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I. SIZE OF DATA SETS

Ha—quartz [-quartz| S-cristobalite| S-tridymite| Coesite| Stishovite | Liquid | Glass|| Total
a-quartz and S-quartz (section ITA) 1,296 1,296 0 0 0 0 0 0 |2,592
[-cristobalite and S-tridymite (section IIB) 0 0 768 1,536 0 0 0 0 |2,304
Liquid and glass (section IIC) 0 0 0 0 0 0 1,296 2,592 3,888
All eight phases (main text) 1,080 1,080 640 1,280 640 900 1,080 |2,160|| 8,360

TABLE S1: Size of the data sets for each study case presented in this supplementary

information file

The size of the data sets are listed in Table S1.




II. DIFFERENTIATION OF PARTICULAR PHASES
A. oa-quartz and pg-quartz

The a-f transition in quartz has been studied in the past [1]. It consists of the transfor-
mation from a tetragonal symmetry to a hexagonal symmetry (Figure S1), which occurs at
848 K under atmospheric pressure. The radial distribution function (RDF) of both quartz
phases are shown in Figure S2. They can be distinguished from around 3 A of distance.

The impact of the cutoff for the descriptor Ry is evaluated with projections to a two-
dimensional space. As shown by Figure S3, low cutoff values such as 2 A or 3 A do not
produce spaces where the two phases can be distinguished. This is in agreement with
the RDF (Figure S2), which cannot be distinguished up to around 2.5 A. A slight difference
appears near 3 A but setting Ry failed to generate a proper low-dimensional space. However,
from 4 A, a separation of the data points is observed and the two set of data points are
properly divided at R; = 5 A and beyond. Therefore, in this case a cutoff value for the

descriptor of 5 A is considered appropriate.
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FIG. S1: Visual representation of (left) a-quartz and (right) S-quartz
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FIG. S2: RDF of a- and f-quartz
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FIG. S3: Distribution of the projected data points in the low-dimensional space with
respect to the cutoff distance R;. Projected data from «(resp. f)-quartz are shown in blue

(resp. red).

1. PCA, LPP and TS-LPP on quartz phases
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FIG. S4: PCA, LPP and TS-LPP compared for a-quartz and -quartz

Figure S4 shows the comparison between PCA, LPP and TS-LPP (R; = 5 A). Note that

for TPP, a large value of ¢ was found to be optimal, leading to a space nearly identical to

PCA.



B. [-cristobalite and S-tridymite

[-cristobalite and S-tridymite are found at high temperature and are relatively difficult
to be distinguished from each other according to the radial distribution function, as shown in
Figure S5. Compared to the case of quartz (Figure S3), it appears that for S-cristobalite and
p-tridymite, a higher cutoff is needed to make a proper distinction (Figure S6). Nevertheless,
many outliers data still remain, even at R; = 6 A and Ry = 7 A. In this case, locally
averaging the atomic fingerprint (Equation &) of the Si atoms allows proper differentiation.

For this pair of phases, a reasonable cutoff for averaging is 4 A with a cutoff for descriptor

of 6 A.
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FIG. S5: RDF of beta-cristobalite and beta-tridymite (300 K)

Interestingly, only TS-LPP can properly differentiate the two phases, while PCA and
LPP are unable to properly captures the difference between the two phases, as shown in

Figure S7.

C. Liquid and glass

Aside from crystals, it is important to be able to differentiate disordered phases. Here, we
considered two trajectories for the liquid phase (3,000 K and 4,000 K) and four trajectories
for the glass phase (300 K, with structure obtained by melt and quench with a cooling rate
of 10, 10!, 10'? and 10'® K/s). The system size for these disordered structures is small

due to the fact that a first principles accuracy was desired when generating the training
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FIG. S6: Distribution of the projected data points in the low-dimensional space with
respect to the cutoff distances Ry and R,. Projected data from descriptors of S-cristobalite

(resp. [-tridymite) are shown in dark purple (resp. yellow).

sets. In later studies, larger cells should be studied, either with linear-scale first-principles
calculations [2] or machine-learning force fields [3].

For the disordered phases, as was the case for the high-temperature crystal phases, local
averaging of the descriptors is needed in order to properly distinguish liquids from glasses.
The disordered nature of liquids and glasses means that there is more variability in local
environment than in crystal phases. Having multiple different trajectories for each phase
avoid developing models too specialized on a single configuration. Here, setting both cutoffs
for descriptors and averaging to 5 A and 5 A is necessary to obtain a satisfactory differen-
tiation between the liquid and glass phases. An averaging cutoff of 6 A enables a better

separation, as shown in Figure S8.



PCA LPP

Component 2
Component 2
Component 2

Component 1 Component 1 Component 1

FIG. S7: PCA, LPP and TS-LPP compared for distinction between [-cristobalite and
[-tridymite
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FIG. S8: Distribution of the projected data points in the low-dimensional space with
respect to the cutoff distances Ry and R,. Projected data from liquid (resp. glass) are
shown in pink (resp. light blue).



III. DISCUSSION ON THE PARAMETERS
A. Distance cutoffs

The cutoffs for the descriptor and for local averaging were determined by fist verifying

the ability of a smaller model to distinguish pairs of phases, namely:
1. a-quartz and B-quartz : Ry > 5 A; R, not needed
2. [-cristobalite and S-tridymite: Ry > 6A; R, >4 A
3. liquid and glass: Ry > 5 A; R,>6 A

To ensure a proper differentiation of these phases, the cutoffs were both set to Ry =
R, = 6 A. Details can be found in the supplementary information (Figure S3, Figure S6,
Figure S8).

B. Feature selection and standardization

For some of the LAAF features with small 7,,, the variance is vanishingly small, as shown
in Figure S9. These features are removed by setting a variance threshold, illustrated by the
dash blue line in Figure S9. Different values for the variance threshold were tested and it
was found that a variance threshold superior to 1le — 5 was required to properly differentiate
all phases. By using a variance threshold of 107, 63 of the 100 features are kept. The

remaining features are standardized to unit variance.

C. Number of dimensions

In previous works, a two-dimensional space was generally used, which facilitates the
visualization. In the case of silica, due to the high number of possible phases, no satisfactory
two-dimensional space could be constructed. At least 7 dimensions are needed to capture
relevant information about the local structures, as can be seen from Table S2. Except for

stishovite in which Si atoms have six neighboring O, each Si atom has four O neighbors.
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FIG. S9: Variance of the LAAF features. The blue dashed line indicates the variance
threshold used in this work.

# dim. |d,, | o ||Stishovite|a—quartz and |Liquid and|S—tridymite and
f—quartz glass [—cristobalite
1 30| 1 Yes No No No
2 2011 Yes No No No
3 201 Yes Yes No No
4 30 (20 Yes Yes No No
) 30 (20 Yes Yes No Yes
6 10]1 Yes Yes Yes No
7 20| 1 Yes Yes Yes Yes
8 20| 1 Yes Yes Yes Yes

TABLE S2: Number of dimensions and proper differentiation of specific phases




IV. CLUSTERING ON LAAF DESCRIPTORS

K-Means clustering

Cluster index
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FIG. S10: Labels attributed by k-means using the original descriptors

Agglomerative clustering
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FIG. S11: Labels attributed by agglomerative clustering using the original descriptors

Figure S10 and Figure S11 show the results of k-means clustering and agglomerative

clustering used on the original descriptor in the high-dimensional space.
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V. LPP WITH HIGH DIMENSIONALITY

LPP was performed to reduce the space to 15 dimensions Figure S12. In this space, the

phases can be distinguished, for instance by k-means clustering Figure S13.
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FIG. S12: Visual representation of the 15-dimensional space generated by LPP with

o = 20 by pair of components
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FIG. S13: Labels attributed by k-means using the space shown in Figure S12

VI. CLUSTERING WITH DBSCAN
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FIG. S14: Labels by DBSCAN on the projected data in the low-dimensional space. The
color reflect the phase of the data point.
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VII. PHASE TRANSITION USING THE TRAJECTORY AS THE TRAINING
SET

Although we have shown that the 7-dimensional TS-LPP model can properly track the
phase transition between [-quartz to a-quartz, an alternative way to study this specific
transition is to use the trajectory itself as the training set and train the unsupervised model
based on its snapshots. For instance, the difference between initial and final structures can
be found with ease by using an early and a late snapshot in the training set, as shown in
Figure S15.

Another method is to use part of the trajectory as the training set, for instance the first
50 fs, 100 fs, etc., as shown in Figure S16. If can be seen that in the very early stage (50-200
fs), the structure evolves and moves away from its initial configuration, then remains in a
relatively stable region from 500 fs to 1,000 fs, and finally evolves to its final state after
3,000 fs.
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FIG. S15: Projected data of an early snapshot (50 fs) and late snapshot (5,000 fs) used as

the training set.
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FIG. S16: Transition from S-quartz to a-quartz at 600 K followed by a TS-LPP space

trained on a single trajectory.
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