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Abstract

The search, as an indispensable mechanism for information retrieval, has experienced significant evolution over
the decades. This document chronicles the journey of search technologies from their inception, delving into their
architecture, innovations, and evaluations.

1 Introduction

Search engines have fundamentally transformed the way we access and consume information in the digital age. As
primary gateways to the vast expanse of the internet, they have continually evolved to cater to ever-growing user
needs. This document aims to provide a concise overview of the historical evolution of search engines, delve into
the typical architecture that powers modern search platforms, and explore the intricate methods employed in their
evaluation.

2 The Genesis of Search

2.1 1970s: Unix Full-text Search - Laying the Groundwork

Before the advent of dedicated search engines, the early 1970s witnessed the rise of Unix full-text search tools,
pivotal precursors to modern searching. Pioneered by Ken Thompson, tools like grep (short for ”global regular
expression print”) became instrumental in searching through vast amounts of text using regular expressions. Udi
Manber further advanced the realm of text searching in Unix, contributing significantly to the development of more
sophisticated search algorithms. These foundational tools and techniques within Unix set the stage for the evolution
of intricate search mechanisms that-would later revolutionize the digital world.

2.2 1970s-1980s: Expert Systems and Information Retrieval: The Academic Pursuit

The late 1970s and throughout the 1980s marked a period of burgeoning academic interest in information retrieval.
Universities around the world began to delve into the development of expert systems. These computer systems,
designed to emulate the decision-making abilities of a human expert, were constructed upon intricate rule-based
mechanisms to search databases and retrieve pertinent information. Pioneers like Edward Feigenbaum of Stanford,
known as the ”father of expert systems”, and Raj Reddy from Carnegie Mellon, who made significant contributions
to computer science and artificial intelligence, were instrumental in these efforts. Institutions like MIT, Stanford, and
Carnegie Mellon became epicenters for these advancements, striving to merge human expertise with computational
prowess. These foundational ventures laid the groundwork for many of the algorithms and methodologies emblematic
of today’s search engines.

2.3 1990: Archie — The Forerunner of Modern Search Engines

In the early days of the internet, the absence of a unified system for locating and retrieving files across FTP sites
posed a significant challenge. The inception of Archie by Alan Emtage at McGill University marked a revolutionary
step in addressing this challenge. Archie was more than just a database of FTP sites; it was the first attempt at
creating an index of the internet. By regularly collecting, indexing, and storing filenames from FTP sites, Archie
provided a rudimentary search capability, allowing users to locate files based on their names.



While Archie might seem primitive by today’s standards, its significance lies in introducing the concept of
automated data gathering and indexing on the internet. This methodology of crawling, indexing, and searching set
the foundation for future search engines that would crawl and index web pages. As such, Archie can be viewed as
the first in a lineage of tools and technologies that evolved into the sophisticated search engines we use today.

2.4 1993: Veronica and Jughead — Advancing the Art of Search

In the wake of Archie’s pioneering efforts, two noteworthy tools emerged to further refine the landscape of early
internet search: Veronica and Jughead. Veronica brought a significant enhancement over Archie by not just indexing
FTP sites, but by venturing into the Gopher protocol. It indexed and searched file names as well as titles within
Gopher directory listings, expanding the scope of searchable content on the internet. Meanwhile, Jughead offered a
specialized approach, focusing on obtaining and categorizing menu information from specific Gopher servers. This
ability allowed users to navigate Gopher spaces more efficiently, acting as an early form of directory-based searching.
Together, Veronica and Jughead exemplified the next step in the evolution of search, introducing more structured
ways to catalog and retrieve information in an ever-growing digital realm.

2.5 1994: WebCrawler — Revolutionizing Search with Full-text Indexing

The early 1990s saw the internet transitioning from a collection of FTP and Gopher sites to a burgeoning network
of full-fledged web pages. This growth presented a new challenge: how to efficiently locate information within the
content of these pages, not just their titles or filenames.

Enter WebCrawler, a groundbreaking solution to this challenge. Developed by Brian Pinkerton at the Uni-
versity of Washington, WebCrawler distinguished itself in several pivotal ways:

1. Full-text Indexing: Unlike its predecessors, which primarily indexed file names, titles, or directory listings,
WebCrawler indexed the entire content of web pages. This allowed users to search for specific words or phrases
within the body of documents, drastically improving the accuracy and relevance of search results.

2. Comprehensive Crawling: WebCrawler introduced an automated system to navigate and index new web
pages, ensuring a more up-to-date and comprehensive search database. This ”crawling” system became a
staple for all subsequent search engines.

3. User-friendly Interface: WebCrawlerprovided an intuitive web-based interface, making it more accessible
to everyday users. This was a significant departure from earlier search tools that often required more technical
know-how.

The significance of WebCrawler’s advancements cannot be overstated. By introducing full-text search capability,
it set a new standard for search engine functionality, paving the way for the more sophisticated search engines that
would follow. It transformed the way users interacted with the vast expanse of information on the internet, ensuring
that relevant content was only a search query away.

2.6 1995: AltaVista — Advanced Searching

Introduced by researchers at Digital Equipment Corporation, AltaVista represented a significant leap forward in
the realm of search engine technology. Key innovations included:

e Natural Language Queries: Unlike its predecessors that relied primarily on exact keyword matching,
AltaVista could interpret and process queries phrased in natural language, making the search experience
more intuitive.

e User Interaction: AltaVista empowered users by allowing them to add or delete their own URLSs, encour-
aging a more collaborative and dynamic web indexing process.

e Robust Crawling with Scooter: Its multi-threaded crawler, Scooter, was designed to index a vast number
of webpages, surpassing the capabilities of earlier search engines. This ensured a more comprehensive search
database.

By introducing these advancements, AltaVista not only enhanced the accuracy and breadth of search results but
also cultivated a more user-centric approach to web searching.



2.7 1996: BackRub — The Precursor to Google

Developed by Stanford University students Larry Page and Sergey Brin, BackRub introduced a novel approach to
assessing the importance and relevance of web pages:

e Backlink Analysis: Instead of merely evaluating the content of a webpage, BackRub analyzed the ”back
links” pointing to it. This analysis provided insights into the number and quality of links, reflecting a page’s
significance and authority on the web.

This innovative approach to link analysis would eventually lay the groundwork for Google, setting the stage for a
new era of search predicated on the interconnectedness of the web.

2.8 1998: Google — Changing the Game

Launched in 1998, Google radically transformed the search engine landscape with its groundbreaking algorithm
and technological innovations:

e PageRank Algorithm: Building on the foundational concepts of BackRub, Google introduced the PageRank
system. It assessed both the number and the quality of links pointing to a webpage, assigning a relative
measure of its importance.

e Continual Refinements: Feedback from billions of users allowed Google to perpetually refine its algorithms,
ensuring increasingly relevant search results. This iterative improvement, coupled with a minimalistic user
interface, set Google apart from its competitors.

e Adoption of AI and Machine Learning: As the internet grew, Google started leveraging artificial intel-
ligence and machine learning to better understand user queries, enhancing the precision and personalization
of search results.

e Scaling Search Engine Infrastructure: Operating a search engine at Google’s scale posed immense algo-
rithmic challenges in data processing, storage, and retrieval. Google harnessed advancements in distributed
systems from the past decades, revolutionizing the domain. This not only enabled rapid indexing and searching
of the ever-growing internet but also ensured high availability and reliability.

e Innovations in Data Centers: Google redefined how data centers were designed and operated. By in-
novating in cooling, power efficiency, and server design, Google drastically reduced operational costs while
enhancing the reliability and performance of their systems.

Through a combination of algorithmic brilliance, infrastructure innovation, and a relentless focus on user experience,
Google redefined the standards of web search, shaping the way users interact with the vast expanse of information
online.

2.9 2000-2010: Learning to Rank, Semantic Search, and the Proliferation of Al

The turn of the millennium witnessed a rapid evolution in search engine technology, characterized by significant
advancements, increased competition, and the monetization of search results.

e RankNet and Bing: Microsoft’s Bing search engine introduced RankNet, marking the beginning of the
”learning to rank” era. This machine learning approach to ranking was revolutionary, setting the pace for
subsequent developments in search algorithms.

e Monetization and Ad Auctions: Search engines quickly became avenues for businesses to reach potential
customers. Google AdWords, Yahoo! Search Marketing, and Bing Ads introduced auction-based
keyword advertisements, transforming search results pages with sponsored links. This monetization strategy,
combined with display advertisements, generated substantial revenues, cementing the commercial importance
of search engines.

e Amazon’s Commerce Search: Amazon’s A9 attempted to unify search results but later focused on com-
merce search, tailoring results for shopping and introducing sponsored products. This move was in direct
competition with Google’s ventures into commerce search.



e Yahoo! and Lucene: Yahoo! played a pivotal role in open-sourcing Lucene, which later birthed Apache
Solr and Elasticsearch. Yahoo! also innovated with auction mechanisms in the digital advertisement space.

e Query Assistance: Recognizing the challenges users faced in formulating effective search queries, engines
introduced features like spell correction, auto-suggestion, and related searches. For commerce platforms, fea-
tures like left-hand side categories helped users refine their searches. These innovations significantly improved
user experience, guiding users to more relevant results.

e Diverse Search Modalities: Specialized search paradigms, such as image search, video search, and news
feed, emerged, spearheaded by giants like Google, Bing, and Yahoo!

e Mobile Search Revolution: The advent of iPhones and the subsequent proliferation of smartphones trans-
formed search interfaces. Optimizations for touch-based interactions, location-aware results, and the challenges
of mobile screen real estate became paramount.

This decade, rich in innovation and competition, paved the way for the modern era of search, where AI, mone-
tization strategies, and user experience converge to define the digital landscape.

2.10 2010-2020s and Today: The Age of Semantic Search and Al

Beyond mere keywords, modern search engines have grown adept at understanding context, intent, and semantics.
With AT and machine learning breakthroughs, today’s engines can interpret natural language queries, offer person-
alized results, and even predict user needs. As we generate and consume information at an unprecedented rate, the
relationship between users and search engines deepens, with Al continuing to shape our digital interactions.

3 Web Search Engine Architecture

Search engines are intricate systems designed to scour the vast expanse of the internet, identify relevant content,
and present it to users in a structured manner. The architecture of a typical search engine comprises several core
components, each serving a specific purpose:

3.1 Crawling and Data Ingestion

e Crawling and URL Frontier: At the heart of every search engine is a ’crawler’ or ’spider’. This automated
agent traverses the web, starting with a seed list of URLs. As it visits pages, it discovers new URLs by
following links, which are then added to a URL frontier—a dynamic list of URLs awaiting exploration.

3.2 Indexing Mechanism

e Parser and Content Extractor: After retrieving a web page, its content undergoes parsing. This step
involves stripping HTML tags; executing embedded JavaScript, and extracting the actual textual content
along with any metadata.

e Indexer: The clean content is passed to the indexer, which constructs an inverted index—a key data structure
enabling swift full-text searches. In this index, each unique term or word is associated with a list of documents
containing it.

e Storage and Compression: Indexes, raw pages, and parsed content necessitate efficient storage. Given the
sheer volume of data, search engines deploy distributed storage systems or specialized databases. Additionally,
compression techniques reduce the storage footprint, ensuring data is stored compactly.

e Updating Mechanism: The web is dynamic, with content continually added or modified. Search engines
must periodically update their indexes to reflect these changes, often in near real-time.

3.3 Multilayer Ranker in Web Search Engines

A multilayer ranker is an advanced system utilized by modern search engines to determine the relevance and order
of documents in response to a user’s query. This system typically operates in multiple stages or layers, with each
layer refining the results produced by the previous one. Here’s how a typical multilayer ranker works:



3.3.1 Initial Retrieval Layer
e At this foundational level, documents are fetched from the indexes based on the user’s query.

e Algorithms like BM25f or other low-latency machine-learned models rank these documents based on keyword
matches and basic relevance metrics.

e Only a subset (top n) of these documents, often numbering in the thousands, are passed on to the next layer
for further refinement. This ensures that subsequent, computationally-intensive processes only operate on a
manageable set of potentially relevant documents.

3.3.2 Learning-to-Rank Layer

e This layer employs sophisticated machine learning models, often deep neural networks or gradient-boosted
trees, to rerank the documents passed from the initial retrieval layer.

e The success of this layer heavily depends on the extraction of meaningful features from both the query and
the documents. Features can include term frequency, document length, keyword matches, semantic relevance,
and many others. These features aim to capture various aspects of relevance, ensuring that the final ranked
list aligns closely with the user’s intent.

e Training these models requires a robust machine learning platform and a comprehensive data platform to
store and process features.

3.3.3 Training and Data Preparation

e Training data for these models is often procured by collecting query-document pairs. These pairs are then
labeled for relevance either manually by human experts or automatically using direct user feedback (like clicks
or dwell time).

e A feature processing module operates on each query-document pair to generate a mathematical vector repre-
senting them. This transformation is vital to feed the data into machine learning models.

e It’s crucial to note that if training data is derived from user interactions with the current search engine, biases
can creep in. For instance, documents appearing at the top of search results are more likely to be clicked on,
introducing a position bias. Engineers must be vigilant about such biases and employ techniques to mitigate
them.

3.3.4 Bias Considerations

e Position bias is a prevalent concern, but there are other potential biases. These might stem from the search
engine’s current algorithms, user interface design, or even societal and cultural factors influencing user behav-
ior.

e Addressing these biases is crucial to ensure that the learning-to-rank models produce genuinely relevant results
and don’t merely perpetuate existing biases.

In essence, a multilayer ranker represents the blend of traditional information retrieval techniques with state-of-
the-art machine learning. By leveraging the strengths of both, search engines aim to deliver results that are both
relevant and personalized, enhancing the user’s search experience.

3.4 User Interaction

e User Interface and Frontend: This is the user’s entry point to the search engine. It accepts queries,
interacts with backend systems, and displays the results. Modern interfaces are optimized for various devices,
from desktops to mobile phones.

e Cache: To expedite responses for frequently posed queries, search engines utilize caching mechanisms. Before
engaging in extensive searching, the cache is consulted to determine if a recent result for the query exists.

e Feedback Loop: To perpetually enhance accuracy and relevance, search engines rely on feedback loops.
These systems monitor user interactions, such as clicked results, and harness this data to refine ranking
algorithms and understand user preferences.



3.5 Monetization and Ad Systems

e Advertisement Systems: The cost of operating a search engine is substantial. Most search engines, there-
fore, integrate ad systems. These systems select and display ads relevant to user queries. Through mechanisms
like auction-based keyword advertisements, search engines generate revenue by blending organic results with
sponsored content.

4 Search Engine Evaluation: Ensuring Quality and Fighting Biases

Search engine evaluation is a multifaceted endeavor, pivotal to ensuring the quality and reliability of search results.
With the ubiquity of the internet, misinformation and biases have become rampant, necessitating rigorous evaluation
processes to filter out untrustworthy content. Moreover, search engines constantly grapple with spamming entities
and firms that specialize in search engine optimization (SEO) to elevate websites to top positions, often for monetary
gains. This "SEO industry” has burgeoned into a billion-dollar market, making the evaluation process even more
challenging.

4.1 Striking a Balance: Revenue vs. User Satisfaction

Relevance in advertisements is another critical dimension of search engine evaluation. While ads are a primary
revenue stream for search engines, there’s a delicate balance to maintain. Overloading users with ads can lead
to irritation and potentially drive them away. On the other hand, under-serving ads or displaying irrelevant ones
can diminish revenue. Thus, the challenge lies in optimizing ad display to ensure user satisfaction while securing
consistent revenue.

4.2 Complexities in Label Generation and Judgments

Producing reliable labels for documents presents its own set of challenges. Human judgments, guided by extensive
instruction manuals sometimes spanning hundreds of pages, play a crucial role. These guidelines aim to ensure
consistency and accuracy in evaluations. However, while human judgments offer depth, they can’t scale to the
vastness of the web, leading to the incorporation of click-based feedback. In commerce-driven searches, clicks are
less of a focus than actual sales and generated revenue, adding another layer of complexity to evaluations.

4.3 Advanced Testing Mechanisms

A/B testing has become a cornerstone of search engine evaluation. By presenting different versions of a search
engine to different user groups, companies can gauge the efficacy of new features or algorithms. Google, among
other search giants, has pioneered sophisticated statistical methods to interpret the results of these tests, ensuring
that changes genuinely enhance the user experience. Furthermore, techniques like multi-armed bandits are employed
to adaptively optimize search results based on real-time feedback.

In conclusion, search engine evaluation is a dynamic and complex process. It’s a continuous battle against
misinformation, biases, and the ever-evolving tactics of SEO experts. Yet, it’s this rigorous evaluation that ensures
the trustworthiness and relevance of search results, making the internet a useful and safe space for billions worldwide.

5 Conclusion

The evolution of search engines is a testament to human ingenuity and our relentless pursuit of knowledge. From
rudimentary text searches in Unix systems to sophisticated Al-driven engines, the journey has been marked by
innovation and challenges. As we stand at the cusp of a new era with Large Language Models, the potential is vast.
However, it also beckons us to tread with caution, ensuring that our tools of information are unbiased, trustworthy,
and truly beneficial for all of humanity.



