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Outline

Search for materials with optimal target properties:
Mendelevian Serach-MendS (algorithm, method)[1][2].
• Defining a good chemical space.
• Multi-objective Pareto technique.
Results on searching (using MendS) for hard/superhard and low energy binary 
materials under zero pressure in the entire chemical space.

Villars, P. & IWATA, Sh. Chem. Met. Alloys, 6, 81-108, (2013).
[1] Patent No: WO2018009090A1
[2] Paper in arxiv: 1807.00854 [cond-mat.mtrl-sci]
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What is coevolution and the 
difference of evolutionary algorithm 

and coevolutionary algorithm?

EA- Giraffe( one species only)



Child making in evolutionary algorithm is so obvious, but what 
about coevolutionary algorithm?

What is the child of
 

C-Fe        &       P-W



Chemical scale suggested by Pettifor (1984)
In 1984 Pettifor suggested two-dimensional 
map which every axis of this map are 
elements, he proposed to order these 
elements according to their Electronega-
tivity and declared that in this way the 
excellent structural separation will be 
achieved and binary systems which have 
similar properties will be close together in 
the map!(Solid. State. Commun., 51, 31-34 
(1984)).



Well defined chemical space

• New J. Phys., 18, 093011 (2016).
• J. Alloys. Compd., 317, 26-38 (2001).
• Solid. State. Commun., 51, 31-34 (1984).
• Journal of Physics C: Solid State Physics, 

19, 3 (1986).



Our redefined MN, and it’s comparison with the 
Pettifor’s MN.



Efficiency of the algorithm in system selection and improving 
the Pareto front



MendS algorithm and its important 
Variation operators

Finding the child of two parent red and 
green using chemical heredity operator.

Using chemical mutation operator 
we mutate an atom to find 



Implemention of mulit-objective Pareto method and 
its test on MoxNy

Mo5N2 

Cmcm-Mo2N 

 J. Phys. Chem. C, 120 (20), pp 11060–11067   (2016).



Efficiency of the algorithm in system selection and improving 
the Pareto front



Efficiency of the algorithm in system selection and improving 
the Pareto front





Ashby plot of hardness vs. toughness for predicted 
phases

 J. Phys. Chem. Lett., 8 (4), pp 755–764   (2017).

 J. Phys. Chem. Lett., 9 (12), pp 3470–3477   (2018).



Conclusion

• Well defined chemical space can be obtained using the most significant 
properties of materials (electronegativity and atomic size) at any arbitrary 
pressure and binary systems are nearby in this space. 

• Multi-objective Pareto technique makes it possible to search for materials 
optimal in more than one property. 

• Combination of MendS, MO Pareto technique and well structed chemical 
space works efficiently in searching for materials optimal in multi target 
properties.

• MendS works at arbitrary pressure and for binary, ternary systems.



Thank you for your attention!







Our redefined MN, and it’s comparison with the 
Pettifor’s MN.
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