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INntroduction

The journey from information to knowledge has been significantly
shortened with the evolution of intelligent search technologies. From
basic keyword searches to advanced cognitive & multi-modality
sedrch, the ability to access relevant information quickly has
transformed how organizations operate.

This whitepaper delves into the various stages of this evolution,
highlighting the improvements in time to knowledge and covers AWS’s

Innovation in Intelligent Search




The Dawn of
Seadrch

Keyword Search

Keyword search is the most basic form of
sedrch technology. It relies on matching the
exact words or phrases used in a query with
those found in documents or databases.
There's no understanding of context, synonymes,
or related terms. The search engine simply
looks for exact matches and returns results

based on those matches.

Key Features

Speed

Initially, keyword search was seen as a quick way
to find information. However, the lack of
contextual understanding often led to a large
number of irrelevant results.

Relevance

The results were often filled with false positives or
negatives, requiring users to manually sift
through them to find the desired information.

3 Efficiency

The lack of filtering and ranking mechanisms
meant that users had to spend significant time
sorting through results, leading to delays in
accessing the right information.
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Limitations

] Lack of Context

Keyword search does not understand the meaning
behind words or the intent of the user. A query for
‘apple” might return results related to both the fruit
and the tech company, without distinguishing
between the two.

Synonyms and Variations

Without understanding synonyms or variations of
a term, keyword search can miss relevant
information. For example, a search for "automobile’
might not include results for “car” or "vehicle.”

Language Sensitivity

Keyword search is sensitive to the exact wording
and language used, leading to potential barriers
for non-native speakers or those using different
terminology.
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Information Retrieval

IR is based on a staticstical measure called Term
Frequency-Inverse Document Frequency (TF-IDF)
used to valuate the importance of a word in @
document relative to collection of documents,
known as a corpus. It's a significant advancement
from keyword search, introducing a more

nuanced way to rank and retrieve documents.

Key Features Limitations

Relevance ]

By considering both the frequency and
uniqueness of terms, TF-IDF provides more
relevant results compared to simple keyword
search.

Efficiency

The statistical ranking helps users find the
desired information more quickly, reducing the
time spent sifting through irrelevant results.

3 Precision

TF-IDF allows for a more precise understanding of
the importance of terms, leading to more
accurate retrieval of information.

Lack of Semantic
Understanding

While TF-IDF improves relevance, it still doesn't

understand the meaning behind words or the
relationships between them.

Dependence on Corpus

The effectiveness of TF-IDF depends on the quality
and diversity of the corpus. A poorly constructed
corpus can lead to skewed results.

Challenges with Complex
Queries

TF-IDF may struggle with complex queries that
require understanding of context, synonymes, or
user intent.



The Rise Of
Seadrch

Semantic & Factoid Search

Semantic search goes beyond Information Retrieveal
(IR) search to understand the meaning, context, and
iIntent behind a search query. It uses natural language
processing (NLP), ontologies, and other techniques to
interpret queries in a way that's closer to human

understanding.

Factoid or reasoning based search takes semantic
understanding a step further by answering specific
questions and reasoning based on the information
available. It can provide direct answers to queries and

engage in more interactive and intelligent search

experiences.




Key Features

| Relevance 2 User Intent
By understanding context and By recognizing user intent, semantic
synonyms, semantic search provides sedrch can provide more targeted
more relevant results, reducing the results, further improving efficiency.

time to find the desired information.

3 Direct Answers 4 \nteractive Experience
By providing direct answers to Allowing users to engage in ad more
specific questions, this approach iInteractive search experience, asking
further reduces the time to access follow-up questions and receiving

iInformation. detailed responses.




Limitations

] Ambiguity and Context
Challenges

Despite its ability to understand
context, semantic search may still
grapple with highly ambiguous queries
or nuanced meanings. Determining the
exact intent or meaning behind certain
phrases or words can be challenging.

3 Dependence on Quality
Data

Semantic search relies on high-quality,
structured data to interpret queries
effectively. Inconsistent or poor-quality
data can lead to incorrect
interpretations and less relevant
results, hindering the system'’s
effectiveness.

*) Language and

Domain Limitations

Semantic search often requires
customization to specific languages or
domains. This specificity can limit its
applicability across different linguistic
or subject matter areas, requiring
additional customization for each new
context.

Complex Queries
Handling

While designed to handle complex
queries, semantic search might
still struggle with certain intricate
or multifaceted queries that
require a deep understanding of
context, relationships between
concepts, or user intent.



Generative Cognitive g

Generative Cognitive Search represents a fusion of Cognitive or Neural Search with
Large Language Models (LLMs). It leverages artificial intelligence (Al), machine
learning (ML), natural language processing (NLP), neural networks, and LLMs to
provide personalized, contextually relevant results, and human-like interactions. This
approach combines the intelligent ranking, multimodal support, and personalization

of cognitive search with the conversational interfaces, scalable knowledge, and

creative capabilities of LLMs.

Key Features

: : Understandin
Near-Instant Conversational Personalized Complex 9
Access Interfaces Results Queries
Provides near-instant Enables engaging Offers tailored results Capable of
access to complex dialogues with the aligning with understanding
nformation. system. individual needs. nuanced queries
and providing
detailed responses.
Intelligent Human-Like Scalable Continuous
Ranking and Understanding @ Knowledge Learning
Relevance .
_ Understands and Accesses vast Continuously learns
Uses ML algorithms responds to queries amounts of and adapts to
to rank results based iIn a human-like iInformation across provide up-to-date
on relevance. manner. various topics. information.




Limitations

Dc_lta Bias and Ethical
Privacy Complex Considerations Dependence

Implementation system might on Quality Data

Ensuring privacy and __
iInherit biases present

security of user data

is a significant Building and in training data or The effectiveness of

concern. maintaining such algorithms, leading generative cognitive
advanced search to biased results. search relies on
systems can be high-quality,
complex and structured data.
resource-intensive. Inconsistent or

poor-quality data can
hinder performance.
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Multi-Modality
Search

Multi-modality search refers to the ability to search across various types of dataq,
Including text, images, audio, and videos. It represents a significant evolution in
enterprise intelligent search, allowing users to query and retrieve information from
diverse data sources. By integrating different modalities, it provides a more
comprehensive and enriched sedrch experience. It enhances the time to knowledge

by offering unified access, richer insights, and an enhanced user experience.



Key Features

Unified Access

Multi-modality search provides unified
access to various data types, reducing the
time to find relevant information across
different sources.

Richer Insights

By combining text, visual, and auditory dataq,
multi-modality search offers richer insights

and a more complete understanding of the
information.

Enhanced User Experience

It allows users to search using different
input methods, such as voice commands

or images, enhancing the user experience
and accessibility.

Cross-Modal Retrieval

Enables searching across different
modalities, such as retrieving images based
on text descriptions or finding text documents
related to a specific image.




Limitations

Complexity of Implementation

Building a multi-modality search system
requires expertise in various domains,
including NLP, computer vision, and audio
processing, making it complex to
implement.

Interoperability

Ensuring seamless interoperability between different
modalities and existing systems might require
significant customization and integration efforts.
Resource-Intensive: Multi-modality search can be
resource-intensive, requiring substantial
computational power and storage, especially for
high-resolution images and videos.

Multi-Modality search uses concepts
based on Generative Cognitive search
and thus inherits many of its limitations as
well.




AWS Innovations

In Intelligent Search

Large Language Models (LLMs) and
Generative Al technologies are
transforming the way enterprises solve

traditionally complex challenges related to

natural language processing and
understanding. Amazon Web Services
(AWS) offers a range of services and tools
that can be leveraged to enhance
enterprise search capabilities using these
technologies.
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One of the key AWS services In this context is Amazon Kendraq, a fully
managed service that provides out-of-the-lbox semantic search
capabilities for state-of-the-art ranking of documents and passages.
Amazon Kendra offers easy-to-use deep learning search models that
are pre-trained on 14 domains and do not require any machine
learning expertise. This makes it an ideal tool for implementing
Retrieval Augmented Generation (RAG) workflows, where the most
relevant content is retrieved from the enterprise knowledge base and
used as context for generating responses using LLMSs.



Another key AWS service Is Amazon SageMaker JumpStart, which
provides pre-trained language models that can be used to analyze
complex documents and provide summaries and answers to
questions. SageMaker JumpStart provides many pre-trained language
Mmodels called foundation models, which can be used for semantic
searching of large-scale data.

INn addition to these services, AWS also offers Amazon Bedrock and
Amazon Titan, which are designed to make it easier to build and scale
generative Al applications. These services will soon offer LLMs that can
be used to create more capable and compelling conversational Al
experiences for customer service applications, and improve employee
productivity through more intuitive and accurate responses.

A High-level Multi-Modality Search
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Conclusion

Generadtive Al technologies offer exciting possibilities for enhancing enterprise
sedrch. By improving query understanding, result ranking, and personalization,
these technologies can help businesses retrieve the right information more
efficiently and effectively. However, successful implementation requires careful
consideration of data quality, model training, and ethical and legal issues. By
addressing these considerations, businesses can harness the power of

generative Al to transform their enterprise search capabillities.

The evolution of search technologies has been a journey from simple keyword
matching to understanding the intent and context behind a query. AWS has kept
pace with these advancements, offering a suite of services that empower
developers to build sophisticated search applications. With the rise of large
language models and neural search, were entering a new era of search, and

AWS is well-positioned to lead the waly.
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