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Effects of developed features

To explicitly show that the effect of MQ distance constraint in finding ground states, we replace
the distance restraints in SPINNER with the conventional setting used in, for example, USPEX.
Supplementary Figure 1 shows the energy distribution of the randomly-generated structures for
Mg2SiO4, Cdl2Oe, and Sr2P7Br, in comparison with those generated by SPINNER employing the
MQ distance constraint. It is seen that the MQ distance constraint produces low-energy structures
far more frequently than the conventional setting. This means that the MQ distance constraint is

highly effective in exploring the low-energy configurational space.

In Supplementary Figure 2, we compare the energy distribution obtained by the new crossover
algorithm and those from the routine crossover algorithm. Although not as dramatic as the MQ
distance constraints in the above (because the crossover maintains most of the bulk structures), the
atomic-energy-based crossover algorithm is still effective in generating low-energy structures for

the three test materials.
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Supplementary Figure 1. The energy distribution of randomly generated and then relaxed

structures using the distance constraint from melt-quench simulations (blue) and the loose distance

constraint used in the USPEX code (orange) in the case of (a) Mg>SiO4, (b) Cd2Os, and (c¢) SroP7Br.

The test structures are gathered after running the evolutionary algorithm for 200 generations under

each condition.
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Supplementary Figure 2. Effect of the crossover algorithm. The energy distribution of structures

generated by the atomic-energy-based crossover algorithm (blue) and the conventional crossover

algorithm (orange), both of which are followed by structure relaxation in the case of (a) Mg2Si0s4,

(b) CdI20s, and (c) SroP7Br. The test structures are gathered after running the evolutionary

algorithm for 200 generations under each condition.
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Supplementary Table 1. The table provides information and results on test compounds in Fig. 2a.
The columns under ICSD are data on the equilibrium phase in the ICSD. Z and Ny are the numbers
of formula units and atoms in the unit cell, respectively. Band gaps (E,’s) are calculated by one-
shot hybrid functional calculations' and hull energies (Enu’s) are cited from the Materials Project.?
For the symbols under SPINNER, we refer to the main text. Under AEmin we write the energy
difference between the most stable structure found by SPINNER within ICSD structure primitive
cell size and the ICSD structure calculated by PBE functional. When needed, we additionally write
the energy difference calculated by SCAN functional (marked by 1), or by PBE when the spin-
orbit coupling is considered (). Also, the numbers with the * mark indicate the energy difference
between the most stable structure found within ICSD structure conventional cell size and the ICSD

structure. The unit for Eny, Ng, AEo, AE, and AEmin are meV atom .

ICSD SPINNER
Formula
Poi E _
ID omt N E B Ne  4E,  AE AEnin
group (eV)
PbOsO 23444  m3m 4 20 0 0 5 64.1 203 —15.6/
S ' 2 _40%16.0¢
TIPbCl 1262 4 4 36 60 9 11 3.8 5.9 ~13.6/
U : : ' 6.0%/ 0.2
Na;PS, 72860  42m 2 16 33 0 1 8.1 164  -9.1/22.3
RblInl, 36601 3m 6 36 35 0 990 2.9 119  -4.0/6.4"
KAICl, 1704 2 4 24 68 0 238 2.9 10.1 -2.7/9.5
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5.5

26.4

19.8

19.8

12.2

14.4

~1.7/-2.07



T1GaS;

T1lGaSe>

HINbP

ZI‘zP dzIn

IrSbTe

Li>TeSes

PbN,Oq

Na3SbTe3

TISbO;

T13PS4

Baln,Teq

szZI‘TGg,

Ang gOz

RbAgO

AsNb;Te;

PbSnS;

157537

1573

75009

107332

640967

415121

174004

75513
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Supplementary Figure 3. Comparison of SPINNER with USPEX coupled with NNP for (a)

CdL0Os, (b) Sr2P7Br, and (c) MglrB. AEnmi, of filled points are calculated by NNP and the empty

points are the lowest DFT energies of the structure candidates within 50 meV/atom.
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