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UNIT-5 — REINFORCEMENT AND DEEP LEARNING

Reinforcement learning is an area of Machine Learning. It is about taking suitable action to
maximize reward in a particular situation. It is employed by various software and machines
to find the best possible behaviour or path it should take in a specific situation. Reinforcement
learning differs from supervised learning in a way that in supervised learning the training
data has the answer key with it so the model is trained with the correct answer itself whereas
in reinforcement learning, there is no answer but the reinforcement agent decides what to do
to perform the given task. In the absence of a training dataset, it is bound to learn from its

experience.

Reinforcement Learning (RL) is the science of decision making. It is about learning the
optimal behavior in an environment to obtain maximum reward. In RL, the data is
accumulated from machine learning systems that use a trial-and-error method. Data is not

part of the input that we would find in supervised or unsupervised machine learning.

Reinforcement learning uses algorithms that learn from outcomes and decide which action to
take next. After each action, the algorithm receives feedback that helps it determine whether
the choice it made was correct, neutral or incorrect. It is a good technique to use for automated

systems that have to make a lot of small decisions without human guidance.

Reinforcement learning is an autonomous, self-teaching system that essentially learns by trial
and error. It performs actions with the aim of maximizing rewards, or in other words, it is

learning by doing in order to achieve the best outcomes.

The problem is as follows: We have an agent and a reward, with many hurdles in between.
The agent is supposed to find the best possible path to reach the reward. The following

problem explains the problem more easily.
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The above image shows the robot, diamond, and fire. The goal of the robot is to get the

reward that is the diamond and avoid the hurdles that are fired. The robot learns by trying
all the possible paths and then choosing the path which gives him the reward with the least
hurdles. Each right step will give the robot a reward and each wrong step will subtract the
reward of the robot. The total reward will be calculated when it reaches the final reward
that is the diamond.

Main points in Reinforcement learning —

o Input: The input should be an initial state from which the model will start

e Output: There are many possible outputs as there are a variety of solutions to a
particular problem

e Training: The training is based upon the input, The model will return a state and
the user will decide to reward or punish the model based on its output.

e The model keeps continues to learn.

e The best solution is decided based on the maximum reward.

Difference between Reinforcement learning and Supervised learning:
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Reinforcement learning Supervised learning

Reinforcement learning is all about making decisions ) _
. ) In Supervised learning, the
sequentially. In simple words, we can say that the
. decision is made on the initial
output depends on the state of the current input and ) ) _
) ) input or the input given at the
the next input depends on the output of the previous
) start
mput

In supervised learning the
In Reinforcement learning decision is dependent, So  decisions are independent of each
we give labels to sequences of dependent decisions other so labels are given to each

decision.

o Example: Object
Example: Chess game,text summarization >~ .
recognition,spam detetction
Types of Reinforcement:

There are two types of Reinforcement:

1. Positive: Positive Reinforcement is defined as when an event, occurs due to a
particular behavior, increases the strength and the frequency of the behavior. In
other words, it has a positive effect on behavior.

Advantages of reinforcement learning are:

e Maximizes Performance
o Sustain Change for a long period of time
e Too much Reinforcement can lead to an overload of states which can
diminish the results
2. Negative: Negative Reinforcement is defined as strengthening of behavior
because a negative condition is stopped or avoided.
Advantages of reinforcement learning:
e Increases Behavior
e Provide defiance to a minimum standard of performance

e It Only provides enough to meet up the minimum behavior
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Elements of Reinforcement Learning

Reinforcement learning elements are as follows:

1. Policy

2. Reward function

3. Value function

4. Model of the environment
Policy: Policy defines the learning agent behavior for given time period. It is a mapping
from perceived states of the environment to actions to be taken when in those states.
Reward function: Reward function is used to define a goal in a reinforcement learning
problem.A reward function is a function that provides a numerical score based on the state
of the environment
Value function: Value functions specify what is good in the long run. The value of a state
is the total amount of reward an agent can expect to accumulate over the future, starting
from that state.

Model of the environment: Models are used for planning.

Credit assignment problem: Reinforcement learning algorithms learn to generate an
internal value for the intermediate states as to how good they are in leading to the goal. The
learning decision maker is called the agent. The agent interacts with the environment that
includes everything outside the agent.

The agent has sensors to decide on its state in the environment and takes action that

modifies its state.

The reinforcement learning problem model is an agent continuously interacting with
an environment. The agent and the environment interact in a sequence of time steps. At
each time step t, the agent receives the state of the environment and a scalar numerical

reward for the previous action, and then the agent then selects an action.

Reinforcement learning is a technique for solving Markov decision problems.

Reinforcement learning uses a formal framework defining the interaction between a

learning agent and its environment in terms of states, actions, and rewards. This framework
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is intended to be a simple way of representing essential features of the artificial intelligence

problem.

Various Practical Applications of Reinforcement Learning —

e RL can be used in robotics for industrial automation.
e RL can be used in machine learning and data processing
e RL can be used to create training systems that provide custom instruction and
materials according to the requirement of students.
Application of Reinforcement Learnings
1. Robotics: Robots with pre-programmed behavior are useful in structured environments,
such as the assembly line of an automobile manufacturing plant, where the task is repetitive

in nature.

2. A master chess player makes a move. The choice is informed both by planning,

anticipating possible replies and counter replies.

3. An adaptive controller adjusts parameters of a petroleum refinery’s operation in real

time.

RL can be used in large environments in the following situations:

1. A model of the environment is known, but an analytic solution is not available;
2. Only a simulation model of the environment is given (the subject of simulation-
based optimization)

3. The only way to collect information about the environment is to interact with it.

Advantages and Disadvantages of Reinforcement Learning
Advantages of Reinforcement learning
1. Reinforcement learning can be used to solve very complex problems that cannot be

solved by conventional techniques.
2. The model can correct the errors that occurred during the training process.

3. In RL, training data is obtained via the direct interaction of the agent with the

environment
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4. Reinforcement learning can handle environments that are non-deterministic, meaning
that the outcomes of actions are not always predictable. This is useful in real-world

applications where the environment may change over time or is uncertain.

5. Reinforcement learning can be used to solve a wide range of problems, including those

that involve decision making, control, and optimization.

6. Reinforcement learning is a flexible approach that can be combined with other machine

learning techniques, such as deep learning, to improve performance.

Disadvantages of Reinforcement learning

1. Reinforcement learning is not preferable to use for solving simple problems.
2. Reinforcement learning needs a lot of data and a lot of computation

3. Reinforcement learning is highly dependent on the quality of the reward function. If the

reward function is poorly designed, the agent may not learn the desired behavior.

4. Reinforcement learning can be difficult to debug and interpret. It is not always clear why
the agent is behaving in a certain way, which can make it difficult to diagnose and fix

problems.

Recurrent Neural Network

Recurrent Neural Network also known as (RNN) that works better than a simple neural
network when data is sequential like Time-Series data and text data.

What is Recurrent Neural Network (RNN)?

Recurrent Neural Network(RNN) is a type of Neural Network where the output from the

previous step is fed as input to the current step. In traditional neural networks, all the inputs
and outputs are independent of each other. Still, in cases when it is required to predict the
next word of a sentence, the previous words are required and hence there is a need to
remember the previous words. Thus RNN came into existence, which solved this issue with
the help of a Hidden Layer. The main and most important feature of RNN is its Hidden state,
which remembers some information about a sequence. The state is also referred to as Memory
State since it remembers the previous input to the network. It uses the same parameters for
each input as it performs the same task on all the inputs or hidden layers to produce the

output. This reduces the complexity of parameters, unlike other neural networks.
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Recurrent Neural Network

How RNN differs from Feedforward Neural Network?

Artificial neural networks that do not have looping nodes are called feed forward neural

networks. Because all information is only passed forward, this kind of neural network is also

referred to as a multi-layer neural network.

Information moves from the input layer to the output layer — if any hidden layers are present
— unidirectionally in a feedforward neural network. These networks are appropriate for image
classification tasks, for example, where input and output are independent. Nevertheless, their

inability to retain previous inputs automatically renders them less useful for sequential data

‘
’
‘

(a) Recurrent Neural Network (b) Feed-Forward Neural Network

analysis.

Recurrent Vs Feedfoward networks

Recurrent Neuron and RNN Unfolding

The fundamental processing unit in a Recurrent Neural Network (RNN) is a Recurrent Unit,
which is not explicitly called a “Recurrent Neuron.” This unit has the unique ability to
maintain a hidden state, allowing the network to capture sequential dependencies by
remembering previous inputs while processing. Long Short-Term Memory

(LSTM) and Gated Recurrent Unit (GRU) versions improve the RNN’s ability to handle

long-term dependencies.
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RNN Unfolding

Types Of RNN
There are four types of RNNs based on the number of inputs and outputs in the network.
1. One to One
2. One to Many
3. Many to One
4. Many to Many
One to One
This type of RNN behaves the same as any simple Neural network it is also known as Vanilla

Neural Network. In this Neural network, there is only one input and one output.
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One to One RNN

One To Many
In this type of RNN, there is one input and many outputs associated with it. One of the most
used examples of this network is Image captioning where given an image we predict a

sentence having Multiple words.

Many to One

In this type of network, Many inputs are fed to the network at several states of the network
generating only one output. This type of network is used in the problems like sentimental
analysis. Where we give multiple words as input and predict only the sentiment of the

sentence as output.

Many to Many

In this type of neural network, there are multiple inputs and multiple outputs corresponding to
a problem. One Example of this Problem will be language translation. In language
translation, we provide multiple words from one language as input and predict multiple words
from the second language as output.

Recurrent Neural Network Architecture

RNNSs have the same input and output architecture as any other deep neural architecture.
However, differences arise in the way information flows from input to output. Unlike Deep
neural networks where we have different weight matrices for each Dense network in RNN,
the weight across the network remains the same. It calculates state hidden state Hi for every

input Xi . By using the following formulas:




CCS355 - NNDL UNIT -5

h=o(UX + Wh-1 + B)

Y=0h+C)

Hence

Y=f(Xh, W, UV, B C

Here S is the State matrix which has element si as the state of the network at timestep i

The parameters in the network are W, U, V, ¢, b which are shared across timestep

RECURRENT NEURAL NETWORKS

|
So RNN 51 RNN __  Sn RNN | RNN Jsi
Cell Cell Cell Cell
XO X'I Xn Xi
Recurrent Neural Architecture
How does RNN work?

The Recurrent Neural Network consists of multiple fixed activation function units, one for

each time step. Each unit has an internal state which is called the hidden state of the unit. This
hidden state signifies the past knowledge that the network currently holds at a given time
step. This hidden state is updated at every time step to signify the change in the knowledge of
the network about the past. The hidden state is updated using the following recurrence
relation:-

The formula for calculating the current state:

where,
e ht -> current state
e ht-1 -> previous state

e Xt ->input state
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Formula for applying Activation function(tanh)
where,

e whh -> weight at recurrent neuron

o wxh -> weight at input neuron

The formula for calculating output:

e Yt ->output
o Why -> weight at output layer

These parameters are updated using Backpropagation. However, since RNN works on

UNIT -5

sequential data here we use an updated backpropagation which is known as Backpropagation

through time.
Backpropagation Through Time (BPTT)

In RNN the neural network is in an ordered fashion and since in the ordered network each

variable is computed one at a time in a specified order like first hl then h2 then h3 so on.

Hence we will apply backpropagation throughout all these hidden time states sequentially.

Backpropagation Through Time (BPTT) In RNN

e L(6)(loss function) depends on h3
e h3 in turn depends on h2 and W
e h2 in turn depends on h1 and W
e hl in turn depends on hO and W

o where hO is a constant starting state.

For simplicity of this equation, we will apply backpropagation on only one row

We already know how to compute this one as it is the same as any simple deep neural

network backpropagation.
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.However, we will see how to apply backpropagation to this term

As we know h3 = 6(Wh2 + b)

And In such an ordered network, we can’t compute by simply treating h3 as a constant
because as it also depends on W. the total derivative has two parts:
1. Explicit: treating all other inputs as constant

2. Implicit: Summing over all indirect paths from h3 to W
This algorithm is called backpropagation through time (BPTT) as we backpropagate over all
previous time steps
Issues of Standard RNNs

1. Vanishing Gradient: Text generation, machine translation, and stock market
prediction are just a few examples of the time-dependent and sequential data
problems that can be modelled with recurrent neural networks. You will discover,
though, that the gradient problem makes training RNN difficult.

2. Exploding Gradient: An Exploding Gradient occurs when a neural network is
being trained and the slope tends to grow exponentially rather than decay. Large
error gradients that build up during training lead to very large updates to the
neural network model weights, which is the source of this issue.

Training through RNN

1. A single-time step of the input is provided to the network.

2. Then calculate its current state using a set of current input and the previous state.

3. The current ht becomes ht-1 for the next time step.

4. One can go as many time steps according to the problem and join the information
from all the previous states.

5. Once all the time steps are completed the final current state is used to calculate the
output.

6. The output is then compared to the actual output i.e the target output and the error
is generated.

7. The error is then back-propagated to the network to update the weights and hence
the network (RNN) is trained using Backpropagation through time.

Advantages and Disadvantages of Recurrent Neural Network

Advantages
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1. An RNN remembers each and every piece of information through time. It is useful
in time series prediction only because of the feature to remember previous inputs

as well. This is called Long Short Term Memory.

2. Recurrent neural networks are even used with convolutional layers to extend the
effective pixel neighborhood.
Disadvantages

1. Gradient vanishing and exploding problems.

2. Training an RNN is a very difficult task.
3. It cannot process very long sequences if using tanh or relu as an activation
function.

Applications of Recurrent Neural Network

1. Language Modelling and Generating Text

2. Speech Recognition

3. Machine Translation

4. Image Recognition, Face detection

5. Time series Forecasting
Variation Of Recurrent Neural Network (RNN)
To overcome the problems like vanishing gradient and exploding gradient descent several
new advanced versions of RNNs are formed some of these are as;

1. Bidirectional Neural Network (BiNN)

2. Long Short-Term Memory (LSTM)
Bidirectional Neural Network (BiNN)
A BiNN is a variation of a Recurrent Neural Network in which the input information flows in
both direction and then the output of both direction are combined to produce the input. BINN
is useful in situations when the context of the input is more important such as Nlp tasks and
Time-series analysis problems.
Long Short-Term Memory (LSTM)
Long Short-Term Memory works on the read-write-and-forget principle where given the
input information network reads and writes the most useful information from the data and it
forgets about the information which is not important in predicting the output. For doing this
three new gates are introduced in the RNN. In this way, only the selected information is
passed through the network.
Difference between RNN and Simple Neural Network
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RNN is considered to be the better version of deep neural when the data is sequential. There

are significant differences between the RNN and deep neural networks they are listed as:

Recurrent Neural Network

Weights are same across all the layers

number of a Recurrent Neural Network

Recurrent Neural Networks are used when
the data is sequential and the number of

inputs is not predefined.

The Numbers of parameter in the RNN are
higher than in simple DNN

Exploding and vanishing gradients is

the the major drawback of RNN

Deep Neural Network

Weights are different for each layer of the

network

A Simple Deep Neural network does not
have any special method for sequential data

also here the the number of inputs is fixed

The Numbers of Parameter are lower than

RNN

These problems also occur in DNN but

these are not the major problem with DNN




