
	 	 	

	

 

PhD thesis project 

Quantum resources at the interface of nonlocality and computational efficiency	
General Scope: 	
Quantum information theory characterizes nonclassical resources such as entanglement and 
nonlocality in a largely information-theoretic way: it asks what is achievable in principle, 
ignoring the computational cost of preparing, manipulating, or detecting them. In any realistic 
scenario, however, the quantum device is computationally bounded. Recent results show that 
promoting computational efficiency to a primary constraint changes the picture fundamentally: a 
state can look maximally entangled to every efficient observer while being almost product, and a 
single computationally limited device can reproduce correlations once thought to require 
separated parties. This PhD will develop a unified, quantitative understanding of nonclassical 
resources in which computational efficiency is treated on the same footing as the resource itself.
PhD Subject: 	
The thesis will study how nonlocality and other quantum resources behave once the agents 
involved are restricted to be computationally efficient, combining the resource-theoretic 
viewpoint with tools from device-independent certification.	
A first direction concerns computational resource theories, in which the free operations are 
restricted to efficient quantum circuits. Recently introduced computational measures of 
entanglement and computational min- and max-entropies can be strictly separated from their 
information-theoretic counterparts. A first goal is to map these separations systematically across 
resources, entanglement, randomness, and nonlocality, and to identify the assumptions under 
which they appear. A central object is the notion of a pseudo-resource: a state or correlation 
indistinguishable from a resourceful one for any efficient agent, generalizing pseudo-
entanglement to the nonlocal and device-independent setting. A second direction concerns 
nonlocality in the single-device setting. Building on the recently established correspondence 
between single-prover interactive protocols under computational assumptions and Bell 
inequalities, the student will study when a  computationally bounded device can reproduce 
correlations that classically require separated parties, and what is genuinely certified. This 
connects naturally to self-testing: the aim is to quantify the resources a successful test certifies. 
Finally, the thesis will examine how mild computational assumptions reshape the space of 
certifiable resources. Certain certification tasks are impossible for a single device with no 
assumptions on its internal workings. The student will investigate how well-motivated 
assumptions, such as bounding the device's computational power or allowing simple post-
quantum primitives like trapdoor claw-free functions, restore meaningful guarantees and modify 
the ordering between resources. Methodologically, the work combines analytical tools from 
quantum information and operator theory with semidefinite programming and noncommutative 
optimization, together with elementary tools from computational complexity and post-quantum 
cryptography. 	
Required Skills: 	

• Strong background in quantum information theory (entanglement, nonlocality, self-
testing)	

• Interest in computational complexity and basic (post-quantum) cryptographic concepts.	
Laboratory:  LIG	
PhD Supervisors: 	

• Ivan Šupić, Ivan.supic@cnrs.fr


