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Introduction

In this article, we demonstrate an assignment’
in which students use TensorFlow to build a
face recognition system. Students build shal-
low and deep neural networks for face recog-
nition in TensorFlow and use transfer learning
to obtain near-perfect performance on a sim-
ple face recognition task. Visualizing neural
networks in order to explain how they work is
central to the assignment.

The emergence of frameworks such as Ten-
sorFlow (Abadi et al., 2016) and PyTorch?
and the explosive growth of ready-made open
source machine learning systems on the Web
changed the practice of machine learning.
The pedagogy of machine learning faces
challenges that are analogous to the chal-
lenges introductory computer science peda-
gogy started facing with the advent of high-
level programming languages and GUI li-
braries (Astrachan, Bruce, Koffman, Kdlling,
& Reges, 2005): we would like for students
to use the tools practitioners use to build real-
world systems, but at the same time we want
students to have a thorough understanding of
how systems can be built “from scratch.”

We resolve this dilemma by advocating for an
assignment style that approximates building
a new machine learning system prototype as
closely as possible. We avoid giving out in-
complete starter code and asking students to
“fill in the blanks.” Instead, we give students
working code that is relevant to the task they
are working on and that is similar to code that
they might find on the Web. Students use as
much or as little of the code as they want to
complete the assignment.

Copyright © 2018 by the author(s).
Thttp://modelai.gettysburg.edu/
2018/nnfaces/
2Excellent introductory tutorials are available at
http://www.tensorflow.org and http://
www.pytorch.org

o ‘E’t "'w lm50

40.030

.»-.f"l_ AN X S F ?‘ | -'«!
: l ‘ ‘ i ¢ 10.015
“ ' 7 4 r., {0.000
] : A - ,1 R Is 1-0.015

Ig wt “",""‘
3 .—0.045

Figure 1: Demonstrating overfitting by visualizing
the weights of a one-hidden-layer neural network
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We ask students to visualize the models
that they are working with, building on re-
cent research work on visualizing and un-
derstanding neural networks (Zeiler & Fer-
gus, 2014) (Springenberg, Dosovitskiy, Brox,
& Riedmiller, 2014). Visualizing ML models
is a nontrivial technical task which allows stu-
dents to practice developing machine learning
code, it is helpful when debugging ML models,
and, finally, it allows students to gain a better
intuition for why the models work and when
they can fail. Pedagogically, this task is both
nontrivial and feasible for students to accom-
plish.

Model Assignment: Neural Networks
for Face Recognition with TensorFlow

In the assignment, students train both shallow
and deep networks to classify faces of six fa-
mous actors. Students adapt handout Tensor-
Flow code in order to build and train the net-
works.

Students train a one-hidden-layer neural net-
work for face classification. Students then im-
prove the performance of their system by train-
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ing a convolutional neural network to perform
face classification; as a first step, students use
the activations of a pre-trained AlexNet net-
work (Krizhevsky, Sutskever, & Hinton, 2012)
as the features for their face classifier.

Students visualize the shallow and the deep
networks that they train.

Introducing TensorFlow

TensorFlow is introduced by giving students
working code that trains a one-hidden-layer
neural network on the MNIST dataset. We
also provide a beginner-friendly implemen-
tation of AlexNet in TensorFlow, along with
weights pretrained on ImageNet®. The hand-
out is designed to be very easily readable
and only uses the most elementary Tensor-
Flow features. This makes it possible for stu-
dents to modify the code to suit their needs
without having to immediately understand the
highly-engineered neural network implemen-
tations that are included with TensorFlow. Stu-
dents can (and do) reuse the generic handout
code later on in their career.

Visualizing Feedforward Networks

Visualizing the weights of shallow neural net-
works allows students to understand one-
hidden-layer neural networks in terms of tem-
plate matching, and allows students to ex-
plore overfitting. Students can demonstrate
that, with enough hidden units, a one-hidden-
layer neural network will “memorize” faces
(see Fig. 1).

Students start exploring the visualization of
deep neural networks by computing the gra-
dient of a network’s output with respect to
its input using TensorFlow and visualizing it.
For the bonus component of the assignment,
students are asked to explore a visualiza-
tion strategy of their choice for understanding
the convolutional network they train. Guided
Backpropagation (Springenberg et al., 2014))
is a common technique for students to attempt
to implement.

Shttp://github.com/guerzh/tf
_weights
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Conclusion

Deep Learning frameworks should be intro-
duced early in machine learning courses.
Handout code that trains simple networks can
be given out. Performing transfer learning and
visualizing the neural networks that students
train are two interesting tasks that can be as-
signed to students.
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