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Abstract

Abstract

The success of machine learning has triggered many Al applications, such as person-
alized recommendation and automatic navigation. In these applications, machine learning
models are often treated as black boxes. Due to the limited understanding of the working
mechanism of these models, developing e ective models typically relies on a substantial
amount of trial-and-error. Consequently, machine learning researchers and practitioners
(experts) desire a transparent and explainable mechanism, to help them better analyze
machine learning models and accelerate the development of e ective models. To this end,
this thesis studies visual analytics of machine learning models, which aims at generating
more explainable results for Al systems.

In particular, we develop three visual analytics approaches that help experts with the
major tasks in model development: (1) understanding the working mechanism of a model;
(2) diagnosing a failed training process; (3) refining a model to improve its performance.

For model understanding, we propose a visual analytics approach to better under-
standing the working mechanism of a convolutional neural network (CNN). The approach
helps experts analyze one snapshot in a training process of a CNN. To e ectively analyze
a large CNN, we formulate a CNN as a directed acyclic graph (DAG), and aggregate
the generated DAG by the developed multi-level clustering. To visualize the multiple
facets of the aggregated DAG, we design a composite visualization, including hierarchical
rectangle packing, matrix reordering, and biclustering-based edge bundling.

For model diagnosis, a multi-level visual analytics approach is proposed to diagnos-
ing the training process of a deep generative model (DGM). The approach helps experts
interactively discover the reason of a training failure or an unsatisfactory performance of a
DGM. At the snapshot level, we combine DAG visualization and line chartsto e ectively
present the dataflow in the network. At the network level, we employ blue noise polyline
sampling to preserve outliers and reduce visual clutter caused by the large amount of
training dynamics. At the neuron level, we propose a credit assignment algorithm that
indicates how neurons influence each other, to help diagnose the root cause of a training
failure.

For model refinement, we develop an uncertainty-aware visual analytics approach
to helping users interactively refine microblog retrieval model by incorporating domain



Abstract

knowledge into the retrieval model. We model the microblog retrieval problem as a
mutual reinforcement graph. We calculate the uncertainty of the retrieval results, and
the propagation of the uncertainty. To illustrate these facets, we design a composite
visualization with three visual components: a graph visualization, an uncertainty glyph,
and a flow map. The visualization enables users to e ectively find the most uncertain
retrieval results and interactively refine them. The feedback is integrated into the model
by the developed incremental model update algorithm, which enables model refinement

to be an iterative process.

Key Words: visualization; interactive model analysis; explainable Al
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