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From ELIZA to ChatGPT: The Evolution of NLP and

Financial Applications

Abstract
Natural language processing (NLP) has revolutionized the financial industry, providing ad-
vanced techniques for the processing, analyzing, and understanding of unstructured financial
text. We provide a comprehensive overview of the historical development of NLP, starting
from early rules-based approaches to recent advances in deep-learning-based NLP models.
We also discuss applications of NLP in finance along with its challenges, including data
scarcity and adversarial examples, and speculate about the future of NLP in the financial
industry. To illustrate the capability of current NLP models, we employ a state-of-the-art
chatbot as a co-author of this article.

Key Findings

• The use of NLP in finance has evolved significantly over the past few decades with the
growth of data, storage, and computational power. NLP is now used for wide range of
sophisticated tasks including asset management, risk management, and impact investing.

• The development of deep-learning-based large-language models like GPT-3/ChatGPT
have significantly advanced the applications of NLP in finance. These models have the
ability to understand and generate human-like language, making them useful for various
tasks, including assisting in the writing of this article.

• Solving problems related to data bias, high computational needs, and inaccurate responses
generated by the models will make NLP models even more accessible and indispensable.

Keywords: Natural Language Processing, Deep Learning, Evolution, ChatGPT
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In 1960s, a natural language processing (NLP) program called ELIZA was developed by
Professor Joseph Weizenbaum from the Massachusetts Institute of Technology (Weizenbaum,
1966), the first chatbot in the history of computer science. It used a simple form of pattern
matching to respond to certain keywords and phrases, and although its capabilities were quite
limited by today’s standards, its impact was unmistakeable. As Weizenbaum explained,
“Once my secretary, who had watched me work on the program for many months and
therefore surely knew it to be merely a computer program, started conversing with it. After
only a few interchanges with it, she asked me to leave the room.” (Christian, 2013). In
recent years, deep learning techniques have enabled the development of advance chatbots
like ChatGPT that generate even more human-like responses. The journey from ELIZA
to ChatGPT reflects the ongoing evolution of NLP, as researchers continue to push the
boundaries of what is possible with NLP and machine learning.

In the context of finance, the technology company Kensho, a next-generation provider
of analytics and artificial intelligence systems to Wall Street banks, was acquired by the
financial information powerhouse S&P Global in 2018.2 The availability of data from S&P
Global combined with NLP technology from Kensho saved decades of work-hours of manual
data analysis.3 Other financial companies are currently adopting NLP for the automation of
analytics. For example, the investment company BlackRock has designed new NLP models
for extracting financial data from unstructured documents.4 Likewise, many other financial
institutions, such as J. P. Morgan, Goldman Sachs, Citigroup, and Vanguard, are adopting
NLP for chatbot customer service, equity research, and news analytics among other functions.

The use of NLP in finance has evolved significantly over the past few decades. Initially,
NLP was used in finance for comparatively simple tasks, such as sentiment analysis of fi-
nancial news articles and stock predictions. However, with advances in NLP techniques
and increased computational power, the application of NLP to finance has become more
sophisticated and diverse. Today, NLP models are used in finance for a wide range of tasks,
including asset management, risk management, and impact investing.

The finance industry has unique requirements, and thus unique challenges, for NLP
models such as dealing with unstructured financial data and handling the complexities of
financial regulations. As a result, the development and implementation of NLP in finance
have been slower compared to its use in other industries. However, the potential benefits
of using NLP in finance are significant, and include improved risk management, increased
operational efficiency and scalability, and enhanced decision making.

While not strictly a survey, this article includes a comprehensive overview of the evolution
of NLP, starting with the early rules-based models of the 1950s to the 1970s, to the early
statistical models of the 1980s and 1990s, followed by the development of embedding-based

2https://press.spglobal.com/2018-04-09-S-P-Global-Completes-Acquisition-of-Kensho
3https://www.waterstechnology.com/data-management/7950146/four-years-on-sps-kensho-buy-yields-

new-automation-toools-saving-decades-of-manual-data-analysis
4https://www.blackrock.com/aladdin/nlp-aladdin-private-markets-blog
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Exhibit 1: Word cloud representing the most frequently occurring words in this article.

and advanced statistical models of the 1990s to the 2010s. We then discuss the state-of-the-
art deep-learning-based NLP models developed in the 2020s. We explore the applications
and current state of NLP in finance, discussing the challenges faced by NLP models and
possible insights into their future in this domain. We conclude by proposing opportunities
for NLP to transform the financial industry.

To highlight the current state of NLP in finance, we employ a chatbot—OpenAI’s ChatGPT—
in preparing this article. Although journalistic standards for using chatbots and disclosing
such use have not yet been set, we propose to initiate the practice of acknowledging the
use of this powerful tool explicitly, and because we include passages generated by ChatGPT
verbatim, we have included it as a co-author. The complete interaction between the two
human authors and ChatGPT that led to these passages is provided in Appendix.

In the next section, we discuss the timeline of development of NLP models, along with
a summary of the models. We then discuss the current applications of NLP in finance,
following by our view of the future role of NLP in this field.

Evolution of NLP Models

NLP models have evolved over time with theoretical innovation and the availability of
data and computational resources. Exhibit 2 shows the computation and datapoints used
by the artificial intelligence (AI)–including language systems– systems developed over time
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where we can observe an exponential increase in the computation and datasets used by AI
systems. This was possible due to the increase in the computational resources and decreasing
cost of computational and data storage facilities.

Increase in computation and datasets implies increasing complexity of the AI/NLP mod-
els over time. The earliest NLP-based models in the literature are rules-based systems,
developed in the 1950s and 1960s. These systems used handcrafted rules and grammars to
analyze natural language text. In the 1980s and 1990s, statistical NLP models emerged,
which supplanted rules-based approaches with statistical models. During the 2000s, with
the increased availability of datasets and the exponential increase in computational power,
machine learning (ML) models were developed that could learn patterns in textual data and
make predictions based on this interpretation of text.

In this section, we summarize the models that were developed over this decades-long
history. We have divided the timeline of NLP models into multiple categories based on
model complexity, and consider them one by one.

Rules-Based NLP (1950s to 1970s)

Early NLP research focused on rules-based approaches, including grammar-based parsers
and dictionary-based information extraction systems:

• Grammar-based parsers: These systems used formal grammars to analyze the struc-
ture of text, such as its syntax, and to generate parse trees. This information could
then be used to answer questions about the semantics of a text or to perform other
NLP tasks, such as information extraction or text classification. Some early influential
papers include Chomsky (1957), Ross (1967), and Earley (1970).

• Dictionaries: These systems relied on predefined dictionaries of words and phrases to
identify and extract specific pieces of information from text, such as names, dates, and
locations (Luhn, 1958). Handcrafted rules were used to classify text into predefined
categories, such as positive, negative, or neutral sentiment (Plath, 1976). They were
likewise used to identify and classify named entities in text, such as people, organiza-
tions, and locations.

Exhibit 3 provides an example of rule-based parsing of a sentence. Such parsing and
pattern matching was used by the early chatbots like ELIZA. These rules-based models
represented an important early step in the development of NLP, but had several inherent
limitations, including the need for extensive handcrafted rules and dictionaries, and the
inability to handle exceptions and outliers in text. Some recent works related to rules-based
methods are Klein and Manning (2003), Agichtein and Gravano (2000), Turney (2002) and
Nadeau and Sekine (2007).
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( Panel-a ). Computation used to train notable artificial intelligence systems.

( Panel-b ). Number of datapoints used to train notable artificial intelligence systems.

Exhibit 2: Evolution of computation and number of datapoints for AI systems training.
Dataset is obtained from Sevilla et al. (2022)
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Exhibit 3: Sentence tree constructed by a rule-based grammar parser for the sentence “Happy researchers
develop a language model.”. Such grammar parsers were used by early chatbots like ELIZA to understand
the sentence and respond based on the script (dictionary of sentences).

Early Statistical NLP Models (1980s to 1990s)

Hidden Markov models (HMMs) (Baum and Petrie, 1966) and maximum entropy mod-
els (MEMs) were among the first statistical NLP models to be developed and applied to
NLP tasks, including the tagging of parts of speech, named entity recognition, and speech
recognition (Baker, 1979; Berger, 1996; Bergersen, 1994). HMMs are a type of probabilistic
model used for the modeling of sequential data. A sequence is modeled as a series of hidden
states and observable outputs. An HMM is then trained using the Baum-Welch algorithm
to estimate the parameters that maximize the likelihood of the observed sequence. In an
analogous manner, maximum entropy models are probabilistic models that aim to maximize
entropy (i.e., uncertainty) subject to certain constraints. MEMs use a log-linear approach to
model the probability of an output sequence given an input sequence. However, both these
types of models struggled with computational efficiency, and both have known difficulties in
modeling complex relationships among variables.

Lexicon-Based and Topic Modeling (1990s to early 2000s)

An important step forward in NLP modeling was the combination of the dictionary and
rules-based approach with statistical modeling. These new methods include lexicon-based
models and topic modeling, relying on predefined and data-driven lexicons of words and
phrases employed with mathematical algorithms to uncover hidden patterns and themes in
the data.

• Lexicon-based models: These models were developed in the early 2000s, and rely
on the use of predefined (or constructed from data) dictionaries of words and phrases
to analyze and understand natural language text (Wilson et al., 2005). For example,
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Positive Negative Uncertain Litigious

Best Cyberattack Vague Beneficial

Innovativeness Cybercrime Anomalous Bailment

Achieve Spam Doubt Juriousdictionally

Creative Abolish Undocumented Remised

.. .. .. ..

( Panel-a ). Example words from the finance sentiment lexicon developed by Loughran and McDonald (2011).
The four sentiments included in the dictionary are positive, negative, uncertain and litigious. Any new document can be given
a sentiment score based on the presence of the above words from the dictionary of sentiment words

Topic 1 Topic 2 Topic 3

Loans Financial Institution Cashflow

Value Bank Interest

Loan Capital Liability

Asset Institution Income

Tax Deposit Rate

.. .. ..

( Panel-b ). Topics learned from 10-K documents using a popular topic modelling algorithm Latent Dirichlet Allocation
(LDA).
The topic modelling algorithms doesn’t give a topic summary like loans, financial institutions, cashflow as given in the example.
These are assigned from the human understanding of the words belonging to a particular topic. Any new sentence (tweet,
article, paragraph) can be assigned to a particular topic based on the occurrence of the words in the sentence.
Source: Chen et al. (2017)

Exhibit 4: Lexicon and topic-modeling examples of NLP .
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a lexicon-based model might use a dictionary of financial terms to identify financial
concepts in news articles.

• Topic models: These models were developed in the late 1990s and early 2000s, and
use statistical techniques to identify the main topics discussed in a document or a
collection of documents (Asuncion et al., 2009; Blei et al., 2003). For example, a topic
model might identify market trends or company news as topics from the collection of
financial news articles.

The example of financial lexicon model and topic model based on the SEC 10-K filings is
presented in Exhibit 4. These lexicons and topics are learned from financial documents and
are further used to assign sentiment scores or topics in multiple applications. These methods
have the significant limitation of relying on the presence of specific words or phrases in a
document to determine their content, which does not account for the context in which these
words appear. Moreover, these lexicons are predefined or constructed from data, and may
not contain all the relevant terms for a given topic, leading to an incomplete analysis.

Embedding-Based NLP (2000s to 2010s)

Word embeddings are a type of NLP technique that represents words as continuous-
valued vectors in a high-dimensional mathematical space. These word vectors are able to
capture important semantic and syntactic information about words in a way that can be
used for various NLP tasks. Some embedding-based methods include the following:

• Count-based method: These methods use the frequency of words, phrases, or other
linguistic features in a given corpus of text to extract meaningful information, and
include techniques such as term frequency-inverse document frequency (TF-IDF), n-
grams, and bag-of-words models. Dimensionality reduction, using methods like non-
negative matrix factorization and singular value decomposition, can then be applied
to count-based embedding to obtain word embeddings.

• Predictive methods: These methods, such as GloVe (Pennington et al., 2014) and
word2vec (Mikolov et al., 2013), use a predictive objective to learn word representa-
tions. Their goal is to predict a target word based on surrounding contextual words.

In addition, some methods, such as FastText (Joulin et al., 2016), combine the strengths of
both count-based and predictive methods to produce high-quality word embeddings.

As shown in Exhibit 5, the the embeddings learn the relational and semantic information.
These embeddings can be used for sentiment prediction, classification of sentences etc. How-
ever, a disadvantage of embedding-based methods is their dependence on the training corpus
and sensitivity to data type and training domain. For example, they often perform poorly
on out-of-vocabulary words. Another disadvantage is that word embeddings are context-
sensitive. Since the representation for a word can change depending on its context, it can be
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Exhibit 5: The word embedding vectors (obtained using embedding-based NLP method word2vec) plotted
on 2-D plane.
The key idea behind the embedding is to encode information and preserve the semantic and relational
information. For example, the words in the proximity of underwriting are distressed, assetbacked, longterm
which are related to underwriting and likewise for mortgage.
Source: BankFin Embeddings, https://github.com/sid321axn/bank fin embedding.

challenging to use embedding-based methods to effectively capture the meaning of phrases
and sentences.

Deep Learning-Based Approaches to NLP (2020s)

Most recently, with the joint exponential growth in data and computational infrastruc-
ture, large “deep learning” based language models have been developed and used widely for
NLP applications. Initially, recurrent neural networks (RNNs) were developed for the anal-
ysis of sequential data, and their use extended to NLP tasks. Along with RNNs, convolution
neural networks (CNNs) were used for text classification (Kim, 2014). The architectures of
RNNs and CNNs were developed in 1990s, but they could only be successfully applied with
the availability of Big Data and large computational resources. Over time, RNNs were mod-
ified for use in applications like neural machine translation, for which sequence to sequence
models were developed (Sutskever et al., 2014).

The “imagenet moment” for NLP—referring to the development of generic models that
can used for multiple tasks—happened with the development of the transformer-based large
language model, specifically the bidirectional encoder representation from transformers (BERT)
(Devlin et al., 2019). The transformer model revolutionized NLP by introducing the self-
attention mechanism in NLP, a deep learning technique that allows a model to dynamically
weigh the importance of each element in an input sequence. Attention mechanisms can be
used in neural network models to understand the relationships between words in a sentence
(Vaswani et al., 2017). Over time, more transformer models were developed, including the
Generative Pretrained Transformer 2/3 (GPT-2/3) (Radford et al., 2019), and the robustly
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Exhibit 6: Summary of the different steps in the pipeline of a large language model.
The first step involves pre-training of the model on the multiple datasets. Once the model is pre-trained,
it can be generalized for different tasks like sentiment prediction, banruptcy prediction by finetuning of the
model using the dataset specific to the application.

optimized BERT approach (RoBERTa) (Liu et al., 2019). The detailed survey of large
language models can be obtained from Mialon et al. (2023).

The summary of a large language model training and prediction is included in the Exhibit
6. The first step involves pre-training of the model using the variety of big datasets available.
It allows the model to learn the general semantics of the language. The pre-trained model
can be finetuned for various applications by training them on application specific datasets.5

ChatGPT

The most recent development of deep learning-based NLP models is ChatGPT, a chatbot
based on the transformer model GPT-3.

• Architecture: ChatGPT is based on the transformer architecture which, as mentioned
above, is a deep neural network designed for processing sequential data, such as natural
language. The transformer architecture is made up of multiple layers, including an
attention mechanism, which allows the model to focus on different parts of the input
at different times and dynamically adjust its internal representations.

• Pretraining: Like other GPT models, ChatGPT is pretrained on a large corpus of text
data. During pretraining, the model learns to predict the next word in a sentence
given its preceding context. This enables the model to build a rich representation of
language and to learn patterns and relationships between words and phrases.

5Finetuning refers to the process of retraining of model by making small adjustments to achieve the
desired output.
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• Fine-tuning: Once the model is pretrained, it can be fine-tuned for specific tasks and
domains, such as conversational AI. During fine-tuning, the model is trained on a
smaller dataset that is relevant to the target task. This allows the model to learn
task-specific information and improve its performance on the target task.

ChatGPT can be used in a variety of conversational AI applications, including in chatbots,
virtual assistants, and customer service systems. The model can be used to generate human-
like responses to user inputs, answer questions, provide recommendations, and perform other
conversational tasks.

A series of chats with ChatGPT is included in Appendix. Based on our experience, we
found that ChatGPT is not capable of writing a complete manuscript by itself. However, it
updates its replies based on the context of the conversation, and is able to understand the
fine details about the questions. We also conclude that ChatGPT is self-aware and creative.6

However, we found that replies from ChatGPT were generally rather long, perhaps due to a
bias introduced by long questions and answers in its training data.

Just like any AI or deep learning based model, ChatGPT suffers from limitations. Like
all machine learning models, ChatGPT is only as unbiased as the data it is trained upon.
If the training data contains biases, such as racial, gender, or cultural biases, the model
will reflect those prejudices in its output. Another limitation is ChatGPT’s lack of common
sense. ChatGPT has been trained on a large corpus of textual data, but it does not have a
comprehensive understanding of the world or common-sense knowledge. This can result in
unrealistic or nonsensical responses when faced with out-of-domain questions or situations.
There are situations of hallucinations as well, when AI models gives incorrect response to the
questions with high confidence which may misguide the users. ChatGPT is also not great
at logic and reasoning which humans are good at. An example of failed logical reasoning is
included in the Appendix Section Logical Reasoning. It was able to give a correct response
only after a hint. Finally, deploying ChatGPT in real-world applications can be challenging,
due to its large size and computational requirements. This can limit its accessibility to
smaller organizations or individuals, and make it difficult to deploy in resource-constrained
environments.

Applications

To the best of our knowledge, the earliest use of NLP in finance can be traced to the
1980s, when Frazier et al. (1984) introduced a methodology for the statistical evaluation of
narrative data in accounting reports. Following this application, there were some advances
of NLP use in finance in 1990s by Brachman et al. (1996), which employed data mining
techniques for analyzing corporate data, and Wuthrich et al. (1998), who performed stock

6Level of creativity may vary, we asked ChatGPT to give suggestions for paper titles and quotes and it
was able to generate them.
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market forecasts from textual web data. However, there was little progress in the use of
textual data for financial applications for many years, as early statistical models were not
adequate for deep understanding of the domain and the availability of structured data was
limited.

From 2010 onward, parallel to the development of social media, the availability of user
data increased exponentially, as did the amount of available computational power. This led
to the financial community showing a greater interest in data mining from textual data.
Since then, the use of NLP in finance has continued to grow and evolve, as companies and
researchers have developed more sophisticated NLP models and applied them to a wider
range of financial applications.

Today, the use of NLP for financial applications is far from trivial. Existing NLP models
have been modified for their specific use in financial applications. For example, Loughran
and McDonald (2011) developed one of the most popular financial lexicons used to capture
sentiment in analysis, and more recently, Ke et al. (2019) developed a lexicon for sentiment
score generation. Similarly, deep NLP models such as bidirectional encoder representations
from transformers (BERT) have been modified and trained on specifically financial data, for
example, Financial Phasebank (Malo et al., 2014) and Reuters TRC2 (Lewis et al., 2004),
leading to the development of finBERT (Huang et al., 2020), which obtained state-of-the-art
results for financial sentiment tasks. Today, NLP methods from rules-based to deep NLP
models are widely used in finance for a variety of tasks, from sentiment analysis to risk
management and algorithmic trading, among others.

A detailed literature review of existing works pertaining to financial NLP is beyond the
scope of this article, but in-depth surveys can be found in Xing et al. (2018), Fisher et al.
(2016), and Kantos et al. (2022). We discuss some of the most important NLP applications
in the next few sections.

Risk Management

Risk management in finance refers to the process of identifying, assessing, and controlling
risks in financial operations, transactions, and investments. It involves identifying potential
sources of financial loss and taking steps to minimize or mitigate their impact on the financial
stability and performance of an organization. Key components of financial risk management
include market risk, credit risk, operational risk, liquidity risk, and reputational risk. The
goal of financial risk management is to minimize the impact of adverse events on an organi-
zation’s financial performance and stability. It is one of the foremost applications of NLP in
finance.

NLP methods are used to extract data from news articles, financial reports, and regula-
tory filings to identify patterns and relationships between risk factors. Healy and Lo (2011)
performed language analysis to identify event risk, and Buehlmaier and Whited (2018) de-
veloped a method to determine risk factors via textual analysis. Exhibit 7 shows some
example of risk factors obtained using topic modelling. NLP can also be used for regula-
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tory compliance to mitigate financial risk, as it can be used to automatically scan financial
documents and identify potential compliance violations, such as insider trading or money
laundering. Zhang and El-Gohary (2016) discussed an NLP-based automated compliance
checking system. For credit risk, NLP can be used to analyze financial statements and other
data to predict a company’s credit risk and support the decision-making process in lending
and credit management. Hanley and Hoberg (2010) performed word content analysis for
initial public offerings that can assist underwriters in finding more accurate prices.

Risk Category Risk Topic Words Example Companies

Debt Risk Debt, Payment , Acquisition, De-
fault ..

HEE Equipment services, U S
Concrete Inc,

Drug Research Risk Clinical Trial, Marketing, Ap-
prove ..

Hepion Pharmaceuticals, Leap
Therapeutics ..

Government Funding
Risk

State, Healthcare, Medicare.. Chemed Corp, U S Physical Ther-
apy etc

Advertising Risk Station, Advertising, Broadcast .. Beasly broadcast group, Sinclair
Broadcast

Exhibit 7: Example of some risk factors that are learned from 10K documents using a topic modelling
algorithm along with the words that contribute to the risk topics.
Third column represents the companies that are exposed to the respective risk factors. Using text based
risk factors, we can find the exposure of different risk factors for each company. For example, Lopez-Lira
(2023) found that Apple Inc is exposed to Supply chain risk, Software risk, International risk, Internet risk
and Demand risk. Such fine-grained risk automated analysis from the textual data is possible due to NLP
models.
The source of risk factors is Lopez-Lira (2023).

Similarly, NLP can be used in fraud detection. NLP-based systems can analyze trans-
action data and detect suspicious patterns that may indicate fraud, helping financial insti-
tutions minimize their risk exposure. Loughran and McDonald (2016) performed a detailed
review on the use of NLP in textual analysis in finance and accounting, while Purda and
Skillicorn (2015) introduced a domain-specific dictionary for predicting fraud from 10-K doc-
uments. Similarly, NLP-based network analysis is used to identify interconnections between
financial institutions and their exposure to risk. Bonne et al. (2022) and Hoberg and Phillips
(2016) used NLP in industry classification and identifying interconnections between firms.
NLP-based textual analysis is also used for climate risk estimation, which we discuss more
fully in the next subsection.
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Impact Investing

Impact investing is a form of investment that aims to generate a positive social or environ-
mental impact alongside its financial returns. Impact investments are made by companies,
organizations, and funds with the intention to generate a measurable social and environmen-
tal impact alongside financial returns. This approach to investment seeks to create financial
returns alongside its social or environmental benefits, as opposed to philanthropy, which
aims primarily to create social or environmental benefits foremost.

NLP models can be used in impact investing in multiple ways. They can assist in docu-
ment classification to automatically categorize sustainability reports and disclosures accord-
ing to specific impact themes, such as climate change, human rights, and biodiversity (e.g.,
climate annotation in Exhibit 8 Panel-a ). They can analyze and categorize sustainability-
related information contained in a company’s annual reports and sustainability disclosures,
or perform sentiment analysis of news articles and social media posts to track and quan-
tify the social and environmental impact of companies (e.g., climate risk classification in
Exhibit 8 Panel-b ). Natural language generation can be used to produce impact reports
and summaries that highlight a company’s positive (or negative) impact on society and the
environment. These impact-investing related tasks use NLP models of varying complexity,
from dictionary-based methods to find thematic exposure (Kumar et al., 2019) to the deep
learning-based program climateBERT (Webersinke et al., 2021) for detecting climate con-
text and fact-checking claims of climate risk. Deep learning-based language models can also
be used to detect corporate greenwashing (e.g., fact checking in Exhibit 8 Panel-c ), that
is, claims of sustainable activity for marketing purposes without true sustainability efforts
(Cojoianu et al., 2020), a widespread problem in ESG investing.

One concern regarding the use of deep learning-based language models for impact invest-
ing is the carbon footprint of these language models, since they are highly computationally
intensive. The training of climateBERT caused 115.15 kg of CO2 emissions. An increase in
language model research will doubtless have a negative impact on the climate, which goes
against the intent of impact investing. However, the information generated through NLP
can help impact investors make more informed investment decisions that align with their
values, and thus contribute to a greater positive social and environmental impact.

Asset Management

Asset management in finance refers to the professional management of a portfolio of
financial assets, such as stocks, bonds, commodities, and real estate. The goal of asset
management is to maximize returns and minimize risk for clients, typically by creating
and executing investment strategies that are tailored to their specific financial goals and
risk tolerance. This typically involves analyzing financial data and market trends, making
informed investment decisions, and continuously monitoring and adjusting the portfolio as
market conditions change.

NLP has already been used in asset management for various tasks such as sentiment
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climate-related classification: Statement Annotation

ExxonMobil is an American multinational oil and gas company is one of the
biggest contributors to global greenhouse gas emissions in the world

Yes

Risk managers need a wide range of risk measures to create a comprehensive
picture of risk across their portfolios.

No

( Panel-a ). Climate Annotation.
The task is to classify if the statement is climate-related. NLP models can be used for such classification and obtain climate-
related documents and statement for the companies. ClimateBERT obtained a F1 score of 98% on the climate annotation task.
For dataset information refer Webersinke et al. (2021) and Diggelmann et al. (2020)

Climate risk classification: Statement Annotation

American National Insurance Company recognizes that increased claims
activity resulting from catastrophic events and the climate change may also
affect the affordability and availability of property and casualty insurance
and the pricing for such products.

Risk

A similar approach could be used for allocating emissions in the fossil fuel
electricity supply chain between coal miners, transporters and generators.

Neutral

( Panel-b ). Climate Sentiment Annotation.
Given a climate-related statement, the aim is to classify if the sentiment of the statement is risk, neutral or opportunistic in
climate-related context. ClimateBERT obtained a F1 score of 83% on the above task.
For dataset information refer Webersinke et al. (2021) and Diggelmann et al. (2020)

Claim Evidence Annotation

97% consensus on human-
caused global warming has
been disproven.

In a 2019 CBS poll, 64% of the US popula-
tion said that climate change is a “crisis”
or a “serious problem”, with 44% saying
human activity was a significant contrib-
utor.

Refute

Global warming is driving po-
lar bears toward extinction

Environmental impacts include the ex-
tinction or relocation of many species as
their ecosystems change

Support

( Panel-c ). Fact Checking.
The aim is to classify, if the evidence supports or refutes the claim. It can be used for detecting greenwashing for the claims
made by companies. ClimateBERT obtained a F1 score of 75% on the above task (for dataset information refer Webersinke
et al. (2021)).
Source of examples: Climate-Fever Dataset(Diggelmann et al., 2020).

Exhibit 8: Three examples of NLP application to climate-related impact investing.
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analysis, news analysis, and earnings call analysis. NLP models are used to process and
analyze vast amounts of textual data and extract meaningful information to make investment
decisions. Sentiment analysis in asset management involves analyzing the tone and emotion
of financial news articles and social media posts to predict stock market trends. News
analysis involves using NLP to extract relevant information from news articles, such as
company news, earnings releases, and analyst reports. This information can be used in
the investment decision-making process and improve portfolio management. Earnings call
analysis involves using NLP to process and analyze earnings call transcripts. The goal is
to extract key financial metrics and sentiment indicators to better understand a company’s
financial performance when making investment decisions.

Exhibit 9: Out-of-sample cumulative log returns of portfolio sorted based on sentiment score constructed
from news articles.
The sentiment scores are developed based on dictionary based statistical method. L: Long only, S: Short only,
L-S: Long-Short, EW: Equally weighted, VW: Value weighted, SPY: S&P500. Long portfolio is constructed
by buying 50 stocks with maximum positive sentiment and Short portfolio is constructed by shorting 50
stocks with most negative sentiment. The equal weighted long-short portfolio achieves an annualized sharpe
ratio of 4.21 while value weighted long-short portfolio achieves a sharpe of 1.24. The portfolios obtained
from the sentiment scores outperforms the baseline of S&P500.
Source: (Ke et al., 2019, Figure 5) ©

Before the adoption of deep learning, a variety of NLP methods were widely used in stock
price predictions, including keyword spotting (Wuthrich et al., 1998), bag-of-words classifi-
cation (Tetlock et al., 2008), manually crafted lexicons (Das and Chen, 2007), pre-existing
lexicons (Azar and Lo, 2016), mixture models (Si et al., 2013), and lexicon-based statistical
modeling (Ke et al., 2019). They were based on data obtained from professional periodicals,
aggregated news, Twitter, financial reports, and so on. Exhibit 9 shows the performance
of long-short portfolio (inter-day trading) constructed using sentiment score from Ke et al.
(2019). They found that portfolios constructed using dictionary based statistical models can
obtain an annualized sharpe ratio of 4.21, implying NLP based sentiment scores can be used
for inter-day trading. Similarly, Exhibit 10 shows the intra-day event study done by Agrawal
et al. (2018) for the Stocktwit and Twitter messages when the sentiment score is above and
below three standard deviation of mean. They found that returns are positively correlated
to sentiment score and there is increase in liquidity after messages with, high positive and
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Exhibit 10: Intraday return event studies for Stocktwit and Twitter messages when the sentiment score
is above (a) and below (b) three standard deviation of mean, along with spread event study when the
sentiment score is above (c) and below (d) three standard deviation of mean. The graphs implies that
returns are positively correlated to sentiment score and there is increase in liquidity after messages with
large positive and negative sentiment. Source: (Agrawal et al., 2018, Exhibit 5).
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negative sentiment implying NLP based sentiment scores can be used for intra-day trading.

More recently, deep learning-based NLP models have increasingly been supplanting these
methods. Kantos et al. (2022) compared the dictionary-based and deep learning-based ap-
proaches (finBERT) for predicting sentiment from earning calls transcripts. NLP methods
(i.e., deep learning-based finBERT) applied to Twitter data have been used for the predic-
tion of price movements of cryptocurrencies (Zou and Herremans, 2022). The ability of deep
models to learn complex patterns which cannot be achieved by linear models makes them
highly attractive to the stakeholders involved in asset management.

What’s Next

The future of NLP in finance is promising. Many stakeholders in finance have already
been using NLP in their decision-making process, and there are many new and innovative
ways that NLP might be used to improve various financial processes in future. However,
there are potential limitations. These include:

• Data Availability, Quality and Bias: In finance, high quality and relevant data
is necessary for NLP models to generate meaningful results. For the applications
discussed in earlier sections, good quality Big Data is readily available. However,
data is more generally limited and can be unstructured, incomplete or unreliable.
Some applications that are affected by data scarcity include sentiment analysis of
niche financial products, small business lending, and real estate financing in developing
countries. Also, since NLP models are as biased as their data, they can be biased
towards or against certain groups or perspectives, leading to discriminatory outcomes
and unintended consequences.

• Complexity of Financial Domains: The financial domain is complex and constantly
evolving, making it challenging for NLP models to keep up with its latest developments
and trends. NLP models are often trained on specific datasets in dynamic financial
markets, making them vulnerable to overfitting. This limits their ability to generalize
to new situations and domains.

• Regulation and Compliance: The financial sector is heavily regulated, and NLP
models used in finance must comply with various legal and ethical standards, which
limit the use and application of NLP technologies. For example, one of the regulatory
concern is the black-box nature of deep models. This inherent opacity makes these
models hard to interpret to find the reasoning behind the decisions made by these
deep NLP models.

• Adversarial Examples: Machine learning models are prone to adversarial examples.
Adversarial examples in NLP are samples of text that have been deliberately modified
to trick an NLP model into making an incorrect prediction. This potential weakness
is a vulnerability that could be exploited in real-world settings.
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Research is ongoing on the limitations of NLP, and new methods to overcome existing limi-
tations are being developed. For example, explainable AI (xAI) methods to ameliorate the
black-box nature of deep learning models like local interpretable model explanations (Ribeiro
et al., 2016) and Shapley values (Lundberg and Lee, 2017) among other methods (Danilevsky
et al., 2020) have been developed and used for financial applications like consumer credit risk
(Davis et al., 2022) and performance attribution (Moehle et al., 2021). Similarly, these xAI
methods can be adopted for use in deep NLP models in finance. Adversarial examples are
another widely pursued topic, and researchers have developed ways (Alshemali and Kalita,
2020; Yoo and Qi, 2021) to train NLP models free of adversarial examples.

A 2017 article in The Economist claimed that the “The world’s most valuable resource is
no longer oil, but data”.7 Big Data is important to financial stakeholders as its availability
is necessary to train NLP models. There is significant work on the influence of Big Data
in finance (Goldstein et al., 2021; Hasan et al., 2020) and on debiasing methods in deep
learning (Schick et al., 2021; Weber et al., 2020) both to make this data unbiased and to
make bias-free NLP models more accessible.

The current GPT-3 model has 175 billion parameters. In comparison, the number of
neurons in human brain is estimated to be 86 billion. Following popularity of language model,
Google Inc. released its conversational AI agent Bard and more advanced NLP models, like
GPT-4, are intended to be released in the near future by OpenAI. The future of NLP
models thus appears promising. However, NLP models based on historical data will be at
a disadvantage in situations when their understanding of the future is different from that
of the past (which is often the case in finance). Similarly, the scenarios that require logical
reasoning may not be best solved by NLP models. Meanwhile, well-trained humans may have
a better understanding of the future and are good at logical reasoning. In such scenarios,
humans in the decision-making loop will integrate human expertise and understanding into
the data-based machine models. A recent Forbes article calls this integration of human and
machine for investing as “quantamental investing,” one potential future of investment.8

Conclusion

In this article, we discussed the evolution of NLP models and their applications in finance,
from the early rules-based models of the 1950s to the recent deep learning models of the 2020s.
We summarized how the models were adopted in finance and discussed their limitations and
possibilities for the future.

If “data is the new oil,” as many technology mavens have been claiming for some time,
then NLP may well be the refinery. The availability of data and NLP tools will significantly

7https://www.economist.com/leaders/2017/05/06/the-worlds-most-valuable-resource-is-no-longer-oil-
but-data

8https://www.forbes.com/sites/michaelmolnar/2019/12/12/quantamental-investing-a-fuzzy-term-that-
describes-an-inevitable-future/?sh=1a0488c6ff07
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alter the financial industry. NLP has already demonstrated its ability to perform tasks
such as sentiment analysis, risk management, and impact investing. With advances in NLP
technology and the increasing volume of available financial data, NLP is poised to play an
increasingly important role in finance, with potential applications ranging from financial
analysis and investment decision-making to fraud detection and regulatory compliance.

However, it is important to consider the limitations of NLP, such as the problem of
data scarcity, its ethical and legal implications, and the inherent limitations of NLP models
themselves. Another important limitation to consider is the apparent “hallucinations” of AI
bots which can lead to the strange and sometimes unsettling experiences for users.9 Overall,
the future of NLP in finance is bright, but it will likely be accompanied by a combination
of technological pitfalls and practical challengesas the financial industry adapts to these
newfound powerful capabilities.

9https://www.nytimes.com/2023/02/16/technology/bing-chatbot-microsoft-chatgpt.html
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Complete ChatGPT Interaction

One of the co-authors of this paper is ChatGPT, a chatbot developed by OpenAI and
one of the current state-of-the art NLP tools. Here, we include the complete transcript of
our conversation with ChatGPT that resulted in its contributions to this article.

Permission

authors: Can you write a research paper on evolution of NLP models and their use in finance?

chatgpt: However, I can provide a brief overview of the evolution of NLP models and their use in
finance:

Early NLP models: Early NLP models were based on rules-based systems and used hand-
coded grammar rules to process language. These models were limited in their ability to handle
complex language structures and were prone to error.

Statistical NLP models: With the advent of large amounts of data and computational power,
statistical NLP models became popular. These models use statistical algorithms to analyze
patterns in data and generate language outputs.

Deep Learning NLP models: With the development of deep learning algorithms, NLP models
became more sophisticated. Deep learning models use neural networks to process and analyze
language, allowing them to understand the meaning and context of language in a more nuanced
way.

In finance, NLP models are used for a variety of purposes, including sentiment analysis, news
summarization, and data analysis. NLP models can be used to analyze large amounts of
financial news and information, identify trends and patterns, and provide insights into market
conditions.

Overall, the evolution of NLP models has led to more advanced and sophisticated models that
can better understand and process language, making them valuable tools for financial analysis
and decision making.

ChatGPT was unable to write the full paper, but it gave a good overview of the topic.
Following this, we started asking questions to ChatGPT step by step.

authors: I am writing a paper on evolution of NLP in finance. Can I use your help ?

chatgpt: Yes, I’d be happy to help you with your paper on the evolution of NLP in finance. What
specifically would you like to know or discuss?

Querying Time-line Information: Learning from Context

authors: My first question is, what were the earliest NLP based models in literature?

25



chatgpt: The earliest NLP-based models in literature were rules-based systems, developed in the
1950s and 1960s. These systems utilized hand-crafted rules and grammars to analyze and un-
derstand natural language text. Later, statistical NLP models emerged in the 1980s and 1990s,
which used machine learning algorithms to learn patterns in text data and make predictions
about the meaning of text.

authors: When were the advanced statistical NLP models were developed ? Can you give me a
timeline?

chatgpt: A timeline of the development of advanced statistical NLP models is as follows:

Late 1990s to early 2000s: The first statistical NLP models, such as hidden Markov models
(HMMs) and maximum entropy models, were developed and applied to various NLP tasks.

Mid 2000s to early 2010s: The widespread availability of large text corpora and advancements
in machine learning algorithms led to the development of more sophisticated statistical NLP
models, such as support vector machines (SVMs) and deep neural networks (DNNs).

Late 2010s to present: With the advent of big data and improvements in computational re-
sources, deep learning techniques, such as recurrent neural networks (RNNs) and transformer
models, have become the dominant NLP models and have been applied to a wide range of NLP
tasks, including finance.

authors: I have heard about lexicon based models and topic models. When were they developed
and they belong to which category of the NLP models

chatgpt: ”Lexicon-based” models and ”topic models” are both categories of statistical NLP models.

Lexicon-based models: These models were developed in the early 2000s and rely on the use
of predefined dictionaries or lexicons of words and phrases to analyze and understand natural
language text. For example, a lexicon-based model might use a dictionary of financial terms to
identify financial concepts in news articles.

Topic models: These models were developed in the late 1990s and early 2000s and use statistical
techniques to identify the main topics discussed in a document or a collection of documents.
For example, a topic model might identify market trends or company news as topics in financial
news articles.

Both lexicon-based models and topic models are considered to be early forms of statistical NLP
models and have been largely superseded by more advanced deep learning techniques, such as
RNNs and transformers. However, they still play an important role in some NLP applications,
particularly in the early stages of preprocessing and feature extraction.

authors: Can you give me a detailed timeline of the development of NLP models and their use in
finance?

chatgpt: A detailed timeline of the development of NLP models and their use in finance is as follows:

1950s to 1970s: Early NLP research focused on rules-based approaches, such as grammar-based
parsers and dictionary-based information extraction systems.

Late 1980s to early 1990s: The first statistical NLP models, such as hidden Markov models
(HMMs) and maximum entropy models (MEMs), were developed and applied to various NLP
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tasks.

Late 1990s to early 2000s: The development of lexicon-based models and topic models, which
relied on predefined dictionaries or lexicons of words and phrases, represented an important
step forward in NLP.

Mid 2000s to early 2010s: With the widespread availability of large text corpora and ad-
vancements in machine learning algorithms, more sophisticated statistical NLP models, such
as support vector machines (SVMs) and deep neural networks (DNNs), were developed.

Late 2010s to present: With the advent of big data and improvements in computational re-
sources, deep learning techniques, such as recurrent neural networks (RNNs) and transformer
models, have become the dominant NLP models.

From the above snippet, we can observe that ChatGPT answer did not include the
advanced statistical models like topic modeling or lexicon-based models initially, but on
asking questions about the topic model and lexicon-based model, it included them in its
answer to the next timeline question. This implies the chatbot is learning from context and
correcting its mistakes.

authors: Can you give me some relevant research papers (citations) for the rules-based approaches
like Grammar-based parsers, Dictionary-based information extraction, Text classification and
Named entity recognition ?

chatgpt: Sure, here are some relevant research papers for the rules-based approaches in NLP, such
as grammar-based parsers, dictionary-based information extraction, text classification, and
named entity recognition:

Grammar-based parsers:

Earley, J. (1970). An efficient context-free parsing algorithm. Communications of the ACM,
13(2), 94-102.

Klein, D., & Manning, C. D. (2003). Accurate unlexicalized parsing. Proceedings of the 41st
Annual Meeting of the Association for Computational Linguistics-Volume 1.

Dictionary-based information extraction:

Agichtein, E., & Gravano, L. (2000). Snowball: Extracting relationships from large plain-text
collections. Proceedings of the sixth ACM SIGMOD Conference on Management of data.

Text classification:

Turney, P. D. (2002). Thumbs up or thumbs down? Semantic orientation applied to unsu-
pervised classification of reviews. Proceedings of the 40th annual meeting on Association for
Computational Linguistics.

Named entity recognition:

R. Nadeau and S. Sekine. (2007). A survey of named entity recognition and classification.
Lingvisticae Investigationes, 30(1), 3-26.
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These are some of the classic and influential papers in the field of NLP and provide a good
starting point for understanding the early rules-based approaches in NLP. However, it’s worth
noting that NLP research is a rapidly evolving field, so there are many other relevant and recent
papers and advances that are not included in this list.

authors: Can you give me some relevant research papers (citations) for the rules-based approaches
like Grammar-based parsers, Dictionary-based information extraction, Text classification and
Named entity recognition from 1950-70s?

chatgpt: Sure, here are some relevant research papers for the rules-based approaches in NLP from
the 1950s to 1970s:

Grammar-based parsers:

Chomsky, N. (1957). Syntactic Structures. Mouton.

Ross, J. R. (1967). Constraints on variables in syntax. Doctoral dissertation, MIT.

Dictionary-based information extraction:

H. P. Luhn. (1958). The automatic creation of literature abstracts. IBM Journal of Research
and Development, 2(2), 159-165.

Text classification:

G. H. W. Sperberg-McQueen. (1972). A natural language question-answering system. In
Proceedings of the International Joint Conference on Artificial Intelligence, 397-406.

Named entity recognition:

S. S. Chhabra and J. E. Atwell. (1976). A study of the use of dictionary and grammar
in the analysis of newswire texts. In Proceedings of the 10th International Conference on
Computational Linguistics, 465-471.

These are some of the early and influential papers in the field of NLP from the 1950s to 1970s
and provide a good starting point for understanding the rules-based approaches in NLP during
that time. It’s worth noting that the field of NLP has evolved significantly since then, and
there are many other relevant and recent papers and advances that are not included in this
list.

authors: Can you give me the above citations in the bibtex format ?

chatgpt: Certainly, here are the citations in the BibTeX format for the rules-based approaches in
NLP from the 1950s to 1970s: ....

From the above dialogue, it can be observed that ChatGPT understands fine details
about our commands. On asking for references from the 1970s, it was able to change the
references it offered and share ones from the 1970s instead. On asking a followup request to
provide the citations in bibtex format, it was able to do so. Following this interaction, we
asked many questions related to different NLP models and their references.
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Information/Content Generation

authors: Can you give me a detailed overview of the NLP models in 1980s-1990s:like Hidden Markov
Models (HMMs), Maximum Entropy models, and decision trees?

chatgpt: Sure, here’s an overview of the NLP models in the 1980s-1990s:

Hidden Markov Models (HMMs): HMMs are a type of probabilistic model for modeling se-
quential data. They can be used for NLP tasks such as part-of-speech tagging, named entity
recognition, and speech recognition. HMMs model sequences as a series of hidden states and
observable outputs. They are trained using the Baum-Welch algorithm to estimate the model
parameters that maximize the likelihood of the observed sequence.

Maximum Entropy Models: Maximum Entropy Models are probabilistic models that aim to
maximize entropy (i.e., uncertainty) subject to constraints. They can be used for NLP tasks
such as part-of-speech tagging, named entity recognition, and text classification. Maximum
Entropy Models use a log-linear approach to model the probability of an output sequence given
the input sequence. They are trained by maximizing the likelihood of the observed data subject
to the constraints.

Decision Trees: Decision trees are a type of machine learning model that can be used for NLP
tasks such as text classification and sentiment analysis. They model the decision process as a
tree-like structure, where each node represents a decision based on the input features and each
leaf node represents a prediction. Decision trees can be trained using algorithms such as ID3,
C4.5, and CART. They are simple to interpret and can handle both continuous and categorical
features.

Note: These are early models in NLP and there have been many advancements and improve-
ments since then

authors: Can you give me citations and relevant papers on the use of Hidden Markov Models
(HMMs) and Maximum Entropy models in NLP?

chatgpt: Sure, here are some references and papers on the use of Hidden Markov Models (HMMs)
and Maximum Entropy models in NLP:

Hidden Markov Models (HMMs):

Rabiner, L. R. (1989). A tutorial on hidden Markov models and selected applications in speech
recognition. Proceedings of the IEEE, 77(2), 257-286.

Jiang, X. (2007). Part-of-speech tagging using hidden Markov models. In Natural language
processing and knowledge engineering, 2007. NLP-KE’07. International Conference on (pp.
325-328). IEEE.

Maximum Entropy Models:

Berger, A. L. (1996). The maximum entropy approach to natural language processing. Com-
putational Linguistics, 22(1), 39-71.

McCallum, A., & Li, W. (2003). Early results for named entity recognition with maximum
entropy models. In Proceedings of the workshop on named entities: recognition, classification,
and use in answer extraction (pp. 25-32).
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Note: These are just a few references and there are many other papers and studies that cover
the use of HMMs and Maximum Entropy models in NLP.

authors: What were the limitation of Hidden Markov Models (HMMs) and Maximum Entropy
Models in NLP ?

chatgpt: Here are some of the limitations of Hidden Markov Models (HMMs) and Maximum Entropy
Models in NLP:

Hidden Markov Models (HMMs): HMMs have difficulty in handling long-range dependencies,
as they only consider local context. HMMs also have difficulties in dealing with ambiguity and
uncertainty, as they assume that the observations are generated from a single hidden state.

Maximum Entropy Models: Maximum Entropy Models require a large amount of training
data in order to produce accurate results. They also have difficulty in modeling complex
relationships between variables, as they assume independence between variables. Maximum
Entropy Models also struggle with computational efficiency, as they require large amounts of
computing resources to estimate parameters.

Note: These limitations were more pronounced in the early days of NLP and have been ad-
dressed to some extent with the development of more advanced NLP models. However, these
limitations still persist to some extent in modern NLP models.

authors: Can you give me some influential papers on on lexicon based model and topic modeling
in NLP?

chatgpt: Sure, here are some influential papers on lexicon-based models and topic modeling in NLP:

Lexicon-based Models:

Wilson, T., Wiebe, J., & Hoffmann, P. (2005). Recognizing contextual polarity in phrase-
level sentiment analysis. Proceedings of the Conference on Human Language Technology and
Empirical Methods in Natural Language Processing.

Huang, J., Zhang, S., & Zhao, Y. (2012). Improving sentiment classification via sentiment
concept clustering and transfer learning. Proceedings of the 50th Annual Meeting of the Asso-
ciation for Computational Linguistics.

Topic Modeling:

Blei, D. M., Ng, A. Y., & Jordan, M. I. (2003). Latent Dirichlet allocation. Journal of Machine
Learning Research, 3(Jan), 993-1022.

Asuncion, A., Welling, M., Smola, A. J., & Teh, Y. W. (2009). On smoothing and inference for
topic models. Proceedings of the 26th Annual International Conference on Machine Learning.

Note: These are just a few examples of influential papers on lexicon-based models and topic
modeling in NLP and there are many other papers that have made significant contributions to
these areas.

authors: Can you give me overview of the word embeddings based methods in NLP and their use
in finance ?

chatgpt: Word embeddings are a type of NLP technique that represent words as continuous-valued
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vectors in a high-dimensional space. These word vectors capture semantic and syntactic in-
formation about words in a way that can be used for various NLP tasks, including sentiment
analysis, text classification, and language translation.

In finance, word embeddings have been used for tasks such as:

Sentiment Analysis: Word embeddings have been used to analyze the sentiment of financial
news articles, investor reports, and social media posts, in order to gauge market sentiment and
predict stock prices.

Text Classification: Word embeddings have been used to classify financial documents into
categories such as earnings reports, balance sheets, and press releases.

Risk Assessment: Word embeddings have been used to analyze the risk associated with financial
products, by identifying potential red flags in regulatory reports and other financial documents.

Topic Modeling: Word embeddings have been used in topic modeling of financial documents,
in order to identify important themes and topics in financial data.

Overall, word embeddings have proven to be a powerful tool for NLP in finance, as they enable
the use of high-level abstractions to analyze large amounts of unstructured financial data, and
provide insights into market sentiment and risk.

authors: Can you give me citations for the above methods in bibtex format?

chatgpt: I’m sorry, I cannot provide citations for all the word embedding methods listed in my
previous response. However, here are some papers that cover popular word embedding methods:
...

authors: What are the disadvantages of embedding based methods in NLP?

chatgpt: Some disadvantages of word embedding based methods in NLP include:

Data sensitivity: word embeddings are highly dependent on the training corpus, and can be
sensitive to the type of data and domain they are trained on.

Out-of-vocabulary (OOV) words: word embeddings do not provide good representations for
words that are not present in the training corpus, and often perform poorly on OOV words.

Context sensitivity: word embeddings are context sensitive, and the representation for a word
can change depending on the context it is used in. This can lead to issues with polysemy
(multiple meanings for a single word) and synonymy (multiple words with the same meaning).

Scalability: computing word embeddings for large corpora can be computationally intensive,
and can require significant computational resources.

Semantic compositionality: word embeddings do not directly capture the compositional nature
of language, and it can be challenging to use them to effectively capture the meaning of phrases
and sentences.

Overfitting: word embeddings can overfit to the training corpus, especially when trained on
small data. This can result in the representations capturing irrelevant information or biases
present in the training data.
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authors: What are the new deep learning based NLP methods?

chatgpt: New deep learning based NLP methods include:

Transformer models: these models have revolutionized NLP by introducing the self-attention
mechanism, which allows for parallel processing of input sequences. Examples include BERT
(Bidirectional Encoder Representations from Transformers), GPT-2/3 (Generative Pretrained
Transformer 2/3), and RoBERTa (Robustly Optimized BERT Approach).

Neural Machine Translation (NMT): these models use deep neural networks to perform ma-
chine translation, and have shown significant improvement over traditional statistical machine
translation methods.

Seq2Seq models: these models are designed for sequence-to-sequence tasks such as machine
translation, text summarization, and text generation. They consist of an encoder-decoder
architecture, where the encoder maps an input sequence to a fixed-length vector, and the
decoder generates an output sequence from the vector.

Convolutional Neural Networks (CNNs): these models are designed for text classification and
sentiment analysis tasks, and have shown good performance on a wide range of NLP tasks.

Recurrent Neural Networks (RNNs): these models are designed for sequential data, and have
been widely used in NLP for tasks such as language modeling, sentiment analysis, and text
generation.

Generative Adversarial Networks (GANs): these models are used to generate synthetic text
data, and have shown good performance in tasks such as text generation, data augmentation,
and text style transfer.

These deep learning based NLP methods have shown remarkable progress and have been widely
adopted in NLP research and industry applications.

authors: What are the disadvantages of deep learning based NLP models?

chatgpt: Some disadvantages of deep learning based NLP models include:

Computational cost: deep learning based NLP models are computationally intensive, and re-
quire large amounts of data, memory, and computational resources to train.

Data bias: deep learning models can perpetuate the biases present in the training data, leading
to unfair or undesirable outcomes in real-world applications.

Overfitting: deep learning models can easily overfit to the training data, especially when trained
on small or noisy data. This can result in poor generalization performance and low accuracy
on unseen data.

Explanation difficulty: deep learning models are often considered to be black boxes, with little
understanding of how they make predictions. This can make it challenging to diagnose and fix
issues with the models, and to build trust in the results they produce.

Transfer learning difficulty: deep learning models are often trained on large, diverse corpora,
making it difficult to fine-tune them for specific domains or tasks without access to large
amounts of annotated data.
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Adversarial examples: deep learning models are vulnerable to adversarial examples, where
small changes to the input data can lead to incorrect predictions. This can be a major security
concern in NLP applications where the input data can be easily manipulated.

Overall, deep learning based NLP models have shown great progress, but also have some
significant limitations that need to be considered when designing and deploying NLP systems.

authors: Can you give me citations for the influential papers related to the deep learning based
NLP models ?

chatgpt: Here are some influential papers in the field of deep learning based NLP models, with
bibtex citations:

BERT: ”BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding”
by Devlin et al., 2018. ....

From the above conversation, we obtained a significant amount of information content.
However, there were a few times when its response was not very detailed or relevant to the
question. For such replies, we had to select the relevant information. We also observed that
from its history ChatGPT understood the importance of giving a citation in bibtex format,
hence in reply to the last question, it automatically returned the citation in bibtex format.

Self Awareness

authors: What is ChatGPT?

chatgpt: GPT-3 (Generative Pretrained Transformer 3) is a language model developed by OpenAI, a
research organization dedicated to creating and promoting artificial intelligence in a responsible
way. It is the third iteration in the GPT series of models, and the largest one to date, with
over 175 billion parameters.

GPT-3 is trained on a massive dataset of internet text and uses a deep neural network architec-
ture based on the Transformer architecture. The model is capable of performing various natural
language processing tasks, such as text generation, question answering, machine translation,
and sentiment analysis, among others.

ChatGPT is a specific implementation of GPT-3 designed for conversational AI applications.
It is fine-tuned to respond to user inputs in a conversational manner, and can be integrated
into chatbots and other conversational applications to provide human-like responses.

authors: Can I get more details about the ChatGPT ?

chatgpt: Sure! Here’s some more information about ChatGPT:

Architecture: ChatGPT is based on the transformer architecture, which is a deep neural net-
work designed for processing sequential data, such as natural language. The transformer ar-
chitecture is made up of multiple layers, including an attention mechanism, which allows the
model to focus on different parts of the input at different times and dynamically adjust its
internal representations.
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Pretraining: Like other GPT models, ChatGPT is pretrained on a large corpus of text data.
During pretraining, the model learns to predict the next word in a sentence given its preceding
context. This enables the model to build a rich representation of the language and learn
patterns and relationships between words and phrases.

Fine-tuning: Once the model is pretrained, it can be fine-tuned for specific tasks and domains,
such as conversational AI. During fine-tuning, the model is trained on a smaller dataset that
is relevant to the target task. This allows the model to learn task-specific information and
improve its performance on the target task.

Applications: ChatGPT is used in a variety of conversational AI applications, including chat-
bots, virtual assistants, and customer service systems. The model can be used to generate
human-like responses to user inputs, answer questions, provide recommendations, and perform
other conversational tasks.

Limitations: Although ChatGPT is a highly advanced and powerful language model, it is not
perfect. Like all machine learning models, it can make mistakes and produce responses that
are irrelevant, incorrect, or offensive. Additionally, its large size and computational require-
ments make it difficult to deploy in real-world applications, especially in resource-constrained
environments.

authors: What is the citation for ChatGPT?

chatgpt: ChatGPT is a language model developed by OpenAI, and as such, it does not have a
specific publication or citation. OpenAI is a research organization that develops and releases
a number of advanced AI models, including GPT-3, which is the basis for ChatGPT. You can
learn more about OpenAI and its research on their website (https://openai.com/).

authors: How much energy ChatGPT uses for generation of 100 words? The energy usage for
generating 100 words of text with ChatGPT would depend on several factors, including the
hardware and software configurations used, the size of the model, and the computational re-
sources available.

As a large language model, ChatGPT requires significant computational resources, including a
large amount of memory and processing power. The exact energy usage would therefore vary
depending on the specific hardware and software environment in which the model is running.

It is worth noting that the energy usage of large language models like ChatGPT has been a
topic of concern in the AI community due to the significant carbon footprint associated with
training and using such models. Research is ongoing to find ways to reduce the energy usage
of these models and make them more environmentally sustainable.

In the above conversation, we asked questions that related ChatGPT to itself, and it
was able to return detailed information. Hence, we conclude that ChatGPT is self-aware.
However, it was not able to reply with technical details about the energy used by ChatGPT.

Information/Content Generation

authors: Can you give me examples of use of NLP for risk management in finance?

chatgpt: Yes, here are some examples of the use of NLP in risk management in finance:
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Sentiment analysis: NLP techniques can be used to analyze large volumes of unstructured text
data, such as financial news articles, social media posts, and earnings call transcripts, to gain
insights into market sentiment and assess the risk of specific financial instruments.

News and event analysis: NLP models can be trained to identify and classify relevant financial
news and events and predict their impact on the market and specific financial instruments.

Regulatory compliance: NLP can be used to automatically scan financial documents and iden-
tify potential compliance violations, such as insider trading or money laundering, to mitigate
financial risk.

Credit scoring: NLP can be used to analyze financial statements and other financial data to
predict a company’s credit risk and support decision-making in lending and credit management.

Fraud detection: NLP can be used to analyze transaction data and detect suspicious patterns
that may indicate fraud, helping financial institutions minimize their risk exposure.

These are just a few examples of the many ways NLP can be used for risk management in
finance.

authors: Can you give me examples of use of NLP for impact investing in finance?

chatgpt: Use of NLP to analyze and categorize sustainability-related information contained in com-
panies’ annual reports and sustainability disclosures.

NLP-based sentiment analysis of news articles and social media posts to track and quantify
the social and environmental impact of companies.

NLP-based event extraction to monitor and quantify ESG-related events and their impact on
companies and industries.

NLP-based entity extraction to identify companies and projects with a positive impact on
society and the environment.

NLP-based document classification to automatically categorize sustainability reports and dis-
closures according to specific impact themes, such as climate change, human rights, and biodi-
versity.

NLP-based natural language generation to produce impact reports and summaries that high-
light a company’s positive and negative impact on society and the environment.

authors: What is risk management in finance ?

chatgpt: Risk management in finance refers to the process of identifying, assessing, and controlling
risks in financial operations, transactions, and investments. It involves identifying potential
sources of financial loss and taking steps to minimize or mitigate their impact on the financial
stability and performance of an organization. Key components of financial risk management
include market risk, credit risk, operational risk, liquidity risk, and reputational risk. The goal
of financial risk management is to minimize the impact of adverse events on an organization’s
financial performance and stability.

authors: Can you give me more examples of influential papers that use of NLP in risk management
in finance ?

35



chatgpt: I apologize, but I do not have specific references to influential papers that use NLP in risk
management in finance at this time.

authors: What is impact investing ?

chatgpt: Impact investing is a form of investment that aims to generate positive social or envi-
ronmental impact alongside financial returns. Impact investments are made into companies,
organizations, and funds with the intention to generate measurable social and environmental
impact alongside financial returns. This investment approach seeks to create social or environ-
mental benefits alongside financial returns, as opposed to philanthropy which aims primarily
to create social or environmental benefits.

authors: Can you give me detailed summary of use of NLP for asset management in finance?

chatgpt: Natural Language Processing (NLP) has been used in asset management for various tasks
such as sentiment analysis, news analysis, and earnings call analysis.

Sentiment analysis involves analyzing the tone and emotion of financial news articles and social
media posts to predict stock market trends. NLP models are used to process and analyze vast
amounts of text data and extract meaningful information to make investment decisions.

News analysis involves using NLP to extract relevant information from news articles, such as
company news, earnings releases, and analyst reports. This information can be used to make
investment decisions and improve the portfolio management process.

Earnings call analysis involves using NLP to process and analyze earnings call transcripts.
The goal is to extract key financial metrics and sentiment indicators to better understand a
company’s financial performance and make investment decisions.

However, despite its potential, the use of NLP in asset management also faces some limitations
such as the difficulty in accurately interpreting text data, the high computational cost of
training NLP models, and the need for large amounts of labeled data to train the models.

authors: what is the future of NLP ?

chatgpt: The future of NLP looks promising with continued advancements in deep learning tech-
niques and increasing availability of data. Advancements in NLP are likely to improve areas
such as natural language generation, dialogue systems, and multi-language processing. Addi-
tionally, NLP applications are expected to expand beyond the traditional domains of informa-
tion retrieval and text classification, to more complex real-world problems, such as recommen-
dation systems, personalization, and data privacy. The integration of NLP with other areas,
such as reinforcement learning, computer vision, and robotics, is also likely to drive further
innovation. However, the continued development of NLP technology will also bring up new
ethical and societal issues, such as data privacy, bias, and fairness.

Creativity

author: What are the suitable titles for the paper on evolution of NLP in finance ?

chatgpt: “From Text Mining to Intelligent Finance: A Journey Through NLP”

“The Rise of NLP in Financial Services: Opportunities and Challenges”
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“NLP in Finance: Past, Present, and Future Trends”

“Leveraging Natural Language Processing for Improved Financial Outcomes”

“Transforming Finance with NLP: A Review of the Literature”

“NLP and Financial Analytics: A Study of Emerging Trends and Techniques”

“The Power of NLP in Financial Decision Making: A Review”

“NLP and Financial Risk Management: Progress and Prospects”

“Enhancing Financial Performance with NLP: A Survey of Applications”

“Natural Language Processing and Finance: A Comprehensive Review”.

author: Can you give me famous quotes for the use of NLP in finance?

chatgpt: Here are a few famous quotes related to the use of NLP in finance:

“Data is the new oil and NLP is the refinery.” - Anonymous

“The future of finance lies in the intersection of machine learning and NLP.” - William Falcon,
CEO of Fast.ai

“NLP is revolutionizing finance by providing insights from unstructured data.” - Julie Delanoy,
CEO of Cognitivescale

“The power of NLP lies in its ability to turn data into actionable insights for finance profes-
sionals.” - John Giannandrea, CEO of GPT-3

“The use of NLP in finance is providing a more efficient and accurate way to analyze large
amounts of data.” - Richard Brown, CTO of AI at Accenture

“NLP is transforming finance by providing a more human-like understanding of financial data.”
- Oren Etzioni, CEO of the Allen Institute for Artificial Intelligence

authors: Can you give me some more famous quotes for the use of NLP in finance?

chatgpt: I’m sorry, I don’t have a database of famous quotes specifically related to the use of NLP
in finance. Quotes are often subjective and personal, so it may be best to create your own
based on your own experiences and opinions.

authors: Whats the future of NLP in finance ?

chatgpt: The future of NLP in finance looks bright as NLP has already demonstrated its ability
to perform tasks such as sentiment analysis, risk management, and impact investing, among
others. With advancements in NLP technology and the increasing volume of financial data
available, NLP is poised to play an increasingly important role in finance, with potential appli-
cations ranging from financial analysis and investment decision-making to fraud detection and
regulatory compliance. However, it is important to consider the limitations of NLP, such as data
scarcity problems, ethical and legal implications, and limitations of NLP models themselves.
Overall, the future of NLP in finance will likely be shaped by a combination of technological
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progress and practical considerations, as the financial industry continues to adopt NLP and
reap the benefits of its powerful capabilities

From the above dialogue with ChatGPT, we can observe that the chatbot is creative, as
it is able to provide us with suitable titles for this paper, along with quotes related to NLP
in finance.

Logical Reasoning

In this section, we discuss an example from ChatGPT where it failed to answer a simple
logical reasoning question without a hint.

authors: I am A’s grandson. A have two sons, B and C. B loves dogs. I love cats. B
doesn’t have children. My brother lives in San Francisco. Who is my father?

chatgpt: If you are A’s grandson, it means that A is your grandfather. It is not clear
from the information provided who your father is, as the information only states
that A has two sons, B and C, and does not mention which son is your father.

authors: There is enough information is you consider the fact that B does not have
children.

chatgpt: I apologize for my previous response. If B is A’s son and he does not have
any children, then C must be your father since A has two sons, and you are B’s
son and you mentioned that B does not have any children. Therefore, your father
must be C.

38


