
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• QSE – Active areas
– Quality Assurance: Testing and Debugging

• Quantum software testing is about assessing the 
correctness of quantum software in delivering their 
intended functionalities

• Debugging is about observing failures in quantum 
software that need to be diagnosed and fixed

• Especially when facing challenges such as quantum 
noise, limited quantum hardware and simulator 
resources, and limited observability
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Quantum Software Engineering
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• QSE – Active areas
– Quality Assurance: Testing and Debugging - Coverage
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Quantum Software Engineering
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• QSE – Active areas

– Quality Assurance: Testing and Debugging –
Mutation
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• QSE – Active areas

– Model-Driven Engineering
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• QSE – Active areas

– Model-Driven Engineering - Modernization
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Quantum Software Engineering
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• QSE – Active areas

– Model-Driven Engineering - Composition
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Quantum Software Engineering
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• QSE – Active areas

– Programming Paradigms
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Quantum Software Engineering
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• QSE – Active areas

– Programming Paradigms – Pattern Language
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Quantum Software Engineering
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• QSE – Active areas

– Programming Paradigms - Oracles
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• QSE – Active areas

– Programming Paradigms - Types
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• Access to Quantum Computers through the 
cloud

– Using similar techniques to traditional web 
Engineering

• Quantum Software will be hybrid 

– (for the foreseable future)

– Best known way to conect distributed pieces of 
software running on heterogeneous hardware?

• Web Engineering and web services
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Quantum Web Engineering
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• Service-Oriented Computing

• Paradigm to support the development of interoperable, 
distributed applications where services are regarded as 
autonomous entities

• Provisioning and aggregation of basic services, 
composition of complex systems through the coordination 
of services, management and monitoring of services 
deployed in the cloud or on-premise,… 

• Quantum hardware and software offered in the cloud 
allow users to access quantum computing resources over 
the internet without the need to own quantum computing 
hardware
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Quantum Web Engineering
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• Service-Oriented Computing - TOSCA
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Quantum Web Engineering
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Look at a good classic 
service implementation
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Quantum Web Engineering
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Client 
Wallet 

App

Platform Independence

Location Independence

Location Independence

Decoupling - Services 

Decoupling - Hardware 

Decoupling - Language 

Resilience –
Scalability

Composability

Reliability
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Quantum Web Eng – Current possibilities
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We have Quantum Code
providing a functionality 
and we would like to 
integrate it in our app

CLIENT APP

{Quantum

Service Call}
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1.  Use a hardware provider

Step 1: choose the provider

Quantum Web Eng – Current possibilities
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1.  Use a hardware provider

Step 2: Use the provider’s SDK to develop the 
quantum program and to integrate it in our app

Job 

Language

Vendor 
specific 
API Key

APICircuit 
Language

Quantum Web Eng – Current possibilities
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1.  Use a hardware provider

QPU
Runtime
System

CLIENT APP

POST (JOB)

GET (JOB-ID)

STATUS

JOB-ID

Step 3: Compose and run the app 
with the job execution request 

Quantum Web Eng – Current possibilities
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2.  Use a broker

Amazon Braket

Quantum Web Eng – Current possibilities
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device.run (circuit….)

task.result

result

task

CLIENT APP

2.  Use a broker

Amazon Braket

S3

Quantum Web Eng – Current possibilities
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X-abilities
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device.run (circuit….)

task.result

result

task

2.  Use a broker

S3

Client 
Wallet 

App

X-abilities
Decoupling - Hardware 

Decoupling - Language 

Quantum Web Eng – Current possibilities
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Client 
Wallet 

App

Objective 1
To have 
service 

calls 
instead of 
program 
execution 
requests

Servitizing quantum circuits
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We started by 
encapsulating a 
quantum circuit 
inside a classical 
service acting as 
a wrapper.

Servitizing quantum circuits
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Client 
Wallet 

App

Objective 1
To have 
service 

calls 
instead of 
program 
execution 
requests

response = 
requests.get 
(https://aws.amazo
n.com/braket/Recov
erPrivateKey/execut
e);

Servitizing quantum circuits
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Client 
Wallet 

App

Objective 1

response = 
requests.get 
(https://aws.amazo
n.com/braket/Recov
erPrivateKey/execut
e);

X-abilities

Decoupling - Hardware 

Decoupling - Language 

Location Independence

Manteinability

Reusability

Servitizing quantum circuits
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Client 
Wallet 

AppObjective 2
To 

parameterize 
the service 

call

response = 
requests.get
(https://aws.amazo
n.com/braket/Reco
verPrivateKey/exec
ute);

Quantum SOC – Servitizing quantum circuits
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Client 
Wallet 

AppObjective 2
To 

parameterize 
the service 

call

response = 
requests.get
(https://aws.amazo
n.com/braket/Reco
verPrivateKey/exec
ute);

What kind of parameters?
1. Regular parameters for 

services (eg. Public_key to 
regenerate private_key)

2. Specific parameters for the 
quantum execution

a. Number of shoots
b. Time (maximum)
c. Cost (maximum)
d. The QCaaS provider

Servitizing quantum circuits
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The set of available QCaaS providers is continuously growing

Servitizing quantum circuits
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Client 
Wallet 

AppObjective 2
To 

parameterize 
the service 

call

response = 
requests.get
(https://aws.amazo
n.com/braket/Reco
verPrivateKey/exec
ute);

Servitizing quantum circuits



http://quercusseg.unex.es
@quercusseg

Empower the API Gateway providing it with 
Quantum awareness: the Quantum API Gateway

Servitizing quantum circuits
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Servitizing quantum circuits
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Client 
Wallet 

App
response = 
requests.get 
(https://aws.amazo
n.com/braket/Recov
erPrivateKey/execut
e?par1&par2);

X-abilities

Decoupling - Hardware 

Decoupling - Language 

Location Independence

Manteinability

Reusability

Reliability

Servitizing quantum circuits
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Client 
Wallet 

App

Objective 3
Provide 

developers 
with tools 

like the ones 
they typically 
use to build 
and deploy 

services

response = 
requests.get 
(https://aws.amazo
n.com/braket/Recov
erPrivateKey/execut
e);

Servitizing quantum circuits
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Conclusions

• QC and Web Engineering

• QC is already a trend in Web Engineering and Service-
Oriented Computing research

• Industry is following close

– Quantum workforce needed

– German Quantum Initiative…

• No need to be a Quantum Physicist

– Web engineers can already provide significant contributions to 

Quantum Computing



Danke schön!
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