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Recently quantum algorithms have seen a flurry of new advances in the areas of optimisation 

and machine learning. Starting with the seminal algorithm of Harrow, Hassidim, and Lloyd for 

solving systems of linear equations, many quantum machine learning applications have 

appeared, including for clustering, data fitting, recommendation systems, and on Gradient 

Descent proposing. 

Meanwhile, Noisy Intermediate-Scale Quantum (NISQ) technology is already on the way. 

Different manufacturers, including Google, IBM and Intel, have already announced quantum 

devices of 49-50 superconducting qubits, while devices with few tens of qubits based on ion 

traps are also available, for example at NIST (USA) or IQOQI (Austria). These devices consist of 

noisy qubits, some noisier than others, and understanding their real computational power is 

important and not straightforward. Nevertheless, announcements of quantum devices 

performing computations seemingly infeasible with classical computers are imminent. 

However, these devices will not be able to perform many of the most famous quantum 

learning algorithms thought to demonstrate exponential speedups over classical algorithms. 

While, they could provide an efficient solution to other problems which cannot be solved in 

polynomial time by purely classical means. Many of the aforementioned proof of principle 

problems utilise the measurement process inherent in quantum computation by generating 

samples from a quantum distribution. Typically, the distribution is sampled by applying a 

sequence of quantum gates and measurements to some initial state. If this sequence consists 



of quantum gates drawn from a ‘universal’ set, we can sample from any quantum 

distribution. A more restricted scenario is one where we are not permitted to utilise the full 

suite of universal gates. The motivation here is to generate circuits that are simpler to 

implement experimentally on NISQ devices. 

In this thesis we target to incorporate these initial sampling problems into useful applications in 

such a way to keep a provable quantum advantage, but in a context with direct 

applicability. For this, we turn to generative modeling in quantum machine learning, the task 

of training an algorithm to generalise from a finite set of samples drawn from a data set, by 

learning the underlying probability distribution from which these samples are drawn. The 

model can then generate new samples from the target distribution itself. The particular areas 

that we aim to target our general techniques first will be on quantum circuit compilation and 

quantum emulation for attacking cryptographic primitives that the initial results have been 

obtained already by the Director of the thesis in the following papers 

- The Born Supremacy: Quantum Advantage and Training of an Ising Born Machine 

Brian Coyle, Daniel Mills, Vincent Danos, Elham Kashefi (NPJ quantum information 2020 under 

review) 

- Quantum Physical Unclonable Functions: Possibilities and Impossibilities 

Myrto Arapinis, Mahshid Delavar, Mina Doosti and, Elham Kashefi (Qcrypt 2019) 

Furthermore we will explore other quantum sampling hardness results to connect the training 

of our generative modelling technique to the hardness arguments to achieve provable 

quantum advantage. 

In doing so we have to explore new training procedures for differentiable training of quantum 

generative models, alternative to those proposed previously. One of the main bottleneck of 

nowadays machine learning approaches is the large amount of labelled data required, most 

often labelled by human beings. A natural avenue here is to explore the potential of 

quantum approaches for reducing the amount of data needed to learn. A concrete 

direction to obtain a proof-of-concept of this would be through the analysis of the quantum 

query complexity of statistical inference problems (e.g. stochastic block model, mixture of 

Gaussians). Thus, the expertise of the co-Director of the thesis in the classical domain would 

be crucial. See for example: 

- Hierarchical Clustering Beyond the Worst-Case 

Vincent Cohen-Addad, Varun Kanade and Frederik Mallmann-Trenn (NIPS 2017) 

 We will intend then to validate numerically as well as analytically if possible when our 

quantum hybrid quantum-classical algorithm can outperform the popular gradient-descent 

based methods. This code will be developed both on a simulator and quantum hardware 

available on the cloud platform such as the one offered by IBM or Rigetti as well as other 

emerging quantum platforms. 

Having built or methodology and tested as described above for the specific use-cases in 

cryptanalysis and quantum compiling, in collaboration with the co-director of the thesis with 

expertise in classical domain of learning we will investigate suitable classical problems that 

could potentially benefit from our quantum enhanced scheme.      

 

 


