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研究成果の概要（和文）：私たちはこのプロジェクトでいくつかの理論的および応用的な結果を達成しました。
 理論的には、グラフの拡張であるハイパーグラフ上にすべての機械学習手法の基礎を築きました。 また、グラ
フ情報を活用することで、グラフに関する学習を、分子、スペクトル、および他の分子との相互作用を含むより
複雑なアプリケーションに適用することもできます。

研究成果の概要（英文）：We have achieved some theoretical and application results on this project. 
For theoretical, we laid a foundation for learning on hypergraphs, an extension of graphs. We also 
could apply learning on graphs to complicated applications involving molecules and its interactions 
with others by leveraging graph information. 

研究分野： machine learning
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研究成果の学術的意義や社会的意義
Our achievements help pay ways for further research into more complicated problems in the area of 
graphs, hypergraphs and application on molecular learning. This may contribute to further research 
and development in biomedical applications. 

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

 

Graph is a common way to represent relations or structures in many data analysis problems. 

It has applications in both theory and application of machine learning. It is an essential tool 

for modeling data from high-dimensional complicated distributions with manifold learning. 

It is important for learning with labeled and non-labeled data, a realistic scenario in many 

applications. It helps to model relationships in network analysis in social networks and 

scientific networks. In biology, chemistry and medicines, it is used to model molecules as well 

as their interactions.  

 

Previous work on graph analysis are for successful for many machine learning problems. 

However, there are still challenges in extracting the right information from graphs, especially 

when the graph is too large, when the graph has complicated semantics that do not fit into 

usual interpretations of graphs and when more generalized versions of graphs are required.  

 

 

２．研究の目的 

 

The overall objective of the project is to extract the right semantics of structures in data in 

form of graphs or more complicated hyper-graphs for machine learning applications. Usual 

methods are for a particular semantics and do not work when the graphs have different 

interpretations. A main part is to find ways to extract information from different types of 

graphs, such as similarity or non-similarity graphs, from different applications. One of such 

case is to extract information from a generalized form of graph, called hypergraph. We wish 

to provide a principled way of extracting information from hypergraphs a provide many 

methods for different semantics in the hypergraphs. We also wish to extract information of 

graphs in complicated scenarios such as there are graphs among graphs. It is the case of 

biomedical applications in which molecules are graphs themselves and their interactions 

with other biological entities in cells form another graphs.  

 

３．研究の方法 

 

For the generalized form of graph called hypergraph, we have derived a uniform formulation 

of learning on hypergraphs. We have shown that the formulation is general enough explain 

the reasoning behind all available methods for hypergraphs. Moreover, it also help to create 

many different new methods to extract different kinds of information for many semantics of 

the hypergraphs. It serves as a tool not to only analyzes other method, but also to create new 

methods for hypergraph analysis. 



 

Figure 1. Our formulation leads to a unified view of methods on hypergraphs. It helps to 

analyze previously proposed methods (the ones with references in the table) as well as to 

create new ones (the ones without references in the table) with desirable properties.     

For more difficult setting of graphs, especially graphs on graphs, we use a general method of 

graph neural networks to learn the semantics of the graphs. This is the case in many 

biochemical application. It helps to model molecules of interest, such as metabolites or drugs. 

While molecules are typically models by graph neural networks, it is more difficult when 

modelling their interaction with other biological components. One such case is to model 

molecules in interaction with spectral signals from mass spectrometry. We have derived an 

effective method to jointly model molecule graphs of metabolites as well as spectral data in a 

single framework.  

 

 

４．研究成果 

 

For the first part, we have found that our formulation led to useful hypergraph analysis 

methods. We could create sparse learning methods on hypergraphs, leading to sparse models, 

which are the models with small number of parameters that are optimally obtained. These 

methods show good prediction performance on classification problem on hypergraphs.   

 

In the second part of application in metabolite identification, our method was able to extract 

information from molecular graphs that are useful to link to spectral information. This leads 

to a fast and highly accurate method that could predict metabolites of a spectrum from 

experiments using mass spectrometry.   
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