
Mathematical
Structures and Modeling

2017. N. 2(42). PP. 127–130
UDC 004.85

HOW TO MAKE MACHINE LEARNING ROBUST AGAINST
ADVERSARIAL INPUTS

Gerardo Muela1

Student, e-mail: gdmuela@miners.utep.edu
Christian Servin2

Ph.D. (Phys.-Math.), Associate Professor, e-mail: cservin@gmail.com
Vladik Kreinovich1

Ph.D. (Phys.-Math.), Professor, e-mail: vladik@utep.edu

1University of Texas at El Paso, El Paso, Texas 79968, USA
2El Paso Community College, El Paso, Texas 79915, USA

Abstract. It has been recently shown that it is possible to “cheat” many
machine learning algorithms — i.e., to perform minor modifications of the
inputs that would lead to a wrong classification. This feature can be used by
adversaries to avoid spam detection, to create a wrong identification allowing
access to classified information, etc. In this paper, we propose a solution to
this problem: namely, instead of applying the original machine learning algo-
rithm to the original inputs, we should first perform a random modification of
these inputs. Since machine learning algorithms perform well on random data,
such a random modification ensures us that the algorithm will, with a high
probability, work correctly on the modified inputs. An additional advantage of
this idea is that it also provides an additional privacy protection.
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1. Adversarial Inputs to Machine Learning Algorithms:
Formulation of the Problem

Machine learning algorithms have been very successful. Machine learning
algorithms allow us, based on the known examples of different phenomena, to
develop a general algorithm for detecting this phenomenon; see, e.g., [1]. For
example, when presented with data from different patients with different diagnoses,
machine learning can help diagnose new patients. When presented with examples
of spam and non-spam emails, machine learning algorithms can then determine,
with high reliability, whether a new email is a spam or not.

In many practical applications, machine learning algorithms have been very
successful: after the training stage, in the vast majority of case, they correctly
classify the inputs.
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Possibility of adversarial inputs. On random inputs, the machine learning algo-
rithms work really well. They are not perfect: there is usually a small percentage
of cases when these algorithms err, but in most cases, they classify the inputs
correctly.

The problem is that in some practical situations, the inputs are not random:
e.g., the spammers can use the machine learning algorithm’s imperfection and, on
purpose, modify the inputs so that the algorithm will erroneously classify them as
non-spams. It has been shown that there is indeed a possibility of such adversarial
small modifications of the original input; see, e.g., [3] and references therein.

This possibility seems to defeat the purpose of the machine learning algorithm:
e.g., in the spam example, we wanted to separate spam from non-spam, and with
a clever adversary, we are unable to do it.

How do we deal with such adversarial inputs? What can we do? In the ideal
world, we should come up with better machine learning algorithms, algorithms
which are not so easy to cheat. However, this is not easy: adversarial inputs
use the fact that the machine learning algorithms are not 100% perfect, and the
progress of machine learning, while showing a steady decrease in errors, seems to
indicate that it is impossible to completely get rid of such errors.

So what can we do?

2. How to Defeat Adversarial Inputs: An Idea

Main idea. For the exact adversarial input, the machine learning algorithm pro-
vides a wrong result.

However, as we have mentioned, for random inputs, the machine learning algo-
rithm usually works well. Thus, if we add a random modification to the adversarial
input, with high probability, the machine learning algorithm will provide a correct
classification of this input — and we can further decrease the probability of error
if we apply several different random modifications and apply the machine learning
algorithm to all these modifications. This leads us to the following solution to the
above problem.

Resulting solution to the above problem. Instead of applying the machine
learning algorithm to the original inputs, we should:

� first, apply a random modification to the input (e.g., add random values), and
then

� apply the original machine learning algorithm to the modified input.

Main pros and cons of this solution. The main disadvantage of the proposed
solution is that since we are adding noise to the original input, we thus slightly
decrease the efficiency of the machine learning algorithm.

The main advantage is that the adversaries can no longer disrupt the algorithm.
From the viewpoint of such problems as detecting spam or checking whether a
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person is authorized to access a certain data, this advantage clearly outdoes the
above minor disadvantage.

An additional advantage of the proposed solution. Adding random modifi-
cations to the inputs is one of the known ways of preserving data privacy; see,
e.g., [2,4]. Thus, the proposed solution has an additional advantage — it enhances
the privacy protection.

Acknowledgments

This work was supported by the National Science Foundation grants HRD-
0734825 and HRD-1242122 (Cyber-ShARE Center of Excellence) and DUE-
0926721, and by an award “UTEP and Prudential Actuarial Science Academy and
Pipeline Initiative” from Prudential Foundation.

REFERENCES

1. Bishop C.M. Pattern Recognition and Machine Learning. Springer, New York, 2006.
2. Kargupta H., Datta S., Wang Q., Sivakumar K. On the privacy preserving properties

of random data perturbation techniques // Proceedings of the Third IEEE International
Conference on Data Mining ICDM’03. Melbourne, Florida, USA, November 19–22,
2003. P. 99–106.

3. Klarreich E. Learning securely: because it is easy to fool, machine learning can be
taught hot to handle adversarial inputs // Communications of the ACM. 2016. Vol. 59,
No. 11. P. 12–14.

4. Nguyen H.T., Kreinovich V., Wu B., Xiang G. Computing Statistics under Interval and
Fuzzy Uncertainty. Springer Verlag, Berlin, Heidelberg, 2012.

КАК СДЕЛАТЬ МАШИННОЕ ОБУЧЕНИЕ НЕЧУВСТВИТЕЛЬНЫМ
К ВРАЖДЕБНЫМ ВХОДНЫМ ДАННЫМ

Херардо Муэла1

студент, e-mail: gdmuela@miners.utep.edu
Кристиан Сервин2

к.ф.-м.н., доцент, e-mail: cservin@gmail.com
В. Крейнович1

к.ф.-м.н., профессор, e-mail: vladik@utep.edu

1Техасский университет в Эль Пасо, США
2Эль Пасо Колледж, США

Аннотация. Недавно было показано, что можно «обмануть» многие алгоритмы
машинного обучения, т.е. выполнить небольшие модификации входов, которые
приведут к неправильной классификации. Эта особенность может использоваться
злоумышленниками, чтобы избежать обнаружения спама, создать неправильную
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идентификацию, разрешающую доступ к секретной информации и т.д. В этой
статье мы предлагаем решение этой проблемы: вместо применения исходного ал-
горитма машинного обучения к исходным входам, мы должны сначала выполнить
произвольную модификацию этих входов. Так как алгоритмы машинного обучения
хорошо работают со случайными данными, такая случайная модификация гаран-
тирует нам, что алгоритм с высокой вероятностью будет корректно работать с мо-
дифицированными входами. Дополнительным преимуществом этой идеи является
то, что она также обеспечивает дополнительную защиту конфиденциальности.
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