
str. 1 

 

Referee Report (RR) on Ph.D. Thesis “Evolutionary 

algorithms as a tool for designing chemical computers” 

(submitted by Ashmita Bose) 

 

Author of the RR: Adam Gadomski, Professor of Physics 

Bydgoszcz University of Science & Technology, Group of Modeling of 

Physicochemical Processes, Institute of Mathematics & Physics, al. S. 

Kaliskiego 7/F322, PL-85796 Bydgoszcz 

E-mail: agad@pbs.edu.pl  

Phone: +48523408697; Fax: +48523408643 

REPORT 

The ph.d. thesis entitled “Evolutionary algorithms as a tool for designing chemical 

computers” first addresses  a conventional computing technology based on silicon chips still 

being  dominant in modern information processing. The chips achieve high-speed 

functionality by shrinking, this way increasing the integration scale. But, on the other hand, it 

is foreseen that Moore’s law, describing the   progress of semiconductor technology will 

break down. Thus, alternative information processing technologies are necessary to ensure the 

progress furthermore. The motivation of the underlying work was to make use of conceptual 

background ascribed to  unconventional computing. It is equivalent to considering 

information processing with a chemical medium, and ultimately, to make an attempt on 

designing a “chemical computer”. As a set of examples at hand unveiling chemical logic 

gates’ formations with Belousov-Zhabotinsky (B-Z) reaction made this reaction a proper 

candidate for further exploration.  

In fact, the bottom-up approach from gates towards complex devices is not very useful when 

one does not know precisely how to combine simple components in order to obtain the 

anticipated results. Therefore, in the underlying thesis, the top-down strategy to design 

information processing with networks of chemical oscillators has been applied. The study is 

based on numerical simulations in which a realistic two-variable Oregonator model was used 

to simulate the chemical oscillations. Chemical reactions between activators, representing 

different oscillators, were introduced to set up interactions between them. The photoinhibition 

of B-Z reaction was employed for the external control over individual oscillators as well as  

for data input. 

Next, the number of activator maxima detected on a chosen oscillator in the network was 

assumed to be an  output. Oscillator networks were optimized using an evolutionary algorithm 

to get  the maximum mutual information  (with possibly high accuracy) on the trained dataset 

of cases. 
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The thesis is focused on the applications of networks of interacting chemical oscillators to 

solve two geometrically oriented and two medically inspired problems. As for the  

geometrically oriented problems, it was demonstrated that a network of three interacting 

chemical oscillators could be optimized to predict with 95% accuracy the color of a randomly 

chosen point of a Japan flag on the basis of a point coordinates system. 

Yet another geometrically addressed result of the thesis  is the design of a six-oscillator 

network, serving to distinguish between two branches of intertwined spirals. It was shown that 

the network with optimized parameters is capable of separating points belonging to different 

branches with quite remarkable accuracy of at least 80%. Within the present thesis the 

influence of the geometry of interactions among oscillators on network accuracy has also been 

investigated. Namely, for the spiral separation problem, the networks with simple interactions 

gave higher accuracy. Regarding medically motivated problems it was shown that a simple 

network of chemical oscillators could be trained and optimized to diagnose schizophrenic 

patients with an accuracy of about 82% on a test dataset of 84 patients with a slight majority 

of the ill ones. To solve the schizophrenia-in-network detection problem, networks of 

different numbers of nodes have been considered. However, it was found that the accuracy 

did not significantly dependent on network size. The strategy of voting within a group of 

different networks to distinguish if the patient suffered from schizophrenia or not has been 

presented. It resulted in  increasing the accuracy. A conception of a three-stage schizophrenia 

diagnosis, based on separation of the original EEG signal into shorter time domains, was also 

uncovered, leading to an accuracy of 90%. In another considered medically inspired problem, 

networks of three interacting chemical oscillators were trained to predict the relationship 

between the gene expression data and the bortezomib drug efficiency for cancer patients with 

multiple myeloma. The networks were optimized on a training set containing data from more 

than two hundred therapies. Networks using a single gene expression value showed 71% 

accuracy in distinguishing between non-responsive and responsive patients. When the results 

of single-gene networks were combined into the Concilium with the majority voting strategy, 

the accuracy of predicting the patient’s response to bortezomib drug therapy increased to ca. 
85%. 

In the culminating part of the thesis experimental results that can be of relevance for building 

an operational chemical computer in the future have briefly been presented. 

The research work involved in this thesis unveils a certain idea of designing a chemical 

computer by networks of interacting chemical oscillators with B-Z reaction as its chemical 

environment. Let us juxtapose in short the main messages included in the subsequent chapters 

of the thesis.  

As for Chapter 1, it reveals  the concept of artificial intelligence and unconventional 

computing, and it also presents the motivation behind this study. 

Chapter 2 provides information about the chemical medium which has been considered to 

design the chemical computers. It also makes a tour toward an insight into information theory 

and evolutionary algorithm which has been used to train the systems studied. 

It is clearly seen, in turn, that Chapter 3 provides in a comprehensive way details about the 

model employed by the Candidate.  It tells us about how the model has been modified to 

design an oscillatory network. The chapter describes how the inputs are introduced to the 
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system and how to extract output from it. The chapter also treats the information in terms of 

training and optimization conditions applied to the system. 

Chapter 4 discusses the result of the application of oscillator network to geometrically 

oriented problems. 

Chapter 5 unveils the results obtained by using the studied system as a classifier. It presents 

the application of oscillator networks for certain medically addressed problems, such as  

diagnosing schizophrenia and/or predicting the drug response in cancer treatment. 

Chapter 6 summarizes Candidate’s experience in experiments with a chemical medium, 

capable of being employed for oscillatory networks. 

Chapter 7 concludes on the material contained in the thesis.  

The general reception of the underlying thesis expressed by the present reviewer is positive. 

First, because that it addresses an important and  potentially well applicable problem of 

designing the chemical computer based on nonlinear and fairly controllable oscillating 

reaction systems combined into networks.  Second, the reviewed thesis is very well written 

and its results are presented in a clear way. Of course, the problems addressed by the thesis 

are of relevance to the world we live in, especially those of biomedical nature, making 

attempts of detecting schizophrenia or solving gene expressions. As for the problems 

concerning schizophrenia, or alike, the present reviewer would be curious about the 

Candidate’s opinion on how, if at all, a non-Markovianity effect can be a valuable indicator 

thereof? (A certain discussion can be found in “Dynamical Systems Theory in Quantitative 

Psychology and Cognitive Science: A Fair Discrimination between Deterministic and 

Statistical Counterparts is Required”, published in 2017, see Nonlinear Dynamics, 

Psychology, and Life Sciences, A. G. et al.) 

As for the specific remarks on the thesis’s contents, the present reviewer has made a closer 

look into the Candidate’s publication achievements (page 133: List of Publications) on which 

the thesis is based. From the list it is seen that the findings of the thesis were partly published 

in two regular international journals, mainly on the problems of schizophrenia (two of them) 

and on detection of colors in Japan flag. Two other papers are either at the submission stage 

or one of them has been contained in topical proceedings. Overall, it would well suffice to 

have a firm publication basis staying behind the reviewed thesis.  

In view of the above stated, let me fully recommend Ms. Ashmita Bose’s thesis “Evolutionary 

algorithms as a tool for designing chemical computers” for further procedural and formal 

steps to follow. It also enables me to confirm that the reviewed thesis fulfills the conditions of 

Polish Law of Science of July 20, 2018 (article 187) “Law of Higher Education and Science”.  

Bydgoszcz, May 20, 2022.  

         
         /Adam Gadomski/ 


