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1 Introduction 

Epistemology is also known as Philosophy of Science. It is the part of philosophy where we 

study knowledge, its foundations, nature, scope and its limits. Methodology is a branch of 

epistemology where we study the research and analysis methods that are specific to a science or 

a discipline. We often see this term confusingly used instead of method (used to establish or 

demonstrate a truth, conducing our thoughts according to determined principles and steps 

applied in a specific order). Sometimes the ‘logy’ suffix is used to give a scientific gloss to 

terms where we should not… Karl Popper, a major Philosopher of Science of the 20
th
 century, 

has mainly focused his work on the logic of scientific discovery [1]. He raised reproducibility to 

a major criterion for the scientificity of research studies. Since a decade, we observe a 

reproducibility crisis in many domains, computer science being one of those. The ACM 

terminology recently changed in 2020 to reflect this awareness of computer scientists and the 

evolution in the right direction to produce reliable results. Classical computer are deterministic 

machines, even when we run stochastic simulations. When pseudo-random numbers are 

properly used, we can precisely obtain bitwise identical results with a proper method and thus 

debug the scientific software being built, which is essential [2]. Quantum machines are 

stochastic by essence, each run will produce a potentially different result, but reproducibility 

(and not repeatability) remains the main criterion to check the quality of the quantum machines: 

do we obtain the same statistics the same scientific conclusion? After a short reminder of where 

quantum computing is coming from, we will evocate work in progress while simulating and 

testing of the Grover’s algorithm on real quantum processors. 

2 From quantum thoughts to prototypes 

During a lecture at MIT in the beginning of the eighties, dealing with the possibilities and limits 

of numerical simulation [3], Richard Feynman raises a now famous question: can we simulate 

quantum systems in a probabilistic way with classical computers? We know that we do not scale 
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and that many complexity barriers (exponential complexity in space and time…) exposed by 

Feynman led him to claim that we will not be able to imitate properly quantum mechanics. He 

opened the road towards the quest of quantum computing. Deutsch introduced three years later 

the notion of universal quantum Turing machine [4]. After the first theoretical contributions, 

concrete applications have pointed the tip of their nose 10 years later. Peter Shor’s factoring 

algorithm contributed to dramatically accelerate the deciphering of several widely used 

encryption techniques. It is a strong reason why we have a race for universal quantum 

computing. Shor also contributed to Error correcting codes, which enabled to maintain the 

coherence of quantum computing (the latter being very unstable) [5]. This was an essential 

contribution of Shor less known than his proposal for a quantum factoring approach. At the 

same time, Lloyd showed how to simulate a quantum system with a mathematical object called 

a “Hamiltonian” [6], an operator giving the total energy of the system, and this approach 

enabled a better understanding of quantum systems. Even if we do not have at our disposal a 

universal quantum computer yet, we have interesting quantum circuits, allowing to implement 

algorithms according to different kinds of approaches depending from hardware vendors. 

3 Reproducing the results of a small Grover’s algorithm 

As opposed to deterministic computers that propose repeatable results when executing computer 

programs, the quantum devices are truly stochastic; they come with a different result at each run 

executed in the same conditions. Results give statistical tendencies that we study statistically. 

For deterministic computers, “repeatability” (bitwise identical results) is essential, but it 

becomes tougher to obtain on huge parallel machines. For quantum devices and computers, 

which are stochastic, we only need reproducibility; meaning observing the same tendency and 

the same scientific conclusion is enough for corroboration. 

The definitions coined by the Association of Computing Machinery for repeatability, 

reproducibility and replicability changed in 2020. The reader interested in the terminology 

evolution can look at this keynote paper [7] where we present the main definitions around 

reproducibility. We have started to work on the reproducibility case of the Grover’s algorithm 

already studied on 3 qubits by [8]. It is a search algorithm for unstructured data; its strength is 

that we obtain the result with a quadratic speedup in time complexity. After creating a 

superposition over all possible states in the database, the algorithm iterates and it amplifies the 

amplitude of the searched state which should “come out” with the highest probability before 

measurement.  

For this small project, we have retained IBM quantum processors machines available freely 

through the cloud and the qiskit quantum computing software development framework also 

created by IBM. The latter also provides a quantum simulator. We have run the first tests in 

2019 with satisfying simulations, but we were really disappointed by the results obtained when 

running on different real quantum machines [9]. Figure 1 gives the code of an operator (Us) 

implemented with a CCZ gate in the IBM software environment and figure 2 presents an 
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example of Python code to implement Grover’s algorithm. It can be parameterized to test 

different quantum gates. Three years after, we have started again our tests with a small number 

of qubits (3) since we rely on machines that are given for testing and training and a comparison 

with [8]. We want to see if we can find improvements on the machines available. 

 

Figure 1: Code corresponding to the operator used in the next function using a CCZ gate 

 

 

Figure 2: Function generating the circuit of Grover's algorithm 

 

IBM should produce quantum machines with 1000 qubits by the end of 2023 and Google 

announces at the beginning of this year that they made a significant contribution in correcting 

quantum errors. Encoding information onto multiple physical qubits to form a 'logical qubit' 

enables to correct errors. This approach is strongly considered to manufacture large-scale 

quantum computers with a level of error rate small enough for effective computing.  
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4 Conclusion 

Three years after preliminary tests with the Grover’s algorithm on IBM quantum processors, we 

are working on a small reproducibility project where we check if we have any progress on the 

quantum hardware proposed through cloud computing for training purposes. Our current testing 

shows the stability of simulation results, which confirm that our software implementation of the 

Grover’s algorithm is correct. However, we are not able to obtain satisfactory results on real 

quantum machines for a small number of qubits and we even sometimes observed worse results 

than what we found in 2019, even when mitigating the errors. The technology freely at our 

disposal is probably the same. In our future work, we want to propose a method allowing 

another research team to test the reproducibility (and repeatability for the simulation side) of our 

results. This means working on an archive of our results with the corresponding code, the 

specification of the quantum machines, the versions of the qiskit simulator and the method 

applied to obtain what we observed.  
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