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1 INTRO

In large scale performance analysis of HPC code, there is a tension between the visualizations provided by automated
tools and the flexibility afforded by custom scripting. Visualizations give users a unique perspective on their data and
enable insights which are not possible with tabular representations. For calling context trees (CCT), in particular, node-
and-link visualizations give users a view of performance data that corresponds to their mental model. Unfortunately,
while current scripting workflows support the writing of code, they are not well supported by existing visualizations.
GUI based tools often restrict users to rigid modes of interaction. Furthermore, many general purpose visualization
libraries are not well configured to support the complex multivariate data collected by HPC profilers, do not scale
well to fit real HPC datasets, and often require exporting and viewing visualizations in a context divorced from where
the code is developed. To ease this tension and support modern analysis workflows, we use human-centric design
methodologies to marry scripting and graphical interaction paradigms into a scalable, interactive CCT visualization
embedded in Jupyter notebooks.

2 RELATEDWORK

Many related works on visualizing calling context trees use a traditional node-link based layout [4, 9, 10]. The node
link design is intuitive for users and easy to understand. Unfortunately, these solutions suffer from poor scalability,
remove users from the context of their code, and show only one metric at a time.

Other works eschew the traditional node-link layouts to address scalability concerns [7, 8]. The first uses "ring-charts"
to encode call hierarchies in layers radiating out from a central node. The second aggregates call sites by module
into a Sankey diagram. Both representations are effective at scaling large profiles but suffer from over-abstracting the
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2 Scully-Allison

structure of a CCT too far from an analyst’s mental model of their program. Furthermore, it is difficult to highlight
particular functions using these designs.

Finally, CCTs are often rendered using indented tree structures[1, 2, 5]. While indented tree structures can be an
effective way to show trees in the same context as scripts (in a console, notebook or vertical window), they lack
meaningful interactivity and do not scale well, making inefficient use of vertical and horizontal space.

3 INTRODUCING THE GRAPHICAL SCRIPTING INTERACTION PARADIGM

Our interactive tree visualization was built to to interact with Hatchet[3], a python library for programmatic performance
analysis that uses a hybrid dataframe-callgraph as its core data structure called a GraphFrame. This visualization supports
scripting and graphical interaction paradigms by making visualization part of the scripting workflow. Traditionally,
users would have to operate on their data in scripts or visualizations exclusively with no direct communication between
the two mediums; changes made to a programmatic call graph need to be re-implemented visually when the data is
uploaded to a visualization tool and vice versa.

By contrast, our paradigm, enabled with Juypter magics, allows users to filter their GraphFrame programatically
and then visualize that modified data on the fly. It also allows users to use mouse manipulation to prune their CCT
and get back that reduced data for further analysis. This gives analysts the benefits of both graphical and script-based
interaction with their performance data; all without leaving their current working environment.

Semi-structured interviews with three individuals experienced in performance analysis has informed development
of our paradigm by elucidating how analysts use scripts and graphical tools and what they expect from their tools. We
use these insights to mitigate pain points and enhance the overall utility of our solution.

4 MAKING LARGE MULTIVARIATE TREES UNDERSTANDABLE

To address common scalability issues presented by real HPC profiles we automatically collapse un-interesting subtrees
with a process we call pruning. We first identify potential regions of interest using box-plot outlier detection [6] on a
user selected metric. After locating outliers, and preserving the parents of outliers to maintain context, we collapse
sub-trees containing non-outliers into surrogates. These surrogates inform the user about the collapsed trees in the
following two ways:

(1) If the total metric values of all call sites in a removed sub-tree sums to zero our surrogate node is displayed as a
triad of greyscale nodes.

(2) If the the total metric values in the removed sub-tree is nonzero, we aggregate the sub-tree into a rectangle. It is
colored using the same scale as regular nodes using the aggregate metric as its encoded data.

In addition to pruning, this visualization uses multivariate encoding to show correlation between two different
metrics. Users expressed a desire to view speedup and time on one graph as their intersection on a call-site provides
richer information than one metric alone. For example, by choosing the speedup metric as node color and the exclusive
time metric as node size, the large nodes colored with low speedup values are highlighted to the user and indicate
potential optimization targets at a glance.
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