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Complex networks from classical to quantum
Jacob Biamonte 1, Mauro Faccin2 & Manlio De Domenico3

Recent progress in applying complex network theory to problems in quantum information has

resulted in a beneficial cross-over. Complex network methods have successfully been applied

to transport and entanglement models while information physics is setting the stage for a

theory of complex systems with quantum information-inspired methods. Novel quantum

induced effects have been predicted in random graphs—where edges represent entangled

links—and quantum computer algorithms have been proposed to offer enhancement for

several network problems. Here we review the results at the cutting edge, pinpointing the

similarities and the differences found at the intersection of these two fields.

Quantum mechanics has long been predicted to help solve computational problems in
physics1, chemistry2, and machine learning3 and to offer quantum security enhancement
in communications4, including a quantum secure Internet5. Rapid experimental pro-

gress has pushed quantum computing and communication devices into truly data-intensive
domains, where even the classical network describing a quantum system can exhibit complex
features, giving rise to what appears as a paradigm shift needed to face a fundamental type of
complexity6–13. Methods originating in complex networks—traditionally based on statistical
mechanics—are now being generalized to the quantum domain in order to address these new
quantum complexity challenges.

Building on several fundamental discoveries14,15, complex network theory has demonstrated
that many (non-quantum) systems exhibit similarities in their complex features14–18, in the
organization of their structure and dynamics19–24, the controllability of their constituents25, and
their resilience to structural and dynamical perturbations26–31. Certain quantum systems have
been shown to indeed exhibit complex features related to classical systems, as well as novel
mechanisms and principles that interrelate complex features in quantum systems6–12,32.

Two types of quantum networks have been of primary focus in the series of pioneering results
we review. The first consists of quantum systems whose connections are represented by
entangled states6,33,34. These quantum networks are used in secure quantum communication
systems. The second area of focus consists of networks of quantum systems, such as atoms or
superconducting quantum electronics, whose connections are physical35–40. Such systems are
used to develop quantum-enhanced algorithms or quantum information transport systems, both
modeled by quantum walks on complex networks. At a fundamental level, the two types of
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Interestingly, the same tools can then be appropriately modified to apply to 
traditional complex networks, suggesting the 

existence of a framework—network information theory—suitable 
for application to both classical and quantum networked 

systems32,41,42. This bidirectional cross-over is carving out a
coherent path forward built fundamentally on the intersection of

these two fields (see Box. 1).
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This bridge between complex network theory and quantum
theory provides a powerful tool to investigate the critical properties of a 

quantum system.  
[…] 

Unexpected quantum effects emerging from network effects
have been reported.
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… any algorithm for 

a quantum computer can be translated into a quantum walk on a 
graph—and, in addition, quantum walks have been widely studied 

in the realm of quantum search on graphs, in both continuous and 
discrete time via coined walks (see e.g.,58–61 in particular, the 

graph optimality results66). 
[…] 

… developments in a quantum version of 
Google’s Page-Rank8–10 has been seen, providing a practical

solution to overcome the degeneracy issues affecting the classical
version and enhancing node ranking in large networks.
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 Community detection, and in general mesoscopic structure detection, 
has been widely studied in the literature of classical complex networks95,96. 

[…] 
The cross-pollination of community detection with quantum

mechanics is in two levels. 
[…] 

These methods augment 
current ad hoc approaches to partitioning nodes in quantum

transport systems with enhanced methods based on community
detection algorithms.


