
    Cookin' with Rust

This Rust Cookbook is a collection of
simple examples that demonstrate good practices to accomplish common
programming tasks, using the crates of the Rust ecosystem.

Read more about Rust Cookbook, including tips for
how to read the book, how to use the examples, and notes on conventions.

Contributing

This project is intended to be easy for new Rust programmers to
contribute to, and an easy way to get involved with the Rust
community. It needs and welcomes help. For details see
CONTRIBUTING.md.

{{#include algorithms.md}}

{{#include cli.md}}

{{#include compression.md}}

{{#include concurrency.md}}

{{#include cryptography.md}}

{{#include data_structures.md}}

{{#include database.md}}

{{#include datetime.md}}

{{#include development_tools.md}}

{{#include encoding.md}}

{{#include file.md}}

{{#include hardware.md}}

{{#include mem.md}}

{{#include net.md}}

{{#include os.md}}

{{#include science.md}}

{{#include text.md}}

{{#include web.md}}



    About "Cookin' with Rust"

Table of contents


	Who this book is for

	How to read this book

	How to use the recipes

	A note about error handling

	A note about crate representation



Who this book is for

This cookbook is intended for new Rust programmers, so that they may
quickly get an overview of the capabilities of the Rust crate
ecosystem. It is also intended for experienced Rust programmers, who
should find in the recipes an easy reminder of how to accomplish
common tasks.

How to read this book

The cookbook index contains the full list of recipes, organized into
a number of sections: "basics", "encoding", "concurrency", etc.  The
sections themselves are more or less ordered in progression, with
later sections being more advanced, and occasionally building on
concepts from earlier sections.

Within the index, each section contains a list of recipes. The recipes
are simple statements of a task to accomplish, like "generate random
numbers in a range"; and each recipe is tagged with badges indicating
which crates they use, like [![rand-badge]][rand], and which
categories on crates.io those crates belong to, like
[![cat-science-badge]][cat-science].

New Rust programmers should be comfortable reading from the first
section to the last, and doing so should give one a strong overview of
the crate ecosystem. Click on the section header in the index, or in
the sidebar to navigate to the page for that section of the book.

If you are simply looking for the solution to a simple task, the
cookbook is today more difficult to navigate. The easiest way to find
a specific recipe is to scan the index looking for the crates and
categories one is interested in. From there, click on the name of the
recipe to view it. This will improve in the future.

How to use the recipes

Recipes are designed to give you instant access to working code, along
with a full explanation of what it is doing, and to guide you to
further information.

All recipes in the cookbook are full, self contained programs, so
that they may be copied directly into your own projects for
experimentation. To do so follow the instructions below.

Consider this example for "generate random numbers within a range":

[![rand-badge]][rand] [![cat-science-badge]][cat-science]

use rand::Rng;

fn main() {
    let mut rng = rand::thread_rng();
    println!("Random f64: {}", rng.gen::<f64>());
}


To work with it locally we can run the following commands to create
a new cargo project, and change to that directory:

cargo new my-example --bin
cd my-example


Now, we also need to add the necessary crates to Cargo.toml, as
indicated by the crate badges, in this case just "rand". To do so,
we'll use the cargo add command, which is provided by the
cargo-edit crate, which we need to install first:

cargo install cargo-edit
cargo add rand


Now you can replace src/main.rs with the full contents of the
example and run it:

cargo run


The crate badges that accompany the examples link to the crates' full
documentation on docs.rs, and is often the next documentation you
should read after deciding which crate suites your purpose.

A note about error handling

Error handling in Rust is robust when done correctly, but in today's
Rust it requires a fair bit of boilerplate. Because of this one often
sees Rust examples filled with unwrap calls instead of proper error
handling.

Since these recipes are intended to be reused as-is and encourage best
practices, they set up error handling correctly when there are
Result types involved.

The basic pattern we use is to have a fn main() -> Result.

The structure generally looks like:

use error_chain::error_chain;
use std::net::IpAddr;
use std::str;

error_chain! {
    foreign_links {
        Utf8(std::str::Utf8Error);
        AddrParse(std::net::AddrParseError);
    }
}

fn main() -> Result<()> {
    let bytes = b"2001:db8::1";

    // Bytes to string.
    let s = str::from_utf8(bytes)?;

    // String to IP address.
    let addr: IpAddr = s.parse()?;

    println!("{:?}", addr);
    Ok(())
}



This is using the error_chain! macro to define a custom Error and
Result type, along with automatic conversions from two standard
library error types. The automatic conversions make the ? operator
work.

For the sake of readability error handling boilerplate is hidden by
default like below.  In order to read full contents click on the
"expand" () button located in the top
right corner of the snippet.

# use error_chain::error_chain;

use url::{Url, Position};
#
# error_chain! {
#     foreign_links {
#         UrlParse(url::ParseError);
#     }
# }

fn main() -> Result<()> {
    let parsed = Url::parse("https://httpbin.org/cookies/set?k2=v2&k1=v1")?;
    let cleaned: &str = &parsed[..Position::AfterPath];
    println!("cleaned: {}", cleaned);
    Ok(())
}


For more background on error handling in Rust, read this page of the
Rust book and this blog post.

A note about crate representation

This cookbook is intended eventually to provide expansive coverage of
the Rust crate ecosystem, but today is limited in scope while we get
it bootstrapped and work on the presentation. Hopefully, starting
from a small scope and slowly expanding will help the cookbook become
a high-quality resource sooner, and allow it to maintain consistent
quality levels as it grows.

At present the cookbook is focused on the standard library, and on
"core", or "foundational", crates—those crates that make up the most
common programming tasks, and that the rest of the ecosystem builds
off of.

The cookbook is closely tied to the Rust Libz Blitz, a project to
identify, and improve the quality of such crates, and so it largely
defers crate selection to that project. Any crates that have already
been evaluated as part of that process are in scope for the cookbook,
as are crates that are pending evaluation.
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    Algorithms

	Recipe	Crates	Categories

	Generate random numbers	[![rand-badge]][rand]	[![cat-science-badge]][cat-science]

	Generate random numbers within a range	[![rand-badge]][rand]	[![cat-science-badge]][cat-science]

	Generate random numbers with given distribution	[![rand-badge]][rand] [![rand_distr-badge]][rand_distr]	[![cat-science-badge]][cat-science]

	Generate random values of a custom type	[![rand-badge]][rand]	[![cat-science-badge]][cat-science]

	Create random passwords from a set of alphanumeric characters	[![rand-badge]][rand]	[![cat-os-badge]][cat-os]

	Create random passwords from a set of user-defined characters	[![rand-badge]][rand]	[![cat-os-badge]][cat-os]

	Sort a Vector of Integers	[![std-badge]][std]	[![cat-science-badge]][cat-science]

	Sort a Vector of Floats	[![std-badge]][std]	[![cat-science-badge]][cat-science]

	Sort a Vector of Structs	[![std-badge]][std]	[![cat-science-badge]][cat-science]
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    Generate Random Values

{{#include randomness/rand.md}}
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    Sorting Vectors

{{#include sorting/sort.md}}
{{#include sorting/sort_float.md}}
{{#include sorting/sort_struct.md}}
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    Command Line

	Recipe	Crates	Categories

	Parse command line arguments	[![clap-badge]][clap]	[![cat-command-line-badge]][cat-command-line]

	ANSI Terminal	[![ansi_term-badge]][ansi_term]	[![cat-command-line-badge]][cat-command-line]
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    Clap basic

{{#include arguments/clap-basic.md}}
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    ANSI Terminal

{{#include ansi_terminal/ansi_term-basic.md}}
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    Compression

	Recipe	Crates	Categories

	Decompress a tarball	[![flate2-badge]][flate2] [![tar-badge]][tar]	[![cat-compression-badge]][cat-compression]

	Compress a directory into a tarball	[![flate2-badge]][flate2] [![tar-badge]][tar]	[![cat-compression-badge]][cat-compression]

	Decompress a tarball while removing a prefix from the paths	[![flate2-badge]][flate2] [![tar-badge]][tar]	[![cat-compression-badge]][cat-compression]
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    Working with Tarballs

{{#include tar/tar-decompress.md}}

{{#include tar/tar-compress.md}}

{{#include tar/tar-strip-prefix.md}}
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    Concurrency

	Recipe	Crates	Categories

	Spawn a short-lived thread	[![crossbeam-badge]][crossbeam]	[![cat-concurrency-badge]][cat-concurrency]

	Create a parallel data pipeline	[![crossbeam-badge]][crossbeam]	[![cat-concurrency-badge]][cat-concurrency]

	Pass data between two threads	[![crossbeam-badge]][crossbeam]	[![cat-concurrency-badge]][cat-concurrency]

	Maintain global mutable state	[![lazy_static-badge]][lazy_static]	[![cat-rust-patterns-badge]][cat-rust-patterns]

	Calculate SHA1 sum of *.iso files concurrently	[![threadpool-badge]][threadpool] [![walkdir-badge]][walkdir] [![num_cpus-badge]][num_cpus] [![ring-badge]][ring]	[![cat-concurrency-badge]][cat-concurrency][![cat-filesystem-badge]][cat-filesystem]

	Draw fractal dispatching work to a thread pool	[![threadpool-badge]][threadpool] [![num-badge]][num] [![num_cpus-badge]][num_cpus] [![image-badge]][image]	[![cat-concurrency-badge]][cat-concurrency][![cat-science-badge]][cat-science][![cat-rendering-badge]][cat-rendering]

	Mutate the elements of an array in parallel	[![rayon-badge]][rayon]	[![cat-concurrency-badge]][cat-concurrency]

	Test in parallel if any or all elements of a collection match a given predicate	[![rayon-badge]][rayon]	[![cat-concurrency-badge]][cat-concurrency]

	Search items using given predicate in parallel	[![rayon-badge]][rayon]	[![cat-concurrency-badge]][cat-concurrency]

	Sort a vector in parallel	[![rayon-badge]][rayon] [![rand-badge]][rand]	[![cat-concurrency-badge]][cat-concurrency]

	Map-reduce in parallel	[![rayon-badge]][rayon]	[![cat-concurrency-badge]][cat-concurrency]

	Generate jpg thumbnails in parallel	[![rayon-badge]][rayon] [![glob-badge]][glob] [![image-badge]][image]	[![cat-concurrency-badge]][cat-concurrency][![cat-filesystem-badge]][cat-filesystem]
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    Threads
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    Parallel Tasks

{{#include parallel/rayon-iter-mut.md}}

{{#include parallel/rayon-any-all.md}}

{{#include parallel/rayon-parallel-search.md}}

{{#include parallel/rayon-parallel-sort.md}}

{{#include parallel/rayon-map-reduce.md}}

{{#include parallel/rayon-thumbnails.md}}

{{#include ../links.md}}



    Cryptography

	Recipe	Crates	Categories

	Calculate the SHA-256 digest of a file	[![ring-badge]][ring] [![data-encoding-badge]][data-encoding]	[![cat-cryptography-badge]][cat-cryptography]

	Sign and verify a message with an HMAC digest	[![ring-badge]][ring]	[![cat-cryptography-badge]][cat-cryptography]

	Salt and hash a password with PBKDF2	[![ring-badge]][ring] [![data-encoding-badge]][data-encoding]	[![cat-cryptography-badge]][cat-cryptography]



{{#include links.md}}



    Hashing

{{#include hashing/sha-digest.md}}

{{#include hashing/hmac.md}}
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    Encryption

{{#include encryption/pbkdf2.md}}
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    Data Structures

	Recipe	Crates	Categories

	Define and operate on a type represented as a bitfield	[![bitflags-badge]][bitflags]	[![cat-no-std-badge]][cat-no-std]
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    Custom

{{#include bitfield/bitfield.md}}
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    Database

	Recipe	Crates	Categories

	Create a SQLite database	[![rusqlite-badge]][rusqlite]	[![cat-database-badge]][cat-database]

	Insert and Query data	[![rusqlite-badge]][rusqlite]	[![cat-database-badge]][cat-database]

	Create tables in a Postgres database	[![postgres-badge]][postgres]	[![cat-database-badge]][cat-database]

	Insert and Query data	[![postgres-badge]][postgres]	[![cat-database-badge]][cat-database]

	Aggregate data	[![postgres-badge]][postgres]	[![cat-database-badge]][cat-database]
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    SQLite
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    Working with Postgres
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    Date and Time

	Recipe	Crates	Categories

	Measure elapsed time	[![std-badge]][std]	[![cat-time-badge]][cat-time]

	Perform checked date and time calculations	[![chrono-badge]][chrono]	[![cat-date-and-time-badge]][cat-date-and-time]

	Convert a local time to another timezone	[![chrono-badge]][chrono]	[![cat-date-and-time-badge]][cat-date-and-time]

	Examine the date and time	[![chrono-badge]][chrono]	[![cat-date-and-time-badge]][cat-date-and-time]

	Convert date to UNIX timestamp and vice versa	[![chrono-badge]][chrono]	[![cat-date-and-time-badge]][cat-date-and-time]

	Display formatted date and time	[![chrono-badge]][chrono]	[![cat-date-and-time-badge]][cat-date-and-time]

	Parse string into DateTime struct	[![chrono-badge]][chrono]	[![cat-date-and-time-badge]][cat-date-and-time]
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    Duration and Calculation

{{#include duration/profile.md}}

{{#include duration/checked.md}}

{{#include duration/timezone.md}}
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    Parsing and Displaying

{{#include parse/current.md}}

{{#include parse/timestamp.md}}

{{#include parse/format.md}}

{{#include parse/string.md}}
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    Development Tools

{{#include development_tools/debugging.md}}

Versioning

	Recipe	Crates	Categories

	Parse and increment a version string	[![semver-badge]][semver]	[![cat-config-badge]][cat-config]

	Parse a complex version string	[![semver-badge]][semver]	[![cat-config-badge]][cat-config]

	Check if given version is pre-release	[![semver-badge]][semver]	[![cat-config-badge]][cat-config]

	Find the latest version satisfying given range	[![semver-badge]][semver]	[![cat-config-badge]][cat-config]

	Check external command version for compatibility	[![semver-badge]][semver]	[![cat-text-processing-badge]][cat-text-processing] [![cat-os-badge]][cat-os]



Build Time

	Recipe	Crates	Categories

	Compile and link statically to a bundled C library	[![cc-badge]][cc]	[![cat-development-tools-badge]][cat-development-tools]

	Compile and link statically to a bundled C++ library	[![cc-badge]][cc]	[![cat-development-tools-badge]][cat-development-tools]

	Compile a C library while setting custom defines	[![cc-badge]][cc]	[![cat-development-tools-badge]][cat-development-tools]
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    Debugging

	Recipe	Crates	Categories

	Log a debug message to the console	[![log-badge]][log] [![env_logger-badge]][env_logger]	[![cat-debugging-badge]][cat-debugging]

	Log an error message to the console	[![log-badge]][log] [![env_logger-badge]][env_logger]	[![cat-debugging-badge]][cat-debugging]

	Log to stdout instead of stderr	[![log-badge]][log] [![env_logger-badge]][env_logger]	[![cat-debugging-badge]][cat-debugging]

	Log messages with a custom logger	[![log-badge]][log]	[![cat-debugging-badge]][cat-debugging]

	Log to the Unix syslog	[![log-badge]][log] [![syslog-badge]][syslog]	[![cat-debugging-badge]][cat-debugging]

	Enable log levels per module	[![log-badge]][log] [![env_logger-badge]][env_logger]	[![cat-debugging-badge]][cat-debugging]

	Use a custom environment variable to set up logging	[![log-badge]][log] [![env_logger-badge]][env_logger]	[![cat-debugging-badge]][cat-debugging]

	Include timestamp in log messages	[![log-badge]][log] [![env_logger-badge]][env_logger] [![chrono-badge]][chrono]	[![cat-debugging-badge]][cat-debugging]

	Log messages to a custom location	[![log-badge]][log] [![log4rs-badge]][log4rs]	[![cat-debugging-badge]][cat-debugging]
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    Log Messages

{{#include log/log-debug.md}}

{{#include log/log-error.md}}

{{#include log/log-stdout.md}}

{{#include log/log-custom-logger.md}}

{{#include log/log-syslog.md}}

{{#include ../../links.md}}



    Configure Logging

{{#include config_log/log-mod.md}}

{{#include config_log/log-env-variable.md}}

{{#include config_log/log-timestamp.md}}

{{#include config_log/log-custom.md}}
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    Versioning

{{#include versioning/semver-increment.md}}

{{#include versioning/semver-complex.md}}

{{#include versioning/semver-prerelease.md}}

{{#include versioning/semver-latest.md}}

{{#include versioning/semver-command.md}}
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    Build Time Tooling

This section covers "build-time" tooling, or code that is run prior to compiling a crate's source code.
Conventionally, build-time code lives in a build.rs file and is commonly referred to as a "build script".
Common use cases include rust code generation and compilation of bundled C/C++/asm code.
See crates.io's documentation on the matter for more information.

{{#include build_tools/cc-bundled-static.md}}
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    Encoding

	Recipe	Crates	Categories

	Percent-encode a string	[![percent-encoding-badge]][url]	[![cat-encoding-badge]][cat-encoding]

	Encode a string as application/x-www-form-urlencoded	[![url-badge]][url]	[![cat-encoding-badge]][cat-encoding]

	Encode and decode hex	[![data-encoding-badge]][data-encoding]	[![cat-encoding-badge]][cat-encoding]

	Encode and decode base64	[![base64-badge]][base64]	[![cat-encoding-badge]][cat-encoding]

	Read CSV records	[![csv-badge]][csv]	[![cat-encoding-badge]][cat-encoding]

	Read CSV records with different delimiter	[![csv-badge]][csv]	[![cat-encoding-badge]][cat-encoding]

	Filter CSV records matching a predicate	[![csv-badge]][csv]	[![cat-encoding-badge]][cat-encoding]

	Handle invalid CSV data with Serde	[![csv-badge]][csv] [![serde-badge]][serde]	[![cat-encoding-badge]][cat-encoding]

	Serialize records to CSV	[![csv-badge]][csv]	[![cat-encoding-badge]][cat-encoding]

	Serialize records to CSV using Serde	[![csv-badge]][csv] [![serde-badge]][serde]	[![cat-encoding-badge]][cat-encoding]

	Transform one column of a CSV file	[![csv-badge]][csv] [![serde-badge]][serde]	[![cat-encoding-badge]][cat-encoding]

	Serialize and deserialize unstructured JSON	[![serde-json-badge]][serde-json]	[![cat-encoding-badge]][cat-encoding]

	Deserialize a TOML configuration file	[![toml-badge]][toml]	[![cat-encoding-badge]][cat-encoding]

	Read and write integers in little-endian byte order	[![byteorder-badge]][byteorder]	[![cat-encoding-badge]][cat-encoding]
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    CSV processing

{{#include csv/read.md}}

{{#include csv/delimiter.md}}
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{{#include csv/invalid.md}}

{{#include csv/serialize.md}}

{{#include csv/serde-serialize.md}}

{{#include csv/transform.md}}
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    Structured Data

{{#include complex/json.md}}

{{#include complex/toml.md}}

{{#include complex/endian-byte.md}}
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    Error Handling

	Recipe	Crates	Categories

	Handle errors correctly in main	[![error-chain-badge]][error-chain]	[![cat-rust-patterns-badge]][cat-rust-patterns]

	Avoid discarding errors during error conversions	[![error-chain-badge]][error-chain]	[![cat-rust-patterns-badge]][cat-rust-patterns]

	Obtain backtrace of complex error scenarios	[![error-chain-badge]][error-chain]	[![cat-rust-patterns-badge]][cat-rust-patterns]
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    Error Handling

{{#include handle/main.md}}

{{#include handle/retain.md}}

{{#include handle/backtrace.md}}
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    File System

	Recipe	Crates	Categories

	Read lines of strings from a file	[![std-badge]][std]	[![cat-filesystem-badge]][cat-filesystem]

	Avoid writing and reading from a same file	[![same_file-badge]][same_file]	[![cat-filesystem-badge]][cat-filesystem]

	Access a file randomly using a memory map	[![memmap-badge]][memmap]	[![cat-filesystem-badge]][cat-filesystem]

	File names that have been modified in the last 24 hours	[![std-badge]][std]	[![cat-filesystem-badge]][cat-filesystem] [![cat-os-badge]][cat-os]

	Find loops for a given path	[![same_file-badge]][same_file]	[![cat-filesystem-badge]][cat-filesystem]

	Recursively find duplicate file names	[![walkdir-badge]][walkdir]	[![cat-filesystem-badge]][cat-filesystem]

	Recursively find all files with given predicate	[![walkdir-badge]][walkdir]	[![cat-filesystem-badge]][cat-filesystem]

	Traverse directories while skipping dotfiles	[![walkdir-badge]][walkdir]	[![cat-filesystem-badge]][cat-filesystem]

	Recursively calculate file sizes at given depth	[![walkdir-badge]][walkdir]	[![cat-filesystem-badge]][cat-filesystem]

	Find all png files recursively	[![glob-badge]][glob]	[![cat-filesystem-badge]][cat-filesystem]

	Find all files with given pattern ignoring filename case	[![glob-badge]][glob]	[![cat-filesystem-badge]][cat-filesystem]
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    Read & Write

{{#include read-write/read-file.md}}

{{#include read-write/same-file.md}}

{{#include read-write/memmap.md}}
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    Directory Traversal

{{#include dir/modified.md}}

{{#include dir/loops.md}}

{{#include dir/duplicate-name.md}}

{{#include dir/find-file.md}}

{{#include dir/skip-dot.md}}

{{#include dir/sizes.md}}

{{#include dir/png.md}}

{{#include dir/ignore-case.md}}
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    Hardware Support

	Recipe	Crates	Categories

	Check number of logical cpu cores	[![num_cpus-badge]][num_cpus]	[![cat-hardware-support-badge]][cat-hardware-support]
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    Processor

{{#include processor/cpu-count.md}}
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    Memory Management

	Recipe	Crates	Categories

	Declare lazily evaluated constant	[![lazy_static-badge]][lazy_static]	[![cat-caching-badge]][cat-caching] [![cat-rust-patterns-badge]][cat-rust-patterns]
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    Constants

{{#include global_static/lazy-constant.md}}
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    Networking

	Recipe	Crates	Categories

	Listen on unused port TCP/IP	[![std-badge]][std]	[![cat-net-badge]][cat-net]
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    Server

{{#include server/listen-unused.md}}
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    Operating System

	Recipe	Crates	Categories

	Run an external command and process stdout	[![regex-badge]][regex]	[![cat-os-badge]][cat-os] [![cat-text-processing-badge]][cat-text-processing]

	Run an external command passing it stdin and check for an error code	[![regex-badge]][regex]	[![cat-os-badge]][cat-os] [![cat-text-processing-badge]][cat-text-processing]

	Run piped external commands	[![std-badge]][std]	[![cat-os-badge]][cat-os]
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	Verify and extract login from an email address	[![regex-badge]][regex] [![lazy_static-badge]][lazy_static]	[![cat-text-processing-badge]][cat-text-processing]
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	Extract phone numbers from text	[![regex-badge]][regex]	[![cat-text-processing-badge]][cat-text-processing]

	Filter a log file by matching multiple regular expressions	[![regex-badge]][regex]	[![cat-text-processing-badge]][cat-text-processing]
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	Recipe	Crates	Categories

	Extract all links from a webpage HTML	[![reqwest-badge]][reqwest] [![select-badge]][select]	[![cat-net-badge]][cat-net]

	Check webpage for broken links	[![reqwest-badge]][reqwest] [![select-badge]][select] [![url-badge]][url]	[![cat-net-badge]][cat-net]
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	Make a HTTP GET request	[![reqwest-badge]][reqwest]	[![cat-net-badge]][cat-net]
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	Make a partial download with HTTP range headers	[![reqwest-badge]][reqwest]	[![cat-net-badge]][cat-net]

	POST a file to paste-rs	[![reqwest-badge]][reqwest]	[![cat-net-badge]][cat-net]
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	Basic Authentication	[![reqwest-badge]][reqwest]	[![cat-net-badge]][cat-net]
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