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Unit-5
Elements of Reinforcement Learning
There are four main elements of Reinforcement Learning, which are given below:
1. Policy

A policy can be defined as a way how an agent behaves at a given time. It maps the
perceived states of the environment to the actions taken on those states. A policy is the core
element of the RL as it alone can define the behavior of the agent. In some cases, it may be a simple
function or a lookup table, whereas, for other cases, it may involve general computation as a search
process. It could be deterministic or a stochastic policy:

For deterministic policy: a = n(s)

For stochastic policy: t(a | s) = P[At=a | St=5s]
Elements of Reinforcement Learning
There are four main elements of Reinforcement Learning, which are given below:

2) Reward Signal: The goal of reinforcement learning is defined by the reward signal. At each state,
the environment sends an immediate signal to the learning agent, and this signal is known as

a reward signal. These rewards are given according to the good and bad actions taken by the agent.
The agent's main objective is to maximize the total number of rewards for good actions. The reward
signal can change the policy, such as if an action selected by the agent leads to low reward, then the
policy may change to select other actions in the future.

3) Value Function: The value function gives information about how good the situation and action are
and how much reward an agent can expect. A reward indicates the immediate signal for each good
and bad action, whereas a value function specifies the good state and action for the future. The
value function depends on the reward as, without reward, there could be no value. The goal of
estimating values is to achieve more rewards.

Elements of Reinforcement Learning

4) Model: The last element of reinforcement learning is the model, which mimics the behavior of the
environment. With the help of the model, one can make inferences about how the environment will
behave. Such as, if a state and an action are given, then a model can predict the next state and
reward.

The model is used for planning, which means it provides a way to take a course of action by
considering all future situations before actually experiencing those situations. The approaches for
solving the RL problems with the help of the model are termed as the model-based approach.
Comparatively, an approach without using a model is called a model-free approach.

Key points of this example:
e State:

* Atany pointin time, the robot's "state" is its current location within the maze, including
information like proximity to walls and potential pathways.

e Action:



* The robot can choose actions like "move forward", "turn left", "turn right" based on its
current state.

* Reward:

* The robot receives a positive reward when it moves closer to the goal and a negative reward
when it moves further away or hits a wall.

* Learning process:

* Through repeated trials, the robot learns which actions in each state lead to the highest
cumulative reward, effectively building a strategy to navigate the maze without getting lost

How it works:
e Exploration vs. Exploitation:
Initially, the robot might explore different paths randomly to understand the maze layout.
*  Policy Improvement:

Over time, the robot gradually starts to prioritize actions that have led to positive rewards in
the past, leading to a more efficient navigation strategy.

* Q-Learning:

A common reinforcement learning algorithm that can be used in this scenario involves
creating a "Q-table" where each cell represents a state-action pair, storing the expected future
reward for taking a particular action in a given state.

Real-world applications:
* Robot navigation:

* This conceptis directly applicable to robots navigating complex environments like
warehouses or disaster zones.

¢ Autonomous vehicles:

*  Self-driving cars can use reinforcement learning to learn how to navigate roads, avoiding
obstacles and making optimal route decisions.

* Game playing:

* Alagentsinvideo games can learn to play effectively by receiving rewards for achieving goals
within the game

Real-world applications:
* Robot navigation:
This concept is directly applicable to robots navigating complex environments like warehouses

or disaster zones.
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Markov Chain Monte Carlo Methods — Sampling — Proposal Distribution — Markov Chain Monte
Carlo — Graphical Models — Bayesian Networks — Markov Random Fields — Hidden Markov Models —
Tracking Methods

Monte Carlo methods, or Monte Carlo experiments, are a broad class

of computational algorithms that rely on repeated random sampling to obtain numerical results. The
underlying concept is to use randomness to solve problems that might be deterministic in principle.
The name comes from the Monte Carlo Casino in Monaco, where the primary developer of the

method.

Monte Carlo methods are mainly used in three distinct problem classes: optimization, numerical
integration,

and generating draws from a probability distribution. They can also be used to model phenomena
with significant uncertainty in inputs, such as calculating the risk of a nuclear power plant failure.
Monte Carlo methods are often implemented using computer simulations, and they can provide
approximate solutions to problems that are otherwise intractable or too complex to analyze
mathematically.

Sampling distribution is essential in various aspects of real life. Sampling distributions are important
for inferential statistics. A sampling distribution represents the distribution of a statistic, like the
mean or standard deviation, which is calculated from multiple samples of a population. It shows how
these statistics vary across different samples drawn from the same population.

In this article, we will discuss the Sampling Distribution in detail and its types along with examples
and go through some practice questions too.



https://en.wikipedia.org/wiki/Computation
https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Resampling_(statistics)
https://en.wikipedia.org/wiki/Random_sampling
https://en.wikipedia.org/wiki/Randomness
https://en.wikipedia.org/wiki/Deterministic_system
https://en.wikipedia.org/wiki/Monte_Carlo_Casino

Sampling distribution is also known as a finite-sample distribution. Sampling distribution is the
probability distribution of a statistic based on random samples of a given population. It represents
the distribution of frequencies on how spread apart various outcomes will be for a specific
population.

Some important terminologies related to sampling distribution are given below:

Statistic: A numerical summary of a sample, such as mean, median, standard deviation, etc.
Parameter: A numerical summary of a population is often estimated using sample statistics.
Sample: A subset of individuals or observations selected from a population.

Population: Entire group of individuals or observations that a study aims to describe or draw
conclusions about.

Sampling Distribution: Distribution of a statistic (e.g., mean, standard deviation) across
multiple samples taken from the same population.

Central Limit Theorem(CLT): A fundamental theorem in statistics stating that the sampling
distribution of the sample mean tends to be approximately normal as the sample size increases,
regardless of the shape of the population distribution

Some important terminologies related to sampling distribution are given below:

Standard Error: Standard deviation of a sampling distribution, representing the variability of
sample statistics around the population parameter.

Bias: Systematic error in estimation or inference, leading to a deviation of the estimated
statistic from the true population parameter.

Confidence Interval: A range of values calculated from sample data that is likely to contain
the population parameter with a certain level of confidence.

Sampling Method: Technique used to select a sample from a population, such as simple
random sampling, stratified sampling, cluster sampling, etc.

Inferential Statistics: Statistical methods and techniques used to draw conclusions or make
inferences about a population based on sample data.

Hypothesis Testing: A statistical method for making decisions or drawing conclusions about a
population parameter based on sample data and assumptions about the population.

3 main factors influencing the variability of a sampling distribution are:

1.

Number Observed in a Population: The symbol for this variable is "N." It is the measure of
observed activity in a given group of data.

Number Observed in Sample: The symbol for this variable is "n." It is the measure of
observed activity in a random sample of data that is part of the larger grouping.

Method of Choosing Sample: How you chose the samples can account for variability in some
cases.

Sampling Distribution of Mean

it focuses on calculating the mean




or rather the average of every sample group

* chosen from the population and plotting the data points. The graph shows a normal
distribution where the center is the mean of the sampling distribution, which represents the
mean of the entire population.

* Mean, or center of the sampling distribution of X, is equal to the population mean, p.

¢ pxX==H
Histogram
of some
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»
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Standard deviation of the sampling distribution is o/vVn, Sampling distribution of x bar
A
where n is the sample size.
OX0X = 0/Vn Fi
Standard deviation of the sampling distribution measures o'y n
how much the sample statistic varies from sample to
sample. It is smaller than the standard deviation
of the population by a factor of Vn. £ u 2

Averages are less variable than individual observations

T-Distribution

Sampling distribution involves a small population or a population about which you don't know much.
It is used to estimate the mean of the population and other statistics such as confidence intervals,
statistical differences and linear regression. T-distribution uses a t-score to evaluate data that
wouldn't be appropriate for a normal distribution.

Formula for the t-score, denoted as t, is:
t=[x-pul/[s/NVn)]
where:

* xisSample Mean




* Mis Population Mean (or an estimate of it)
* sisSample Standard Deviation
* nisSample Size

This formula calculates the difference between the sample mean and the population mean, scaled by
the standard error of the sample mean. The t-score helps to assess whether the observed difference
between the sample and population means is statistically significant.

Markov chain Monte Carlo methods create samples from a continuous random variable,
with probability density proportional to a known function. These samples can be used to evaluate an
integral over that variable, as its expected value or variance.

Practically, an ensemble of chains is generally developed, starting from a set of points arbitrarily
chosen and sufficiently distant from each other. These chains are stochastic processes of "walkers"
which move around randomly according to an algorithm that looks for places with a reasonably high
contribution to the integral to move into next, assigning them higher probabilities.

Random walk Monte Carlo methods are a kind of random simulation or Monte Carlo method.
However, whereas the random samples of the integrand used in a conventional Monte Carlo
integration are statistically independent, those used in MCMC are autocorrelated. Correlations of
samples introduces the need to use the Markov chain central limit theorem when estimating the
error of mean values.

These algorithms create Markov chains such that they have an equilibrium distribution which is
proportional to the function given.

In statistics, Markov chain Monte Carlo (MCMC) is a class of algorithms used to draw samples from
a probability distribution. Given a probability distribution, one can construct a Markov chain whose
elements' distribution approximates it — that is, the Markov chain's equilibrium distribution matches
the target distribution. The more steps that are included, the more closely the distribution of the
sample matches the actual desired distribution.

Markov chain Monte Carlo methods are used to study probability distributions that are too complex
or too highly dimensional to study with analytic techniques alone. Various algorithms exist for
constructing such Markov chains, including the Metropolis—Hastings algorithm.

Graphical Model

One major difference between Machine Learning (ML) and Deep Learning (DL) is
the

amount of domain knowledge sought to solve a problem. ML algorithms regularly
exploit domain knowledge. However, the solution can be biased if the knowledge is
incomplete. However, if it is done correctly, we can solve problems more efficiently.
The Graphical model (GM) is a branch of ML which uses a graph to represent a
domain problem. Many ML & DL algorithms, including Naive Bayes’ algorithm, the
Hidden Markov Model, Restricted Boltzmann machine and Neural Networks, belong
to the GM. Studying it allows us a bird’s eye view on many ML algorithms. In this
article, we focus on the basic in representing a problem using a graphical model.
Later

in this series, we will discuss how inference is made and how the model is trained.
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Probabilistic graphical modeling combines both probability and graph theory.
The probabilistic part reason under uncertainty. So we can use probability theory to
model and argue the real-world problems better. The graph part models the
dependency or correlation.

In GM, we model a domain problem with a collection of random variables (X3, . . .,
Xn) as a joint distribution p(X3, . . ., Xn). The model is represented by a graph. Each

node in the graph represents a variable with each edge representing the dependency

or correlation between two variables.

P{Sprinkler=off | ram) = 0.8

Wet Grass

For example, the sprinkler problem above is modeled by three variables:
1. whether the sprinkler is automatically on or off,

2. whether it is raining, and

3. whether the grass is wet.

And we model the problem with the joint probability p(Xes s X0)

The likelihood of the observations P(E) — the chance of the lab results
(Evidence E).

The marginal probability P(X1), P(X1, X3), etc ... — the chance of having
Alzheimer when you are 70.

- Conditional probability (or a posterior belief based on evidence), P(Y|E) — the
chance of having Alzheimer given your parent has it.

- Maximum a Posterior (MAP), arg max P(X, E) — the most likely disease given the

lab results.

For example, the marginal probability of having the grass wet is computed by
summing over other variables. For the conditional probability, we can first apply
Bayes’ Theorem followed by the corresponding marginal probabilities.

p(X1) = 2\:% Z‘;p(X,,...,X,,) p(Xe 1 Xo) = X

Joint probability

Which probability distributions below is more complex? Let’s give some serious
thoughts here because it helps us to understand machine learning (ML) better.




pd,igs D, pdp@®pE|ddpts|idpll]g

For the L.H.S. distribution, we can expand it using the chain rule.

pdi,gsD=pdp|dp|ddpt|digpll|digs)
p(d, )

Let’s assume that after further analysis of the domain problem, we discover
the independence claims below. For example, the first claim is variable i is

independent of d.

iLdsl{d g}lL{d i s} (a L b means a is independent of b)

Therefore, we can simplify the R.H.S. expression as:

Simplified to
p(d, i, g s, 1) =p(d) p@) p@ |d D) pls|Dp(l]g)
Original: p(d, i, g s, 1) =p(d) pl | pg|d DpG|didp(l|dLig s

g !
s 1s independent of d or g

We can draw this dependency using a directed Graphical model. Each node
represents a variable and to quantify the dependency, we associate a

conditional probability for each node.

P(zi | z4,)
N the parents of x;

These model parameters are presented as the table entries below.




These model parameters are presented as the table entries below.
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So
what is the complexity for these models? p(d, i, g, s, [) have 5 variables with the

possible combinations of 32 (2 ). To model ° p, we sample data for 32 possibilities.

On
the contrary, the graph above has 4 tables with only 26 parameters.
Don’t underestimate the curse of exponential. 64 variables will have a combination of

18,446,744,073,709,551,616 (20 digits)
i.e. a simple 8 x 8 grayscale

image will contain enough variables (pixels) that make an
ML problem too complex to solve. In ML, it is important to discover independence to
break the curse of this exponential complexity, for example, Naive Bayes classifier,
Hidden Markov Model, Maximum likelihood estimation with i.i.d., etc... The
distribution of a variable can be calculated given all its neighbors are know. In ML,
the original grand design is missing. We spot global insight through localized
findings.

Bayesian Belief Network

Bayesian belief network is key computer technology for dealing with probabilistic
events and

to solve a problem which has uncertainty. We can define a Bayesian network as:
"A Bayesian network is a probabilistic graphical model which represents a set of
variables

and their conditional dependencies using a directed acyclic graph."

It is also called a Bayes network, belief network, decision network, or Bayesian model.




Bayesian networks are probabilistic, because these networks are built from a
probability

distribution, and also use probability theory for prediction and anomaly detection.
Real world applications are probabilistic in nature, and to represent the

relationship between

multiple events, we need a Bayesian network. It can also be used in various tasks including
prediction, anomaly detection, diagnostics, automated insight, reasoning, time

series prediction, and decision making under uncertainty.
Bayesian Network can be used for building models from data and experts
opinions, and it

consists of two parts:

o Directed Acyclic Graph
o Table of conditional probabilities.
The generalized form of Bayesian network that represents and solve decision

problems under

uncertain knowledge is known as an Influence diagram.

A Bayesian network graph is made up of nodes and Arcs (directed links), where:

Node

S
NP

variables, and a variable can

Each node corresponds to the random

be continuous or discrete.

o Arcor directed arrows represent the causal relationship or conditional
probabilities

between random variables. These directed links or arrows connect the pair of
nodes in

the graph.

These links represent that one node directly influence the other node, and if
there is




no directed link that means that nodes are independent with each other

o Inthe above diagram, A, B, C, and D are random variables represented
by the nodes of the network graph.

o If we are considering node B, which is connected with node A by a
directed arrow, then node A is called the parent of Node B.

o Node C is independent of node A.

The Bayesian network has mainly two components:

o Causal Component

o Actual numbers

Each node in the Bayesian network has condition probability distribution P(Xi

|Parent(Xi) ),

which determines the effect of the parent on that node.
Bayesian network is based on Joint probability distribution and conditional
probability. So

let's first understand the joint probability distribution:

Joint probability distribution:

If we have variables x1, x2, x3,...., xn, then the probabilities of a different
combination of x1,

x2, x3.. xn, are known as Joint probability distribution.

P[X1, X2, Xs,....., Xn], it can be written as the following way in terms of the joint
probability
distribution.

= P[Xx1| X2, X3,....., Xn]P[X2, X3,....., Xn]
= P[Xx1| X2, Xs,....., Xn]P[X2|X3,....., Xn]. .. P[Xn-1Xn] P[Xn].

In general for each variable Xi, we can write the equation as:

P(Xi|Xi1,. ....... , X1) = P(Xi|Parents(Xi))

Explanation of Bayesian network:

Let's understand the Bayesian network through an example by creating a
directed acyclic

graph:

Problem:

Calculate the probability that alarm has sounded, but there is neither a burglary, nor
an earthquake occurred, and David and Sophia both called the Harry.

Solution:

o The Bayesian network for the above problem is given below. The network
structure is

showing that burglary and earthquake is the parent node of the alarm and
directly




affecting the probability of alarm's going off, but David and Sophia's calls depend
on

alarm probability.

o The network is representing that our assumptions do not directly perceive the
burglary

and also do not notice the minor earthquake, and they also not confer before
calling.

o The conditional distributions for each node are given as conditional
probabilities table

or CPT.
o Each row in the CPT must be sum to 1 because all the entries in the table
represent an

exhaustive set of cases for the variable.

can write the events of problem statement in the form of probability: P[D, S, A, B,
El,

can rewrite the above probability statement using joint probability distribution:
P[D, S, A, B,E]=P[D|S, A B, E]. P[S, A, B, E]

=P[D | S, A, B, E]. P[S| A, B, E]. P[A, B, E]

=P[D|A].P[S|A, B, E]. P[A, B, E]

=P[D|A]. P[S|A]. P[A| B, E]. P[B, E]

=P[D|A]. P[S|A]. P[A| B, E]. P[B |E]. P[E]

T | 0.002 T | o001
Py Burglary B E Earthquake s
\ A / B | E P(A=T) | P(A=F)
T T 0.94 0.06
Alarm T F 0.95 0.04
F T 0.69 0.69
F F 0.999 0.999
D S
. P(5=T) | P(5=F}
PIO=T) | PID=R David Calls Sophia 075 | 025
0.91 0.09 calls - 598
F 005 | 095 0.02 .

Let's take

the observed probability for the Burglary and earthquake component:




P(B= True) = 0.002, which is the probability of burglary.

P(B= False)= 0.998, which is the probability of no burglary.

P(E= True)= 0.001, which is the probability of a minor earthquake

P(E= False)=0.999, Which is the probability that an earthquake not occurred. We can

provide the conditional probabilities as per the below tables: Conditional probability
table for Alarm A:

The Conditional probability of Alarm A depends on Burglar and earthquake

The Conditional probability of Alarm A depends on Burglar and earthquake:

B E P(A= True) P(A= False)
True True 0.94 0.06

True False 0.95 0.04

False True 0.31 0.69

False False 0.001 0.999

Conditional probability table for David Calls:

The Conditional probability of David that he will call depends on the probability of Alarm.

A P(D= True) P(D=False)

True 0.91 0.09

False 0.05 0.95




Conditional probability table for Sophia Calls:

The Conditional probability of Sophia that she calls is depending on its Parent Node "Alarm.”

A P(S=True) P(S= False)
True 0.75 0.25
False 0.02 0.98

From the formula of joint distribution, we can write the problem statement in the form of probability

distribution:

P(S, D, A, =B, =E) = P (S|A) *P (D]A)*P (A|-~B A =E) *P (=B) *P (=E).
= 0.75* 0.91* 0.001* 0.99870.999

= 0.00068045.

Hence, a Bayesian network can answer any query about the domain by using Joint distribution.

Gibbs Sampling
*  Fix the values of observed variables
e Setthe values of all non observed variables randomly
¢ Perform a random walk through the space of complete variable assignments. On each move
* 1. pick avariable X
e 2.calculate Pr (X=true all other variables)
e 3.set X to true with that probability
Repeat many times. Frequency with which any variable X is true is its posterior probability
Converges to true posterior when frequencies stop changing significantly
- Stationary distribution, mixing
calculate Pr (X=true all other variables)
Recall: a variable is independent of all others given its Markov Blanket
- parents - children - other parents of children
So problem becomes calculating Pr(X=true MB(x))
- we solve this sub-problem exactly

- fortunately, it is easy to solve




P(X)= a P(X]| Parents(X)) n P(Y]| Parents(Y))
P(X,A,B,C)
P(A,B,C)

P(X]A,B,C) =

_P(A)PX|A)P(C)P(B|X.C)
P(AB,C)

= P(X|A)P(B]X,C)

= aP(X|A)P(B|X,C)

number of samples with X=x

P(X|E) =

total number of samples

Advantages
- No samples are discarded
- No problem with samples of low weight
Can be implemented very efficiently
- Disadvantages
- Can get stuck if relationship between two variables
- Many variations have been devised to make MCMCM
Markov Random fields
A Markov random Field is an undirected graph
where each node captures the (discrete or Gaussian) probability distribution of a variable and

the edges represent dependencies between those variables and are weighted to represent the
relative strengths of the dependencies.

The defining difference between a Bayesian network and a Markov random field is that a Bayesian
network is directed while a Markov random field is undirected.

a hidden Markov model is directed and thus a sub-type of Bayesian network rather than a sub-type
of Markov random field.

A conditional random field is a Markov random field that has specifically been set up to allow the
values of a specific variable or variables to be predicted based on the values of the other variables

Undirected graphical models edge represents the potential between two variables, syntactically,
Factorization distribution probabilities between variable.

CPDs for Bayesian networks, we have tables to incorporate relations between nodes in Markov
networks.

However, there are two crucial differences between these tables and CPDs.




Cligue in graph theoryit is a subset of vertices of an undirected graph.

P(A, B, C, D, E) « ®(A,B) ® (B,C) ® (B,D) ® (C.E) ® (D,E)

Clique

OR 050
o¥o

P(X) = Eﬁfsrlique‘pftxf) ( Potential functions )

Such that: It induces sub graph is complete in every vertices in a clique is adjacent. So, clique in this graph
adjust adjacently one by one.
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