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Fig. 1. Moc of proposed visualization. 1) The stress induced per test. 2) Frequency overview of the selected stress. 3) The data in
granular time scale. 4) data in fine time scale. 5) overlayed graph; this one maybe inaccurate. 6) stress measure texture. 7) grouped
components. 8) ordered line placement by arc length. 9) Estimated model represented by stars.

Index Terms—Multiple time scale, many series summary, integrated circuit reliability.

1 INTRODUCTION

Long-term reliability is a niche but critical aspect of modern electronics
design. Testing and planning for degradation and failures is incredibly
challenging; nearly all product development cycles are much shorter
than the required lifespans and so accelerated stress testing followed
by extrapolation/prediction is leveraged in lieu of direct testing. These
testing practices are the core focus of one author’s (Ian’s) doctoral the-
sis topic, and several shortcomings of existing reliability engineering
practices were identified in a survey paper published in IEEE Transac-
tions on Device and Materials Reliability [2]. A simulator has already
been developed that enables stochastic temporal simulation of wear-out
processes and Bayesian inference on wear-out models to address two
of these shortcomings.

Due to the model-agnostic implementation and probabilistic focus of
the developed simulator, visualizing the simulated stress, measurement
data, and specified stochastic models in a way that supports the variety
of user tasks enabled by the simulator presents a significant challenge.
This project develops a visualization tool to aid reliability engineers

carry out multiple user tasks that can be tackled using the simulator in an
effort to overcome the conceptual challenges of non-constant stress and
probabilistic models that engineers are not likely to be accustomed to.
Key tasks include iterative stress test design, test data failure analysis,
and model quality comparisons.

Our preliminary investigation found that in all three use cases engi-
neers will need to compare large quantities of scalar data series under
multiple stress configurations through time. The proposed solution,
GraceFall, handles diverse line graphs with dynamic time scales to aid
in these exploratory analysis tasks. The proposed visualization will
integrate with the existing simulator and thus be primarily developed
with Python.

2 RELATED WORK

There are two types of related works to discuss in order to place this
project in context, those within the integrated circuit wear-out reliability
space, and then those within the field of info visualization.

2.1 Integrated Circuit Reliability Visualizations

Integrated circuit reliability is not well known for effective visualiza-
tion tools, as the field is reasonably niche and driven by individual
companies within the semiconductor industries. Reliability reporting is



mostly opaque to end users of integrated circuit products, thus visual
representations of reliability and reliability tests are often neglected.
Typically, the visualizations that do get constructed are of poor quality.
Common visual representations of reliability test data include Weibull
plots of cumulative failures against time, or box plots showing degrada-
tion distributions for different devices. Some example visualizations
published by one of the most recognizable researchers in the field are
shown in Figure 2, highlighting the prevalence of poor visual design
choices [4]. Some additional examples can be found in [5, 8]; most
within the field follow very similar best practices, or lack thereof, when
designing visual representations of their data. For Ian’s research, ef-
fective visual representations are needed to eventually help engineers
explore test design spaces and compare different probabilistic models,
thus the current standard visualization practices in IC reliability are
insufficient.

Fig. 2. Examples of accepted visualizations within the IC reliability
research community from a well-regarded paper [4]

2.2 Relevant Information Visualization Design Studies and
Techniques

Moving on to how this project fits within data visualization research,
we are primarily focused on the application of visualization techniques
as opposed to the development of novel ones. With this in mind, our
project is suitably described as a design study, and can be positioned
relative to existing similar design projects of larger scope, namely KD-
Box [10] and Vismon [1]. KD-box is useful as a comparative study
because it addresses similar problems of visualizing time-series data
from sensors where many independent data series need to be summa-
rized or reduced to extract useful information about the collective, and
while Vismon does not consider time series plots, its treatment of model
comparison across multiple views and incorporation of information
uncertainty is comparable to the design components encountered fur-
ther into the proposed project. Additionally, specific design challenges
within our project have been explored by previous works. Although
our project allocates significant time for more detailed literature review,
we have already looked at some initial solutions for overcoming the
following anticipated design challenges:

1. Multiple time scale plots introduce challenges when visualization
users are interested in both long-term summaries of temporal
data and in the more detailed structure of the same data when
considered over a short interval. Techniques for displaying these
types of data series at multiple timescales have been addressed
in a paper on ”Chronolensing” [9], providing a starting point for
designing a tool that can support analysis at these multiple time
scales.

2. When many individual data series are plotted in a single view,
visualizations can quickly become cluttered and difficult to an-
alyze for overall trends. An initial solution being considered is
braiding/weaving [6], a highly adaptable and appealing technique

that should be well suited for the project problem. The main
challenge with braiding is graphical complexity due to careful use
of shadowing and obscuring that may complicate implementation
efforts.

3. Users of the visualization are likely to want to compare different
tests or data sets in relation to one another, introducing a signif-
icant challenge to effectively lay out multiple test plots within
a single view frame and navigate them. Vismon [1] can inform
some initial design decisions for this project aspect.

4. Visualizing mathematical models is an interesting challenge as
they don’t fit as cleanly within standard visualization conceptual
frameworks. The data object being shown is the output of an
expression that is variable, making the data dynamic when depen-
dent on other visualized data. A 2008 paper on plotting models
based on parameter selections is considered as a useful starting
point for this component of the project [3].

3 DATA AND TASK ABSTRACTION

A core problem reliability engineers encounter in analyzing a set of
test result is to understand component degradation with respect to
induced stresses. For clarity, an engineer may seek to investigate
which stress is causing the most degradation. In the current paradigm,
engineers frequently need to compare multiple test results in the form
of pure numerical tables, a notoriously difficult data form to analyze
from. As visualization are lacking, engineers frequently resort to using
component conditions only at the beginning and end of the test, ignoring
the information rich degradation process in between. We introduce
GraceFall to aid engineer to exploit those rich temporal information
in their task. This section will first break down the goal into concrete
tasks, identify the data abstraction and propose our solution.

3.1 Data Set
Prior to dissecting the overarching visualization objective, it is neces-
sary to first present the specific data available. There are three major
data sets relevant to our visualization: 1) table data listing the mea-
surements conducted during the test, 2) table data summarizing the
conducted test in terms of applied stresses and durations, and 3) hypoth-
esized mathematical models that can be fit to the measurement data set.
The scalar measured degradation data tables can be abstracted to 3 at-
tributes time, component ID, and measure, which they are quantitative,
categorical, and quantitative data types respectively. The ”measure”
attribute refers to the performance measure used to quantify the amount
of degradation. Nuances of the data include the multi-field measure-
ment IDs (i.e. the component ID can be broken down into multiple
non-unique fields with only the particular combination being unique),
and the potential for different quantities being measured, resulting in
multiple categories within the measured values. Broadly speaking, the
stress data set is also represented with three attributes: stress phase ID,
stress measures, and time, with attribute types of categorical, quantita-
tive, and quantitative, respectively. For clarity, an example of a stress
is : (Burn In Stress, 60◦, 13 hours). Finally, the hypothesis models are
mathematical expressions attempting to explain the test results as fitted
functions of the stress data. To keep the project in a manageable scope,
this project will restrict the data to deterministic models as opposed
to the eventual desire to additionally support probabilistic ones. As
this data type does not fit into the framework introduced in the current
course, this will be simply represented as sets of quantitative points.

3.2 Task Specification
From analysis, the overarching goal of exploring multiple test data sets
can be broken down into three tasks. T1 - Visually inspect the plotted
line graphs to understand the effects of different stressors over different
time resolutions. T2 - Comparing degradation trends across many line
graphs and the collective trends. T3 - Proposing different hypothesis
models and comparing model fits.

Early mock-ups identified several design challenges that will form
the key feature requirements of GraceFall. R1 - Handling of clutter



Fig. 3. Project work breakdown by task type and design component. Time shown in approximate dates based on expected weekly work cycle.

caused by many lines per graph due to large quantities of data series
on multiple time scales of interest. R2 Easy comparison of stress
parameters within and across test results. R3 - Comparison between
multiple graphs using different test specifications or models. R4 -
Observing and comparing model data fits. The proposed visualization
will satisfy each of the identified requirements in aiding the engineer to
complete the aforementioned tasks.

4 PROPOSED SOLUTION

The preliminary GraceFall design will fulfill R1 using a combination
of filtering, sequential line placement and gradient clustering to reduce
the line cluttering. Inspired the foot step of Chronolense [9], lensing
will be used to enable engineers to navigate easily across the different
time scales. To achieve easy comparison described in R2, the texture
channel is reserved to represent the stress of interest, and other potential
channels can be considered for displaying additional stress parame-
ters. Fulfilling R3, the Chronolense design patterns will be adapted to
inform views of multiple test plots simultaneously, allowing for easy
comparison. For R4, the model will initially be represented as a simple
single dotted line as others channels are populated. To emphasize that
the line is a model, the dots will be replaced with an alternative symbol,
such as stars.

R1 The number of data series that must be represented within a
single plot is potentially unbounded. Inspired by Line Weaver [6], the
rendering process of each line will be sorted by arc length, with the
longest in the back and shortest in the front, reducing overall occlusion
as a result. Further, series from the same device groups will use similar
colours to direct the engineer to components of interest. Based on this,
engineers can filter groups of interest by decreasing the transparency
of groups requiring further analysis. To achieve multi-time-scale data
comparison, TVR uses lensing and overlays inspired by ChronoLenses
[9] and Timenotes [7]. Lensing will allow the engineer to zoom in any
time window desired to view short-term data series behaviours.

R2 The texture channel is reserved for communicating the stress
measures in finer time scale graphs. Specifically, based on the value of
the stress measure, the density of the texture will change accordingly.
The texture will become the background of the period of time when it is
applied, enabling the engineer to tell when the stress is applied. Large
and differing time scales will clutter the texture channel, destroying the
capacity to communicate measurement information. As an alternative,
a sinusoidal function of diverse frequency will be put above the graph
to inform the applied stress’ effective area with the higher frequency
corresponding to higher stress value. These frequency graphs will serve
as overview to what is happening in the underlying granular time scale.

R3 For multiple test comparisons, the visualization user can select
any two windows and overlay the plots on top of each other to observe
if there is any pattern. By this construction, any number of tests can be
overlayed on top of each other where their respective lines have various
degree of transparency, enabling detailed test comparison.

R4 The design for this requirement will be further developed fur-
ther into the project timeline. As a rough plan, the model will be
represented with a simple dotted line where the dots are replaced with
stars for emphasis. This channel is chosen to be orthogonal to other
channels occupied thus far.

5 MILESTONES

Our visualization can conveniently be divided into a few conceptual
components that are reasonably separate in terms of design, easing the
process of breaking down the project into tasks. In terms of milestones,
we define three internally: 1) Literature Review Completed, 2) Design
Plan Work Completed, and 3) Implementation and Testing Completed.
Reports are not included in these internal milestone descriptions. A
summary of the project execution plan, vertically divided by milestone
and course deliverable tasks (tasks defined by feature requirements), is
provided as a Gantt chart in Figure 3.

Some key elements within the provided Gantt chart are the mile-
stone and deliverable deadlines and dependency ordering of literature
review to design plan down to implementation for the different design
components. The project update deadline is on November 15th, or just
into week 3 of November, the project presentation is December 14th,
or middle of week 2, and the final report is due on December 16th, the
end of that same week. Based on the work breakdown within the chart,
each filled cell can be mapped to approximately 4 hours of expected
work to obtain an estimate of project effort that slightly overshoots the
course recommendation for total project work hours. The group has no
issue with this light increase in workload. The Milestone 1 deadline
is set for middle of week 2 in November (32 hours of expected work),
Milestone 2 by end of November week 4 (56 hours), and 3 by end of
week 1 December (80 hours).

Some final points to note in the chart: 1) Ian does not have tasks
assigned for the first planned week and a half due to a research pa-
per deadline, 2) some existing basic plotting functions were already
developed for the simulator that the visualization tool is built on top
of and thus the first portion of implementation is dedicated to having
Ian translate these functions into the selected library to provide a basic
foundation to build on.

Due to the large planned scope of the project, there is a significant
risk that the available time will be insufficient to design and implement



all desired features. To mitigate this risk the model fitting design
component has been designated as lower importance; if necessary this
aspect of the project can be cut. Doing so would save 40 hours of
allocated time, based on the chart timeline breakdown, that can then
be reallocated to the test data integration plots and test plot navigation
portions of the project as needed.

6 CONCLUSIONS

The GraceFall tool will tackle a challenging visualization problem,
cleanly displaying highly varied scalar data series to avoid the large
potential for visual clutter and obscured properties of interest. If suc-
cessful, the tool will greatly aid engineers in developing accelerated
reliability stress test procedures and tuning models for explaining phys-
ical degradation phenomenon. The large scope of this project necessi-
tates a clear execution plan which has been developed to maximize the
potential of constructing an effective solution.
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