2 hard things in computer science

2 hard things in computer science have long been recognized as fundamental challenges within
the field. These two difficult problems encapsulate the complexities and intricacies that computer
scientists face when designing systems and solving computational problems. Understanding these
issues is crucial for professionals and students alike, as they impact a wide range of applications
from distributed computing to cybersecurity. This article explores these two hard things in computer
science, providing a detailed examination of why they are so challenging, the implications they have
on technology development, and the ongoing efforts to address them. Readers will gain insight into
the nature of these problems and how they shape the landscape of modern computing. The
discussion will cover aspects such as concurrency, state consistency, fault tolerance, and the
inherent difficulties that arise from system complexity. Following this introduction, the article will
present a structured overview of the two major challenges, elaborating on their significance and
complexities.

¢ Distributed Consensus

¢ Security and Cryptography

Distributed Consensus

Distributed consensus is one of the 2 hard things in computer science that involves achieving
agreement among multiple computing nodes or processes in a distributed system. This problem
becomes increasingly complex as systems scale and operate over unreliable networks. The goal is to
ensure that despite failures and message delays, all non-faulty nodes agree on a single data value or
decision.

Challenges in Distributed Consensus

Reaching consensus in distributed systems faces several core challenges that make it particularly
difficult:

e Fault Tolerance: Nodes can fail or behave maliciously (Byzantine faults), requiring
algorithms to be resilient against various failure modes.

e Network Partitions: Communication delays or partitions can prevent nodes from exchanging
messages, complicating agreement.

¢ Asynchrony: There is often no global clock or guaranteed message delivery time, making
coordination harder.

¢ Scalability: Increasing the number of nodes adds overhead and complexity to the consensus
protocol.



Popular Consensus Algorithms

Researchers and engineers have developed several algorithms to tackle distributed consensus, each
with trade-offs and specific use cases:

e Paxos: A protocol designed to achieve consensus in asynchronous networks with crash
failures.

e Raft: An alternative to Paxos that emphasizes understandability and practical implementation.

¢ Practical Byzantine Fault Tolerance (PBFT): Handles consensus in the presence of
Byzantine faults.

Applications of Distributed Consensus

Distributed consensus is foundational to many critical systems, influencing areas such as:
e Blockchain and cryptocurrencies, ensuring agreement on transaction order.
« Distributed databases, for maintaining consistency across replicas.

e Cloud computing infrastructure, coordinating services across data centers.

Security and Cryptography

Security and cryptography represent another of the 2 hard things in computer science, centering on
protecting data integrity, confidentiality, and authenticity in the presence of adversaries. This
domain deals with complex mathematical problems and constantly evolving threats, requiring
innovative solutions to safeguard information and systems.

Cryptographic Challenges

The difficulties in security and cryptography arise from several fundamental issues:

e Mathematical Complexity: Designing cryptographic algorithms that are both secure and
efficient is mathematically demanding.

 Key Management: Safely generating, distributing, and storing cryptographic keys is critical
and difficult.

e Adversarial Models: Anticipating and defending against increasingly sophisticated attackers.



e Balancing Usability and Security: Ensuring systems remain user-friendly while maintaining
robust protection.

Core Areas in Cryptography

Within security and cryptography, several core areas present ongoing research and practical
challenges:

e Symmetric and Asymmetric Encryption: Techniques for encrypting data using shared or
public-private keys.

e Hash Functions: Ensuring data integrity and supporting digital signatures.
¢ Authentication Protocols: Verifying identities and establishing trust.

e Zero-Knowledge Proofs: Allowing one party to prove knowledge of information without
revealing it.

Implications for Computer Science

Security and cryptography underpin virtually all aspects of modern computing, impacting:

e Secure communications over the internet, such as HTTPS and VPNs.
e Data protection in cloud storage and databases.
e Authentication mechanisms for users and devices.

e Regulatory compliance and privacy-preserving technologies.

Frequently Asked Questions

What are considered the two hardest problems in computer
science?

The two hardest problems in computer science are often considered to be P vs NP and the Halting
Problem. P vs NP asks whether every problem whose solution can be quickly verified can also be
quickly solved, while the Halting Problem concerns whether it is possible to determine if any
arbitrary program will eventually halt or run forever.



Why is the P vs NP problem so difficult to solve?

The P vs NP problem is difficult because it involves understanding the fundamental limits of what
can be efficiently computed. Despite decades of research, no one has been able to prove definitively
whether P equals NP or not, making it one of the most important open problems in theoretical
computer science.

What is the significance of the Halting Problem in computer
science?

The Halting Problem is significant because it proved that there are limits to what computers can
compute. Alan Turing showed that it is impossible to create a program that can determine for all
other programs whether they will halt or run indefinitely, highlighting inherent undecidability in
computation.

How do these two problems impact practical computing?

Both problems influence theoretical foundations that underpin practical computing. Understanding
P vs NP affects cryptography, optimization, and algorithm design, while the Halting Problem informs
software verification and understanding the limits of automated program analysis.

Are there any partial solutions or approaches to the Halting
Problem?

While the Halting Problem is undecidable in general, there are partial solutions for specific cases or
restricted classes of programs. Tools such as static analyzers and model checkers can sometimes
determine termination for certain programs, but no universal solution exists.

What are some examples of problems related to P vs NP?

Examples include the Traveling Salesman Problem, Boolean satisfiability problem (SAT), and graph
coloring. These problems are NP-complete, meaning if any one of them can be solved efficiently,
then all problems in NP can be solved efficiently, which would imply P=NP.

How does understanding these two hard problems benefit
computer science students?

Studying these problems helps students grasp the theoretical limits of computation, develop critical
thinking skills, and appreciate the complexity behind algorithm design and computational theory. It
also prepares them to tackle real-world challenges in optimization, security, and software
development.

Additional Resources

1. “Computational Complexity: A Modern Approach” by Sanjeev Arora and Boaz Barak
This comprehensive textbook offers an in-depth exploration of computational complexity theory, one
of the fundamental hard problems in computer science. It covers both classical and modern topics,



including NP-completeness, interactive proofs, and quantum complexity. The book is well-suited for
graduate students and researchers interested in understanding why certain problems are inherently
difficult to solve efficiently.

2. “Introduction to the Theory of Computation” by Michael Sipser

Sipser’s book provides a clear and accessible introduction to formal languages, automata theory,
and computational complexity. It discusses the limits of computation and the classification of
problems based on their computational hardness. The text is widely used in computer science
courses and helps readers grasp the concept of hard computational problems like the Halting
Problem.

3. “Algorithms” by Robert Sedgewick and Kevin Wayne

This book introduces fundamental algorithms and data structures, emphasizing their practical
applications and inherent difficulties. It explores algorithmic challenges such as sorting, graph
problems, and NP-hard problems, providing insight into why some problems resist efficient
solutions. The authors also discuss the trade-offs in algorithm design, which is crucial for tackling
hard computational problems.

4. “Hardness of Approximation” by Luca Trevisan

Trevisan’s work focuses on the complexity of approximating solutions to optimization problems that
are otherwise hard to solve exactly. The book explains key concepts in approximation algorithms and
hardness results, showing why certain problems cannot be efficiently approximated within specific
bounds. It is essential reading for understanding the nuanced landscape between tractable and
intractable problems.

5. “The Art of Computer Programming” by Donald E. Knuth

Knuth’s multi-volume series is a classic reference that delves into algorithms, combinatorics, and the
mathematics underpinning computer science. It addresses difficult problems related to enumeration,
sorting, and searching, providing rigorous analysis and insights. The books help readers appreciate
the complexity and subtlety involved in designing efficient algorithms for hard problems.

6. “Computers and Intractability: A Guide to the Theory of NP-Completeness” by Michael R. Garey
and David S. Johnson

This seminal book is the definitive guide to NP-completeness, a central concept in understanding
hard problems in computer science. It systematically categorizes numerous problems proven to be
NP-complete and discusses the implications for algorithm design. The text remains a foundational
resource for anyone studying computational hardness.

7. “Quantum Computation and Quantum Information” by Michael A. Nielsen and Isaac L. Chuang
Nielsen and Chuang explore the emerging field of quantum computing, which offers new
perspectives on hard computational problems. The book covers quantum algorithms that can solve
certain problems more efficiently than classical counterparts, such as factoring integers. It also
discusses the theoretical limits and challenges of quantum computation, broadening the
understanding of computational hardness.

8. “Approximation Algorithms” by Vijay V. Vazirani

This book presents a thorough treatment of algorithms designed to find near-optimal solutions for
hard optimization problems. Vazirani explains techniques for tackling NP-hard problems where
exact solutions are computationally infeasible. The text balances theory and practical approaches,
providing tools to manage complexity in real-world scenarios.



9. “The Design and Analysis of Algorithms” by Dexter C. Kozen

Kozen’s book offers insights into algorithmic design principles and complexity analysis, focusing on
problems that are computationally difficult. It covers a range of topics including graph algorithms,
NP-completeness, and randomized algorithms. The approachable style makes it suitable for those
seeking to understand the challenges posed by hard problems in computer science.
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2 hard things in computer science: Learn Enough HTML, CSS and Layout to Be
Dangerous Lee Donahoe, Michael Hartl, 2022-07-27 All You Need to Know, and Nothing You Don't,
to Start Creating and Deploying Web Sites---In Full Color To design, build, and deploy modern
websites, you need three core skills: the ability to write and edit HTML, wield CSS to control page
design, and create efficient web layouts that serve users well. But you don't need to learn everything
about HTML, CSS and web layout, just how to use them efficiently to solve real problems. In Learn
Enough HTML, CSS and Layout to Be Dangerous, expert developer Lee Donahoe and renowned
instructor Michael Hartl teach the specific concepts, skills, and approaches you need to get the job
done. Even if you've never created a web page, the authors help you quickly build technical
sophistication and master the lore you need to succeed. Focused exercises help you internalize what
matters, without wasting time on details pros don't care about. Soon, it'll be like you were born
knowing this stuff--and you'll be suddenly, seriously dangerous. Learn enough about . . . Deploying a
simple but real website to the live Web right away Adding advanced styling to websites, including
CSS Flexbox and CSS Grid Installing and configuring Jekyll, a static site generator Getting started
with templating systems and programming languages Mastering key layout principles for web
design Registering and configuring custom domains, with custom URLs and email addresses
Receiving email at your domain with Google's G Suite Setting up analytics to better understand your
site's visitors Making all these technologies work well together Michael Hartl's Learn Enough series
includes books and video courses that focus on the most important parts of each subject, so you
don't have to learn everything to get started--you just have to learn enough to be dangerous and
solve technical problems yourself. Register your book for convenient access to downloads, updates,
and/or corrections as they become available. See inside book for details.

2 hard things in computer science: Mastering Python for Bioinformatics Ken
Youens-Clark, 2021-05-05 Life scientists today urgently need training in bioinformatics skills. Too
many bioinformatics programs are poorly written and barely maintained, usually by students and
researchers who've never learned basic programming skills. This practical guide shows postdoc
bioinformatics professionals and students how to exploit the best parts of Python to solve problems
in biology while creating documented, tested, reproducible software. Ken Youens-Clark, author of
Tiny Python Projects (Manning), demonstrates not only how to write effective Python code but also
how to use tests to write and refactor scientific programs. You'll learn the latest Python features and
tools including linters, formatters, type checkers, and tests to create documented and tested
programs. You'll also tackle 14 challenges in Rosalind, a problem-solving platform for learning
bioinformatics and programming. Create command-line Python programs to document and validate
parameters Write tests to verify refactor programs and confirm they're correct Address
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bioinformatics ideas using Python data structures and modules such as Biopython Create
reproducible shortcuts and workflows using makefiles Parse essential bioinformatics file formats
such as FASTA and FASTQ Find patterns of text using regular expressions Use higher-order
functions in Python like filter(), map(), and reduce()

2 hard things in computer science: ASP.NET Core 2 High Performance James Singleton,
2017-10-11 Learn how to develop web applications that deploy cross-platform and are optimized for
high performance using ASP.NET Core 2 About This Book Master high-level web app performance
improvement techniques using ASP.NET Core 2.0 Find the right balance between premature
optimization and inefficient code Design workflows that run asynchronously and are resilient to
transient performance issues Who This Book Is For This book is aimed for readers who can build a
web application and have some experience with ASP.NET or some other web application framework
(such as Ruby on Rails or Django). They can be people who are happy learning details independently
but who struggle to discover the topics that they should be researching. The reader should be
interested in improving the performance of their web app and in learning about ASP.NET Core and
modern C#. What You Will Learn Understand ASP.NET Core 2 and how it differs from its
predecessor Address performance issues at the early stages of development Set up development
environments on Windows, Mac, and Linux Measure, profile and find the most significant problems
Identify the differences between development workstations and production infrastructures, and how
these can exacerbate problems Boost the performance of your application but with an eye to how it
affects complexity and maintenance Explore a few cutting-edge techniques such as advanced
hashing and custom transports In Detail The ASP.NET Core 2 framework is used to develop
high-performance and cross-platform web applications. It is built on .NET Core 2 and includes
significantly more framework APIs than version 1. This book addresses high-level performance
improvement techniques. It starts by showing you how to locate and measure problems and then
shows you how to solve some of the most common ones. Next, it shows you how to get started with
ASP.NET Core 2 on Windows, Mac, Linux, and with Docker containers. The book illustrates what
problems can occur as latency increases when deploying to a cloud infrastructure. It also shows you
how to optimize C# code and choose the best data structures for the job. It covers new features in
C# 6 and 7, along with parallel programming and distributed architectures. By the end of this book,
you will be fixing latency issues and optimizing performance problems, but you will also know how
this affects the complexity and maintenance of your application. Finally, we will explore a few highly
advanced techniques for further optimization. Style and approach A step-by-step practical guide
filled with real-world use cases and examples

2 hard things in computer science: Fundamentals of DevOps and Software Delivery Yevgeniy
Brikman, 2025-05-20 This book is a guide to DevOps and software delivery: that is, a guide to the
numerous tools and techniques that are required to take that application code and run it and
maintain it in production, where it can generate value for your users and your company on an
ongoing basis. This includes going through all the modern practices for deploying applications and
microservices to the cloud, managing your infrastructure as code, automating your software delivery
lifecycle in a CI/CD pipeline, configuring networking, setting up data stores, and hooking up
monitoring.

2 hard things in computer science: Clean Apex Code Pablo Gonzalez, 2025-05-21 Many
developers excel at building solutions in Apex but lack formal training in the core principles of
professional software engineering. This book changes that and provides a no-nonsense guide for
experienced Salesforce developers ready to master the art of software design. Pragmatic,
approachable, and to the point, this book focuses on essential practices like modularity, coupling,
cohesion, and testing—not just to write better code, but to improve how teams deliver software. By
emphasizing object-oriented programming, dependency injection, and boundaries, it equips you to
design systems that are easier to maintain, test, and scale. With fast, reliable tests as a cornerstone,
you’ll learn how great design enables true continuous integration and high-performance software
delivery. Through actionable examples and clear explanations, you’ll learn how to design better




systems, reduce complexity, and create codebases that stand the test of time. If you're serious about
your craft, Clean Apex Code will give you the tools and mindset to think like a professional software
engineer and deliver software at a higher level. What You Will Learn Use better names in all
software constructs to improve readability and maintainability Apply core software design principles
to Apex development Embrace modularity, abstraction, and boundaries to simplify complex systems
Leverage dependency injection, and mocking to write fast, modular tests Practice real continuous
integration with reliable, high-speed testing Who This Book Is For Experienced Salesforce
developers and professional software engineers

2 hard things in computer science: Advanced R Hadley Wickham, 2015-09-15 An Essential
Reference for Intermediate and Advanced R Programmers Advanced R presents useful tools and
techniques for attacking many types of R programming problems, helping you avoid mistakes and
dead ends. With more than ten years of experience programming in R, the author illustrates the
elegance, beauty, and flexibility at the heart of R. The book develops the necessary skills to produce
quality code that can be used in a variety of circumstances. You will learn: The fundamentals of R,
including standard data types and functions Functional programming as a useful framework for
solving wide classes of problems The positives and negatives of metaprogramming How to write fast,
memory-efficient code This book not only helps current R users become R programmers but also
shows existing programmers what’s special about R. Intermediate R programmers can dive deeper
into R and learn new strategies for solving diverse problems while programmers from other
languages can learn the details of R and understand why R works the way it does.

2 hard things in computer science: Computer Science Education Research Sally Fincher,
Marian Petre, 2005-09-26 This book provides an overview of how to approach computer science
education research from a pragmatic perspective. It represents the diversity of traditions and
approaches inherent in this interdisciplinary area, while also providing a structure within which to
make sense of that diversity. It provides multiple 'entry points'- to literature, to me

2 hard things in computer science: Hello, Startup Yevgeniy Brikman, 2015-10-21 This book is
the Hello, World tutorial for building products, technologies, and teams in a startup environment.
It's based on the experiences of the author, Yevgeniy (Jim) Brikman, as well as interviews with
programmers from some of the most successful startups of the last decade, including Google,
Facebook, LinkedIn, Twitter, GitHub, Stripe, Instagram, AdMob, Pinterest, and many others. Hello,
Startup is a practical, how-to guide that consists of three parts: Products, Technologies, and Teams.
Although at its core, this is a book for programmers, by programmers, only Part II (Technologies) is
significantly technical, while the rest should be accessible to technical and non-technical audiences
alike. If you're at all interested in startups—whether you're a programmer at the beginning of your
career, a seasoned developer bored with large company politics, or a manager looking to motivate
your engineers—this book is for you.

2 hard things in computer science: Beginning Mobile Application Development in the
Cloud Richard Rodger, 2011-10-14 Learn how to build apps for mobile devices on Cloud platforms
The marketplace for apps is ever expanding, increasing the potential to make money. With this
guide, you'll learn how to build cross-platform applications for mobile devices that are supported by
the power of Cloud-based services such as Amazon Web Services. An introduction to Cloud-based
applications explains how to use HTMLS5 to create cross-platform mobile apps and then use Cloud
services to enhance those apps. You'll learn how to build your first app with HTML5 and set it up in
the Cloud, while also discovering how to use jQuery to your advantage. Highlights the skills and
knowledge you need to create successful apps for mobile devices with HTML5 Takes you through
the steps for building web applications for the iPhone and Android Details how to enhance your app
through faster launching, touch vs. click, storage capabilities, and a cache Looks at how best to use
JSON, FourSquare, jQuery, AJAX, and more Shares tips for creating hybrid apps that run natively If
you're interested in having your application be one of the 200,000+ apps featured in the iPhone
store or the 50,000+ in the Android store, then you need this book.

2 hard things in computer science: The Way of the Web Tester Jonathan Rasmusson,



2016-09-22 This book is for everyone who needs to test the web. As a tester, you'll automate your
tests. As a developer, you'll build more robust solutions. And as a team, you'll gain a vocabulary and
a means to coordinate how to write and organize automated tests for the web. Follow the testing
pyramid and level up your skills in user interface testing, integration testing, and unit testing. Your
new skills will free you up to do other, more important things while letting the computer do the one
thing it's really good at: quickly running thousands of repetitive tasks. This book shows you how to
do three things: How to write really good automated tests for the web. How to pick and choose the
right ones. * How to explain, coordinate, and share your efforts with others. If you're a traditional
software tester who has never written an automated test before, this is the perfect book for getting
started. Together, we'll go through everything you'll need to start writing your own tests. If you're a
developer, but haven't thought much about testing, this book will show you how to move fast without
breaking stuff. You'll test RESTful web services and legacy systems, and see how to organize your
tests. And if you're a team lead, this is the Rosetta Stone you've been looking for. This book will help
you bridge that testing gap between your developers and your testers by giving your team a model
to discuss automated testing, and most importantly, to coordinate their efforts. The Way of the Web
Tester is packed with cartoons, graphics, best practices, war stories, plenty of humor, and hands-on
tutorial exercises that will get you doing the right things, the right way.

2 hard things in computer science: Entity Framework Core in Action, Second Edition Jon
P Smith, 2021-07-13 The most comprehensive reference for EF Core that does—or ever will—exist. -
Stephen Byrne, Intel Corporation Entity Framework Core in Action, Second Edition teaches you to
write flawless database interactions for .NET applications. Summary Entity Framework Core in
Action, Second Edition is an in-depth guide to reading and writing databases with EF Core. Revised
from the bestselling original edition, it’s filled with over 100 diagrams, code snippets, and
examples—including building and scaling your own bookselling web application. Learn from author
Jon Smith’s extensive experience working with EF Core in production, as you discover time-saving
patterns and best practices for security, performance tuning, and unit testing. All of the book’s code
is available on GitHub. Purchase of the print book includes a free eBook in PDF, Kindle, and ePub
formats from Manning Publications. About the technology Entity Framework radically simplifies data
access in .NET applications. This easy-to-use object-relational mapper (ORM) lets you write database
code in pure C#. It automatically maps classes to database tables and enables queries with standard
LINQ commands. It even generates SQL, so you don’t have to! About the book Entity Framework
Core in Action, Second Edition teaches you to write flawless database interactions for .NET
applications. Following relevant examples from author Jon Smith’s extensive experience, you'll
progress quickly from EF basics to advanced techniques. In addition to the latest EF features, this
book addresses performance, security, refactoring, and unit testing. This updated edition also
contains new material on NoSQL databases. What's inside Configure EF to define every table and
column Update your schema as your app grows Integrating EF with existing C# application Write
and test business logic for database access Applying a Domain-Driven Design to EF Core Getting the
best performance out of EF Core About the reader For .NET developers familiar with relational
databases. About the author Jon P. Smith is a freelance software developer and architect with a
special focus on .NET and Azure. Table of Contents PART 1 1 Introduction to Entity Framework Core
2 Querying the database 3 Changing the database content 4 Using EF Core in business logic 5 Using
EF Core in ASP.NET Core web applications 6 Tips and techniques for reading and writing with EF
Core PART 2 7 Configuring nonrelational properties 8 Configuring relationships 9 Handling
database migrations 10 Configuring advanced features and handling concurrency conflicts 11 Going
deeper into the DbContext PART 3 12 Using entity events to solve business problems 13
Domain-Driven Design and other architectural approaches 14 EF Core performance tuning 15
Master class on performance-tuning database queries 16 Cosmos DB, CQRS, and other database
types 17 Unit testing EF Core applications

2 hard things in computer science: Using Asyncio in Python Caleb Hattingh, 2020-01-30 If
you're among the Python developers put off by asyncio’s complexity, it’s time to take another look.



Asyncio is complicated because it aims to solve problems in concurrent network programming for
both framework and end-user developers. The features you need to consider are a small subset of
the whole asyncio API, but picking out the right features is the tricky part. That’s where this
practical book comes in. Veteran Python developer Caleb Hattingh helps you gain a basic
understanding of asyncio’s building blocks—enough to get started writing simple event-based
programs. You'll learn why asyncio offers a safer alternative to preemptive multitasking (threading)
and how this API provides a simpleway to support thousands of simultaneous socket connections.
Get a critical comparison of asyncio and threading for concurrent network programming Take an
asyncio walk-through, including a quickstart guidefor hitting the ground looping with event-based
programming Learn the difference between asyncio features for end-user developers and those for
framework developers Understand asyncio’s new async/await language syntax, including coroutines
and task and future APIs Get detailed case studies (with code) of some popular asyncio-compatible
third-party libraries

2 hard things in computer science: Experimentology Michael C. Frank, Mika Braginsky,
Julie Cachia, Nicholas A. Coles, Tom E. Hardwicke, 2025-07-01 An engaging research methods text
integrating a classic approach to conducting experiments in psychology with open science practices
and values. How does a researcher run a high-quality psychology experiment? What time-tested
methods should be used, and how can more robust and accurate results be achieved? A dynamic
collaboration between groundbreaking cognitive scientist Michael Frank and a diverse cohort of
researchers innovating in the field—Mika Braginsky, Julie Cachia, Nicholas Coles, Tom Hardwicke,
Robert Hawkins, Maya Mathur, and Rondeline Williams—Experimentology introduces the art of the
modern psychological experiment with an emphasis on open science values of accessibility and
transparency. Experimentology follows the timeline of an experiment, with sections covering basic
foundations, planning, execution, data-gathering and analysis, and reporting. Narrative examples
from a range of subdisciplines, including cognitive, developmental, and social psychology, model
each component and account for the pitfalls that can undermine the reliability, validity, and
replicability of results. Through an embrace of open science strategies such as data sharing and
preregistration, Experimentology shows how the challenges of the replication crisis can be met
constructively and collaboratively. Written for a global audience, Experimentology updates a classic
research methods textbook with a new focus on ethics and the benefits of open science.

2 hard things in computer science: R Packages Hadley Wickham, 2015-03-26 Turn your R
code into packages that others can easily download and use. This practical book shows you how to
bundle reusable R functions, sample data, and documentation together by applying author Hadley
Wickham'’s package development philosophy. In the process, you'll work with devtools, roxygen, and
testthat, a set of R packages that automate common development tasks. Devtools encapsulates best
practices that Hadley has learned from years of working with this programming language. Ideal for
developers, data scientists, and programmers with various backgrounds, this book starts you with
the basics and shows you how to improve your package writing over time. You'll learn to focus on
what you want your package to do, rather than think about package structure. Learn about the most
useful components of an R package, including vignettes and unit tests Automate anything you can,
taking advantage of the years of development experience embodied in devtools Get tips on good
style, such as organizing functions into files Streamline your development process with devtools
Learn the best way to submit your package to the Comprehensive R Archive Network (CRAN) Learn
from a well-respected member of the R community who created 30 R packages, including ggplot2,
dplyr, and tidyr

2 hard things in computer science: System Design Basics Kai Turing, Al, 2025-01-13
System Design Basics offers a comprehensive exploration of creating robust, scalable software
systems capable of serving millions of users while maintaining optimal performance. The book
uniquely bridges theoretical knowledge with practical implementation, structuring its approach
around three fundamental pillars: architectural patterns, scalability principles, and distributed
systems fundamentals. Through a careful progression from basic concepts to advanced



implementations, it makes complex architectural patterns accessible to developers at all experience
levels. The book's journey begins with essential distributed systems concepts and the CAP theorem,
before advancing through scalability patterns and data management approaches. It examines
real-world applications through detailed case studies from major technology companies, providing
concrete examples rather than purely theoretical discussions. Particularly valuable are its practical
insights into designing e-commerce platforms and social media networks, complemented by
exercises and design problems that reinforce learning through hands-on application. What sets this
guide apart is its systematic approach to balancing technical requirements with business objectives,
supported by implementation examples and trade-off analyses. The content integrates principles
from multiple disciplines, including database management and cloud computing, while maintaining
accessibility through clear explanations and architectural diagrams. For software engineers and
system architects, it serves both as a comprehensive learning resource and a practical reference
guide, addressing current trends while emphasizing timeless design principles that remain relevant
regardless of specific technologies.

2 hard things in computer science: The Hard Thing About Hard Things Ben Horowitz,
2014-03-04 Ben Horowitz, cofounder of Andreessen Horowitz and one of Silicon Valley's most
respected and experienced entrepreneurs, offers essential advice on building and running a
startup—practical wisdom for managing the toughest problems business school doesn’t cover, based
on his popular ben’s blog. While many people talk about how great it is to start a business, very few
are honest about how difficult it is to run one. Ben Horowitz analyzes the problems that confront
leaders every day, sharing the insights he’s gained developing, managing, selling, buying, investing
in, and supervising technology companies. A lifelong rap fanatic, he amplifies business lessons with
lyrics from his favorite songs, telling it straight about everything from firing friends to poaching
competitors, cultivating and sustaining a CEO mentality to knowing the right time to cash in. Filled
with his trademark humor and straight talk, The Hard Thing About Hard Things is invaluable for
veteran entrepreneurs as well as those aspiring to their own new ventures, drawing from Horowitz's
personal and often humbling experiences.

2 hard things in computer science: Second International Handbook of Mathematics
Education Alan Bishop, M.A. (Ken) Clements, Christine Keitel-Kreidt, Jeremy Kilpatrick, Frederick
Koon-Shing Leung, 2012-02-02 ALAN 1. BISHOP The first International Handbook on Mathematics
Education was published by Kluwer Academic Publishers in 1996. However, most of the writing for
that handbook was done in 1995 and generally reflected the main research and development foci
prior to 1994. There were four sections, 36 chapters, and some 150 people contributed to the final
volume either as author, reviewer, editor, or critical friend. The task was a monumental one,
attempting to cover the major research and practice developments in the international field of
mathematics education as it appeared to the contributors in 1995. Inevitably there were certain
omissions, some developments were only starting to emerge, and some literatures were only sketchy
and speculative. However that Handbook has had to be reprinted three times, so it clearly fulfilled a
need and I personally hope that it lived up to what I wrote in its Introduction: The Handbook thus
attempts not merely to present a description of the international 'state-of-the-field', but also to offer
synthetic and reflective overviews on the different directions being taken by the field, on the gaps
existing in our present knowledge, on the current problems being faced, and on the future
possibilities for development. (Bishop et al. , 1996) Since that time there has been even more
activity in our field, and now seems a good time to take stock again, to reflect on what has happened
since 1995, and to create a second Handbook with the same overall goals.

2 hard things in computer science: ASP.NET Core 1.0 High Performance James Singleton,
2016-06-27 Create fast, scalable, and high performance applications with C#, ASP.NET Core 1.0,
and MVC 6 About This Book Learn the importance of measuring, profiling, and locating the most
impactful problems Discover the common areas you might encounter performance problems and
areas you don't need to worry about Understand the differences between development workstations
and production infrastructure and how these can amplify problems Design workflows that run




asynchronously and are resilient to transient performance issues Who This Book Is For This book is
for ASP.NET and C# developers who have experience with the MVC framework for web application
development and are looking to deploy applications that will perform well in live production
environments. These could be virtual machines or hosted by a cloud service provider such as AWS or
Azure. What You Will Learn Why performance matters and when it should be considered Use
different tools to measure performance Spot common performance issues, their root causes, and
how to easily mitigate them Improve performance at the network level and I/O level, and how to
optimize the application as a whole Work with caching and message queuing tools, including
patterns and strategies Discover the dark side of performance improvement and find out how to
manage complexity Monitor performance as part of continuous integration and regression testing
Assess and solve performance issues with other advanced technologies In Detail ASP.NET Core is
the new, open source, and cross-platform, web-application framework from Microsoft. It's a stripped
down version of ASP.NET that's lightweight and fast. This book will show you how to make your web
apps deliver high performance when using it. We'll address many performance improvement
techniques from both a general web standpoint and from a C#, ASP.NET Core, and .NET Core
perspective. This includes delving into the latest frameworks and demonstrating software design
patterns that improve performance. We will highlight common performance pitfalls, which can often
occur unnoticed on developer workstations, along with strategies to detect and resolve these issues
early. By understanding and addressing challenges upfront, you can avoid nasty surprises when it
comes to deployment time. We will introduce performance improvements along with the trade-offs
that they entail. We will strike a balance between premature optimization and inefficient code by
taking a scientific- and evidence-based approach. We'll remain pragmatic by focusing on the big
problems. By reading this book, you'll learn what problems can occur when web applications are
deployed at scale and know how to avoid or mitigate these issues. You'll gain experience of how to
write high-performance applications without having to learn about issues the hard way. You'll see
what's new in ASP.NET Core, why it's been rebuilt from the ground up, and what this means for
performance. You will understand how you can now develop on and deploy to Windows, Mac OS X,
and Linux using cross-platform tools, such as Visual Studio Code. Style and approach Starting with a
drill down into the nuts and bolts of various performance parameters, you will get an understanding
of the ASP.NET MVC 6 framework with the help of rich code-based examples that will equip you to
build highly scalable and optimized applications.

2 hard things in computer science: A Functional Approach to Java Ben Weidig, 2023-05-09
Java developers usually tackle the complexity of software development through object-oriented
programming (OOP). But not every problem is a good match for OOP. The functional programming
(FP) paradigm offers you another approach to solving problems, and Java provides easy-to-grasp FP
tools such as lambda expressions and Streams. If you're interested in applying FP concepts to your
Java code, this book is for you. Author Ben Weidig highlights different aspects of functional
programming and shows you how to incorporate them into your code without going fully functional.
You'll learn how, when, and why to use FP concepts such as immutability and pure functions to write
more concise, reasonable, and future-proof code. Many developers seek to expand their horizons by
using OOP and FP together. It's no longer either-or; it's both. In this book, you will: Get a high-level
overview of functional programming, including the types already available to Java developers
Explore different FP concepts and learn how to use them Learn how to augment your code and use
Java's new functional features in your daily work without going fully functional Develop a functional
mindset and improve your programming skills regardless of language or paradigm

2 hard things in computer science: Google Cloud Certified Associate Cloud Engineer
Study Guide Dan Sullivan, 2023-02-02 Quickly and efficiently prepare for the Google Associate
Cloud Engineer certification with the proven Sybex method In the newly updated Second Edition of
Google Cloud Certified Associate Cloud Engineer Study Guide, expert engineer and tech educator
Dan Sullivan delivers an essential handbook for anyone preparing for the challenging Associate
Cloud Engineer exam offered by Google and for those seeking to upgrade their Google Cloud



engineering skillset. The book provides readers with coverage of every domain and competency
tested by the Associate Cloud Engineer exam, including how to select the right Google compute
service from the wide variety of choices, how to choose the best storage option for your services,
and how to implement appropriate security controls and network functionality. This guide also
offers: A strong emphasis on transforming readers into competent, job-ready applicants, with a focus
on building skills in high demand by contemporary employers Concrete test-taking strategies,
techniques, and tips to help readers conquer exam anxiety Complimentary access to a
comprehensive online learning environment, complete with practice tests A must-have resource for
practicing and aspiring Google Cloud engineers, Google Cloud Certified Associate Cloud Engineer
Study Guide allows you to prepare for this challenging certification efficiently and completely.
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