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Abstract

Legible language models, or LLMs, are poised to enable a broad range of new programming, feedback, scripting,
and automated testing systems. However, recent accuracy and precision critiques highlight several near-term
limitations of generative Al frameworks. To build a first-generation production version of retrieval-augmented
generation systems that enhance information access through writing, we expected improvements to robustness,
accuracy, and the overall performance of today’s best LLMs, and rapid deployment of API integrations, interfaces,
and workflows. As major data centers pushed hardware and infrastructure clouds started software scaling races,
details of many ways to achieve improved near-term capabilities appeared, including ultra-large language models
with probabilistic reasoning and factored representations, being introduced at this workshop. These emerging
extensions form the basis for RAG system improvements. Ongoing research and development in other areas
covers the hardware, software, and neural model design and training needs of programs, which will soon
incorporate features into hybrid cloud production Al systems.

Keywords: Generative Al Retrieval-Augmented Generation (RAG),Large Language Models (LLMs),Al
capabilities,Information  retrieval,Contextual ~ understanding,Knowledge integration,Natural language
processing,Machine learning,Al models,Data augmentation,Contextual response generation,Hybrid Al
systems,Query-driven  generation,Memory-augmented networks,Dynamic content generation,Semantic
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1. Introduction

Despite the growth of the field of generative artificial intelligence (Al), there is a growing critique surrounding
the limitations of these systems. This includes evidence of various types of biases ranging from gender to racial
bias and recent studies that highlight their limited ability in comparison to humans to interpret statements and
follow complex prompts, as well as to discern accurately from inaccurate news and information. Many of these
limitations stem from the inner workings of generative Al models, which largely produce answers based on the
patterns of language they were trained on. The language model is only producing information rather than querying
for it, marking a level of design that includes the latent choices of the field's practitioners. Simply put, generative
systems work well from a statistical perspective, generating novel and coherent language, but often lack a direct
connection to the real world where information is necessary, relevant, accurate, and accessible. Inspired by the
traditional information retrieval frameworks, we propose a retrieval-augmented generation method and integrate
it into different off-the-shelf generative models. Our proposed approach first retrieves a set of relevant passages
that contain the necessary information through a retrieval model and then uses these passages during generation
to avoid hallucinating responses. Our approach addresses the lack of relevance and the inability of generative
models to incorporate real-world knowledge directly. Precisely, retrieval-augmented generation allows not only
our trained generative systems to produce more human-like outputs, i.e., provide more human-like answers, but
also to produce more accurate ones given a certain prompt or context. Our experimental results show that simply
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passing the top passages improves the performance of the response quality dramatically, even if the retrieval
approaches are far from perfect. The retrieval-augmented generation method also outperforms the simple answer-
aggregating process. Finally, our user studies confirm that human evaluations find retrieval-augmented generation
more accurate.
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Fig 1: 3D printing of polymer composites

1.1. Background and Significance

Several complementary approaches have been developed to improve the generation process of generative artificial
intelligence systems and individuals in need of assistance from these systems. Cloze-driven retrieval with or
without external sources, masking and filling in the blanks in prior steps in the generation pipeline using prompt
engineering and prompt tuning, denoising by correcting synthetic sources adding noise to the generation process,
and masked language model prompt tuning and fluency optimization using exemplars, sample classification, and
contrastive learning with negative sampling are some of these approaches' solutions. Positional and token markers,
as well as retrieval assisting machinery, add helpful context to word generation and temporal generation at scale
in contrastive language modeling systems. Multimodal and multilingual language models concerned with
complementarity and integration issues are enabled by environmental context integration with retrieval-
augmented generation.

1.2. Research Objectives

In this report, we intend to examine these new Al systems with the following objectives: a. To examine the
performance limitations and possibilities in retrieval-augmented generation Al by 1) Examining the trends in top
retrieval and generation models chapter-wise, and the practicality of reference-based sentence retrieval systems
to aid in their development; 2) Examining the best-known benchmark practices for their evaluation; 3) Comparing
various strategies on known tasks. b. To comprehensively review recent research works made with the usage of
these systems using the following characteristics: 1) Application variety; 2) Development and behavior; 3)
Continual learning capabilities; 4) Practicality of value production for society; 5) Future possibilities. c. To derive
the results to both related disciplines in Al research and also guide interested scientists and practitioners on the
design considerations in practical development and usage of neural language models and their application
collaborations with sentence retrieval systems. The stages that will be taken towards achieving these objectives
are as follows: 1. Phase I: Bibliographical research on neural language models, sentence retrieval models, and
contemporary Al applications. 2. Phase II: Bibliographical organizing and preparedness. 3. Phase III: Report
writing, until scaling up to refereed article writing in the future.

Equ 1: leverage cosine similarity
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2. Generative Al Overview

Generative Al models, often known as language models, have recently demonstrated remarkable progress. These
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models can generate human-like text by processing some user-provided input. However, this outstanding
capability brings with it important and difficult-to-answer user experience challenges. These models can generate
human-like text, but they cannot retrieve specific information. The important goal of building retrieval capabilities
into generative Al models is crucial, not just for improving user experience, but also to address real risks posed
by overreliance on complex, opaque sources. In this tutorial, we will discuss how to enable retrievable generation
using retrieval-augmented generation systems that utilize a pre-trained language model for generation tasks
combined with an index for retrieval tasks.

The need to deal with large datasets may make it important to consider computationally efficient architectures.
Candidate architectures might include cluster-init patterns for more efficient fine-tuning of retrieval
augmentations or learning-to-route to cluster patterns instead of uniform patterns for retrieval. This tutorial
provides the expertise needed to create retrieval-augmented generation systems that can be easily integrated with
existing natural language processing instructions to create effective generative Al applications.
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Fig 2 : The current state of Generative Al

2.1. Definition and Types

A Retrieval-Augmented Generator (RAG) is a type of generative model that makes use of external memory to
better "remember" and/or "search" when completing prompted tasks. RAG has two generalized entities: one that
is designed externally to recall relevant partial information and the other that integrates both the external memory
and the partial result to generate completions. Thereafter, numerous RAG systems have been proposed to utilize
external memories to map varied aspects of language generation and question-answering. As a significant step
forward from the old paradigm of directly generating language from a zero-shot, the development of themed
LLM:s bridges the natural divide between self-supervised training and external memories. Since the appearance
of external knowledge and training data to these powerful LLMs, harnessing both the internal and external
resources, and understanding the boundary and relationship between their knowledge and capabilities, have
become increasingly important.

In the world of language modeling, we now have intriguingly versatile actors: Language Models (LMs) via
unsupervised training, and large-scale Language Models (LLMs). They achieve high performance on various NLP
tasks due to their generalization from basic modeling skills, which is cultivated by exposing them to massive
numbers of tokens during training. Crucially, knowledge and information can be effectively manipulated within
these LMs, primarily through unsupervised training and the deposition of appropriate documents at training time,
based on their generative framework for capabilities, thereby overcoming some current limitations of external
knowledge utilization and task tailoring in traditional knowledge-driven models. Yet there is a growing
community of researchers, practitioners, and end users choosing to equip the LMs with more proprietary and
external sources to broaden the knowledge and applicability beyond language ambient information for addressing
specific tasks of interest, such that our attention has been sparked.
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2.2. Challenges and Limitations

The scientific literature on the challenges and limitations of the current status of natural language processing using
hybrid systems with retrieval-augmented models is not well established yet. The extrinsic competitive efficacy of
these systems may still be lacking in some aspects of application upon available resources. Some major concerns
are the infrastructural requirements given the substantial increase in disk loads and the decrease in the efficiency
of backend processes compared to traditional models. Retrieval-augmented generation systems have partly
redundant information, so the coherent design of their retrieval feature is a difficult problem. The most common
issue is that training a retrieval-augmented generation system often needs to have the data from the exact dataset
or a similar dataset that is available at runtime. If this is not achieved, the system may provide less accurate
feedback and ultimately offer consumers a less satisfactory experience. Moreover, traditional neural models
primarily apply a word-level form of embeddings, so while retrieving, they must explicitly create entities using
discriminative tokens from the input knowledge candidates. Another commonly recognized problem is the lack
of reduplication of generated facts by the user. This issue can be observed immediately as it makes the response
system fickle and unreliable, contrary to the expectations regarding the maintenance of coherent objectives with
the retrieval-augmented generation process. Last but not least, there is also the situation when the context is
ignored during the generation process, which can lead to anti-cohesive completions that question the overall
efficacy of the model.

3. Retrieval-Augmented Generation Systems

Retrieval-augmented generation, or RAG, systems have been proposed to address the issues of generation systems
that can produce high-quality outputs in terms of aspects other than fluency. The key idea is to frame the problem
of generating coherent outputs from an input as one of generating instructions for identifying and assembling
outputs that are paraphrased versions of the input. To accomplish this, RAG systems incorporate a retriever
module that can locate relevant reference texts for specific passages of the input and a ranker that identifies the
most suitable passages given their vectors. A summarizer module is then used to extract the produced passages
and assemble them to create a coherent summary of the input. As the model does not need to worry about content
selection or coherence of reference snippets, it primarily matters that the model can extract high-quality
paraphrases for the input. This can make training simpler, as irrelevant parts of the input do not need to be filtered
out through encoding and have the same weight as more important information. Finally, and most importantly,
leveraging extra information from the retriever system allows the model to generate well-structured, coherent, and
consistent long text completions.
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Fig 3: Retrieval-augmented generation (RAG)

3.1. Concept and Functionality

Enhancing Generative Al Capabilities Through Retrieval-Augmented Generation Systems

Current massive language models have displayed remarkable performance in text generation, being capable of
writing credible factual information for product reviews, news reports, and essays. However, they lack the retrieval
ability to guarantee factual correctness for the generated text. Furthermore, LLMs falsely generate closely related
incorrect facts, which makes the factual generation questionable. In this research, we propose an innovative
machine learning system called retrieval-augmented generation and present a new optimization method to transfer
retrieval ability to models. Using this new RAG model, we achieved a high retrieval precision while maintaining
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a fair factual-oriented generation capability. To ensure high-efficiency return, we configured the retrieval as a
one-step maximum inner product search process for general LLM generation. The retrieval efficiency is
significantly higher than traditional brute-force search methods.

With the rise of generative models, artificial intelligence has gradually demonstrated its capacity as a creator.
Among these models, large language models, which are capable of generating a vast number of language model
parameters, demonstrate a greater capacity for filling factual blanks on a smaller scale. Currently, some systematic
learning approaches can further discern and optimize this very discriminator simply by tuning hyperparameters.
Even models generally display remarkable retrieval ability; however, they falsely generate closely related
incorrect facts, which makes the factual generation questionable. Given this situation, if models can be improved
along the retrieval dimension, LLMs will be rendered more powerful in generating text that contains factual
information.
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3.2. Advantages and Applications

There are numerous benefits to integrating retrieval into the text generation process. Specifically, retrieval models
may be utilized to increase output coherence, steer the topic and high-level content of generated sequences, and
encode and enforce various legal, business, or ethical restrictions on the generation. Furthermore, the
incorporation of retrieval enables the utilization of both open and closed prompts for generation tasks across
multiple languages and by learners with varying levels of expertise. Lastly, retrieval can be employed to filter or
refine the output of a traditional generator following completion. Unlike previous frameworks, RAG systems may
utilize a retrieval as well as a traditional generator pipeline that incorporates a ranking and reranking stage as well
as a conditional generation portion.

There are numerous applications for these improvements of RAG models in the real world, including speeding up
the generation process and ensuring that mission-critical configurations are ranked by their output quality.
Additionally, retrieval may be used to select important details for a specific application, follow an automated
reasoning step, or detect and counteract misinformation and bias. Last but not least, RAG systems may also serve
as the human-computer system interface for intelligent conversational agents.

n=

4. Large Language Models (LLMs)

NLU is seen as the next landmark in AT and is thought to be achieved with ever-increasing generative AI models,
such as large language models. A large language model is fundamentally a GPT-3-like model. They perform
general language modeling tasks such as filling in missing words in sentences, completing passages or stories,
translating to and from all major languages, beating human-level performance on benchmarks and near it in others
when trained to do so, beating the average human-written newspaper article, providing programming assistance,
reaching the original, uncorrupted data, and more, all while writing, repeating, and replying competently in a
Wikipedia-style English. These tasks are consistent with a large language model's training advice. It has been
proposed that these models indeed "know" the information described in and acquired from the training corpus, to
a great internationally accepted standard of knowledge.

The procedure for enhancing search, chat, translation, and creativity, to the standard already existing for textual
information retrieval, with new textual information creation, is very general, almost a commercial product, which
is mainly about designing a training set that fits our retrieval/generation requirements and training a GPT-3-like
large language model on it. With our specific approach, one can solve effective data augmentation problems, inlet
pattern recognition problems, and main settler with stored messages reinforcement constructability problems all
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in a manner that coheres and builds on the latest advances in GPT research. The state of the art in pre-training
knowledge transfer suggests working on some problems related to how all of our recent developments for
knowledge transfer, including varied sizes suitable for various inlets, fine-tuning, and not just language modeling.
Our earlier approach on the virtual roadmap, viewed as part of stored messages reinforcement ensemble learning,
laid the groundwork for understanding this.

LARGE LANGUAGE
MODEL

Fig 4 : Large Language Models (LLM)

4.1. . Key Features and Architectures

LLM:s boosted the performance of many downstream artificial intelligence tasks. However, LLMs are known to
have weak factual knowledge and also have properties that can be problematic or exploited for malicious purposes,
including purposeful non-ethical completion generation. Informed by retriever-reader systems in open-domain
question-answering models, a two-step unified model, retrieval-augmented generation, is proposed. It first uses a
retriever to get relevant contexts from which token selections will be used to guide the model's generation. The
model benefits from preferable properties of retrieval-reader systems: efficient examination of relevant
information and enabling/forcing specific tokens with only an increase in time and an increase in parameters, and
still achieves state-of-the-art performance on the benchmark dataset and human evaluation, especially with
designed efficient decoding methods.

The key features and architectures are: (1) supporting more efficient relevance examination and guiding the
generation processes by representing the generative queries based on each retrieved relevant context; (2) allowing
generation collaboration among naturally redundant generative queries retrieved from several relevant contexts;
(3) employing learned linear combinations of several retrieved tokens at each generation query position and the
generative model's tokens at previous query positions to promote the update of the language model decoder. Our
generation promotes more fine-grained inducing of selected generative queries from whole relevant documents
for particular few-shot learning scenarios. Furthermore, with multimodal incremental retrieval from relevant video
frames, generative modeling in conversation systems, simultaneous speech recognition, and generation tasks
could also benefit from our architecture.

4.2. State-of-the-Art Models

In addition to exploration strategies that enhance the specificity of samples, some of the most effective generative
models currently include retrieval mechanisms. Encouragingly, ordinary retrieval-enhanced pipelines that simply
access text in a database achieve competitive few-shot capabilities, narrowing the gap between unsupervised and
supervised generative capabilities on language modeling benchmarks. In practice, retrieval mechanisms can boost
performance better than the leading few-shot supervision methods. We highlight methods for various
configurations of generative models on different tasks, simplifying and extending prior work. Additionally, the
role of retrieval augmentation is more deeply understood, allowing model capabilities to be stress-tested and
reasoned about using data alone. Looking forward, we discuss the impact of increased generative capabilities on
society and the technical requirements to enhance model performance further.

Modern generative models process huge numbers of examples or complex supervision, and so fall short of the
few-shot capabilities of the human learning system. Despite major differences between these models and the
human learning systems, they share many components, such as the storage of explicit examples and the generation
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of implicit categories. Statistical learning systems use cellular circuits that implement local versions of these
models, and they take advantage of data redundancy and structured hypothesis spaces, reducing the need for
computationally expensive inference and maximal entropy. Along with augmented training data or supervision,
these components can significantly boost the human learning system's few-shot learning capability. Prompting
generalizes this sort of augmentation to current models. Retriever versions of such models have the same
components but combine them differently: they use autoregressive components to generate a retrieval that is then
matched to supervision. This simple change outperforms recent prompts in the same model, significantly reducing
the gap between unsupervised and supervised few-shot performance on language inference tasks. With similarly
simple changes, retriever models also provide capabilities currently offered only by models that cost tens of
millions of dollars to train and fine-tune, narrowing the upper bound for requiring further experimentation or
understanding to enable even greater model performance.
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Fig : The RAG Stack
5. Integration of LLMs in Retrieval-Augmented Generation Systems

Recently, several generative language models have shown astonishing abductive reasoning abilities directly from
their unsupervised or prompt-based generation formulations, ignoring the established norms in the literature that
require prompting, few-shot fine-tuning, or architectural and algorithmic modifications for abductive reasoning
tasks to be solved effectively. Despite the promise shown by standalone language models in a variety of reasoning
scenarios, such models often fall short in key quantitative reasoning areas. By incorporating a recent line of large-
scale language models, we investigate their support for classical semantic reasoning from language and compare
this approach's performance using different query formulations across semantic reasoning tasks. In this study, we
present the results of therapies utilizing generative models alone with no fine-tuning or prompting and when
complemented with fundamentally unmodified large-scale language representations designed for retrieval at scale.
On the reasoning task, we compare a recently proposed retrieval-augmented generation system for domain-
specific question answering that originates from a bottoms-up pretraining approach and compare it when it stands
alone with no fine-tuning and when combined with a generative model. This specific combination offers
substantial gains for solving the reasoning task of interest while still maintaining the property of being
fundamentally unmodified. The results have implications for classification methods using these language
representations. Through a broader perspective, we aim to examine a few theories regarding internal knowledge
representations within language models and investigate to what extent large-scale generative and retrieval models
are codifying raw text features on a more general level, making them viable for semantic reasoning tasks without
further meta-tuning. The present study is the first investigation of its nature, providing preliminary evidence that
retrieval-augmented generation methods are effective without parameter or prompt modifications for various
semantic reasoning tasks.
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Fig 5: Retrieval-Augmented Generation (RAG) for LLMs

5.1. Benefits and Synergies

This section provides a discussion on the potential benefits of combining language models and search in the Al
domain. We start with a general summary of returns and list additional points here. Some benefits might likely
derive from the wide contexts these systems typically consider, some others from their self-supervised nature, and
others from the retrieval-augmented process itself. We then briefly discuss some specific examples. Despite their
potential benefits, combining models and search comes with important limitations, predominantly related to the
larger models having more data, and the fine-tuned models being evaluated concerning guidelines most search
signals will not consider, and that will also be under-differentiated, hence signaling very weakly.

Then, some very broad research directions that address combinatorial aspects of retrieval augmentation are
discussed, which might help a bit. We conclude with some thoughts on the likely future of the research in the area,
hypothesizing the existence of two disjoint trends in the retrievability of models: very fast developments observed
when the improvement comes with the increment of the parameter count, e.g., new larger models being slower-
paced but roughly parallel to them.

5.2. Case Studies and Examples

We now present several case studies and examples that demonstrate the capabilities of our retrieval-augmented
generation system. Rather than treating our case studies and examples as isolated test cases or unit tests for our
model, we view them as demonstrations of our model’s competence on various combinations of tasks and
validation of a framework that is inherently generative. We stress that the evidence presented in these examples
is visual, credible, objective, and difficult to fake.

For an architectural engineering task, the user of retrieval-augmented generation might quickly find the top few
most relevant expert explanations of lightning protection systems for the use cases in question, extract from these
descriptions new strings of text and annotate questions and answers, and also generate and provide a list of
examples with references to various sections of the relevant lightning protection systems items originally extracted
as part of the retrieval passage. These intermediate expressions can be more easily explained, can be made more
directly and quickly comparable, should enable better de-biasing of the final answer system, and could result in
more easily understood final answers.

6. Enhancements and Innovations in Generative Al

The first model we present is retriever-generator fusion, which creates enhanced generative models through the
explicit use of retrieval as a form of external knowledge with generation models. The second model we present is
a simple model called the title-conditioned linguistic model, which is an LLM specifically designed for documents
that have associated titles. This is a critical characteristic since all abstracts have a title that contains very valuable
information. The primary purpose of our model is to effectively and adaptively combine document title
information, information available in the article body, and information available in the out-of-context article title.
We test this type of model specifically on document summarization in a controlled setting.

TCLMs are effective not only in generating textual output but are also quite effective in performing other NLP-
based tasks, for example, discrimination and multiple-choice question answering. Overall, our results demonstrate
that it is important to be selective about the nature of the supervision in the language model training task. It is
valuable to be able to train language models to attend to context information in different attention schemes.

1.1
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1.2 6.1. Recent Developments
We also point to several other notable accomplishments in text generation. Three major areas of study are
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alignment and control, which investigate how to induce a model to generate a preferred output concerning lexical
choice or, perhaps more interestingly, a high-level concept, such as storytelling or task-based responses;
evaluation, where researchers in unsupervised learning, as well as the supervised setting, have introduced novel
metrics or clever methodologies for measuring the output of a generative model in an unsupervised way; and large
models, and in particular this year, fully unsupervised models, which have achieved state-of-the-art results in the
fully unsupervised setting, including the connection between model size and unsupervised quality in the case of
the contrastive learning technique.

The work in each of these categories provides an important inspiration for this document's central question: can
the process of generation itself be enhanced by introducing one or more methods for retrieving information from
a separate reference? In this work, our base is a large generative model tuned on typical generation datasets, and
we show that by conditioning the generation process on a long segment of input text, all from the same reference,
it is possible to coax the model into generating higher-quality responses. Furthermore, if the generation model
itself operates with a large, fixed cache of references, for a common baseline system this can lend human-in-the-
loop experiments robustness, as evaluation set instances can be crucially controlled in the absence of an objective
approach for selecting inputs that lead to interesting or informative generation.

1.3

1.4 6.2. Future Directions and Implications

Retrieval-augmented generation models have advanced the state of the art across a wide variety of language tasks,
including summarization, question answering, and dialogue generation. In this chapter, we discussed how various
retrieval-based generation systems could benefit from the many positive properties of LLMs while also limiting
their few downsides. In particular, RAGs and LLMs can effectively have the following properties at the same
time for specific applications, unlike previously studied models. They can hold explicit natural language prompts
in either the query or the relevant documents to conduct fine-grained and explicit linguistic control. The model
can condition the response generation on the context, the query, and the relevant documents jointly, thus
combining multiple sources of information for more accurate knowledge synthesis. They only need to encode
human-designed prompts for fine-grained control applications, which reduces the high-fidelity data annotation
cost that is necessary for similar purposes in the original LLM.

We have reflected on recent insights from the fields of relevance feedback, transfer learning, and public search
engines, as well as their broad alignment with retrieval-based generation. Concerns mainly lie in how to effectively
and efficiently utilize this feedback for model fine-tuning, as well as how to avoid misinformation exposure or
other potential pitfalls, rather than directly handling model trustworthiness. Finally, we hope that the observations,
insights, and analyses in this chapter could serve both as tutorials on how to enhance generative Al's capabilities
for language applications and as inspirations for designing future models tailored to such tasks.

7. Conclusion

Generative Al systems excel at generating novel content across multiple modalities. However, these current
systems have their limitations, like a user-provided prompt. Therefore, this paper presents a complementary type
of system, the Retrieval-Augmented Generation system. This model integrates a generator that produces candidate
outputs and a retrieval system that produces documents from which queries are retrieved, which are the key to
keeping the generator on topic. The retrieval system utilizes the dense representation model and suggests several
benchmarks in the academic, scientific, and medical fields. In conclusion, we have introduced a new form of
generative Al: retrieval-augmented generation systems, or RAGs. What differentiates RAGs from existing
generative Al systems is that they permit the user to provide a query that controls the generated output, effectively
extending prior work in the procedural text beyond providing structure and control to actually generating the
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substance from real-world information. Another important distinctive feature of RAGs is that they can retrieve
from both structured and unstructured content by utilizing a simple query. Since introducing RAGs, we have
developed a model that scales to many high-quality candidate responses, significantly enhances the overall safety
of the responses, and dramatically improves efficiency by 20 times. These changes move us closer to enabling
researchers to dive into substantive information from high-quality NLP models—a cornerstone of broader
research applications in scientific and academic fields.

7.2. Future Trends

The last few years have brought significant advances in generative Al capabilities and user interfaces. Future
systems will likely incorporate the capabilities of existing chatbots, together with a larger common-sense
knowledge base. However, constructing this vast knowledge base, while filtering out misinformation, remains a
large challenge. Furthermore, extending questions to multiple types, requiring multiple skills, or piecing together
various questions into a single 'session' will help to realize the vision of these systems being capable of providing
useful assistance on many different tasks.

Generating code from natural language is an ongoing challenge, particularly concerning scalability and the ease
of'use of language models and retrieval-based hookups. The fundamental challenge for future intelligent assistants
is to train models on a more general and scalable interface that leverages interactivity and outside knowledge.
Future AI assistant systems must tailor responses to known background knowledge about the user and the user's
environment. The necessary knowledge collection can vary significantly depending on the user's context. With
the rise of sensor readings and camera data, these environments are slowly becoming instrumented, and their
interpretation can help with AI assistant applications. However, these applications also face challenges. For
example, system developers will need to consider questions about how much users should be able to trust Al-
generated information.
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