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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.
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What is coevolution and the
difference of evolutionary algorithm
and coevolutionary algorithm?
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Figure 1: Cooperative coevolutionary architecture from the perspec-
tive of species number one




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
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Well defined chemical space

New J. Phys., 18, 093011 (2016).
J. Alloys. Compd., 317, 26-38 (2001).
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Atomic number

Our redefined MN, and it’s comparison with the

Pettifor’s MN.
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Efficiency of the algorithm in system selection and

the Pareto front
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MendS algorithm and its important
Variation operators

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

. . . . Defining the Chemical space
% " First generation-Random
5o selection of systems
2
.Aufomic Rawt:.lsius
Evaluate EA results g
Using chemical mutation operator Ranking the structures using
. MO Pareto technique (Ranking
we mutate an atom to find is assigned as a Fitness)

Mumber of generation = N

Selection of adequate systems
for heredity and mutation

Electronegativity

Heredity Mutation Random selection

04 os s o7
Atomic Radius



Implemention of mulit-objective Pareto method and
its test on Mo,N,
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Hardness (GPa)

Efficiency of the algorithm in system selection and improving

the Pareto front
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Compounds H, (GPa) Ky (MPa.m'?) | Instability (eV/atom) | Space group Compounds H, (GPa) K)o (MPa.m'?) | Instability (¢V/atom) | Space group
Carhon c 927 6.33 0.13 Fd3m  Boron B 389 287 0 Rim
C 93.6 6.36 0.139 Py /mme B 44.8 329 0.136 Cmey
B8, 305 1.83 0.102 Crnemn B-N BN 63.4,(62.8)% [46-8017 51 0.075 Figm
MoB, | 285,33.1)% [24.27 376 0 Rim TeB 31,(30.3)* 3.83 0.013 Piml
MoBy 35.3 374 0035 P3m1 TeBy 27.2,20)% 16 0 Pém?2
MoB; 322 363 0.077 A2/m TeBs 331 379 0.003 Piml
353,070 3,63 0.017 Phy/mme TeBy 318 3.56 0.069 P2/m
33318 157 0.011 Rim TeBy 302 354 0.069 Rim
Mo-B | (" MoB, ) 354 357 0.099 Prmmn Te-B 30,32 357 0.027 PGy /mme:
MoBy 357 162 0,054 Péimn2 TeB; 359 335 0.084 Rim
Mobs 36.6 324 0118 R3m TeBy 339 33 0.113 Rim
MoaBq 322 195 0.029 Tmm?2 Teq By 30.6 3.87 0 Pom2
\_M 0By ) 30.4 187 0.043 Cmem
Si-C Sic 33.3,33.1" [ 28] 2.94 0 Fi3m B-P BP 37.2,429.37", 133" 246 0 Fi3m
Sic 331 294 0.001 Rim B;P 4.1 287 0 R3m
vy 39.1,(38.3% 3.66 0 Criem MnH 295 32 0 Py /mme
VB, 37.3,(39.5% [27.2)" 375 0 P6/mmm MnH 279 3.14 0.013 Rim
VB; 40 336 0.158 Pém2 MnH 26.3 3.07 0.044 Fmim
V-B VB 39.7 319 0.143 P3m1 MnyH, 26.8 322 0.017 R32
VB 44.5 334 0125 I4/mmm MnaHa 27 3.26 0.019 Phig/mem
ViB, 378 74 0 Pim2 MnyHy 276 323 0.002 P2jm
VyBy 359,(38.2)9 37 0,006 Immm MngHs 73 317 0.011 A2/m
MnBy 322 35 0.029 Pém?2 FebBy 302 332 0 P2 /m
MnByt 40.7 3.63 0.009 Prnm FeBy 357 3.06 0.021 Tmimm
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MnBis 404 29 0.181 Pm [ FeQBu] 338 337 0.081 Pm



Ashby plot of hardness vs. toughness for predicted
phases

M J. Phys. Chem. Lett., 8 (4), pp 755-764 (2017).
J. Phys. Chem. Lett., 9 (12), pp 3470-3477 (2018).
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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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