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Outline

1) Motivation. What is all this buzz about generative AI?;
2) Basic concepts and general taxonomy;
3) What steps are we making in the Bank of Italy ECS Directorate?
4) questions & answer and an applications with central bank’s documents 
5) Concluding remarks and ….

Interdisciplinarity: the key to unlocking bigger picture thinking



Motivation
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a) Central Banks are embracing AI and generative AI;
b) cloud native, full stack AI & simulation factories have started to become 

available with pay as you go plans;
c) How do I take my best pick among many options?
d) What are the most relevant downstream tasks for my organization?
e) On March 2023 Bloomberg introduced BloombergGPT;
f) On October 31st 2024 OpenAI released ChatGPT Search: a real time web search 

into ChatGPT
g) On March 12 Google DeepMind released Gemma3 LLM

There are many more questions, but the previous one are already a heavy starting 
burden. 

AI Adoption requires to hike a steep learning curve



The flavours of Artificial 
Intelligence
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AI has several definitions, and some of them share similar 
attributes. We list here a short and incomplete taxonomy:

1) the study of how to make computers do things which, at 
the moment, people do better; 

2) a way to make machines think and behave intelligently;
3) intelligence and cognitive abilities, such as deduction, 

pattern recognition, and the interpretation of complex 
data;

4) the ability of a computer system to perform task that 
normally require human intelligence;



Artificial vs Human Intelligence
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Alan Turing (1950) considers the question of whether computers can think.

We have a scenario with three participants:
a human (H), a machine (M), and a human 
interrogator (H-I).
H and M are hidden from the H-I. Now, the H-
I asks M and H a series of questions. 
The H-I cannot see who is responding to the 
question, but he can only see the response. If 
the H-I is not able to differentiate between the 
human response and the machine’s 
response, then in such an instance, the 
machine has passed the
Turing test.

We have performed a Turing test with few chapter summaries of the Economic Bullettin. Last year we had 
mixed results. What about today?



6

AI made significant strides during 2024 …

People cannot distinguish GPT-4 from a human in a Turing test paper 
by Cameron Jones and Benjamin Bergen in 2024

What do we expect for 2025? Do not fear AI .. Let’s embrace it 



AI tree has many good and bad fruits. 
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Let's make a journey through the advantages and risks of Large 
Language Models

LLM are probabilistic models for 
language understanding and 

generation based on wide and deep 
neural networks.

Bad fruits come from toxic suggestions 
and language, information for creating 
deadly weapons. Bias for gender, race 

and religion.

There are benchmarks to measure these biases. We can mitigate the problem.



A.I. regulation: E.U. & U.S. divergences 
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E.U. & U.S. share a conceptual alignment towards a risk-based approach. 
They both endorse an important role for international standards. In 
practice the details of these AI risk management regimes features  more 
differences than similarities. 

A deeper cooperation between E.U. and the U.S. is crucial to insure a 
strategic alignment on better AI governance regimes.

On July 12 2024 E.U. released the Artificial Intelligence Act. 
The EU’s AI Act focuses on determining the risk introduced by AI 
technology and regulating that AI system accordingly. 

The US approach focuses on protecting national security, disclosure 
mandates, and election integrity.



What are the LLMs social costs: energy & CO2eq
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An Italian household requires about 4 MWh per year.

Model
Size

Energy
Consumption for training

Greenhouse 
emissions*

GPT 4.0 
GPT 2 1.5 Billion

7200 MWh
28 MWh

x
12.1 tons

100 Millions 1 MWh - 10 MWh .43 ÷ 4.3 tons

GPT 3 175 Billion 284 MWh 123 tons

1 Billion 10 MWh - 100 MWh

10 Billion 100 MWh - 1000 MWh

Llama3 8Billion 0.9 MWh 390

Llama3 70Billion 4.5 MWh 1900

Source: https://www.nnlabs.org/power-requirements-of-large-language-models/  (2/13/2024)

Bitcoin’ energy consumption is around 100 Terawatt-hour per year (100 million of MWh)

* Greenhouse emissions should be taken with a pinch of salt.

https://www.nnlabs.org/power-requirements-of-large-language-models/


What is all about LLMs 
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LLMs are simply Autoregressive Models with a 
very huge dictionary

In many time-series datasets, past values influence the current values. This is true for 
both stock market prices to words in a sentence or a longer piece of text. An autoregressive 
(AR) model forecasts future behavior based on past behavior data. AR models are useful for 

time-series predictions and for language modeling. In both cases, there is a correlation 
between the preceding and succeeding values in a time-series.



Autoregressive structure of Encoder/Decoder
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Encoder Decoder

El sol es la causa de

Completion Table:
1) cachorros aprendiendo nuevos trucos,
2) Los niños crecen y envejecen,
3) flores marchitas en un jarrón,
4) plantas brotando, floreciendo y marchitándose

plantas brotando, floreciendo y 
marchitándose

Autoregressive models apply linear regression with lagged variables of its 
output taken from previous steps. 

𝑝𝑝 𝑥𝑥 = 𝑝𝑝 𝑥𝑥1, 𝑥𝑥2, … , 𝑥𝑥𝑛𝑛 = �
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Some of the possible options
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• GPT 3.5 Open AI

• GPT 4 Open AI

• BARD Google

• LlaMA 2 & 3 Meta

• CodeLlama Meta

• Ernie Baidu’s LLM prefers mandarin

• Falcon Technology Innovation Institute (UAE)

• Cohere 4 AI Based in Toronto and S. Francisco

• Lamda Language Model for Dialogue Applications

• Mistral French company founded in April 2023

• PaLM Spawned from Google

• Claude V1 Anthropic

• Vicuna Derived from LlaMA
On Hugging Face there are more than 700,000 models and 200,000 datasets. Though net of distillation and finetuning we remain 

with about 1% of different models.



What platforms are we using?
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Microsoft Copilot 365  company wide;

Azure cloud machines in the Economics and statistics dept.;

CINECA University consortium for employing Leonardo Exascale system;

Azure cloud machines are equipped with A100 GPU;

CINECA is an Italian organization providing computing resources to Universities 
and public institutions in Italy and in Europe;

Leonardo is the HPC cluster managed by 
CINECA. It is pre-exascale EuroHPC
supercomputer classified among the first 10 
position in the Top500 List of supercomputers. 
We have about 3500 nodes, each with four 
NVIDIA Tensor Core GPUs and a single 
Intel CPU.

http://www.top500.org/


Who are the LLM parents?
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Taken from:  On the Opportunities and Risks of Foundation Models. R Bommasani and other 113 coauthors 
  

We need 
specialization ! !



Do we have some relationships among 
dimensional parameters? 
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Scaling Laws for LLMs: From BERT to GPT4.5 and Gemma3

If you have a large dataset and you train a very big neural network, then success is guaranteed! 
- Ilya Sutskever.

This is true but .. Unfortunately we stumble upon dimishing marginal returns.



Scaling laws: what do we measure? 
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The output of a LLM is measured by the.. 
Cross-Entropy Loss. The smaller the better 

Por favor, Giuseppe no me 
hagas daño con esta 
entropía cruzada 

No te preocupes. Es solo 
una forma diferente de 
representar la suma residual 
de cuadrados. Te cae bien?

LLM performance improves smoothly as we increase:
1.The amount of compute used for training.
2.The size of the dataset.
3.The number of model parameters.



Llama 2, Llama3, CodeLlama & 
Ollama, LlamaIndex
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• Large language model by META
o https://ai.meta.com/llama/

• 3 sizes: 7B, 13B, 70B parameters
• Context length: 4096 tokens
• Max output length: 2500 tokens
• Llama 2, CodeLlama, LlamaIndex Ollama are available for 

free for research and commercial use

• Llama2 and Llama3 are LLM geared for language generative 
purposes;

• CodeLlama is a LLM capable of generating code, and natural 
language about code, from both code and natural language 
prompts.

• LlamaIndex & Ollama are AI tool providing an approachable 
interface with high-level API for novices and low-level API for 
seasoned users, making easy building LLM-based applications.

https://ai.meta.com/llama/


Ollama:  running locally  Large 
Language Models
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• User friendly interface, even for users with no prior 
experience with LLM. 

• It provides a simple API for creating, running, and 
managing models. 

• Ollama leverages GPU acceleration, which can speed up 
model inference by up to 2x compared to CPU-only 
setups. 

• Ollama is compatible with several platforms like 
Langchain, Llama-index.

• Running LLMs locally with Ollama ensures data privacy 
as your data is not sent to a third party.

• It wipes away inference fees, which is important for 
token-intensive applications.



Economics and Statistics AI journey
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At the end of 2023 we started a working group for exploring and testing 
potential application for Generative AI.

Text analysis and Coding translation and generation

We are delving into two main streams:

Prompt writing strategy: Adopting the CO-STAR framework

The CO-STAR Framework is a structured approach for creating effective 
prompts when working with Generative AI. 
The more of these you incorporate, the better your results.

Context

Objective

Style

Tone
Response 

format

Audience



Coding Translation and Generation
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A user friendly dashboard to generate code conversion



Economics and Statistics AI journey
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First steps towards automatic conversions
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A tough question? ..
Suppose you’re on a game show, and you’re given the choice of three doors: Behind 
one door is a gold bar; behind the others, rotten vegetables. You pick a door, say 
No. 1, and the host asks you “Do you want to pick door No. 2 instead?” Is it to your 
advantage to switch your choice? (Posed on March 10th to chatGPT.)

Yes! It is to your advantage to switch doors. This is a version of the Monty Hall 
problem, a famous probability puzzle.
Why Switching Increases Your Chances of Winning:
Initial Probability:

When you first pick door No. 1, there’s a 1/3 chance that the gold bar is behind 
it.
That means there’s a 2/3 chance that the gold bar is behind one of the other 
two doors.
If you stay with your first choice, you win only 1/3 of the time.
If you switch, you win 2/3 of the time.
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Its tough answer

What the Host’s Offer Means:
The host knows where the gold bar is.
By offering to let you switch to door No. 2, the host is essentially giving you a 
second chance.
Since the host wouldn't offer a switch to a door hiding rotten vegetables (if you 
originally chose the gold bar), switching effectively gives you a 2/3 chance of 
winning.  (?What is this assumption?)

Mathematical Explanation:
If you stay with your first choice, you win only 1/3 of the time.
If you switch, you win 2/3 of the time. (don’t try to fool me !!)

Conclusion: Always Switch!
By switching, you double your chances of winning the gold bar!
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Let’s ask something about inflation and 
recovery plans

text =" Could you explain the inflation determinant during 
the recent pandemics? «
text +=  "Where would you set the output gap threshold to 
start reducing unemployment contributions«
print(prompt.format(text=text))
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Here we show the 1° answer with Llama3

A great question! During the recent pandemic, several factors contributed to the rise of inflation. As an economist, I'd 
like to highlight the following key determinants:

1. **Demand-pull inflation**: The unprecedented monetary and fiscal stimulus packages implemented by governments 
worldwide led to increased aggregate demand, which put upward pressure on prices.

2. **Supply-side shocks**: Disruptions to global supply chains, lockdowns, and social distancing measures caused 
shortages and price increases for essential goods and services.

3. **Commodity price shocks**: The pandemic's impact on international trade and logistics led to fluctuations in 
commodity prices, such as oil and food prices, which further fueled inflation.

4. **Expectations**: As consumers and businesses anticipated future price increases due to the uncertainty 
surrounding the pandemic, they adjusted their behavior accordingly, leading to self-reinforcing inflationary pressures.

To address these challenges, central banks and policymakers employed various tools, including interest rate 
adjustments, quantitative easing, and forward guidance.
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Here we show the 2° answer

Regarding your second question, setting the output gap threshold for reducing unemployment contributions depends 
on various factors, including the economy's specific circumstances, labor market conditions, and policy goals. A 
common approach is to use the NAIRU (Non-Accelerating Inflation Rate of Unemployment) or the equilibrium 
unemployment rate as a reference point.

In general, if the actual unemployment rate falls below the NAIRU, it may indicate that the labor market is overheated, 
and reducing unemployment benefits could help curb wage growth and maintain price stability. However, this decision 
should be made carefully, considering the potential consequences for vulnerable populations and the overall economic 
recovery.

Would you like me to elaborate on any of these points or discuss other related topics?
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Macroeconomics questions to Llama3 

The table provided shows economic data for the country of X1. The base year is year 1, and the GDP deflator in year 2 is 115. 

Year 1 Year 2

Nominal  GDP 800,000 1,035,000

Population 1,000 1,200

Calculate real GDP in country X1 in year 2. 
How would the change in real GDP from year 1 to year 2 affect the demand for money and the nominal interest rate in country 
X1?

messages = [    {"role": "system", "content": "You are a loyal economics chatbot who always responds correctly!"},    {"role": 
"user", "content": """You have a country A where the GDP has been 800,000 in year 1       and 1,035 in year 2. The population
has been 1,000 in year1 and 1,200 in year 2.           The GDP deflator has been 115 in year 2. Would you please compute the 
GDP in year 2?          How would the change in real GDP from year 1 to year 2           affect the demand for money and the 
nominal interest rate in country A?"""},]
prompt = pipeline.tokenizer.apply_chat_template( messages,  tokenize=False, add_generation_prompt=True)
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Macroeconomics answers from Llama3 

I'd be happy to help!
First, let's calculate the GDP in year 2:

GDP in year 2 = (Nominal GDP in year 2 / GDP Deflator in year 2) * 1000 (population in year 2)

GDP in year 2 = (1,035 / 115) * 1200
GDP in year 2 = 900,000

Now, let's calculate the change in real GDP from year 1 to year 2:

Real GDP in year 2 = GDP in year 2 - GDP in year 1
Real GDP in year 2 = 900,000 - 800,000
Real GDP in year 2 = 100,000

The increase in real GDP from year 1 to year 2 indicates an expansion in the economy.

Now, let's discuss how this change in real GDP would affect the demand for money and the nominal interest rate in country A:

1. Demand for Money: As the economy expands, people and businesses tend to hold more money to take advantage of new investment 
opportunities. This increases the demand for money, which can lead to an increase in the money supply. The central bank may respond by 
increasing the money supply to accommodate the increased demand, which can lead to a decrease in the nominal interest rate.

2. Nominal Interest Rate: As the demand for money increases, the nominal interest rate may decrease. This is because the central bank may reduce 
the interest rate to encourage borrowing and spending, which can help to further stimulate the economy.

In summary, the increase in real GDP from year 1 to year 2 would likely lead to an increase in the demand for money and a decrease in the nominal 
interest rate in country X1.
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Intermediation 
Layer

Retrieval-Augmented Generation (RAG):
a cheap avenue to increase our LLM knowledge
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Beyond feeding: let’s nurture our LLM
Nurturing is the sense of Retrieval Augmented Generation (RAG)

According to the TUB (Testo Unico Bancario), there are several indications that are indispensable to be present
in advertisements that report the interest rate or other costs related to the credit: a
1. The tasso d'interesse (interest rate) must be clearly and conspicuously displayed in a manner that is easy to understand.
2. The total cost of the credit, including any fees or commissions, must be disclosed.
3. The duration of the contract must be specified, if applicable. 
4. If the interest rate is variable, the criteria used to determine changes in the rate must be disclosed. 
5. The existence of any eventual servizi accessori (optional services) that are necessary to obtain the credit or to obtain it at the 

advertised conditions must be mentioned. 
6. If the credit is denominated in a foreign currency, an warning must be included regarding the fact that fluctuations in the 
exchange rate may affect the amount that the consumer must pay. 

It is important to note that these indications must be specified using an example that is representative of the conditions offered. 
Additionally, the Banca d'Italia may specify further details regarding the information that must be included in
advertisements through a decree.
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A RAG example with the Boletín Estadístico
A closed source from Google: NotebookLM
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A RAG example with the Boletín Estadístico
A closed source from Google: NotebookLM



Pipeline Structure

three step workflow decomposition:

1. Statement Identification which require a final rules verification;
2. Regulation resources retrieval for each one of the statement;
3. Generate an answer letter.

Spettabile
Banca d'Italia...

Original 
letter

Statement 
identification 

Statements 
information 

retrieval

LLM Generated answer

Cineca Legal RAG



34

What about Econometric models?
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Answer about Econometric Models



Concluding remarks
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Large Language Models have improved a lot in the last 12 months.

The dual nature of human intelligence imply that the abilities in 
language and basic arithmetic are governed by separate systems. 

What about LLM?

It’s likely that LLMs like ChatGPT or Llama emulate very well only
one of these systems, most probably the language abilities.
However, fluid intelligence, which is the peculiarity of human
intellect, functions independently. Despite their linguistic prowess,
LLMs appear a bit modest at math and hard sciences.
The next future might see a boosting in LLM fluid intelligence.



Thank you very much for your Attention.
Questions?

Muchas gracias por su atención. 
¿Preguntas? 
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Para mi corazón basta tu pecho, 
para tu libertad bastan mis alas. 

Desde mi boca llegará hasta el cielo 
lo que estaba dormido sobre tu alma. 
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Retrieval-Augmented Generation (RAG):
Speculative, Corrective & Self reflective
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