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Many problems in Operational Research domains involve the 
study of risk management on a constrained topology of some form 
of physical network such as logistic networks or intangible 
networks such as banking financial networks and distributed 
ledger networks in modern DeFi movements. In this paper we 
explore an emerging class of machine learning models that can 
flexibly model and assess risk on a graphical or network based 
topology. We will focus primarily on the use of undirected 
graphical structures and we will develop a stochastic model 
representa- tion that is able to model dynamic multivariate 
processes on a graphical topology conditional on exogenous 
observable covariates. This will be achieved by extending classical 
Gaussian processes regressions models in machine learning to non-
stationary, warped Gaussian process regression models. Since we 
are focused on risk management aspects of processes restricted to 
graphs, we note that extreme events often display heterogeneity 
(i.e., non-stationarity), varying continuously with a number of 
covariates. In the framework we develop we will be able to study 
and explain such extreme joint variations through the regressions 
structures developed and the covariance operators characterizing 
the process. Having proposed a class of such warped Gaussian 
process network regression models, we will then study Bregman 
super-quantiles on such networks that will allow us to develop a 
class of network based coherent risk measures which have the 
added advantage of being sub-additive, allowing one to aggregate 
of local graphical cliques to understand local risk behaviours. 
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