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In this paper, I propose a method that combines deduction (quantum
calculation) and induction (data mining) for material design. The essential
idea of the method is a process consisting of sparse regressions and cross-
validation for analyzing data of the materials. Further, by performing
LASSO in parallel, I build a directed graph in which nodes are features
and edges are relations between features, thus representing global image
of the relation between the features. To demonstrate the effectiveness of
the proposed method, I worked on two issues, prediction of binary alloy’s
melting point and description of relationship between the features in the
prediction model by graph.

In the prediction of binary alloy’s melting point, I represented binary
alloy data by experimental /basic physical property data and quantum cal-

culated data of molecular model composed of two and three atoms, and
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created a binary alloy database from them. Then, I performed multiple re-
gression analysis, LASSO, on the database, and got the sparse linear regres-
sion model which predict melting point. I applied proposed method to the
four alloy groups, alkali metal group, alkali-earth metal group, transition-
metal group, and rare-earth metal group, and I evaluated the results. As a
result, I got exact prediction model which score is over 0.90 in alkali metal
group and alkali-earth metal group. But score of transition-metal group
and rare-earth metal group were 0.87, 0.71 respectively. This means that
the data prepared for this experiment isn’t enough to describe the behav-
ior of transition-metal group and rare-earth metal group. So it is expected
that adding features which describe the behavior of the d-electron system
improve the prediction accuracy. On the other hand, it is noteworthy that
I could predict the exact melting point from such a simple model’s data.

Subsequently, 1 extended the melting point prediction model and built
a directed graph from it. Specifically, I performed LASSO in parallel and
summarized the results, then built a graph. In the graph, nodes are fea-
tures and edges are the relationship between features. Further, I measured
importance of features in the prediction model by prediction risk and score.

I have confirmed from the graph that electric charge transfer is impor-
tant factor in terms of prediction of melting point in both alkali metal alloy
group and alkali-earth metal alloy group. And I have confirmed the dif-
ference of nature with respect to component B too, which is while mass is
important for alkali metal group, number of valence electrons is important
for alkali-earth metal group. On the other hand, I understood that there
weren’t enough features to predict melting point in transition metal group
and rare-earth metal group. In this way, I could obtain information or
knowledge from the graph, and this information or knowledge are difficult
to obtain by performing LASSO simply.

From the above results, it can be said that proposed method is effective

for material design.



