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1.0SUMMARY

D3M aims to develop automated model discovery systems that enable users with subject matter
expertise but no data science background to create empirical models of real, complex processes.
This capability will enable subject matter experts to create empirical models without the need for
data scientists, and will increase the productivity of expert data scientists via automation. The au-
tomated model discovery systems developed by the D3M Program will be tested on real-world
problems that will progressively get harder during the course of the program. Toward the end of
the program, D3M will target problems that are both unsolved and underspecified in terms of data
and instances of outcomes available for modeling.

BBN focused on two aspects of the automation problem: (1) Developing selectable primitives for
time-series pattern discovery; and, (2) Developing a method to compose complex models by con-
verting primitives or primitive pipelines into Neural Nets (NN) to enable joint tuning and optimi-
zation.

BBN developed prototype primitives that are discoverable by other D3M performers (Technical
Area 2) who aim to automatically compose primitives into a model building pipeline. Performance
metrics include (1) the ability to identify meaningful units in time series data; and, (2) the ability
to be automatically discovered by TA-2 performers’ systems.
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2.0INTRODUCTION

The D3M program aims to provide a Subject Matter Expert (SME) the means to run powerful
algorithms and extract results without incurring the expense of hiring a data analyst. Achieving
this task requires a diverse set of primitives as well as the ability to compose these primitives into
rapid pipelines.

Time-series problems are a particularly hard problem for SMEs because of the variable
lengths of each data sample. These problems also tend to have longer-term and sparse patterns that
are uncommon in other forms of data. Dealing with such problems requires specialized primitives
carefully designed with time-series data in mind. BBN has used its decades-long expertise in time-
series problems to contribute useful primitives that are extremely effective in this area.

When constructing pipelines by composing primitives, it is essential that the resulting pipe-
lines be extremely fast. Not only does this enable faster prototyping and testing, but it also allows
the production systems to unlock capabilities that they might not otherwise possess. With this
view, BBN has demonstrated the ability of end-to-end neural networks to effectively mimic com-
plex pipelines with several primitives. Neural networks run on specialized hardware; this hardware
has been advancing at a rate that far outpaces the growth rate of the modern general-purpose pro-
cessor. Therefore, this idea is likely to reap vast benefits in the future with progressively increasing
returns as hardware gets faster.
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3.0METHODS, ASSUMPTIONS, AND PROCEDURES

For Technical Area 1 (TA1), a diverse primitive set that handles a variety of data types is necessary
for successful automatic discovery of data driven models. Our proposal focused on time series
datasets and involves tokenization of time series data and structure discovery, which provide pow-
erful tools for building models on diverse sets of time series data, such as salary data over time,
audio, video, handwriting, traffic, finance etc. Primitives needed for speech recognition have been
included as part of this primitive set. These by themselves are very useful for supervised time
series tokenization. Very few ML primitives focus on time series especially those that vary in
duration. Capturing time-series patterns will greatly enrich the set of problems solvable by auto-
ML. A full list of primitives is available in the Results and Discussion section.

For Technical Area 2 (TA2), we demonstrated the possibility of converting the best pipeline mod-
els discovered by the general approach to neural networks (NN), which will enable joint model
fine-tuning. Pipelines constructed by the various TA2 processes tend to be complex, unwieldy,
and slow despite the fact that they show excellent performance. These pipelines can be sped up by
converting these pipelines into stand-alone end-to-end neural networks that can make use of spe-
cialized hardware. This conversion is achieved through student-teacher training where a neural
network is trained on the outputs predicted by the original pipeline. BBN demonstrated this con-
version successfully on a random forest pipeline. This achievement is particularly significant as
random forests are well-known for being an incredibly strong baseline when the machine learning
algorithm is not heavily tuned. More details on this technique are available in the paper that is
referenced at the end of this report.
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4.0 RESULTS AND DISCUSSION

e Completed: Delivered a wide variety of primitives, compatible with the D3M core pack-
age, that address various aspects of time series problems
e Completed: Delivered two time-series datasets, FMA and Sprakbanken.
e Completed: Demonstrated potential of neural network conversion techniques to speed up
existing ML pipelines
TA1l:
Delivered ML primitives:

MLP classifier

Cluster curve fitting

[-vector extractor

Segment curve fitter

Sequence to Bag of Tokens

Mel Frequency Cepstral Coefficients
TF-IDF transformer

Uniform segmenter

Delivered glue primitives:

Audio reader
Channel average
CSV reader
Signal dither
Targets reader
Signal framer

Delivered two datasets:

e Free Music Archive (FMA)
e Sprikbanken

TA2:

e Demonstrated potential of converting a random forest pipeline to an end-to-end neural
network
e Published paper on this approach

BBN specific TA2 work put on hold per DARPA instructions in October 2019.
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5.0 CONCLUSIONS

BBN has contributed to the TA1 and TA2 parts of the D3M program. On TA1, we provided a
diverse set of ML primitives that address a variety of time-series problems. On TA2, we demon-
strated the ability of a neural network to mimic and significantly speed-up computation of ma-
chine learning pipelines.
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APPENDIX A — PUBLICATIONS AND PRESENTATIONS

List the dates, times, title, event and speakers of any presentations made under this effort and the
title author and publication information for any publication made under this effort.

Sung, ML., Silovsky, J., Siu,MH., Gish,H., Pittapally, C., “Neural Network Conversion of Ma-
chine Learning Pipelines”, ICML AutoML Workshop (2018)

Approved for Public Release; Distribution Unlimited.
6



LIST OF SYMBOLS, ABBREVIATIONS, AND ACRONYMS

(CDS) Cross Domain System or Solution

(BBN) Bolt, Beranek, and Newman

(SME) Subject Matter Expert

(D3M) Data-Driven Discovery of Models

(MLP) Multi-Layer Perceptron

(NN) Neural Network

(CSV) Comma Separated Value

(TF-IDF) Term Frequency Inverse Document Frequency
(TA) Technical Area

(ML) Machine Learning
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