A GPU-Accelerated Skeleton Discovery
for Gaussian Distribution Models

Motivation
The estimation of causal graphical models allows to solve important problems in many different domains.
For example in genetics, gene regulatory networks can be seen as a practical embodiment of systems
biology and can be used for drug design or diagnostics:
 Causal inference requires algorithmic support due to a rising complexity;
 Inefficiency of the common algorithms hinders its application in practice;
 Harness the processing power of the GPU to address the algorithm's computational complexity.

Causal Inference Procedure

Figure: A schematic representation of the causal
inference procedure

In the recent years, the notion of causality has grown
from a nebulous concept into a mathematical theory1.
A conceptual algorithm for learning the causal
graphical model operates in two phases2:
 Skeleton Discovery, use conditional independence
tests to receive information about the underlying
relationships.
 Edge Orientation, determine the orientation of the
detected relationships to construct a causal
graphical model.

Prelimanary Results
In our work, we investigate the use of GPU to address
the high computational complexity of the causal
inference and speed up its execution.
We propose a first version of a fully CUDA-based
implementation of the skeleton discovery and provide
an evaluation depicted in Table 1 based on real world
gene expression data3 .
The results indicate a benefit for lower levels, but also
show the following limitations of our current version
for higher levels:
 Low utilization of the Streaming Multiprocessors
 Large number of kernel calls to conduct a single
conditional independence test
Based on these results, further improvements to fully
utilize the processing capabilities of the GPU will be
part of our future work.
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Table: Average speed-up (of 10 runs) of GPU-accelerated against
CPU-based skeleton discovery on two gene expression datasets
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