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1 Introduction to Stochastic Processes

A stochastic process is a general term for a process that describes the way something evolves through
time. More precisely, it has to do with some evolution that has a component of randomness and
whose outcome is not entirely certain at the start. The stochastic process has its place in many
different disciplines, as nearly every subject of study encompasses processes that evolve with a degree
of randomness over the course of time.

While it is clear that a stochastic process has it’s place outside of the field of mathematics, it
is math specifically that allows us to use techniques to be able to predict the outcomes of various
scenarios through time. These techniques are numerous and can be wildly useful for anyone studying
stochastic processes and their outcomes.

2 What is a Markov Chain?

In particular, a Markov chain / process is a stochastic model in which a state in time is dependent
entirely on the previous state attained, and not by any prior to that state. This allows the manner by
which we determine subsequent states to be represented as a constant matrix, and the current state
to be represented as matrices of their own. The sequence of states is known as the Markov chain, and
the constant matrix we use to go from state to state is the transition matrix.

We learned about how to use these matrices and find the limits of them in class, and I’ll talk about
where they can be practically applied. After all, what’s math without a place to apply it?

3 Where and how are Markov Chains used?

3.1 Natural language processing (NLP)

NLP is an important aspect of technology for a large variety of reasons, but primarily because it
allows humans and computers to communicate more efficiently. NLP encompasses a broad variety of
industries, including things like spam email detection and text generation / prediction.

While the manners of text prediction on your phone and services like Gmail can be quite a bit
more advanced than we can discuss, at their core, they are often powered by the Markov process.

In predictive text features on many iOS and Android devices, when you type a word, the predictive
text feature will try to generate words that could follow logically from your initial input. It may do so
via a transition matrix.

One may represent their typed word as an initial state, and using the transition matrix (which
can be personalized and optimized to the individual), we can see what words or types of words (noun,
verb, adjective, etc.) may be most likely to follow.

As we learned in class, traditional Markov processes have no memory. Thus, when a straightfor-
ward Markov process is employed in text prediction, we may see loops of text when relying solely on
autocorrect, like the one shown below.
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3.2 Google’s PageRank

We spoke a bit about PageRank in class, and for good reason - PageRank is one of the most well
known applications of the Markov process.

Although the process is more complex than a traditional Markov process, it boils right back down
to one. PageRank considers the current location of a user on a web page, and uses a transition matrix
to determine the probability of the user going elsewhere on the web page based on previous user
behaviors. Then, based on that probability, it can provide more helpful suggestions to the user on
where they may want to browse further.

There are limits to this theoretical Markovian model though, primarily in cases of web pages that are
”dead ends” - unable to lead anywhere further, or a group of self-contained pages that can only lead to
each other. There are multiple ways for accounting for these situations, all of which are outside of the
scope of a simple Markov process. PageRank must also account for users that stop clicking through
the web page using damping factors, which represent the likelihoods of users not progressing further
through the web page.

PageRank was used from 1996 to 2006, and Google has since began using different, even more complex
processes to improve their suggestions for their users.

3.3 Predictions of consumer behavior

Not only can the Markov process be helpful for providing better suggestions for users, it can also be
used to analyze the behavior of the users as well. This can be helpful for websites that sell goods and
services, as it can help give merchants valuable information on what influences users’ shopping habits.

For instance, we may categorize a consumer into various states - perhaps they are just browsing,
considering a purchase, or maybe they came to the website with a particular item in mind. We can
then take these initial states and predict what we think will be the outcome of their presence on the
web page. If they are just browsing, what are the chances of them actually purchasing something? If
they came for a specific item, how likely are they to actually go through with the purchase? These
states may be far more complex than this, and with enough analysis, the merchant may find that they
are able to edit their web page to help sell more of their product.

3.4 Others

While Markov processes may be far more helpful in certain disciplines than others (especially in those
with less variables), they can still sneak their way into simple models for relatively complex things
which may be very hard to gather data for. Though often oversimplified, Markov chains can be used
to aid several more interesting predictions, which include but are not limited to:

• Weather forecasting

• Molecular evolution

• Imitation of language structure

• Analysis of computer system performance

For as simple of a tool as the Markov process may seem, it turns out to be present in many different
models used to predict the outcomes of various scenarios. Despite the fact that several models have
moved past the traditional Markov process, it is still used for countless others to this day.
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Sources and interesting websites

• https://www.analyticsvidhya.com/blog/2021/02/markov-chain-mathematical-formulation-
intuitive-explanation-applications/

• https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/markov-chain

• https://towardsdatascience.com/introduction-to-markov-chains-50da3645a50d

• https://analyticsindiamag.com/a-guide-to-markov-chain-and-its-applications-in-machine-
learning/

• https://link.springer.com/chapter/10.1007/0-387-27733-1 1?noAccess=true

• https://www.sciencedirect.com/topics/neuroscience/stochastic-processes

• https://math.stackexchange.com/questions/1470686/in-laymans-terms-what-is-a-stochastic-
process

• https://machinelearningmastery.com/stochastic-in-machine-learning

• https://www.sas.com/en in/insights/analytics/what-is-natural-language-processing-nlp.html

• https://algotech.netlify.app/blog/text-generating-with-markov-chains/

• https://danialexis.net/2020/01/29/creativity-by-markov-chain-or-why-predictive-text-isnt-the-
novel-writing-shortcut-youre-looking-for/

• https://towardsdatascience.com/marketing-analytics-through-markov-chain-a9c7357da2e8

• https://medium.com/analytics-vidhya/google-page-rank-and-markov-chains-d65717b98f9c

• https://medium.com/bukalapak-data/markov-attribution-63df04a76d63

• https://www.spicelogic.com/docs/MarkovChainCalculator/Intro/markov-chain-weather-
forecast-440

• https://towardsdatascience.com/predicting-the-weather-with-markov-chains-a34735f0c4df

• https://www.researchgate.net/publication/256089617 Application of Markov Chain in the
PageRank Algorithm

• https://www.whydomath.org/node/google/dangling.html

• https://techblogmu.blogspot.com/2018/03/explain-how-dead-ends-are-handled-in 22.html

• https://www.searchenginewatch.com/2018/10/25/googles-pagerank-algorithm-explained/

• https://www.semrush.com/blog/pagerank/
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