
MARKOV CHAINS

A Markov chain is a stochastic model describing a sequence of possible events in which the probability of each event
depends only on the state attained in the.

So, the probability transition matrix is given by where 0. Initial State Vector with 4 possible states These two
entities are typically all that is needed to represent a Markov chain. You can always directly observe the
current weather state, and it is guaranteed to always be one of the two aforementioned states. The changes of
state of the system are called transitions. Scenario To begin, I will describe them with a very common
example: Imagine that there were two possible states for weather: sunny or cloudy. History[ edit ] Andrey
Markov studied Markov chains in the early 20th century. Likewise, "S" state has 0. Given a transition matrix
P, this can be determined by calculating the value of entry I, J of the matrix obtained by raising P to the power
of M. We can define the mean value that takes this application along a given trajectory temporal mean.
Therefore, every day in our simulation will have a fifty percent chance of rain. For the n-th first terms it is
denoted by We can also compute the mean value of application f over the set E weighted by the stationary
distribution spatial mean that is denoted by Then ergodic theorem tells us that the temporal mean when
trajectory become infinitely long is equal to the spatial mean weighted by stationary distribution. Another
interesting property related to stationary probability distribution is the following. Moreover, the time index
need not necessarily be real-valued; like with the state space, there are conceivable processes that move
through index sets with other mathematical constructs. The transition matrix text will turn red if the provided
matrix isn't a valid transition matrix. A series of independent events for example, a series of coin flips satisfies
the formal definition of a Markov chain. Other early uses of Markov chains include a diffusion model,
introduced by Paul and Tatyana Ehrenfest in , and a branching process, introduced by Francis Galton and
Henry William Watson in , preceding the work of Markov. The rows of the transition matrix must total to 1.
The random variables at different instant of time can be independent to each other coin flipping example or
dependent in some way stock price example as well as they can have continuous or discrete state space space
of possible outcomes at each instant of time. Assume that we have a tiny website with 7 pages labeled from 1
to 7 and with links between the pages as represented in the following graph. However, thanks to the Markov
property, the dynamic of a Markov chain is pretty easy to define. Indeed, for long chains we would obtain for
the last states heavily conditional probabilities. This illustrates the Markov property, the unique characteristic
of Markov processes that renders them memoryless. This means the number of cells grows quadratically as we
add states to our Markov chain. We can minic this "stickyness" with a two-state Markov chain. These
probabilities are independent of whether the system was previously in 4 or 6. Mathematically, we can denote a
Markov chain by where at each instant of time the process takes its values in a discrete set E such that Then,
the Markov property implies that we have Notice once again that this last formula expresses the fact that for a
given historic where I am now and where I was before , the probability distribution for the next state where I
go next only depends on the current state and not on the past states. They have been used in many different
domains, ranging from text generation to financial modeling. They are a great way to start learning about
probabilistic modeling and data science techniques. You also note that, by extension, the chance of a cloudy
day occurring after a cloudy day must be 0. All these possible time dependences make any proper description
of the process potentially difficult. The idea is not to go deeply into mathematical details but more to give an
overview of what are the points of interest that need to be studied when using Markov chains. For example,
flipping a coin every day defines a discrete time random process whereas the price of a stock market option
varying continuously defines a continuous time random process. For example, we might want to check how
frequently a new dam will overflow, which depends on the number of rainy days in a row. Notice also that the
definition of the Markov property given above is extremely simplified: the true mathematical definition
involves the notion of filtration that is far beyond the scope of this modest introduction.


