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PREFACE

Parse text and datain Roc. roc-parser gives you small parsers that combine into
larger ones, and ready-made parsers for CSV, YAML, XML, Markdown and HTTP/1.1

built from the same pieces.

Choose a path

New toroc-parser

Read Whatroc-parseris, then Getting started, then Your first parser.

Parsing a format roc-parser already supports

Gotoits guide: Read CSV data, Read YAML configuration and frontmatter, Read XML

documents, Markdown or HTTP messages.

Writing your own parser

Read Combinators by task, Parse a format of your own and Report parse errors.

Looking something up

Modules, Conformance, Performance, Compatibility and Glossary.

Not sure whether you need a parser

Read Choosing how toread yourinput.

Contributing to roc-parser

Start with Contributing toroc-parser.

Curious where the design comes from

Read Where the design comes from.

roc-parser 1
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Start here
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CHAPTER 1. WHAT ROC-PARSER IS

Chapter 1. What roc-parser is

roc-parser turns text into typed Roc values. You give it a string, such as the contents of a CSV file,
a YAML configuration, oran HTTP request, and it gives back either a Roc value you can use directly

oranerror that says what was wrong with the input.
Itiswrittenin pure Roc, soitworks with any platform, and it comesintwo layers:

- Ready-made parsers forcommon formats. You call one function and get a document tree, or,
for CSV and YAML, your ownrecord type: the compilerinfers the type from your annotation

and decodes straightintoit.

- The small building blocks those parsers are made from, called parser combinators. You use

themtoread aformat of yourown, from a one-line key=value setting to acomplete file format.

This manualis for Roc programmers. You do not need to know anything about parsing theory.

1.1. The problem it solves

Most programs start by reading text that someone else wrote. Splitting aline on commas, or
matching it with aregular expression, works until the input contains a quoted comma, a missing
field, oravalue of the wrong kind. Then the code either crashes, silently produces wrong data, or

grows a pile of special cases.

A parserdescribes the shape of validinput once, as a Roc value, and checks every input against it.

Withroc-parser:

- Theresultistyped. ACSVrowbecomes { name : Str, moons : U64 },notalistof stringsyou still

have to convert.

- Invalidinputis an Err value, never a crash. The ready-made parsers follow their published

specifications, including the awkward corners, and report where the problemiis.

- Aparserisbuilt from smaller parsers, so each piece can be tested onits own with expect.

Compared with aregular expression, a combinator parseris longer to write for a one-off match,
butit can describe nested structure (a regular expression cannot match balanced brackets), it

produces avalue ratherthan alist of captured substrings, and itreads as ordinary Roc code.

roc-parser 3
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1.2. What a first success looks like

This program decodes a CSV file with aheaderrow into typed records and prints them. Getting

started walks throughit.

import cli.Stdout
import parser.CSV

Planet : { name : Str, moons : U64 }

input =
\\name ,moons
\\Mercury, 0
\\Earth,1
\\Mars, 2

planets : Str -> Try(List(Planet), [InvalidCsv(CSV.Error), MissingRequiredField(Str)])
planets = |text| CSV.parse(text)

describe : Str -> Str
describe = |text| {
match planets(text) {
Ok(rows) => Str.join_with(rows.map(|p| "${p.name}: ${p.moons.to_str()} ${if p.moons
== 1 "moon" else "moons"}"), "\n")
Err(InvalidCsv(error)) => "line ${error.line.to_str()}: ${error.message}"
Err(MissingRequiredField(name)) => "no ${name} column"

}
}
main! = |_args| {
Stdout.line!(describe(input))
h
Output:

Mercury: @ moons
Earth: 1 moon
Mars: 2 moons

1.8. Supported formats

Each module follows a published specification. Where a module implements only part of one, its

chapter says which part, and input outside that part is rejected with an error rather than misread.
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Module Reads

csv Comma-separated rows
decoded into yourownrecord
type

Yaml Configuration files and
Markdown frontmatter, as a
tree oryourownrecord type

Xml Awhole XML document as a
tree

Markdown AMarkdown document as a
syntax tree

HTTP One HTTP/1.xrequest or
response

Parser, Utf8 Anything you describe with

combinators

CHAPTER 1. WHAT ROC-PARSER IS

Specification

RFC 4180, with the usual relaxations (any line

ending, rows of differentlengths)

Adocumented subset of YAML1.2: one

document, no anchors, aliases ortags

XML 1.0 (Fifth Edition) well-formedness, without

document type declarations ornamespaces

CommonMark 0.31.2 with GitHub Flavored

Markdown tables, task lists and strikethrough

RFC 9112 message syntax and RFC 9110 field

syntax

Not applicable

The format chapters describe each module’s exact behaviour. The APl reference lists every public

function.

1.4. How the pieces fit together

A combinatoris afunctionthat takes parsers andreturns a new parser. The Utf8 module provides

parsers forthe smallest pieces of text, such as one byte, a digit, oran exact word. The Parser

module combines them: one after another, one of several alternatives, repeated, or with the result

transformed. Each format module also exposesits parser as a Parser value, so your own parsers

and thelibrary’s can be mixed.

Small parsers combine into larger ones

Parser combinators:
keep, skip, one_of, many,
map

Utf8 parsers:
codeunit, digits, string

A 4

Your parser
foryour format T~
TypedRoc value
oranerror
Format parsers: __/

CSV, HTTP, Markdown

Your first parser teaches the combinators by building a small parser one step at atime.

roc-parser
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1.5. When to choose something else

roc-parser fits programs that read text formats of moderate size completely into memory and

want typedresults with clear errors. Consider something else when:

- Youneed full YAML, with anchors, aliases, tags or several documents in one stream, or XML with
document type declarations, namespaces or schema validation. These modules reject such
input on purpose.

- Youneedto parse astreamincrementally as it arrives, such as avery large log file oranetwork

connection. Every parser here works on a complete input held in memory.

- Youwant torender Markdown to HTML or serialize values back to text. The modules read

formats; they do not write them.

- Youneed JSON, TOML, oranother format this package does notinclude. You can write it with

the combinators, but a dedicated package may already exist.

1.6. Stability

roc-parser tracks recent nightly builds of the Roc compiler. Because Roc is still changing, the
package’s APImay change betweenreleases. Each release names the compiler build it was

tested with, and the release notes describe any changes you need to make when upgrading.
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Chapter 2. Getting started

In this chapteryou addroc-parserto aRoc app and useittoread threelines of CSVinto typed
records. At the end the app prints one line perrecord. You need a terminal, aninternet connection,

and alittle Roc: how to write a function, arecord, and a match.

2.1. Before you start
Youneed:

- The Roc compiler, as arecent nightly build. Roc is still changing, so eachroc-parserreleaseis
tested with one specific nightly, whichits release notes name. Download that build from the

Roc nightlies page and put the roc executable onyour PATH.

- Aplatform foryourapp. The examplesin this manual use basic-cli 0.23.0, which provides main!

and printing to the terminal. roc-parseritself is pure Roc and works with any platform.

Check the compiler:

roc version

It prints the name of the nightly build, which should match the one in the release notes:

‘ Roc compiler version nightly-<date>-<commit>

2.2. Add the package

ARoc app names each packageituses by URL inits header. The compiler downloads the package

the first time it builds the app and checks it against the hashin the URL.

1. Opentheroc-parserreleases page and choose the newestrelease.

2. Under Assets, find the file endingin .tar.zst. Copy itslink:ithas the form

https://github.com/lukewilliamboswell/roc-parser/releases/download/<version>/<hash>.tar.zst.

3. Putthatlinkinyourapp’s headerunder a short name. This manual uses parser .
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Create afilenamed main.roc with this header, replacing the parser URL with the one you copied:

app [main!] {
cli: platform "https://github.com/roc-1lang/basic-
cli/releases/download/0.23.0/GNN5tt2gKdX4dhawg4915C4YB193woHFdcCkz31fhGxv. tar.zst",
parser: "https://github.com/lukewilliamboswell/roc-
parser/releases/download/<version>/<hash>.tar.zst",

}

The examples in this manual are tested against the package source in the repository, so their

headers say parser: "../../package/main.roc" instead. Everything else inthemis the same.

Forcomplete programs to start from, download roc-parser-examples-<version>.zip fromthe same
release. Its apps are already pinned to thatrelease; unzip it and follow the README.md inside, which

runs them with roc <name>.roc fromits examples/ directory.

2.3. Read CSV into records

Add the rest of the program below the header:

import cli.Stdout
import parser.CSV

Planet : { name : Str, moons : U64 }

input =
\\name,moons
\\Mercury, 0
\\Earth,1
\\Mars, 2

planets : Str -> Try(List(Planet), [InvalidCsv(CSV.Error), MissingRequiredField(Str)])
planets = |text| CSV.parse(text)

describe : Str -> Str
describe = |text| {
match planets(text) {
Ok(rows) => Str.join_with(rows.map(|p| "${p.name}: ${p.moons.to_str()} ${if p.moons
== 1 "moon" else "moons"}"), "\n")
Err(InvalidCsv(error)) => "line ${error.line.to_str()}: ${error.message}"
Err(MissingRequiredField(name)) => "no ${name} column"

}
}
main! = |_args| {
Stdout.line!(describe(input))
}
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CHAPTER 2. GETTING STARTED

Runit:

roc main.roc

Output:

Mercury: @ moons
Earth: 1 moon
Mars: 2 moons

The first run takes longer while the compiler downloads the platform and the package.

2.4. What the program does
import parser.CSV makes the CSV module from the package named parser available.

Planet is therecord type eachrow becomes. The firstline of the inputis a headerrow, and each
field of Planet reads the column with the same name.

planets calls CSV.parse, which splits the textinto rows and decodes eachrow into arecord.
(SV.parse does not take the row type as an argument: the compilerinfersit from the type
annotation on planets, and finds the decoding code through the static dispatch method
parser_for, which everyrecord type has. Change the annotation and the same call decodes a

differentrecord.
Theresultis 0k with a list of Planet records, or Err with one of two tags:

- InvalidCsv(error) whenthe textisnotvalid CSV oracelldoes not fitits field. error says which

record and field failed, where it starts in the text, and why.

- MissingRequiredField(name) when the headerhas no column forafield. The compiler adds this

tagto the errortype of every type-directed decoder, so the annotation must nameit.

describe handles all three cases with a match. Nothing s printed until every row has beenread
successfully.

To see the error path, change Mars, 2 to Mars, two and run the program again. It prints a message that
names line 4 and quotes two. Rename the moons column and it prints no moons column. Report parse
errors shows how to report every kind of failure, and Read CSV data shows optional columns,

empty cells and hand-built row parsers that match columns by position.
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2.5. Next steps

- Yourfirst parser teaches the building blocks by writing a parser for a small settings format.
- The format chapters show how toread CSV, YAML, XML, Markdown and HTTP.

- Parse aformat of your own shows how to build and test a parser for a format of your own.

10 roc-parser



CHAPTER 3. CHOOSING HOW TO READ YOUR INPUT

Chapter 3. Choosing how to read your input

Roc gives you four ways to turn textinto values, and roc-parser provides two of them. This chapter

helps you pick one before you write any code. In short:

1. Decode into your own type when the inputis a standard format and you already know the

shape youwant. The record type is the specification, and there is almost no code to write.

2. Read adocument tree with one of roc-parser’s format modules when you do not know the

shapeinadvance, oryou need what arecord would throw away.

3. Build a parser with combinators when the format is your own, oryou need control over exactly

what is accepted and what the errors say.

4. Useno parser at allwhen a Str function does the job, orwhen the inputis too large ortoo hot

forany of these.

The examples come from choosing-approaches.roc; every expect init passes.

3.1. Decode into your own type

Roc has type-directed decoding builtin. A format (such as the builtin Json) knows how to read
strings, numbers, lists and records. Your type knows which of those itis made of. The compiler

combines the two, so the annotation alone decides whatis accepted:

#f (a) Type-directed decoding: the record type is the whole specification.
Service : { name : Str, port : U64 }

decode_service : Str -> Try(Service, [InvalidJson(Str), MissingRequiredField(Str)])
decode_service = |json| Json.parse(json)

expect decode_service("{\"name\": \"web\", \"port\": 8080}") == Ok({ name: "web", port: 3080

3]
expect decode_service("{\"name\": \"web\"}") == Err(MissingRequiredField("port"))

The parsers chapter of the language reference describes the mechanism. Every type has a
parser_for method, which the compiler derives forrecords, lists and tuples, and aformatis a type
module whose methods read one value at a time. Static dispatch joins the two. Afield of type

Try(_, [Missing]) is optional, a missing required fieldis reported by name, and when the parseris a

roc-parser M


https://github.com/lukewilliamboswell/roc-parser/blob/main/docs/examples/choosing-approaches.roc
https://github.com/roc-lang/roc/blob/main/docs/langref/parsers.md

ROC-PARSER

top-level constantitis assembled at compile time.
Choose thiswhen:

- theinputis aformat with a parser_for implementation, and

- the mapping from the format to your type is the obvious one: object keys are field names,

arrays are lists, and so on.

roc-parser’s (SV and Yaml modules are formats for this mechanism. (SV.parse reads a file witha
headerrow into alist of records, matching columns to fields by name, and Yaml.decode reads a
documentinto arecord. Neither takes the type as an argument: the annotation choosesit. A
required field with no column or key fails with MissingRequiredField(name), a tag the compiler adds

to the error type, so the annotation names it alongside the format’s own error:

# roc-parser's CSV and Yaml modules are formats for the same mechanism.
Planet : { name : Str, moons : U64, rings : Try(Bool, [Missing]) }

planets : Str -> Try(List(Planet), [InvalidCsv(CSV.Error), MissingRequiredField(Str)])
planets = |text| CSV.parse(text)

expect planets("name,moons\nMars,2\n") == Ok([{ name: "Mars", moons: 2, rings: Err(Missing)

)]

expect planets("name\nMars\n") == Err(MissingRequiredField("moons"))

service : Str -> Try(Service, [InvalidYaml(Yaml.Error), MissingRequiredField(Str)])
service = |text| Yaml.decode(text)

expect service("name: web\nport: 8080\n") == Ok({ name: "web", port: 8080 })
expect service("name: web\n") == Err(MissingRequiredField("port"))

Its limits come from the same design. The format decides the representation, so you cannot ask it
toaccept yes asaboolean ortoread a dateinyour own layout. Where a wrong value is depends on
the format: CSV.parse reports therecord, field, line and column, and Yaml.decode the line and

column. And the type must be known when you compile.

3.2. Read a document tree

roc-parser’s Yaml, Xml and Markdown modules read a whole documentinto a tree that mirrors the
format, and HTTP reads a message into arecord of its parts. You then walk the tree with pattern
matching, or with the tree methods such as get_path and as_i64 ona Yaml value and attribute and

children_named onan Xml.Node:

# (b) A ready-made format parser: read the whole tree, then decide what to
#f do with each key, whatever keys the file happens to contain.
top_level_keys : Str -> Try(List(Str), [NotAMapping, InvalidYaml(Yaml.Error)])
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CHAPTER 3. CHOOSING HOW TO READ YOUR INPUT

top_level_keys = |text| {
match Yaml.parse_str(text)? {
Mapping(entries) => Ok(entries.map(|entry| entry.key))
_ => Err(NotAMapping)

expect top_level_keys("name: web\nport: 8080\nextra: [1, 2]") == Ok(["name", "port",
"extra"])

#f The tree methods follow a path without a match per level.
port_of : Str -> Try(I64, [Missing, WrongType, InvalidYaml(Yaml.Error)])
port_of = |text| Yaml.parse_str(text)?.get_path(["server", "port"])?.as_i64()

expect port_of("server:\n port: 8080\n") == 0k(8080)
expect port_of("server: {}\n") == Err(Missing)

Choose this when:

- the shapeisnot knowninadvance: any key may appear, keys vary between files, oryou are

writing a tool that works on every document, such as alinter ora converter;

- youneedwhat arecord type cannot hold: the order of mapping keys, the mix of text and child

elementsin XML, or the block structure of a Markdown document;

- youwant a precise errorwith aline and column from a parser that follows the format’s
specification, and you check the content yourself afterwards. The format modules drop

comments, so atool that must preserve them needs a parser of its own.

The costis code: you write the walk, and a missing or mistyped key is something you check, not
something the type system checks foryou. The format chapters (Read YAML configuration and
frontmatter, Read XML documents, Markdown and HTTP messages) show helper functions that

keep the walk short.

3.3. Build a parser with combinators

When no format module reads yourinput, write a parser from the Parser and Utf8 combinators. A

parseris avalue made of smaller parsers, so the code has the shape of the grammar:

# (c) A parser of your own: a legacy "host:port" line, where the port must
#f be digits and the grammar is yours to define.
Endpoint : { host : Str, port : U64 }

endpoint : Parser(Utf8.Bytes, Endpoint)
endpoint =
Parser.const(|host| |port| { host, port })
.keep(Parser.chomp_while(|b| b != ":').map(Str.from_utf8_lossy))
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.skip(Utf8.codeunit(':"))

.keep(Utf8.digits)

expect Utf8.parse_str(endpoint, "example.com:443") == Ok({ host: "example.com", port: 443 })
expect Utf8.parse_str(endpoint, "example.com:https").is_err()

Choose thiswhen:

- theformatisyourownoralegacy one: alogline, a configuration dialect, a wire protocol, ora

smalllanguage such as a query oratemplate;

- the grammaris defined by more than arecord shape: alternatives, nesting, repetition with

separators, ora part whose lengthis given earlierin the input;

- youwant torejectinvalid values while parsing, so that a port of 70000 or a date of 2026-02-30 fails

at theright place with your own message;

- youwant toread only the start of the input and keep the rest, such as one message froma

bufferthatholds several (Utf8.parse_str_partial).

Combinators are also how you extend a format module. CSV.record and CSV.field are combinators,
every format module has a parser value to embed, and you can mix Utf8 parsersinto any parser of
yourown. Acombinator parser’s failure is the furthest failure, with a byte offset. Your first parser

teaches the method and Parse aformat of your own appliesit to areal format.

3.4. Use no parser at all

Parser combinators are not always the right tool, and roc-parser’s own format modules show

where the line falls.

The input has no structure worth a grammar

One separator, no quoting and no nestingis ajob for Str.split_on, Str.trim and friends. A

parserwould be longerand no clearer:

# (d) No parser at all: one separator and no nesting is a job for ‘Str'.
fields : Str -> List(Str)
fields = |line| line.split_on("\t")

expect fields("a\tb\tc") == ["a", "b", "c"]

Theinputis very large or arrives as a stream

Every parserin this package reads a complete input held in memory, and the result holds
copies of the textitread. Fora multi-gigabyte log or a network connection, read and process

onerecord at a time with a hand-written loop over the bytes, oruse a streaming library.
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The parseris on ahot path

Each combinatoradds a function calland anintermediate Try. Thatis cheap for configuration
files and messages, but Add a format module records that the CSV, XML, HTTP and Markdown
modules moved theirdocument-level parsing to byte scanners with an explicit stack, to stay
linear and avoid deep recursion. Do the same when profiling shows the parser matters.

Performance compares the built-in parsers with Go, Rust and Python libraries.

The grammar is ambiguous or left-recursive

Combinators take the first alternative that succeeds and cannot handle a rule that starts with
itself,suchas expr = expr "-" term.Alarge grammar written fora parser generator, suchasan
existing yacc or ANTLR grammar, is often better served by a generator, which checks the
grammar for conflicts before any inputis read. Where the design comes from explains these

limits.

3.5. Decision table

You need Decode into a Document Combinators No parser
type tree

Astandardformat (CSV,YAML) Best Possible Possible No

into knownrecords, with little

code

Any keys or structure, No Best Possible No

discovered atruntime

Mapping key order or XML No Yes Yes No

mixed content kept

Line and columninerrors Yes for CSV Yes Abyte offset No
and Yaml
Yourown oralegacy format, a No No Best If trivial

protocol orasmalllanguage

Values validated while parsing, = No Afterwards Best By hand

with your own messages

Read one message and keep No HTTP.parse_re  Yes By hand
therest quest returns
the rest
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You need

Very large or streaming input,

orahotpath

Ambiguous or left-recursive

grammar

3.6. Decision flow

Decode into a

type

No

No

The same choice as a sequence of questions:

6

Document

tree

No

No

Combinators

No

No

No parser

Best

Use aparser

generator
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Choosing how to read yourinput

Texttoread

One separator,
no quoting or nesting?

yes,

Use Strfunctions

orameasured hot path?

Hand-written byte scanner
or streaming library

yes

Toolarge toholdin memory,

Standard format with a
parser_for, into a known

type?

Decodeinto yourtype

Aroc-parserformat module

readsit?

no

)

yes

Build a parser
with combinators

Readadocument tree

roc-parser
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The questions are ordered from least code to most. You can also combine answers: read a
Markdown file as a tree, read its frontmatteras a YAML tree, and parse one custom field inside it

with acombinator.
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Chapter 4. Your first parser

In this tutorial you write a parser for a small settings format, one line per setting:

name="demo"
port=8080
debug=true

By the end you have a parser that turns that text into a list of typed records, and you know how to
readits errors. Along the way you meet the combinators that every parserin this package is built

from.

You need the setup from Getting started. Each stepis a complete programin the repository’s
docs/examples directory; the step’s heading names the file. Run a step with roc <file> anditstests

with roc test <file>.

4.1. Step 1: read a key

combinator-primer-stepl.roc

Akeyis one ormore lowercase letters orunderscores. Start with a parser for one such byte,

repeatit, and turn the bytesintoa Str:

is_key_byte : U8 -> Bool
is_key_byte = |b] (b >= 'a" and b <= 'z") or b == "_'

key : Parser(Utf8.Bytes, Str)
key =
Utf8.codeunit_satisfies(is_key_byte)
.one_or_more()
.map(Str.from_utf8_lossy)

Three ideas appear here:

- A Parser(Utf8.Bytes, Str) readsfrom UTF-8 bytes (Utf8.Bytes is List(U8))and producesa Str.

Every parserhas aninput type and aresult type.

- Utf8.codeunit_satisfies(is_key_byte) readsonebyteif is_key_byte acceptsit, and fails

otherwise.
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- .one_or_more() repeats a parseruntilit fails and collects theresultsin alist. .map(f) transforms

the result with an ordinary function; here Str.from_utf8_lossy turns the bytesinto a Str.

Utf8.parse_str runs a parser onawhole string. These tests pass:

expect Utf8.parse_str(key, "name") == Ok("name")
expect Utf8.parse_str(key, "Name").is_err()

The second fails because N is not alowercase letter, so not even one key byte can be read.

4.2. Step 2: read a whole setting

combinator-primer-step2.roc

Asettingisakey, an =, and avalue. Fornow, the value is everything up to the end of the line:

value : Parser(Utf8.Bytes, Str)
value =
Parser.chomp_while(|b| b != "\n')
.map(Str.from_utf8_lossy)

Entry : { key : Str, value : Str }

entry : Parser(Utf8.Bytes, Entry)

entry =
Parser.const(|k| |v| { key: k, value: v })
.keep(key)
.skip(Utf8.codeunit('="))
.keep(value)

Thisis the pattern forreading thingsinsequence:

1. Parser.const(f) isaparserthatreads nothingand produces f, the function that builds the

result. f takesitsargumentsone atatime(|k| |v| ...),becausethey arrive one atatime.

2. .keep(p) runs p next and passesitsresult to the function.
3. .skip(p) runs p next and throws itsresult away. The = must be there, butyou do notneeditin the

record.

Parser.chomp_while(pred) reads bytes while pred accepts them. It always succeeds, evenwhen it

reads nothing, whichiswhy "empty=" gives an empty value:

expect Utf8.parse_str(entry, "name=roc") == Ok({ key: "name", value: "roc" })
expect Utf8.parse_str(entry, "empty=") == Ok({ key: "empty", value: "" })

Running the step prints:
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Ok({ key: "name", value: "roc" })

4.3. Step 3: choose between kinds of value

combinator-primer-step3.roc

Avalueis anumber, true or false, ortextin double quotes. Write one parser foreach kind, then try

themin orderwith Parser.one_of:

Value : [Number(U64), Flag(Bool), Text(Str)]

number : Parser(Utf8.Bytes, Value)
number = Utf8.digits.map(|n| Number(n))

flag : Parser(Utf8.Bytes, Value)
flag =
Parser.one_of([
Parser.const(Flag(Bool.True)).skip(Utf8.string("true")),
Parser.const(Flag(Bool.False)).skip(Utf8.string("false")),
i)

text : Parser(Utf8.Bytes, Value)
text =
Parser.chomp_while(|b] b != """)
.map( |bytes| Text(Str.from_utf8_lossy(bytes)))
.between(Utf8.codeunit('""), Utf8.codeunit('""))

value : Parser(Utf8.Bytes, Value)
value = Parser.one_of([number, flag, text])

Parser.one_of tries each parser onthe sameinput andreturns the first success. If one fails part-way
through, the next one starts again from the beginning, so text does not see input already

examined by number or flag.

Utf8.digits reads awhole numberasa U64, and Utf8.string("true") reads exactly that text.

.between(open, close) reads open, the parser, and close, and keeps only the middle result.

expect Utf8.parse_str(value, "8080") == Ok(Number(8080))

expect Utf8.parse_str(value, "true") == Ok(Flag(Bool.True))

expect Utf8.parse_str(value, "\"hello world\"") == Ok(Text("hello world"))
expect Utf8.parse_str(value, "maybe").is_err()

The entry parser from step 2 now uses this value. Running the step prints:

Ok({ key: "port", value: Number(8080) })
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4.4, Step 4: read every line, and read the errors

combinator-primer-step4.roc
Asettingsfileis entries separated by line breaks. sep_by reads that shape and drops the

separators:

config : Parser(Utf8.Bytes, List(Entry))
config = entry.sep_by(Utf8.codeunit('\n"))

expect
Utf8.parse_str(config, "port=8080\ndebug=true")

)

Utf8.parse_str returns one of three results, and areal program should handle each:

report : Str -> Str
report = |source| {
match Utf8.parse_str(config, source) {
Ok(entries) => "parsed ${entries.len().to_str()} entries"

message}"”

}

report_entry : Str -> Str
report_entry = |source| {
match Utf8.parse_str(entry, source) {
0k(_) => "parsed one entry"

message}"

}

main! = |_args| {
Stdout.line!(report("name=\"demo\"\nport=8080\ndebug=true"))?
Stdout.line!(report("name=\"demo\"\nport=eighty"))?
Stdout.line!(report("name=\"demo\"\n"))?
Stdout.line!(report_entry("port=eighty"))

Output:

parsed 3 entries
failed at byte 17: expected char
failed at byte 12: expected a codeunit satisfying a condition, but input was empty.

AN

22

Err(ParseError({ message, offset })) => "failed at byte ${offset.to_str()}: #{

Err(ParseError({ message, offset })) => "failed at byte ${offset.to_str()}: ${

== 0k([{ key: "port", value: Number(8080) }, { key: "debug", value: Flag(Bool.True)
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failed at byte 5: expected char *"*

Eachline of output shows one outcome:

1. The whole input matched: 0k.

2. port=eighty isnotavalid entry, so sep_by stopped after the first entry and did not reach the end
of theinput. parse_str reports the furthest failure instead: none of the value parsers accepted
eighty, atbyte17.

3. Thetrailing line break is a separator with no entry afterit, so the parse fails at the end of the
input, where a key was expected. Real files often end with a line break; Parse a format of your

own shows one way to acceptit.

4. Parsing a single bad entry directly gives the same failure, at byte 5.

The second line is worthremembering. Arepetition such as sep_by or many stops at the first element
itcannotread, but that element’s failure is kept, so a mistake in the middle of afile isreported

whereitis. Report parse errors explains how to get better messages.

4.5. What you have learned

- Aparserhasaninput type and aresult type, and Utf8.parse_str runs one on a whole string.
- Parser.const(f).keep(a).skip(b).keep(c) readsthingsinsequence.

- .map(f) transforms aresult; Parser.one_of chooses between alternatives; one_or_more, many and

sep_by repeat.

- Aparseendsin 0k ora ParseError withamessage and abyte offset.

Combinators by task covers the remaining combinators and the rules for alternatives and

repetitioninmore depth.
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Guides

24 roc-parser



CHAPTER 5. READ CSV DATA

Chapter 5. Read CSV data

This chapter shows how to turn comma-separated text into Roc values: asrecords chosen by the
type you ask for, as tuples when the file has no header, as raw fields, and with hand-built record
parsers when a column needs custom handling. It also shows how to tell the user which row was

wrong. Itis for Roc programmers who have added parser to theirapp’s dependencies.

Every example on this page comes from docs/examples/csv-guide.roc, which Clruns, and imports

parser.CSV, parser.Parser and parser.Utf8.

5.1. Decode rows into records

When the first row names the columns, CSV.parse decodes every otherrow into the record type
you annotate. Each field reads the columnwhose headeris exactly its name, so the column order

does not matter:

Product : { name : Str, quantity : U64, price : Dec }

products : Str -> Try(List(Product), [InvalidCsv(CSV.Error), MissingRequiredField(Str)])
products = |text| CSV.parse(text)

print_products! : Str => Try({}, _)
print_products! = |text| {
match products(text) {
Ok(found) =>
for p in found {
Stdout.line!("${p.name}: ${p.quantity.to_str()} at ${p.price.to_str()}")?

Err(InvalidCsv({ line, column, message, record: _, field: _ })) =>
Stdout.line!("line ${line.to_str()}, column ${column.to_str()}: ${message}")?

Err(MissingRequiredField(name)) =>
Stdout.line!("no column named ${name}")?
I3
Ok({})
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Runningitonagoodfile, on afile without a quantity column, and on a file whose second datarow is

short:

print_products!("name,price,quantity\nbolt,@.15,250\nnut, .05,+40\n")?
print_products!("name,price\nbolt,®.15\n")?
print_products!("name,price,quantity\nbolt,@.15,250\nnut,0.05\n")?

Output

bolt: 250 at 0.15
nut: 40 at 0.05

no column named quantity
line 3, column 1: the record has 2 fields, fewer than the 3 columns

MissingRequiredField(name) is not declared by CSV.parse:the compileraddsit to the errortype of

any decoderwhose record has required fields, soinclude itin your annotation. Columns thatno

field names are ignored, and when two columns share a name the last one wins.

Acelldecodes according toits field’s type:

Type

Str

Bool

U8 .. U128, I8 .. 1128

Dec

F32, F64

Tags without
payloads

Accepted cell text
Any text, kept exactly, including leading and trailing spaces.
true or false inany lettercase.

ASCIl digits with an optionalleading + (or - for signed types) that fitin the

type. Spaces, _ and 0x prefixes arerejected.
An optional sign, digits and an optional fraction: 1.50, -2, .5.

Anoptional sign, then inf, infinity or nan in any letter case, or a decimal
number with an optional fraction and exponent: 12, 1.5, .5, 5., 1e-3, 2.5E+10.

Values too large become infinity and values too small become zero.

The tagname, such as Active.

These match Rust’s from_str foreach numbertype. Afield thatisarecord, atuple oratagwitha

payload fails with an InvalidCsv errorwhenitis decoded; afield thatis alist oradictionaryisa

compile-time error, because a CSV cell cannot hold one.

26
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5.1.1. Optional columns, empty cells and header spelling

Afield of type Try(a, [Missing]) is Err(Missing) whenthe file has no such column. Afield of type
Try(a, [Nulll) is Err(Null) whenitscellisempty. CSV.parse_normalized matches headernames after
trimming spaces, lowercasing ASCll letters and turning runs of spaces, - and into one, so First
Name, first-name and FIRST_NAME all fill first_name:

Contact : {
name : Str,
email : Try(Str, [Missing]),
age : Try(U64, [Null]),
status : [Active, Inactive],

contacts : Str -> Try(List(Contact), [InvalidCsv(CSV.Error), MissingRequiredField(Str)])
contacts = |text| CSV.parse_normalized(text)

describe_contact : Contact -> Str
describe_contact = |{ name, email, age, status }| {
email_text =
match email {
Ok(address) => address
Err(Missing) => "no email column"
}
age_text =
match age {
Ok(years) => years.to_str()
Err(Null) => "age not given"
}
status_text =
match status {
Active => "active"
Inactive => "inactive"
}
"${name} (${email_text}, ${age_text}, ${status_text})"

For "Name,Age, Status\nAda, 36,Active\nAlan,,Inactive\n" this prints:

Output

Ada (no email column, 36, active)
Alan (no email column, age not given, inactive)
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5.1.2. Row width and blank lines

Blanklines are skipped. Every otherrow must have exactly as many fields as the header: a shorter
row and alongerrow are both an InvalidCsv error naming the row, so that a misplaced comma
cannot shift valuesinto the wrong columns. A header with no datarows, and empty input, decode

toanemptylist.

5.2. Files without a header

(SV.parse_headerless decodes every rowinto a tuple, one element per column, with the same cell

rules. Every row must have as many fields as the tuple has elements:

points : Str -> Try(List((Str, F64, F64)), [InvalidCsv(CSV.Error)])
points = |text| CSV.parse_headerless(text)

Output

Ok([("home", -33.87, 151.21), ("work", -33.86, 151.2)])

5.3. Read every field as raw bytes

Use CSV.parse_records when the columns vary or youwant to inspect rows yourself. It returns one
CSV.Record, a List(List(U8)), perrow:

raw_records : Str -> Str
raw_records = |text| {
match CSV.parse_records(text) {
Ok(records) =>
Str.join_with(records.map(|fields| Str.join_with(fields.map(Str.from_utf8_lossy),
1), M)

Err(InvalidCsv({ message, line, column, record: _, field: _ })) =>
"not valid CSV at ${line.to_str()}:${column.to_str()}: ${message}"

nn

Given aheaderrow, a quotedfield containing "" and , , and arow whose last field is empty:
Stdout.line!(raw_records("name,note\r\nwidget,\"says \"\"hi\"\", twice\"\nempty,"))?

Output

name | note
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widget | says "hi", twice
empty |

CSV.split_header separates the firstrecord as column names:

column_names : Str -> Str
column_names = |text]| {
match CSV.parse_records(text) {
Ok(records) => {
{ header, rows } = CSV.split_header(records)
"${Str.join_with(header, ", ")}; ${rows.len().to_str()} rows"

Err(_) => "not valid CSV"

Output

sku, count; 2 rows

(SV.parser isthe samereaderas a Parser (Utf8.Bytes, List(CSV.Record)),foruseinsidelarger

parsers. [t accepts any bytes.

5.4. Hand-built record parsers

When a column needs custom handling, such as alist stored in one cell, describe one row with
(SV.record, givingit a function that takes one argument per column, then add one
.keep(CSV.field(...)) percolumninorder. Afield parseris any Parser (Utf8.Bytes, a); CSV.string,
CSV.ub4 and CSV.f64 read cells with the rules above:

Movie : { title : Str, year : U64, cast : List(Str) }

cast : Parser(Utf8.Bytes, List(Str))
cast = CSV.string.map(|text| Str.split_on(text, ";"))

movie : Parser(CSV.Record, Movie)
movie =
CSV.record(|title| |year| |actors| { title, year, cast: actors })
.keep(CSV.field(CSV.string))
.keep(CSV.field(CSV.ub4))
.keep(CSV.field(cast))

Runit ontext with CSV.parse_with, oronrecords you already have with CSV.decode. Columns are

matched by position, and the record parser must read every field in the row: arow with more fields

roc-parser 29



ROC-PARSER

than .keep calls fails, and so does a row with fewer.

5.5. Report which row failed

Every function stops at the first problem and returns InvalidCsv(error). The CSV.Error record says

where the problemis:

Field Meaning

record, field The one-basedrecord and field numbers. Records count every record of

the input, including the headerrow and blank lines.

line, column The one-based line and byte column where the field (or, when the field
does not exist, the record) starts. They are @ from (SV.decode, which does

not see the text.

message Whatis wrong. It quotes at most a short excerpt of the field, soitis safe to

show forany input.

describe : Str -> Str
describe = |text| {
match CSV.parse_with(movie, text) {
Ok(movies) => "${movies.len().to_str()} movies"
Err(InvalidCsv({ record, field, line, column, message })) =>
"record ${record.to_str()}, field ${field.to_str()} (line ${line.to_str()},
column ${column.to_str()}): ${message}"
3

Stdout.line!(describe("Airplane!,1980,Robert Hays;Julie Hagerty"))?
Stdout.line!(describe("Airplane!,1980,Robert Hays\nCaddyshack,soon,Bill Murray"))?
Stdout.line!(describe("Airplane!,1980,Robert Hays,extra"))?

Output
1 movies

record 2, field 2 (Lline 2, column 12): expected a U64, found ‘soon’
record 1, field 4 (line 1, column 28): the record has 4 fields, but the parser read only 3
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5.6. Which CSV files are accepted

The dialect is RFC 4180 with the relaxations that Python’s csv module (in strict mode) and Rust’s csv

crate also accept:

- Fields are separated by , . Records end with CRLF, LF oralone CR, and the line break after the
last recordis optional.

- Anunquotedfieldis any run of bytes otherthan ,, CRand LF. A " inside anunquoted fieldis an

ordinary character.

- Afield that starts with " is quoted. It may contain ,, CRand LF,and "" standsforone ".The
closing quote must be followed by , , aline break orthe end of input; an unterminated quoted

fieldisanerror.
- Spacesandtabs are kept as part of the field.

- Emptyinput has norecords. Ablankline in the middle of the inputis arecord with one empty
field.

- Rows may have different numbers of fields (the typed decoders then check the width).

Stdout.line!(raw_records("size,6\" pipe\rcount,"))?
Stdout.line!(raw_records("bolt,\"250"))?
Stdout.line!("empty input: ${Str.inspect(CSV.parse_records(""))}")?

Output

size | 6" pipe

count |

not valid CSV at 1:6: unterminated quoted field
empty input: Ok([])

5.7. Limitations

- The separatoris always , . Tab- or semicolon-separated files are not supported.
- AUTF-8 byte order markis not removed; it becomes part of the first field.

- Thewholeinputis parsed before decoding starts, so very large files are held in memory.

Forevery function and type in the module, see the CSV APl reference.
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5.8. Performance

Reading every field as a stringruns at 120-150 MB/s on an Apple M2, from a 1.6 KB exportto a1 MiB
file: on parwith Rust’s csv crate, about 2.3 times slower than Go’s encoding/csv and nearly twice as
fastas Python’s C csv module. Delimiters and quotes are found 16 bytes at a time with SIMD, and
fields without doubled quotes are slices of the input. The parseris a byte scanner and stays linear
onvery wide rows and long runs of escaped quotes. Decoding typed columns adds the cost of
each conversion. The whole file and every field are held in memory: about 12 MiB of peak memory

fora1MiBfile. See Performance forthe method and caveats.
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Chapter 6. Read YAML configuration and
frontmatter

This chapter shows how toread a YAML configuration file or the frontmatterat the top of a
Markdown postinto a Roc value, pull settings out of it, and report mistakes with a line and column.
Itis for Roc programmers who have added parser to theirapp’s dependencies and know the YAML

they wanttoread.

The parser handles the YAML that configuration files and frontmatter use in practice, andrejects
therest with an errorinstead of guessing. If your files use anchors, tags or several documents in

one file, read what is rejected first.

Every example on this page comes from docs/examples/yaml-guide.roc, which Clruns, andimports

parser.Yaml.

6.1. Decode a document into a record

Yaml.decode reads a document straight into your own Roc type. You do not pass the type:itis
inferred from how the resultis used, usually from a type annotation. This configuration, heldina

Roc multi-line string (each \\ starts one line of the file):

config_text =
\\# deployment settings
\\name: web
\\replicas: 3
\\debug: false
\\ports: [80, 443]
\\owners:
\\ - name: Ada
\\ email: ada@example.com
\\ - name: Grace

isread by:

Owner : { name : Str, email : Try(Str, [Missing]) }

Config : {
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name : Str,

replicas : U8,

debug : Bool,

ports : List(U16),
owners : List(Owner),

## The record type tells ‘Yaml.decode' what to expect.
load_config : Str -> Try(Config, [InvalidYaml(Yaml.Error), MissingRequiredField(Str)])
load_config = |text| Yaml.decode(text)

summarize : Str -> Try(Str, [InvalidYaml(Yaml.Error), MissingRequiredField(Str)])
summarize = |text| {

config = load_config(text)?

owner_names = config.owners.map(|owner| owner.name)

Ok("${config.name}: ${config.replicas.to_str()} replicas, owners ${Str.join_with
(owner _names, " and ")}")

}

summarize(config_text) returns:

Output

web: 3 replicas, owners Ada and Grace

The rules that map YAML onto Roc types:

- Amapping decodesinto arecord, matching keys to field names, orinto a Dict with Str or

integerkeys. Keys the record does not have are skipped.
- Asequence decodesintoa List, orinto a tuple whenit has exactly as many items as the tuple.

- Aplain(unquoted)scalarisresolved for the type that reads it, with the YAML 1.2 core schema
(see how plainvalues are typed). A Str field takes any scalarexceptanull, so version: 1.10 gives
"1.10" ratherthan afloat; a U8 field takes 0x1F; a Bool field takes true or FALSE, but not the string

"true".
- Atagunionwithout payloads, such as [Debug, Info],takesthetag’sname.

- Anull(~, null oran empty value) decodes as an empty list, dict orrecord, and as Err(Null) ina
Try(_, [Null]) field.

- ATry(_, [Missing]) fieldis Err(Missing) whenits keyis absent, like email for Grace above.

Avalue of the wrong shape or out of range fails with InvalidYaml at thatvalue’sline and column, the
same errorinvalid YAML gives. Arequired field whose key is absent fails with
MissingRequiredField(name).Your code does not declare that tag: the compileraddsit to the error

type of every decoder of arecord with required fields, so name itin the annotation:
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Stdout.line!(Str.inspect(load_config("name: web\nreplicas: 300\n")))?
Stdout.line!(Str.inspect(load_config("name: web\nreplicas: 3\ndebug: no\n")))?
Stdout.line!(Str.inspect(load_config("name: web\nreplicas: 3\ndebug: false\nports: []\n")))?

Output

Err(InvalidYaml({ column: 11, line: 2, message: "integer ‘300' is outside the range of U8"
1)

Err(InvalidYaml({ column: 8, line: 3, message: "expected a boolean, found ‘no‘" }))
Err(MissingRequiredField("owners"))

6.1.1. Other key spellings and unknown keys

Yaml.decoder builds a decoderwith other conventions. keys says how YAML spells Roc’s snake_case
field names: SnakeCase (as written), KebabCase (user-id) or CamelCase (userId). unknown_keys: Reject
turns akey therecord does not have into an InvalidYaml error, which catches typosin hand-written

configuration:

decode_strict = Yaml.decoder({ keys: KebabCase, unknown_keys: Reject })

load : Str -> Try({ user_id : U64 }, [InvalidYaml(Yaml.Error), MissingRequiredField(Str)])
load = |text| decode_strict(text)

Build the decoderonce, as a top-level constant, and call it foreach document. To write your own
generic function overdecodable types, require a.Yaml.Parseable(errors) inits where clause, the

way Yaml.decode does.

6.2. Explore a document as a tree

When the shape is not knownin advance, Yaml.parse_str returns a Yaml tree:

Yaml := [
Null,
Bool(Bool),
Int(I64),
Float(F64),
Text(Str),
Sequence(List(Yaml)),
Mapping(List({ key : Str, value : Yaml })),

A mapping keeps its entriesin source order. get looks up akey, at anindex, and get_path follows

several of them, using decimal strings such as "0" for sequence indexes. Eachreturns Err(Missing)
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whenthereis nothing there. as_str, as_i64, as_bool and as_list unwrap one variant orreturn

Err(WrongType):

#t#f Explore a document without a record type.
first_owner : Str -> Try(Str, [InvalidYaml(Yaml.Error), Missing, WrongType])
first_owner = |text| {

config = Yaml.parse_str(text)?

name = config.get_path(["owners", "0", "name"])?

name.as_str()

n

For config_text,andthenfor "owners: []":

Output

Ok("Ada")
Err(Missing)

Empty input, oradocument holding only comments, parses as Null. To combine YAML with other
parsers, Yaml.parser isa Parser (Utf8.Bytes, Yaml) thatreadstherestofitsinput;its ParseError

offsetis the byte offset of the error’sline and column.

6.3. Read Markdown frontmatter

Frontmatteris a YAML document betweentwo --- lines at the start of aMarkdown file. Split the
text at the closing --- and parse the first part. The parser accepts the opening --- (and a closing

...)asdocument markers, so you do not need to strip them:

## Split a Markdown file into its YAML frontmatter and body.
frontmatter : Str -> Try({ meta : Yaml, body : Str }, [NoFrontmatter, InvalidYaml(Yaml.
Error)])
frontmatter = |markdown| {
match Str.split_on(markdown, "\n---\n") {
[header, .. as rest] if Str.starts_with(header, "---\n") =>
Ok({ meta: Yaml.parse_str(header)?, body: Str.join_with(rest, "\n---\n") })

_ => Err(NoFrontmatter)

For "---\ntitle: Hello\ntags: [roc, yaml]\n---\n# Hello\n", printing Yaml.to_inspect(meta) and
thenthe body gives:

Output
Mapping([{ key: "title", value: Text("Hello") }, { key: "tags", value: Sequence([Text("roc"),
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Text("yaml")]) }1)
# Hello

Yaml.decode works on the same text when you know the frontmatter’s fields.

6.4. How plain values are typed

Ina Yaml tree, anunquoted valueisresolved with the YAML 1.2 core schema. Anything that matches

none of these formsis Text:

Written as Becomes
~,null, Null, NULL, or nothing Null
true, True, TRUE, false, False, Bool
FALSE

Decimal digits with an optional Int (an I64;avalue outsideitsrangeisanerror)
sign; unsigned @x hexadecimal

or 0o octal

Decimal with a fraction or Float
exponent; .inf, -.inf, .nan in

the three letter cases

show!("[~, null, true, FALSE, 42, -7, Ox1F, @017, 1.5, 6.02e23, .inf, -.Inf, .nan, 1.2.3,
1.000, 'true', 2026-10-011")

Output

Sequence([Null, Null, Bool(True), Bool(False), Int(42), Int(-7), Int(31), Int(15),
Float(1.5), Float(6.02e23), Float(inf), Float(-inf), Float(nan), Text("1.2.3"),
Text("1_000"), Text("true"), Text("2026-10-01")])

The last four values show what stays text: a version numbersuch as 1.2.3,anumberwith _
separators, anything in quotes, and dates (YAML 1.2 has no timestamp type). tRUE and 0X1 are text
too, because the core schema allows only the spellingsin the table. Inatree, quote avalue

wheneverit must stay text; Yaml.decode reads any non-null plain scalarinto a Str field as written.

Yaml.to_inspect prints atreein Roc notation, escapingline breaks, tabs and other control

characters so eachvalue staysononeline.
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6.5. Write multi-line text

Use ablock scalar fortext that spanslines. | (literal) keepsline breaks; > (folded)joinslines with
spaces and keeps a blankline as a paragraph break. A chomping indicator controls the final line
break: none keeps one, - removesit, and + keeps every trailing blank line. A digit sets the content

indentation, so the text can start with spaces:

show! (
\\literal: |
\\ line one
\\ Tline two
\\folded: >
\\ joined
\\ into one line
\\
\\ new paragraph
\\stripped: |-
\\ no final newline
\\kept: |+
\\ trailing blank lines kept
\\
\\1indented: |2
\\ starts with two spaces

!

Output

Mapping([{ key: "literal", value: Text("line one\nline two\n") }, { key: "folded", value:
Text("joined into one line\nnew paragraph\n") }, { key: "stripped", value: Text("no final
newline") }, { key: "kept", value: Text("trailing blank lines kept\n\n") }, { key:
"indented", value: Text(" starts with two spaces") }])

6.6. Write lists

A sequence item may start with a mapping onthe sameline asits - (compact), may hold another

sequence the same way, and may sit at the same indentation as its parent key (indentless):

show! (
\\steps:
\\- run: build
\\ name: compile
\\- - nested
\\ - compact

’
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Output

Mapping([{ key: "steps", value: Sequence([Mapping([{ key: "run", value: Text("build") }, {
key: "name", value: Text("compile") }]), Sequence([Text("nested"), Text("compact")])]) }1)

Shortlists and mappings can also use flow style ononeline, asin ports: [80, 443] or labels: {

tier: web }.

6.7. Quote strings

Asingle-quoted string has no escapes except '' forone quote. Adouble-quoted string supports
every YAML 1.2 escape, including \t, \n, \xXX, \uXXXX and \UXXXXXXXX. A # inside quotesis text; outside

quotes and after a space it starts acomment:

show! (
\\single: "it''s # not a comment'
\\plain: text # this is a comment

7

)

show! (
"double: \"tab\\there, \\u@0e9, \\x41\"",

Output
Mapping([{ key: "single", value: Text("it's # not a comment") }, { key: "plain", value:

Text("text") }1)
Mapping([{ key: "double", value: Text("tab\there, &, A") }1)

6.8. What is rejected

The following are outside the supported subset. Each oneis an InvalidYaml error, never a silently

different value:

anchors (&name), aliases (*name) and tags (! !str);

directives (%YAML) and complex keys (? key);

more than one documentin afile;

aflowcollection([...] or{...})thatcontinues onto anotherline;

aquoted orplain string that continues onto anotherline (use a block scalarinstead);

tabsusedforindentation;
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duplicate keysin one mapping;

nesting deeperthan 100 levels, counting flow collections;

ina Yaml tree, integers outside the 164 range (decode theminto awidertype such as U64, 1128 or

Str instead);

control characters other than tab andline breaks.

Mapping keys are kept as their source text, not resolved like values. 1 and 01 are different keys, and

true isthe string key "true".

6.

9. Show where an error is

InvalidYaml carriesa Yaml.Error record: aone-based 1line and column and a message. Columns

count bytes from the start of the line:

report : Str -> Str
report = |text| {
match Yaml.parse_str(text) {
Ok(value) => Yaml.to_inspect(value)
Err(InvalidYaml({ line, column, message })) => "line ${line.to_str()}, column
${column.to_str()}: ${message}"
I3

Stdout.line!(report("server:\n\tport: 80"))?
Stdout.line!(report("base: &defaults\n port: 80"))?
Stdout.line!(report("one: 1\n---\ntwo: 2"))?
Stdout.line!(report("name: a\nname: b"))?
Stdout.line!(report("list: [1,\n 2]"))?
Stdout.line!(report("1: one\n@1: zero-one"))?

Output

: tabs may not be used for YAML indentation

: anchors, aliases, and tags are not supported by this YAML subset
: multiple YAML documents are not supported

: duplicate mapping key ‘name’

line 2, column

2
line 1, column
line 2, column
line 2, column
line 1, column

Mapping([{ key: "1", value: Text("one") }, { key: "01", value: Text("zero-one") }])

L =Y

: unterminated flow collection

Forthe fullmodule interface, see the Yaml APl reference.
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6.10. Performance

Parsing takes time linearin the size of the document, at about 51-55 MB/s on an Apple M2 from 4
KiB to TMiB: a 4 KiB configurationinunder O.1ms and a T1MiB oneinabout 20 ms. Thatis about as
fastas yaml-rust2 (Rust), 1.6 times faster than serde_yaml, 2.6 times faster than Go’s yaml.v3 and
seventimes faster than PyYAML with libyaml. Nestingis limited to 100 levels. Decodinginto a
record builds the same document first, then walks it once. See Performance for the

measurements and the comparison with other libraries.
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Chapter 7. Read XNIL documents

This chapter shows how to parse an XML documentinto a tree, find elements, attributes and text in
it,and report malformed input with aline and column. It is for Roc programmers who have added
parser totheirapp’s dependencies and need data out of XML such as feeds, SVG files or

configuration.

The parser checks that a document is well-formed according to XML 1.0 and gives you the tree
afterthe usual XML clean-up: referencesreplaced by their text, line endings normalised,
comments dropped. It does not validate against a schema or DTD, and it rejects documents that

containa <!DOCTYPE>; see whatis not supported before using it on documents from other tools.

Every example on this page comes from docs/examples/xml-guide.roc, which Clruns, and imports

parser.Xml.

7.1. Parse a document and find elements

Xml.parse_str takes the whole document and returns an Xml record with the document’s root
elementandits declaration. Eachnodeinthe treeis one of:

Node := [
Element({ name : Str, attributes : List(Attribute), children : List(Node) }),
Text(Str),

]

An Element holdsits name, its attributesin source order, andits children. There is no query
language, but Xml.Node has four helpers forthe commonlookups, and you can patternmatch on

the tree foranything else:
- node.name() is Ok(name) foranelementand Err(NotAnElement) for text.
- node.attribute(name) is the attribute’s value, or Err(Missing).
- node.children_named(name) lists the direct child elements with that name.
- node.text() joins all text inside the node, like the DOM’s textContent.

describe_entry : Xml.Node -> Str
describe_entry = |entry| {
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id = entry.attribute("id") ?? "?"
titles = Str.join_with(entry.children_named("title").map(|title| title.text()), "")

"entry ${id}: ${titles}"

Given this document:

feed_text =
\\<?xml version="1.0" encoding="UTF-8"?>
\\<feed lang="en">
\\ <!-- newest first -->
\\ <entry id="2"><title>Fish &amp; Chips</title></entry>
\\ <entry id="1"><title><![CDATA[<Hello>]]> &#x1F600;</title></entry>
\\</feed>

parseitand describe each entry element under theroot:

match Xml.parse_str(text) {
Ok(xml) =>
for entry in xml.root.children_named("entry") {
Stdout.line!(describe_entry(entry))?

Err(InvalidXml(problem)) => Stdout.line!("invalid XML: ${problem.message}")?

Output

entry 2: Fish & Chips
entry 1: <Hello> [

The whitespace between elementsis kept as Text nodes; children_named skipsthem because it
only returns elements. &amp; , the CDATA section and the characterreference &#x1F600; have

already been turned into ordinary text.

7.2. What the tree contains
The tree is what an XML processorreports, not the literal source:

- Thefive predefined entities &1t; &gt; &amp; &apos; &quot; and decimal (&#65; ) or hexadecimal

(&#x42; ) characterreferences are replaced by their characters, in text and in attribute values.

- CDATAsections become text, and adjacent text, including text on both sides of acomment, is

merged into one Text node.
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Line endings (\r\n andlone \r)become \n.

In attribute values, tabs and line breaks become spaces.

Comments and processing instructions are checked and then dropped.

The XML declarationis available as declaration: Ok({ version, encoding }) or Err(Missing).The
versionisarecordsuchas { major: 1, minor: @ },andtheencodingis Err(Missing) whenthe

declaration does not name one.

This document has every one of these in a single element:

print_tree!("<p class="a\tb'>x &lt; y &#65;&%#x42;\r\n<![CDATA[<raw>]]><!-- gone
-->z<br/></p>")?

Printing the root with Str.inspect gives:

Output

Element({ attributes: [{ name: "class", value: "a b" }], children: [Text("x <y AB

<raw>z"), Element({ attributes: [], children: [], name: "br" })I, name: "p" })

7.3. Report malformed input

Whenadocumentis not well-formed, Xml.parse_str returns InvalidXml({ line, column, message }).
Lines and columns are one-based, and columns count UTF-8 bytes, so a column afternon-ASCII

textislargerthanthe number of characters ausersees.

check : Str -> Str
check = |text]| {
match Xml.parse_str(text) {
Ok(_) => "well-formed"
Err(InvalidXml({ line, column, message })) => "${line.to_str()}:${column.to_str()}:
${message}"

}

Stdout.line!(check("<a>\n <b>\n</a>"))?
Stdout.line!(check("<a>&nbsp;</a>"))?
Stdout.line!(check("<a x="1" x="2"'/>"))?
Stdout.line! (check("<a/><b/>"))?
Stdout.line!(check("<!DOCTYPE html><html/>"))?

Output

3:1: end tag </a> does not match start tag <b>
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1:4: undeclared entity &nbsp;

1:10: duplicate attribute x

1:5: unexpected content after the root element
1:1: document type declarations are not supported

If you are combining XML with other parsers, Xml.parser is the same parser as a Parser (Utf8.Bytes,
Xml). It leaves any input after the document for the next parser. Its failures are ParseError ({

message, offset }),withthe same message as Xml.parse_str and the byte offset of the problem.

7.4. \What is not supported
These limits are by design:

Document type declarations

A <IDOCTYPE ...>isrejected.Asaresult only the five predefined entities exist, and any other
reference, such as &nbsp; ,is an error. Replace HTML entities with characterreferences (&#160; )

before parsing.

Namespaces

Names are kept exactly as written. svg:path isan elementnamed "svg:path", and xmlns

declarations are ordinary attributes; prefixes are not resolved to URIs.

Declared encodings

TheinputisaRoc Str, whichis already UTF-8. An encoding="..." inthe declarationis reportedin

declaration but not used. Convert otherencodings to UTF-8 before parsing.

Validation

Only well-formedness is checked. Required elements, attribute types and schemas are not.

Forthe fullmodule interface, see the Xml APl reference.

7.5. Performance

Xml.parse_str builds the tree at about 120-135 MB/s on an Apple M2, and the rate stays flat from 4
KiB to TMiB documents: the parserislinearin the input size. On the generated documents thatis
about 2.2 times as fastas Go’s encoding/xml, and 1.4-2 times slower than Rust’s quick-xml and
roxmitree. Character data and attribute values are found 16 bytes at a time with SIMD, the input is
validated as UTF-8 once, and names, text and attribute values with nothing to unescape are slices
of the input string, so they keep the input alive. Elements are parsed with an explicit stack, so
5,000 levels of nesting are safe, and duplicate-attribute checks are linear: an element with 5,000
attributes parses 19 times faster than with the Rust libraries. See Performance for the

measurements and caveats.
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Chapter 8. Markdown

This chapter shows how to turn Markdown text into a tree of Roc values and how to walk that tree
to produce your own output, such as HTML or a table of contents. Itis a set of how-to guides for
readers who already know basic Roc and have added roc-parser to an app. By the end you can
parse adocument, readits blocks andinline content, pull out YAML frontmatter, and write a

renderer.

The Markdown module follows CommonMark 0.31.2 plus the GitHub Flavored Markdown (GFM)
extensions for tables, task listitems, strikethrough and extended autolinks. It alsoreads aleading

--- frontmatter block.

Raw HTML in the source passes through unchanged as Htm1Block and HtmlInline

values. The parserdoes not apply the GFM tagfilterand does not check link
WARNING destinations, so a javascript: URLis kept as written. If yourender Markdown you

did not write, sanitise the HTML you produce or drop those nodes and unsafe

URLs. See Walk the tree to produce output.

8.1. Parse a document into blocks

Parse awhole document with Markdown.parse_str.|treturns a List(Markdown): one value pertop-

level block, indocument order.

Markdown has no syntax errors. Every inputis a valid document, so Markdown.parse_str returns the
blocks directly ratherthana Try; text that looks like broken syntax becomes ordinary paragraph
text. To use the document parserinside your own combinators, Markdown. parser is the same parser
asaParser(Utf8.Bytes, List(Markdown))

The following app parses adocument that uses each kind of block and prints each block with

Str.inspect, which shows what the parser produced.

source =
\\# Shopping
\\
\\Buy these *today*:
\\
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\\- [x] apples
\\- [ ] pears
\\

\\> Quoted

\\

\\""*roc

\\main = 1

A\

\\

\\| Item | Qty |
A\ i--- | --2 |
\\| pear | 2 |
\\

\\***

\\
\\<div>raw</div>

main! = |_args| {
blocks = Markdown.parse_str(source)
for block in blocks {
Stdout.line!(Str.inspect(block))?
3
loose_list!()

Alistinwhichnoitems are separated by blank lines is tight; otherwise itisloose. The loose field
records this, which matters when yourender HTML: a tight list normally shows its item paragraphs

without <p> tags. Ordered lists keep their starting number:

loose_list! = || {
blocks = Markdown.parse_str("3. first\n\n4. second\n")
for block in blocks {
Stdout.line!(Str.inspect(block))?

}
0k({})
}
Output:

Heading({ level: One, content: [Text("Shopping")] })

Paragraph([Text("Buy these "), Emphasis([Text("today")]), Text(":")1)

ListBlock({ kind: Unordered, loose: False, items: [{ blocks: [Paragraph([Text("apples")1)],
task: Checked }, { blocks: [Paragraph([Text("pears")])], task: Unchecked }] })
Blockquote([Paragraph([Text("Quoted")]1)])

Code({ info: "roc", pre: "main = 1

"1

Table({ header: [[Text("Item")], [Text("Qty")1l, align: [Left, Right], rows:
[[[Text("pear")], [Text("2")]11 })

ThematicBreak
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Htm1Block("<div>raw</div>

Il)

ListBlock({ kind: Ordered({ start: 3 }), loose: True, items: [{ blocks:
[Paragraph([Text("first")])], task: NoTask }, { blocks: [Paragraph([Text("second")])], task:
NoTask }]1 })

The block variants are:

Variant Contents

Heading({ level, An ATX (#) or Setext (underlined) heading. level is One to Six; level.to_str()
content }) gives "1" to "6".

Paragraph(inlines) Aparagraph’sinline content.

Blockquote(blocks) The blocksinside a > quote.

ListBlock({ kind, kind is Unordered or Ordered({ start }).Eachitemhas blocks and a task of

Loose, items }) NoTask, Unchecked ([ 1) or Checked ([x] or [X]). tem textis always wrapped in

Paragraph, eveninatightlist.

Code({ info, pre }) Afenced orindented code block. info is the info string after the opening
fence (empty forindented code); pre is the literal content, endingina

newline.

ThematicBreak A* ---or_line.

Table({ header, align, A GFMtable. Eachcellisa List(Inline). align holdsone Default, Left,

rows }) Center or Right per column.

Htm1Block(raw) Raw HTML, includingits trailing newline, exactly as written.
Frontmatter(raw) The raw text of aleading frontmatter block; only ever the first block. See
Read frontmatter.

Block quotes andlists nest at most 1,000 levels deep. Deeper > and list markers are read as
paragraph text. Emphasis, strikethrough, links and images also nest at most 1,000 levels deep
(counted separately); the delimiters and brackets of deeperones areread as text. Code that

walks the tree recursively therefore cannot run out of stack on hostile input.

The syntax tree types support == and hashing, so blocks andinlines can be Dict keys and Set

elements.

Link reference definitions ([1abel]: /url)donotappearinthe tree. The parserresolvestheminto
the links that use them.
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8.2. Parse inline content

Inline contentis the textinside a paragraph, heading or table cell. Whenyou already have a single
line orfragment, such as a title from a database, parse it directly with Markdown.parse_inlines, which

returnsa List(Inline). Markdown.inline_parser isthe same parserforusein combinators.

show_inlines! = |text| {
inlines = Markdown.parse_inlines(text)
for inline in inlines {
Stdout.line!(Str.inspect(inline))?
}
Ok({})

show_inlines!("*em* **strong** ~~gone~~ ‘x + 1'")?
show_inlines!("[Roc](https://roc-lang.org \"Home\") and ![a cat](cat.png)")?
show_inlines!("<https://example.com> www.example.com me@example.com")?
show_inlines!("one\ntwo \nthree")?

Output:

Emphasis([Text("em")])

Text(" ")

Strong([Text("strong")])

Text(" ")

Strikethrough([Text("gone")])

Text(" ")

InlineCode("x + 1")

Link({ label: [Text("Roc")], target: { href: "https://roc-lang.org", title: Ok("Home") } })
Text(" and ")

Image({ alt: [Text("a cat")], target: { href: "cat.png", title: Err(Missing) } })

Link({ label: [Text("https://example.com")], target: { href: "https://example.com", title:
Err(Missing) } })

Text(" ")

Link({ label: [Text("www.example.com")], target: { href: "http://www.example.com", title:
Err(Missing) } })

Text(" ")

Link({ label: [Text("me@example.com")], target: { href: "mailto:me@example.com", title:
Err(Missing) } })

Text("one

two")

HardBreak

Text("three")

The output shows these rules:

- * and _ produce Strong, and produce Emphasis,and ~ or ~~ produce Strikethrough.
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- Autolinksinangle brackets and GFM extended autolinks (www. , http://, https:// and email
addresses written as plain text) become ordinary Link values. The parseradds http:// to www.

links and mailto: to email links.

- Asoftline break, a plain newline inside a paragraph, stays as "\n" inside Text. A hardline break,

two trailing spaces or abackslash before the newline, becomes HardBreak.

- Backslash escapes and entity references such as &amp; are decoded, so Text holds the

characters the reader sees, not the source.
- Inline HTML such as <b> becomes HtmlInline(raw).

- Alink’s target is { href, title },where titleis Ok(text) or Err(Missing).

8.2.1. Reference links need the whole document

Areferencelink such as [the guide][guide] pointsto a definition elsewhere inthe document.
Markdown.parse_inlines sees only the fragmentyou giveit, so it cannot resolve the reference and

leaves the brackets as text. Parse the whole document with Markdown.parse_str instead:

document =
\\See [the quide][quide] and ![logo][].
\\
\\[quide]: https://example.com/quide "The guide"
\\[1ogo]: /logo.png

blocks = Markdown.parse_str(document)
for block in blocks {
Stdout.line!(Str.inspect(block))?

Output:

Paragraph([Text("See "), Link({ label: [Text("the guide")], target: { href:
"https://example.com/qguide", title: Ok("The guide") } }), Text(" and "), Image({ alt:
[Text("logo")], target: { href: "/logo.png", title: Err(Missing) } }), Text(".")])

Reference labels match case-insensitively using Unicode case folding, so [StraBe] matchesa
definitionlabelled [STRASSE].
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8.3. Read frontmatter

Many static-site tools put metadata at the top of a Markdown file between two --- lines. When the
document’s firstlineis exactly --- and alaterlineis exactly ---, Markdown.parse_str returns the lines
between them as the first block, Frontmatter(raw), and parses the rest as Markdown.

Markdown. frontmatter(blocks) returns that text, or Err(Missing) whenthe documenthasnone. The
parserdoes notinterpret the text. Passit to the YAML parser (see Read YAML configuration and

frontmatter) to read the fields:

post =
We==
\\title: Hello
\\draft: false
We==
\\# Hello
\\
\\First post.

main! = |_args| show!(post)

show! = |text| {
blocks = Markdown.parse_str(text)
match Markdown.frontmatter(blocks) {
Ok(raw) => {
Stdout.line!("raw: ${Str.inspect(raw)}")?
meta = Yaml.parse_str(raw)?
Stdout.line!("meta: ${meta.to_inspect()}")?
# The frontmatter is the first block.
Stdout.line!("body blocks: ${(blocks.len() - 1).to_str()}")?

}
Err(Missing) => Stdout.line!("no frontmatter")?
}
0k({})
}
Output:

raw: "title: Hello

draft: false

meta: Mapping([{ key: "title", value: Text("Hello") }, { key: "draft", value: Bool(False) }])
body blocks: 2

Without a closing --- line, the opening --- is ordinary Markdown: a thematic break, or a Setext

heading underline.
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8.4. Walk the tree to produce output

To produce output, write two functions: one that matches each block variant and one that
matches eachinline variant. Each function calls the other for nested content. This section builds a

smallHTML renderer and a table-of-contents extractor for the following release notes:

blocks = Markdown.parse_str(source)

Stdout.write!(render_blocks(blocks))?

Stdout.line!("--- contents ---")?

for line in table_of_contents(blocks) {
Stdout.line!(line)?

}
Htm1Block and HtmlInline hold raw HTML from the source. Arenderer that copies
theminto a page, as this sketch does, lets the Markdown’s authorinject scripts.
WARNING Drop or sanitise them whenrendering untrusted input. Escape every Text,

InlineCode and Code value, and every attribute value, because the parserhas

already decoded entities such as &lt; into the characters they stand for.

Escape the characters that are significantin HTML:

escape : Str -> Str
escape = |text]| {
text
.replace_each("&", "&amp;")
.replace_each("<", "&1t;")
.replace_each(">", "&gt;")
.replace_each("\"", "&quot;")

Renderinline content:

render_inlines : List(Markdown.Inline) -> Str
render_inlines = |inlines| {

var $out = ""
for inline in inlines {

$out = $out.concat(render_inline(inline))

}
$out

render_inline : Markdown.Inline -> Str
render_inline = |inline| {
match inline {
Text(text) => escape(text)
Strong(children) => "<strong>${render_inlines(children)}</strong>"
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Emphasis(children) => "<em>${render_inlines(children)}</em>"

Strikethrough(children) => "<del>${render_inlines(children)}</del>"

InlineCode(code) => "<code>${escape(code)}</code>"

Link({ label, target }) => "<a href=\"${escape(target.href)}\"§{title_attr(target
.title)}>${render_inlines(label)}</a>"

Image({ alt, target }) => "<img src=\"${escape(target.href)}\" alt=\"${escape
(plain_text(alt))}\"${title_attr(target.title)} />"

HardBreak => "<br />\n"

# Raw HTML passes through unchanged; see the warning above.

HtmlInline(raw) => raw

title_attr : Try(Str, [Missing]) -> Str
title_attr = |title| {
match title {
Ok(text) => " title=\"${escape(text)}\""
Err(Missing) => ""

Renderblocks. Atightlistitemis rendered without its <p> wrapper:

render_blocks : List(Markdown) -> Str
render_blocks = |blocks| {
var $out = ""
for block in blocks {
$out = $out.concat(render_block(block))
}
$out

render_block : Markdown -> Str
render_block = |block| {
match block {
Heading({ level, content }) => {
n = level.to_str()
"<h${n}>${render_inlines(content)}</h${n}>\n"

Paragraph(inlines) => "<p>${render_inlines(inlines)}</p>\n"
Blockquote(children) => "<blockquote>\n${render_blocks(children)}</blockquote>\n"
ListBlock({ kind, loose, items }) => {

tag =
match kind {
Unordered => "ul"
Ordered(_) => "ol"
}
var $body = ""

for item in items {
# A tight list shows its paragraphs without <p> tags.
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inner =
match item.blocks {
[Paragraph(inlines)] if !loose => render_inlines(inlines)
_ => render_blocks(item.blocks).trim()
}
$body = $body.concat("<li>${inner}</1i>\n")
}
"<${tag}>\n${$body}</${tag}>\n"

Code({ pre, .. }) => "<pre><code>${escape(pre)}</code></pre>\n"
ThematicBreak => "<hr />\n"
Htm1Block(raw) => raw

=>

Atable of contents only needs headings and their plain text:

plain_text : List(Markdown.Inline) -> Str
plain_text = |inlines| {
var $out = ""
for inline in inlines {
piece =
match inline {
Text(text) => text
InlineCode(code) => code
Strong(children) | Emphasis(children) | Strikethrough(children) =>
plain_text(children)
Link({ label, .. }) => plain_text(label)
Image({ alt, .. }) => plain_text(alt)
HardBreak => " "
HtmlInline(_ ) => ""
}

$out = $out.concat(piece)

}
$out

table_of_contents : List(Markdown) -> List(Str)
table_of_contents = |blocks| {
var $lines = []
for block in blocks {
match block {
Heading({ level, content }) => {
indent =
match level {
One => ""
Two =>

=>

54

#f Tables, frontmatter and the remaining variants are left out of this sketch.
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}
$1lines = $lines.append("${indent}- ${plain_text(content)}")
}
_=>{}
}
}
$lines
}
Output:

<h1>Release notes</h1>
<p>Version <strong>2</strong> is out. Read the <a href="/changes" title="All
changes">changelog</a>.</p>
<h2>Fixed</h2>
<ul>
<li>Faster <code>parse</code></1i>
<li>Safer <b>HTML</b> &amp; entities</li>
</ul>
<h2>Known issues</h2>
<p>None.</p>
--- contents ---
- Release notes

- Fixed

- Known issues

A completerendererwould also handle Table, use Code's info fora language- class, and pass
Ordered({ start }) throughasthe start attribute.

8.5. Conformance and limitations

- Blockandinline parsing follow CommonMark 0.31.2, including tabs, container continuation,
lazy continuationlines, all seven kinds of HTML block, entity and numeric characterreferences,

and the delimiter-run algorithm foremphasis.

- Left- andright-flanking delimiter runs use the Unicode definitions of whitespace and
punctuation. Reference labels use Unicode case folding. Both come from the roc-1ang/unicode

package, whichroc-parserdepends on.

- GFM additions follow cmark-gfm: tables, task list items, strikethrough and extended autolinks.
The GFM disallowed raw HTML (tagfilter) extensionis not applied; raw HTML is returned

unchanged.

- Line endings may be LF, CRLF oralone CR. AU+000O0 characterbecomes U+FFFD, as

CommonMark requires.
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- Thetreeisasyntaxtree, not HTML. CommonMark’s conformance examples are written as
HTML, so arendereryou write decides details such as tight-list paragraphs and attribute

escaping.

- Frontmatteris a convention outside both specifications. Only the --- / --- form at the very start

of the documentisrecognised.

- Block quotes andlists nestat most 1,000 levels deep, and so do emphasis, strikethrough, links
andimages; deeper markers, delimiters and brackets are text. CommonMark sets no limit, so a

document nested more deeply than that parses differently from the specification.

The APIreference lists every type and functionin the module.

8.6. Performance

Markdown.parse_str parses about 30 MB/s on an Apple M2, building the block tree and every inline:
atypical READMEinabout 0.15 ms and a TMiB documentin about 32 ms. Thatis about 2.7 times
slower than goldmark (Go) and comrak (Rust), 7 times slower than pulldown-cmark, and 10 times
faster than markdown-it-py. Parsing stays linear on runs of unmatched emphasis and brackets
and on deeply nested block quotes and lists. See Performance for the measurements and

caveats.
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Chapter 9. HTTP messages

This chapter shows how to parse raw HTTP/1.x bytesinto Roc records: arequest orresponse line,
its header fields, andits body. Itis a set of how-to guides forreaders who know basic Roc and are
handling bytes from a socket, a test fixture or a capture file. By the end you canread requests and
responses, decode chunked bodies, split pipelined messages, embed the parsersin alarger

grammar, and know which inputs the parserrefuses and why.

The HTTP module follows the message syntax of RFC 9112 and the field syntax of RFC 9110. It parses

messages; it does not open connections or send anything.

The parserhas no size limits. It holds the whole message in memory and will read
WARNING a Content-Length of any size the input contains. Before you callit on network input,

bound the number of bytes youread.

9.1. Parse a request

Parse arequest with HTTP.parse_request. [t takes theraw bytesasa List(U8) (use Str.to_utf8 fora
Str)andreturns the request and the rest of the bytes afterit:

request_text = "POST /notes HTTP/1.71\r\nHost: example.com\r\nContent-Type: text/plain
\r\nContent-Length: 5\r\n\r\nhello"

{ request, rest: _ } = HTTP.parse_request(request_text.to_utf8())?

Stdout.line!("method: ${method_name(request.method)}")?

Stdout.line!("target: ${request.target}")?

Stdout.line!("version: ${request.version.major.to_str()}.${request.version.minor.to_str()}")?
Stdout.line!("body: ${Str.from_utf8(request.body) ?? "<binary>"}")?

Output:

method: POST
target: /notes
version: 1.1
body: hello
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Arequestis arecord with these fields:

- method: a Method, one of Get, Head, Post, Put, Delete, Connect, Options, Trace or Patch, or
Extension(name) forany other method token, such as PURGE. Method names are case-sensitive,
SO get is Extension("get").

- target:therequesttarget exactly assent, suchas /notes?id=1.
- version:aVersion, { major, minor }.
- headers:a List(Header) inthe orderreceived, where each Header is { name, value }.

- body:thebodybytesasa List(U8).

Turning a Method backinto its name covers every case with one Extension branch:

#t#f A method as it appears on the request line.
method_name : HTTP.Method -> Str
method_name = |method| {
match method {
Get => "GET"
Head => "HEAD"
Post => "POST"
Put => "PUT"
Delete => "DELETE"
Connect => "CONNECT"
Options => "OPTIONS"
Trace => "TRACE"
Patch => "PATCH"
Extension(name) => name

purge = HTTP.parse_request("PURGE /cache/a HTTP/1.1\r\nHost: example.com\r\n\r\n".to_utf8())?
Stdout.line!("method: ${Str.inspect(purge.request.method)}")?

Output:

method: Extension("PURGE")

9.1.1. Read header fields

Look afield up with HTTP.header, which compares names case-insensitively (HTTP field names are)
and returns the first match, or Err(Missing):

content_type = HTTP.header(request.headers, "content-type") ?? "none"
accept = HTTP.header(request.headers, "Accept") ?? "none"
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I Stdout.line!("content type: ${content_type}, accept: ${accept}")?

Output:

content type: text/plain, accept: none

Headernames keep the case they were sentin. Values have surrounding spaces and tabs
removed. Afield that appears more than once appearsin headers once peroccurrence, so walk

headers yourself to see every value.

9.2. Parse aresponse

Parse aresponse with HTTP.parse_response. status_code isa U16 and reason is the reason phrase,

which may be empty:

response_text = "HTTP/1.1 404 Not Found\r\nContent-Length: 9\r\n\r\nNot here."

{ response, rest: _ } = HTTP.parse_response(response_text.to_utf8())?
Stdout.line!("status: ${response.status_code.to_str()} ${response.reason}")?
Stdout.line!("body: ${Str.from_utf8(response.body) ?? "<binary>"}")?

Output:

status: 404 Not Found
body: Not here.

9.3. Understand how the body is found

The headers decide where the body ends (RFC 9112 section 6.3). The parser applies these rulesin
order:

1. Aresponse with a 1xx, 204 or 304 status has no body.

2. Transfer-Encoding: chunked means the body is a series of chunks, which the parserdecodesinto
one body.

3. Content-Length: n meansthe bodyis exactly n bytes. If the input has fewer, parsing fails.

4. With neitherfield, arequest has no body, and aresponse’s body runs to the end of the input,
because the server marks the end by closing the connection.

WARNING Aresponse to a HEAD request, and a 2xx response to a CONNECT request, also has no

body, but the parser cannot see the request that the response answers. If you
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parse such aresponse as-is, rule 3 or 4 reads the following bytes asits body.
Handle those responses yourself: for example, stop after the blank line that ends
the headerfields.

9.3.1. Decode a chunked body
Chunk extensions (;name=value after a chunk size) and trailer fields (fields after the final @ chunk) are

checked forvalid syntaxand then discarded. Only the decoded contentis kept.

chunked_text = "HTTP/1.1 200 OK\r\nTransfer-Encoding: chunked\r\n\r\n4\r\nWiki\r\n
6;note=x\r\npedia \r\n@\r\nExpires: never\r\n\r\n"

chunked = HTTP.parse_response(chunked_text.to_utf8())?
Stdout.line!("decoded body: ${Str.from_utf8(chunked.response.body) ?? "<binary>"}")?

Output:

decoded body: Wikipedia

9.4. Read pipelined messages

Aclient may send several requests on one connection without waiting forresponses.
HTTP.parse_request consumes exactly one message andreturns the bytes that follow it as rest;
parse rest againfor the next message. Toread awhole buffer of requests at once, use

HTTP.parse_requests, which fails unless the buffer ends exactly at the end of arequest:

pipelined = "GET /a HTTP/1.71\r\nHost: example.com\r\n\r\nGET /b HTTP/1.71\r\nHost:
example.com\r\n\r\n".to_utf8()

first = HTTP.parse_request(pipelined)?

second = HTTP.parse_request(first.rest)?

Stdout.line!("first: ${first.request.target}, second: ${second.request.target}, left over:
${second.rest.len().to_str()} bytes")?

all = HTTP.parse_requests(pipelined)?
Stdout.line!("targets: ${Str.join_with(all.map(|r| r.target), ", ")}")?

Output:

first: /a, second: /b, left over: @ bytes
targets: /a, /b
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Aresponse with no framing fields reads to the end of the input, soitis always the last messageina
buffer.

9.5. Use the parsers inside a larger grammar

HTTP.request and HTTP.response are the same parsers as a Parser (Utf8.Bytes, _),forwhena

message is one part of alarger format. They leave the bytes after the message for the next parser:

#i#f A capture file: a one-line label, then the raw request.
capture : Parser(Utf8.Bytes, { label : Str, request : HTTP.Request })
capture =
Parser.const(|label| |request| { label, request })
.keep(Parser.chomp_while(|byte| byte !'= "\n').map(|bytes| Str.from_utf8_lossy(
bytes)))
.skip(Utf8.codeunit('\n"))
.keep(HTTP.request)

saved = Utf8.parse_str(capture, "health check\nGET /health HTTP/1.1\r\nHost:
example.com\r\n\r\n")?
Stdout.line!("${saved.label}: ${saved.request.target}")?

Output:

health check: /health

They fail with ParseError({ message, offset }).The message startswith invalid HTTP request: or
invalid HTTP response:, andthe offsetis where the problemis, counted from the start of the whole

input.

9.6. Rejected messages and request smuggling

Request smuggling happens when two programs, such as a proxy and your server, disagree about
where one message ends and the next begins. An attacker can then hide a second requestinside
the firstone’s body. To avoid this, the parserrejects any message whose framing it would

otherwise have to guess.

Arejected messageis not safe torecoverfrom. Do notretry it with a "cleaned-

up" copy, and do not keep reading the same connection: closeit. If a proxyin
IMPORTANT prcopy P 9 proxy

front of your server accepts a message this parserrejects, the two disagree

about framing.
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The parserrejects a message that has any of the following:

- Both Transfer-Encoding and Content-Length.

- More than one Content-Length value, unless every value isidentical, or a value that is not plain

decimal digits (for example +4), or a value with more than 19 significant digits.

- Any transfer coding other than exactly one chunked, such as chunked, gzip, gzip, or chunked given

twice.
- Transfer-Encoding inan HTTP/1.0 message.
- Whitespace between a field name andits colon, asin Transfer-Encoding :.
- Obsoleteline folding (a field line that starts with a space or tab).
- Aline ending other than CRLF: abare CR ora bare LF anywhere in the head orin chunk framing.
- Controlcharactersin a field value orreason phrase, or a field value thatis not valid UTF-8.
- InanHTTP/1.1request, a missing Host field;in any request, more than one Host field.

- Amalformed chunk size, such as '5 "with a trailing space, or one with more than 15 significant
hexadecimal digits.

The statusline has rules of its own: the status code is exactly three digits and at least 100, and the

space before the reason phrase may be left out when the phrase is empty.

parse_request and parse_response fail with InvalidHttp(Error), where an Error is { offset, message }:
the message says which rule was broken and the offset is the byte where the problemis. A framing
error points at the start of the field line responsible; a missing Host fieldis reported at offset O, the

start of the message.

smuggled = "POST / HTTP/1.1\r\nHost: example.com\r\nContent-Length: 3\r\nTransfer-Encoding:
chunked\r\n\r\n@\r\n\r\n"

match HTTP.parse_request(smuggled.to_utf8()) {

Ok(_) => Stdout.line!("accepted")?

Err(InvalidHttp({ offset, message })) => Stdout.line!("rejected at byte ${offset.to_str
()}: ${message}")?
}

Output:

rejected at byte 55: both Transfer-Encoding and Content-Length

The fuzz/http-smuggling.roc fuzztarget generates messages built from these constructs and

checks thateach oneisrejected; see the fuzzing guide.
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9.7. Out of scope

Bodies of responses to HEAD and CONNECT, which need the request; see Understand how the

bodyis found.

Chunk extensions and trailer fields, which are validated and dropped.

Content codings such as gzip, and any Transfer-Encoding other than chunked, whichisrejected

ratherthan decoded.

HTTP/2 and HTTP/3, which are binary protocols.

Size limits and timeouts, which the caller must enforce.

The APl reference lists the HTTP types and parsers.

9.8. Performance

Atypicalrequest orresponse head parsesin1.5-2usonanApple M2, as fast as Go’s net/http and
about 3 times slower than Rust’s httparse, which checks less (see What the comparison does and
does not show). Line ends, tokens and field values are checked 16 bytes at a time with SIMD. A

Content-Length bodyis returned without copying, so body size barely affects the time; a chunked
bodyisassembled once, inlinear time even with thousands of one-byte chunks (20,000 of them

in 0.7 ms). See Performance for the measurements.
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Chapter 10. Combinators by task

This chapteris forreaders who have finished Your first parser and are writing a parser of their own.

It groups the combinatorsin the Parser and Utf8 modules by the job they do, and explains the three
rules that most often surprise people: how alternatives backtrack, when repetition stops, and why
parsers read bytesratherthan characters. The APl reference has the exact signature of every

function.

The examples come from combinators-behaviour.roc; every expect inthem passes.

10.1. Running a parser

Function Use it to

Utf8.parse_str(p, str) Parse awhole Str. Returns 0k(value) or Err(ParseError({
message, offset })),where offset isthe byte offset of the

furthest failure. Input left overis a failure too.

Utf8.parse_bytes(p, bytes) The same fora List(U8).
Utf8.parse_str_partial(p, str), Parse the start of theinput andreturn { value, rest },
Utf8.parse_bytes_partial(p, bytes) where rest is what is left. Use these to read one message

from a stream that holds several.

Parser.parse(p, input), Parser.run(p, Run a parserwhose inputis not text, such as the CSV.Record
input) thatrecord parsersread. Call them as methods:

p.parse(input).

10.2. Reading text

All of these read from Utf8.Bytes, whichis List(U8).

Parser Reads

Utf8.codeunit(b) Exactly the byte b, such as Utf8.codeunit('=").
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Parser

Utf8.codeunit_satisfies(pred)

Utf8.any_codeunit

Utf8.string(s), Utf8.utf8(bytes)

Utf8.digit, Utf8.digits

Parser.chomp_while(pred)

Parser.chomp_until(b)

Utf8.rest_str, Utf8.rest
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Reads

One byte that pred accepts.

Any one byte.

Exactly the given text, returned as a Str oras bytes.

One ASCIl digit,orarunof them, asa U64. digits failsona

numbertoo large fora U64.

Byteswhile pred accepts them. Always succeeds, possibly

reading nothing.

Bytesup to, but notincluding, the byte b. Failsif b never

appears.

Allremaininginput, as a Str (failingif itis not valid UTF-8) o

as bytes.

10.3. Sequencing and transforming

Combinator

Parser.const(v)

b

p.keep(q)

p.skip(q)

p.map(f), Parser.map2, Parser.map3

p.between(open, close)

p.ignore()

roc-parser

Does

Reads nothing and produces v. Start a sequence with

‘Parser.const(

Runs q after p and passesitsresult to the function p

produced.

Runs q after p and discards q'sresult.

Transforms one, two or three results with an ordinary

function.

Reads open, p, close and keeps only p'sresult.

Keeps theinput p reads but replacesitsresult with {}.

r
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Combinator

p.flatten()

Does

Turns a parser producing Try(a, Str) into one producing a,
where Err(msg) becomes a parse failure with that

message.

flatten is how you validate a value while parsing. Here anumber above 65535 isrejected with a

message of your choosing:

port : Parser(Utf8.Bytes, U64)
port =
Utf8.digits
.map(
[n] if n <= 65535 {
Ok(n)
} else {

}l
)
.flatten()

range", offset: 0 }))

# Validate a value and turn a rejection into a parse failure.

Err("port ${n.to_str()} is out of range")

expect Utf8.parse_str(port, "8080") == 0k(8080)
expect Utf8.parse_str(port, "70000") == Err(ParseError({ message: "port 70000 is out of

10.4. Alternatives and optional parts

Combinator

Parser.one_of(list)

Parser.one_of(list), Parser.alt(p, q)

Parser.maybe(p)

Parser.fail(message)

Does

Tries each parserin order; the first success wins. On

failure, reports the last parser’'s message.

The same forany input type. On failure, joins all the

messages with "or".

Produces 0k(value) if p succeeds, or Err(Missing) without

reading anythingif it fails.

Always fails with message . Useful as the last alternative.

# An optional leading sign, then digits.

signed : Parser(Utf8.Bytes, I64)
signed =
Parser.const(
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[sign| |n| {
match sign {
Ok(_) => -(n.to_i64_wrap())
Err(Missing) => n.to_i64_wrap()

}'

.keep(Parser.maybe(Utf8.codeunit('-")))
.keep(Utf8.digits)

expect Utf8.parse_str(signed, "-42") == 0k(-42)
expect Utf8.parse_str(signed, "42") == 0k(42)

10.4.1. Alternatives always backtrack

When an alternative fails, the next one starts from the same position the first one started from,
however muchinput the failed one had examined. There is no "commit” point, so youneverneed a

try wrapper asin some other parserlibraries:

# Both alternatives start with "ab". When the first fails at "d", the
# second starts again from the beginning of the same input.
abc_or_abd : Parser(Utf8.Bytes, Str)

abc_or_abd = Parser.one_of([Utf8.string("abc"), Utf8.string("abd")])

expect Utf8.parse_str(abc_or_abd, "abd") == Ok("abd")

The costis that the first success wins, even when a later alternative would have read more. Put

longer or more specific alternatives first:

# The first alternative that succeeds wins, even if a later one would

#f consume more input. Put the longer keyword first.

keyword_short_first : Parser(Utf8.Bytes, Str)

keyword_short_first = Parser.one_of([Utf8.string("in"), Utf8.string("int")])

keyword_long_first : Parser(Utf8.Bytes, Str)
keyword_long_first = Parser.one_of([Utf8.string("int"), Utf8.string("in")])

expect Utf8.parse_str_partial(keyword_short_first, "int").map_ok(|r| r.rest) == Ok("t")
expect Utf8.parse_str(keyword_long_first, "int") == Ok("int")

With the short keyword first, "int" reads as "in" andleaves t behind.

Backtracking also means a failure deep inside one alternative is replaced by the failures of the
ones afterit. If error messages matter, keep the alternatives distinct from their first byte, so that

only one of them getsfar.
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10.5. Repetition

Combinator Produces

Parser.many(p) Zero ormore results of p.

Parser.one_or_more(p) One ormoreresults; fails if the first p fails.

p.sep_by(sep) Zero or more results of p separated by sep. The separators
are dropped.

p.sep_by_one_or_more(sep) The same, requiring at least one.

These combinators require the input type to support ==, which every input type in this package
does. They useit to enforce the nextrule.

10.5.1. Repetition stops when an element makes no progress

Repetition ends at the first element that fails, or that succeeds without reading any input. Without
the second condition, repeating a parser that can succeed on empty input, such as chomp_while or
maybe(p), wouldloop forever:

# chomp_while always succeeds, possibly consuming nothing. ‘many‘ stops at
# the first element that makes no progress instead of looping forever.
runs : Parser(Utf8.Bytes, List(List(U8)))

runs = Parser.many(Parser.chomp_while(|b| b == 'a"))

expect Utf8.parse_str_partial(runs, "aab").map_ok(|r| r.rest) == 0k("b")

10.5.2. A failed element ends the repetition, not the parse

When an element fails part-way through, repetition ends before that element and leaves its input

unread. Therepetitionitself succeeds:

# A repeated element that fails part-way is not an error for ‘many':

#f repetition ends before that element, and its input is left unconsumed.
pair : Parser(Utf8.Bytes, U64)

pair = Utf8.digits.skip(Utf8.codeunit(';"))

expect Utf8.parse_str_partial(Parser.many(pair), "1;2;3x").map_ok(|r| r.rest) == Ok("3x")

The failure of the element that stopped the repetitionis kept, though. So whenyou parse awhole
input with Utf8.parse_str,abad elementinthe middle of alistisreported by its own failure

message and offset. Report parse errors shows how to turn thatinto a useful message.
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10.6. Recursive structures

A parserforanestedformatreferstoitself. Wrap the self-referencein Parser.lazy so thatitis built

onlywhenitis needed:

# A tree is a number or a bracketed, comma-separated list of trees: [1,[2,3]]
Tree := [Leaf(U64), Node(List(Tree))]

tree : Parser(Utf8.Bytes, Tree)
tree =
Parser.one_of([
Utf8.digits.map(|n| Leaf(n)),
Parser.lazy(|_| tree)
.sep_by(Utf8.codeunit(',"))
.between(Utf8.codeunit('["'), Utf8.codeunit(']"))
.map(|children| Node(children)),
D

leaves : Tree -> U64
leaves = |t]| {
match t {
Leaf( ) => 1
Node(children) => children.fold(@, |sum, child| sum + leaves(child))

expect Utf8.parse_str(tree, "[1,[2,3],[1]").map_ok(leaves) == 0k(3)

Two parsers that referto each other at the top level currently need a lower-level workaround
because of acompilerlimitation, roc-lang/roc#10098. Keep the recursioninside one parser

whereyou can, as here.

10.7. Bytes, not characters

The Utf8 parsersread UTF-8 code units, which are bytes. An ASClI characteris one byte, but other

characters take two to four. é, forexample, is the two bytes 0x(3 0xA9:

# Parsers read UTF-8 code units (bytes), not characters. "é" is two bytes.
expect Utf8.parse_str_partial(Utf8.any_codeunit, "é").map_ok(|r| r.value) == 0k(@x(3)
expect Utf8.parse_str(Utf8.string("é"), "é") == Ok("é")

This has three consequences:

- Utf8.string and Utf8.codeunit work forany text, because they compare exact bytes.

- codeunit_satisfies and chomp_while see one byte atatime. Apredicate such as"is aletter"

written for ASCIl never matches the bytes of é. Apredicatesuchas |b| b != """ issafe,
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because no byte of a multi-byte characteris below 128.

- Str.from_utf8_lossy replaces bytes that are not valid UTF-8 with U+FFFD. That cannot happen
foraslice of avalid Str cut at ASCll bytes, as in this manual’s examples. If your parser can stop
in the middle of a characterand you need to know, convert with Str.from_utf8 and handle its

errorinstead.

10.8. Parsers over other input

Parser(input, a) worksforanyinputtype, notonly bytes. The (SV module’srecord parsersreada
(SV.Record, alist of fields, and CSV.field(p) runs a byte parser p on one field. To write a primitive
parser foryourown input type, use Parser.custom with a function frominputto Ok({ value, rest })

or Err(ParseError ({ message, offset })).
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Chapter 11. Parse a format of your own

This guide shows how to turn aline-based text formatinto typed Roc values, with tests foreach
part and error messages that name the line at fault. It assumes you know the combinators from

Your first parser.

The running example is an application log with one entry perline:

08:00 INFO started
12:30 WARN disk almost full

The finished programis custom-format-log.roc.

1M.1. 1. Write down the result types

Decide what a caller should get back before writing any parser. Use tags for fixed sets of words

andrecords for groups of fields:

Level : [Info, Warn, Error]
Time : { hour : U64, minute : U64 }

Entry : { time : Time, level : Level, message : Str }

1.2. 2. Write one parser per part

Give each part of the line its own parser, named after what it reads. Small parsers are easier to test,

and theirnames make the larger parserread like the format’s description:

two_digits : Parser(Utf8.Bytes, U64)
two_digits =
Parser.const(|tens| |ones| tens * 10 + ones)
.keep(Utf8.digit)
.keep(Utf8.digit)

time : Parser(Utf8.Bytes, Time)
time =
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Parser.const(|hour| |minute| { hour, minute })
.keep(two_digits)
.skip(Utf8.codeunit(':"))
.keep(two_digits)

.map(
[t] if t.hour < 24 and t.minute < 60 {
Ok(t)
} else {
Err("no such time")
}
)
.flatten()

level : Parser(Utf8.Bytes, Level)
level =
Parser.one_of([
Parser.const(Info).skip(Utf8.string("INF0")),
Parser.const(Warn).skip(Utf8.string("WARN")),
Parser.const(Error).skip(Utf8.string("ERROR")),

D

message : Parser(Utf8.Bytes, Str)
message = Utf8.rest_str

Notes onthe choices made here:

- time checksitsvalue with .map(...).flatten().Arule that the syntax cannot express, such as

"hours are below 24", belongs here, so that bad values neverreach the rest of your program.

- level lists whole words. If two words shared a prefix, the longer one would have to come first;

see Combinators by task.

- message takes therest of the input. Thatis correct only because step 4 hands the parseroneline

atatime.

1M.38. 3. Combine the parts

entry : Parser(Utf8.Bytes, Entry)

entry =
Parser.const(|t| |1| |m|] { time: t, level: 1, message: m })
.keep(time)
.skip(Utf8.codeunit(" "))
.keep(level)
.skip(Utf8.codeunit(" "))
.keep(message)
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1.4. 4. Test each parser

Put expect tests next to the parsers, covering atleast one accepted and onerejected input for
each:

expect Utf8.parse_str(time, "09:05") == Ok({ hour: 9, minute: 5 })

expect Utf8.parse_str(time, "24:00") == Err(ParseError({ message: "no such time", offset: 0
1)

expect Utf8.parse_str(level, "WARN") == Ok(Warn)

expect
Utf8.parse_str(entry, "12:30 WARN disk almost full")
== 0k({ time: { hour: 12, minute: 30 }, level: Warn, message: "disk almost full" })

expect Utf8.parse_str(entry, "12:30 DEBUG hello").is_err()

Runthem:

roc test custom-format-log.roc

The compilerreports how many tests passed. A failing test prints the expression and the values on
eachside of ==.

11.5. 5. Split the input into records yourself

Foraformat with onerecord perline, split the text into lines and parse each line separately, rather

than describing the whole file with sep_by. You get three benefits:

- You know the line number of every failure.
- Thefailureisreported against the line, not as a byte offsetinto the whole file.

- Blanklines and afinalline break are easy to allow.

Problem : { line : U64, reason : Str }

parse_log : Str -> Try(List(Entry), Problem)
parse_log = |text| {
var $entries = []
var $number = 0
for line in text.split_on("\n") {
$number = $number + 1
match Utf8.parse_str(entry, line) {
_ if line.is_empty() => {}
Ok(e) => {
$entries = $entries.append(e)
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Err(ParseError({ message: reason, offset: _ })) => return Err({ line: $number,
reason })
}
}
Ok($entries)
}

This splits on \n only. If your files can come from Windows, also strip a trailing \r from eachline.

11.6. 6. Use it

level_name : Level -> Str
level_name = |1| {
match 1 {
Info => "info"
Warn => "warning"
Error => "error"

summary : Str -> Str
summary = |text| {
match parse_log(text) {
Ok(entries) =>
Str.join_with(entries.map(|e| "${level_name(e.level)} at ${e.time.hour.to_str()
th: ${e.message}"), "\n")
Err({ line, reason }) => "line ${line.to_str()}: ${reason}"

main! = |_args| {
Stdout.line!(summary("08:00 INFO started\n12:30 WARN disk almost full\n"))?
Stdout.line!(summary("08:00 INFO started\n\n25:00 ERROR late\n"))

Runthe program:

roc custom-format-log.roc

Output:

info at 8h: started
warning at 12h: disk almost full
line 3: no such time

The second log has a blank second line, whichis skipped, and a time that does not exist on the
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third line, whichis reported with thatline number.

1M.7. When the format is not line-based

If records can spanlines, asinanested or bracketed format, you cannot split the input first.

Describe the whole input with one parserinstead:

- Use sep_by or many forlists, and Parser.lazy fornesting, asin Combinators by task.

- Use Utf8.parse_str_partial toread onerecord at atime whenyou need to know where each
record starts.

- Expectabadrecordinthe middle to be reported by its own failure, with abyte offset that

Report parse errors turnsinto a line and column.
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Chapter 12. Report parse errors

This guide shows what each module returns whenitsinputisinvalid, and how to turn thatinto a
message a person canacton. The format parsersreportinvalid input as an Err value rather than

crashing, and the repository’s fuzz tests check that they do.

The examples come from errors-report.roc, whose complete outputis checkedinas errors-

report.expected.

12.1. Summary

Every format type module reports invalid input with one tag named after the format, carrying a
record with a message and the most precise location the format has. Combinatorrunners report the

furthest failure.

Function Error What it tells you

Yaml.parse_str, InvalidYaml({ Lline, column, message Where the problemis and what it is.
Yaml.decode H Columns count bytes.
Xml.parse_str InvalidXml({ line, column, message b Where the prob|emis andwhatitis.

Columns count bytes.

CSV.parse, InvalidCsv({ record, field, line, The record and field that failed, where

CSV.parse_with, column, message })

CSV.parse_record CSV syntax, a field your parser
S

they startin the text, and why: bad

rejected, orarow of the wrong width.

CSV.parse, MissingRequiredField(name) Arecord field thatis nota Try(_,
Yaml.decode [Missing]) had no column orkey.
HTTP.parse_reque InvalidHttp({ offset, message }) Why the message was rejected, and
st, the byte offset of the problem.

HTTP.parse_respo

nse,
HTTP.parse_reque
sts
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Function Error What it tells you

Markdown.parse_s  None Every input is a Markdown document,
oy so parsing cannot fail.

Your own ParseError({ message, offset }) The furthest failure, or unexpected
parsers, run with input where input was left over, with
Utf8.parse_str or its byte offset.

Parser.parse

All of these are open tag unions, so ? passes them through a function such as main! thatreturns
othererrors too, without map_err.

12.2. YAML and XML: show the location

Bothreport one-based line and column numbers. Print themin the file:1line:column: message form

that editors and terminals recognise, so a user canjump straight to the problem:

yaml_message : Str, Str -> Str
yaml_message = |file_name, source| {
match Yaml.parse_str(source) {
Ok(_) => "${file_name}: ok"
Err(InvalidYaml({ line, column, message })) =>
"${file_name}:${line.to_str()}:${column.to_str()}: ${message}"

xml_message : Str, Str -> Str
xml_message = |file_name, source| {
match Xml.parse_str(source) {
0k( ) => "${file_name}: ok"
Err(InvalidXml({ line, column, message })) =>
"${file_name}:${line.to_str()}:${column.to_str()}: ${message}"

Fortheinputs "name: demo\nport: [8080\n" and "<feed>\n <entry></feed>" these print:

config.yaml:2:7: unterminated flow collection
feed.xml:2:10: end tag </feed> does not match start tag <entry>

YAML input outside the supported subset, such as ananchororatag, is reported the same way,
with a message that names the feature. Tell users which subset you accept so that the message
makes sense to them.

roc-parser 77



ROC-PARSER

12.3. CSV: report the record and field

Every CSV failureis InvalidCsv with the same record, whetherthe textisnotvalid CSV, afield does
not match your parser, or arow has the wrong number of fields. The record and field numbers are

one-based and suit a spreadsheet user; line and column pointinto the text, where the field starts:

Row : { name : Str, count : U64 }

row : Parser(CSV.Record, Row)
row =
CSV.record(|name| |count| { name, count })
.keep(CSV.field(CSV.string))
.keep(CSV.field(CSV.u64))

csv_message : Str -> Str
csv_message = |source| {
match CSV.parse_with(row, source) {
Ok(rows) => "${rows.len().to_str()} rows"
Err(InvalidCsv({ line, column, record, field, message })) =>
"line ${line.to_str()}, column ${column.to_str()} (record ${record.to_str()},
field ${field.to_str()}): ${message}"
I3

Foranunterminated quote (pears, "2), anon-numberin anumber column (pears,many), and arow

with an extra column (apples, 3, red), these print:

line 2, column 7 (record 2, field 2): unterminated quoted field
line 2, column 7 (record 2, field 2): expected a U64, found ‘many’
line 1, column 10 (record 1, field 3): the record has 3 fields, but the parser read only 2

The messages quote a short excerpt of the field, so ahuge or binary field cannot flood alog.
CSV.parse reports the same InvalidCsv errors, and adds MissingRequiredField(name) when the header

has no column for arequiredrecord field (see Read CSV data).

12.4. HTTP: reject the message

The HTTP parsers reject anything ambiguous, because a server and a proxy that disagree about
where amessage ends can be exploited. Treat every InvalidHttp erroras a 400 Bad Request and

close the connection; do not try to repair the message.

http_message : Str -> Str
http_message = |source| {
match HTTP.parse_request(source.to_utf8()) {
Ok({ request, rest: _ }) => "request for ${request.target}"
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Err(InvalidHttp({ message, offset })) => "400 Bad Request (byte ${offset.to_str()}):
${message}"

}

ForanHTTP/1.1request without a Host field this prints:

400 Bad Request (byte @): an HTTP/1.71 request needs a Host field

The message is meant foryourlogs. It may quote the client’s input, so think before sending it back
inaresponse.

HTTP.parse_request returns the bytes afterthe message as rest, whichis the next pipelined

message, if any. HTTP. parse_requests reads a whole pipeline and fails if it does not end exactly at

the end of amessage.

12.5. Your own parsers: say where and what

Utf8.parse_str returns the furthest failure: the one that read furthestinto the input, even when a
repetition stopped atit oran alternative recovered fromit (see Combinators by task). Its offset is a

byte offset. Three habits give users better messages:

- Validate values with .map(...).flatten() and a message written for the user, such as "no such

time", instead of relying on the generic failure from a low-level parser.

- Forline-based formats, parse line by line and report the line number, as Parse aformat of your

owndoes.

- Forotherformats, turnthe of fset into a position: count the line breaks before it to getaline

number, and show the input from there as context.

Keep the raw failure message forlogs and tests. It describes the parser, not the user’s input, so it

israrely the best thing to show a useronits own.
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Chapter 15. Modules

This chapteris a map of the package forreaders who know some Roc and want to find the right
module and entry point foraninput format. It says what each module is for, which types and
functions you start from, and how the modules fit together. The APl reference has the full

signature and documentation of every type and function, generated from the source.

18.1. The modules at a glance

The package exposes seven modules. Two are general-purpose building blocks; the other five

areready-made parsers forone format each.

Module Useit to Start from

Parser Combine small parsersinto larger ones, Parser.const, keep, skip, map, one_of, many,
foranyinput type sep_by

utf8 Parse text: match bytes, strings and Utf8.parse_str, string, codeunit, digits

digits,andrunaparserona Str

csv Read comma-separated values, raw or CSV.parse, CSV.parse_with,
decoded into your ownrecord type (SV.parse_records

HTTP Read one HTTP/1.1request orresponse HTTP.parse_request, HTTP.parse_response,
message, including its body HTTP.header

Markdown Turn CommonMark and GitHub Flavored  Markdown.parse_str,
Markdown into a syntax tree Markdown.parse_inlines

Xml Check that an XML document is well- Xml.parse_str, Xml.Node.attribute,
formedandreaditasatree XmL.Node.children_named

Yaml Read a YAML configurationfile or Yaml.decode, Yaml.parse_str, Yaml.get_path
Markdown frontmatter
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13.2. How the modules fit together

A Parser(input, a) isavaluethatdescribeshowtoreadan a fromthe start of an input. Runningit
returns the value and the input it did not consume, or a ParseError with a message and an offset.
Parser provides the combinators that build parsers from parsers; Utf8 provides the parsers that
read text, with Utf8.Bytes (a List(U8)) as the input type.

Each format type module follows the same conventions:

- parse_str (or,for CSV, parse) reads a whole document and returns Ok(value) oranerrortag
named afterthe format: InvalidCsv, InvalidHttp, InvalidXml or InvalidYaml. The tagcarriesa
record with a message and the most precise location the format has. Markdown has no syntax

errors, so Markdown.parse_str returns the tree directly.

- parser (and, forHTTP, request and response)is the same parseras a Parser (Utf8.Bytes, ...) value,

forembeddinginalargerparser. Its failures are ParseError ({ message, offset }).

- (SV.parse and Yaml.decode decode straightinto your own record type through the static

dispatch method parser_for; the compilerinfers the type fromhow you use the result.

- Optionalvalues are Try(a, [Missing]).

The following program uses one entry point from each module. Itis docs/examples/reference-

modules.roc intherepository, and Clrunsiit.

#f Parser and Utf8: build a parser from combinators, run it on a Str.

pair : Parser(Utf8.Bytes, (U64, U64))

pair = Parser.const(|a| |b| (a, b)).keep(Utf8.digits).skip(Utf8.codeunit(",")).keep(Utf8
.digits)

# CSV: decode each row into a record type the compiler infers from use.
people : Str -> Try(List({ name : Str, age : U64 }), [InvalidCsv(CSV.Error),
MissingRequiredField(Str)])

people = |text| CSV.parse(text)

# HTTP: parse one message; bytes after it are left for the next message.
http_target : Str -> Str
http_target = |text| {
match HTTP.parse_request(text.to_utf8()) {
Ok({ request, rest: _ }) => request.target
Err(InvalidHttp(e)) => "invalid request at byte ${e.offset.to_str()}"

#f Xml and Yaml: whole-document functions that report line and column.
xml_root : Str -> Str
xml_root = |text| {
match Xml.parse_str(text) {
Ok(doc) => Str.inspect(doc.root)
Err(InvalidXml(e)) => "${e.line.to_str()}:${e.column.to_str()}: ${e.message}"
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yaml_value : Str -> Str
yaml_value = |text| {
match Yaml.parse_str(text) {
Ok(value) => value.to_inspect()
Err(InvalidYaml(e)) => "${e.line.to_str()}:${e.column.to_str()}: ${e.message}"

#f Yaml can also decode straight into a record.

config : Str -> Try({ title : Str, draft : Bool }, [InvalidYaml(Yaml.Error),
MissingRequiredField(Str)])

config = |text| Yaml.decode(text)

# Markdown: parsing never fails, so ‘parse_str' returns the blocks directly.
markdown_blocks : Str -> Str
markdown_blocks = |text| Str.join_with(Markdown.parse_str(text).map(Str.inspect), "\n")

nning it prints one line per call (the Markdown result prints two lines, one per block):

0k((3, 4))

Ok([{ age: 36, name: "Ada" }, { age: 41, name: "Alan" }])

/index.html

Element({ attributes: [{ name: "lang", value: "en" }], children: [Text("hi")], name:
"greeting" })

1:7: end tag </a> does not match start tag <b>

Mapping([{ key: "title", value: Text("Notes") }, { key: "draft", value: Bool(False) }])
Ok({ draft: False, title: "Notes" })

Heading({ level: One, content: [Text("Title")] })

Paragraph([Text("Some "), Emphasis([Text("text")]), Text(".")1)

13.3. Parser

Parser is the combinatorlibrary. Use it when you are writing a parser for a format this package does

not cover, or extending one of the format parsers.

Parser(input, a) isanopaque nominaltype, and ParseResult(input, a), Try({ value, rest },

[ParseError({ message, offset })1),iswhatone step of parsingreturns.

Build values with const and feed it parsed arguments with keep ; read and discard syntax with

skip.

Choose between alternatives with alt and one_of. Each alternative starts from the same input,

so afailed alternative never consumes anything.

Repeat with many, one_or_more, sep_by and sep_by_one_or_more. Repetition stopswhen an element
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fails orconsumes nothing.

- Convertresults with map, map2, map3 and flatten, and choose the next parser from avalue with

and_then. maybe makes a parser optional, returning Try(a, [Missing]).

- Runaparserwith parse (whole input) or run (leaving the rest). For text, prefer the Utf8 functions

below.

- custom turns your own functioninto a parser when no combinator fits; lazy defers building a

parser forrecursive grammars.

13.4. Utf8
Utf8 holds the text parsers and the functions that run a parser on text.

- Utf8.parse_str runs a parseronawhole Str andreports leftover text as a ParseError.

parse_str_partial, parse_bytes and parse_bytes_partial cover partialinput and byte input.

- codeunit, codeunit_satisfies, any_codeunit, utf8 and string match bytes and literal text. digit and

digits read unsigned decimal numbers.

- rest and rest_str consume the rest of the input.

The parsers work on bytes, not characters: codeunit('é') is not possible, because é is two bytesin

UTF-8. Use string("é") instead.

13.5. CSV
(SV reads RFC 4180 comma-separated values; the module documentation lists the exact dialect.

- (SV.parse decodes a file with aheaderrow into alist of records. Eachrecord field reads the
column with the samename, a Try(a, [Missing]) fieldis optional,and arequired field without a
column fails with MissingRequiredField(name). CSV.parse_normalized matchesheaderssuchas

First Name to first_name,and CSV.parse_headerless decodesrowsinto tuples.

- (SV.parse_with matches columns by positioninstead, with arecord parseryou build from
CSV.record, CSV.field and .keep(...).Field parsers CSV.string, CSV.u64 and CSV.f64 are provided,
and any Parser(Utf8.Bytes, a) works.

- (SV.parse_records returns the raw records, each a CSV.Record (a List(List(U8))), whenrows differ
in shape oryouwant toinspect them first. CSV.split_header separates the headerrow, and

(SV.decode runs arecord parser over them later.

Every failureis InvalidCsv with the record, field, line and column.
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13.6. HTTP
HTTP reads one HTTP/1.1(or HTTP/1.0) message: start line, header fields and body.

- HTTP.parse_request and HTTP.parse_response take bytes and returnthe message and the rest,
whichis the next pipelined message, if any. HTTP. parse_requests reads a whole pipeline. Failures
are InvalidHttp({ offset, message }).

- Request and Response arerecords. Header is { name, value },and HTTP.header (headers, name) looks
afield up case-insensitively. Method has a tag for each standard method and Extension(name) for

any othertoken; Version is { major, minor }.

- HTTP.request and HTTP.response are the same parsers forembedding.
The parser decodes chunked bodies and rejects any message whose length is ambiguous, which
iswhat protects a proxy from request smuggling. It does not open connections, send messages,

orknow whichrequest aresponse answers; see Conformance for what that means for HEAD and
CONNECT.

13.7. Mlarkdown

Markdown turns CommonMark 0.31.2 text, with the GitHub Flavored Markdown tables, task lists,

strikethrough and extended autolinks, into a tree of Markdown blocks and Markdown.Inline nodes.

Markdown.parse_str parses a whole documentinto List(Markdown) . Markdown has no syntax

errors, soitaccepts everyinput.

Markdown.parse_inlines parsesinline content only, such as a single line of text.

Aleading block between --- linesbecomes a Frontmatter(text) block;
Markdown. frontmatter(blocks) returnsits text, which you can passto Yaml.decode or

Yaml.parse_str.

Markdown.parser and Markdown.inline_parser are the same parsers forembedding.

Str.inspect prints a tree fortests and debugging, and every tree type has is_eq and to_hash.

The module does notrender HTML; walk the tree to produce your own output. Raw HTML and link
destinations pass through unfiltered, so sanitize them before you render untrusted input (see
Markdown).

13.8. Xml

Xml checks XML 1.0 well-formedness and returns the document as a tree of Xml.Node values
(Element({ name, attributes, children }) and Text).
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- Xml.parse_str returns an Xml record with the declaration : Try(Declaration, [Missing]) andthe

root element, or InvalidXml({ line, column, message }).

- The node methods name, attribute, children_named and text read the tree: root.attribute("href")

is Try(Str, [Missing]).

- Xml.parser isthe same parserforuseinside alarger parser.

Documents with a <!DOCTYPE> declaration are rejected, namespaces are notinterpreted, and

comments and processing instructions are checked and then dropped.

13.9. Yaml

Yaml reads a practical subset of YAML1.2 aimed at configuration files and Markdown frontmatter.

- Yaml.decode reads a document straightinto your ownrecord, list, dict ortuple type. Try(a,
[Missing]) fields are optional, and a missing required key fails with MissingRequiredField(name).

Yaml.decoder takes options forkebab-case or camelCase keys and forrejecting unknown keys.

- Yaml.parse_str returnsa Yaml tree (Null, Bool, Int, Float, Text, Sequence or Mapping). The methods

get, at, get_path, as_str, as_i64, as_bool and as_list walkit.

- Bothfail with InvalidYaml({ 1ine, column, message }).Yaml.parser isthe tree parserfor

embedding.

Anchors, aliases, tags, directives, complex keys, multi-line flow collections, multi-line plain or
quoted scalars and multi-document streams are rejected rather than misread. Nesting is limited

to100 levels.

13.10. Choosing between modules
If your input is Use

A small text format of your own, such Parser with Utf8

asacommandoralogline

A spreadsheet export or other csv

comma-separated data

Raw bytes of an HTTP/1.1 message HTTP

from a socket or a capture

Documentation, notes or a README Markdown
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If your input is Use

A configuration file, or the Yaml

frontmatter of a Markdown file

An XML document without a Xml

document type declaration, such as
SVGorafeed

JSON, TOML, or YAML that uses Another package: these modules do not support them

anchors or several documents

Conformance lists, for each format, the specificationit follows, how thatis checked, and the
known gaps.
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Chapter 14. Conformance

This chapteris forreaders deciding whether a format parseris accurate enough for theirinput, and
for contributors who need to reproduce the numbers. Foreach format it names the specification
the parserfollows, the reference implementation (the oracle) its results are compared with, the

results last measured, and the known gaps.

14.1. How conformance is checked

Eachformathas areview scriptin scripts/ that feeds a fixed set of inputs to a small Roc program
(the probe) and to a pinned reference implementation, normalises both results and compares
them. The inputs come from the format’s official test suite where one exists, plus hand-written

casesin scripts/<format>/cases.json.

Every case where the library and the oracle disagree on purposeis listedin a known-failures.json
file with itsreason. Areview fails when a case disagrees and is not listed, orwhen alisted case

starts to agree (thelistis stale). The scripts never update the list themselves.

Where the oracleisitself wrong, the scriptrecords an oracle disagreement and uses the

specification’s expectedresultinstead; these cases are reported but are not failures.

14.2. Results

The numbers below were measured on1October2026 at commit 7afc741, with Roc nightly-2026-
09-29-7f11a82 on macOS (Apple silicon) and Python 3.14. They will change as the parsers and test

sets change; rerunthe commands in Reproducing the results for current figures.

Format Specification Oracle Result
CSVv RFC 4180 Python’s csv module 2035 0of 2035 cases
(standard library) agree (35 fixed, 2000

random), no known

failures
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Format

HTTP

Markdown,

inline

Markdown,
blocks

XML

YAML

14.3. Reproducing the results

Specification

RFC 9112 (messages) and
RFC 9110 (fields)

CommonMark 0.31.2 and
GFM

CommonMark 0.31.2 and
GFM

XML 1.0 (Fifth Edition),

well-formedness only

YAML 1.2 with the core

schema

Oracle

h110.16.0; lIhttp’s
behaviour where the
library is stricter than h11

The spec’s own expected
output; cmark-gfm
0.29.0.gfm.13 (through
cmarkgfm 2025.10.22)

forextracases

The spec’s own expected
output, comparedasa
tree; cmark-gfm
0.29.0.gfm.13 forextra

cases

expat2.7.4 andthe W3C
XML Conformance Test
Suite (2013-09-23)

ruamel.yaml 0.18.16 (pure
Python) and the yami-
test-suite (revision
6ad3d2c)
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Result

134 cases: 112 agree, 22
are listed deliberate

divergences

389 of 389 applicable
cases pass, no known

failures

593 of 669 cases pass; 76

are listed known failures

324 of 326 cases pass; 2

are listed known failures

595 of 803 cases pass;
206 rejections and 2 key-
typing differences, see
YAML

CE

The review scripts need Python 3, the pinned oracles, and a Roc compiler. Set ROC to the compiler

youwant to test with; Cluses the nightly namedin .roc-version (see Compatibility). Install each

oracleintoits own virtual environment under .roc-parser-tmp/, which gitignores:

export ROC=/path/to/roc
python3 -m venv .roc-parser-tmp/venv-yaml

python3 -m venv .roc-parser-tmp/venv-md

.roc-parser-tmp/venv-yaml/bin/pip install --no-deps -r scripts/yaml/requirements.txt
python3 -m venv .roc-parser-tmp/venv-http
.roc-parser-tmp/venv-http/bin/pip install --no-deps -r scripts/http/requirements.txt

.roc-parser-tmp/venv-md/bin/pip install --no-deps -r scripts/markdown/requirements.txt

Thenrun one command performat. CSV and XML need only the standard library; the XML script
downloads the W3C suite on first use and checks its SHA-256.
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python3 scripts/review_csv.py

python3 scripts/review_xml.py check --baseline scripts/xml/known-failures.json
.roc-parser-tmp/venv-http/bin/python scripts/review_http.py
.roc-parser-tmp/venv-md/bin/python scripts/review_markdown.py check
.roc-parser-tmp/venv-md/bin/python scripts/review_markdown_blocks.py check --baseline
scripts/markdown/blocks/known-failures.json

.roc-parser-tmp/venv-yaml/bin/python scripts/review_yaml.py check --baseline
scripts/yaml/known-failures.json

Each script prints a summary, such as the following for HTTP:

134 cases, 22 known divergences, @ failures, @ crashes, @ stale (h11 0.16.0)

The XML, YAML and Markdown block scripts also write a JSON report, with every case’s expected
and actualresult, under .roc-parser-tmp/.

14.4. CSV

The parser follows RFC 4180 with the relaxations most CSV readers share: LF and lone CRline
breaks as well as CRLF, an optional final line break, rows of differentlengths, and any UTF-8 in

unquoted fields. The CSV module documentationlists the dialect exactly.

scripts/review_csv.py compares the raw records with Python’s csv.reader in strict mode, onthe

fixed cases and 2000 random inputs from a fixed seed.

Known differences, by design:

- Ablanklineis arecord with one empty field, as RFC 4180’s grammar says. Pythonreturns an
empty row; the script accounts for this.

- Abyte order markis notremoved;itbecomes part of the first field.

- Thereis no heading-row support, no other delimiter or quote character, and no whitespace
trimming.

14.5. HTTP

The parser follows the message syntax of RFC 9112 and the field syntax of RFC 9110. It is a message

parser:itreads bytes that are already in memory and does not manage connections.

scripts/review_http.py compares the verdict, startline, fields, decoded body and leftover bytes
with h11. Most of the 22 listed divergences are places where RFC 9112 allows a parser to reject
something and this one does, as Ilhttp does by default while h1T acceptsit: line folding, bare LF line
endings, control charactersinfield values, Transfer-Encoding inan HTTP/1.0 message, and a
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message withboth Transfer-Encoding and Content-Length. Rejecting these is what prevents request

smuggling. The others are by design:

- Methods are a closed tag union (Method), so methods outside it, and lowercase method names,

arerejected.
- Fieldvalues are Str, so field values that are not valid UTF-8 are rejected.

- A 101 response the client did not ask foris returned like any other message; hllrejects it

because it tracks the connection.
Limitations:

- Aresponse with neither Content-Length nor Transfer-Encoding takes the rest of the input asits
body.

- The parser cannot see the request aresponse answers, so responses to HEAD and 2xx
responses to CONNECT must have their framing fields removed, or a status that implies no body,

before parsing.

14.6. Mlarkdown

The parser follows CommonMark 0.31.2 with the GitHub Flavored Markdown extensions for tables,
tasklistitems, strikethrough and extended autolinks. It also reads a frontmatter block between

--- lines at the start of adocument.

Two scripts checkit:

- scripts/review_markdown.py checksinline parsing against the spec examples (compared as
HTML), the GFM extension examples, and hand-written cases compared with cmark-gfm’s
syntax tree. Of its 399 entries it runs the 389 whose expected output consists only of
paragraphs, so that block structure cannot affect the result. Its corpus mode compares fuzzing
inputs with cmark-gfm and asks markdown-it-py 4.0.0, whichimplements CommonMark

0.31.2, to settle disagreements where cmark-gfm follows an older spec version.
- scripts/review_markdown_blocks.py checks the whole document, every CommonMark spec

example plus extra block cases, as a tree.

All 76 known failures of the block check are differences of representation or of the oracle, not

wrong structure:

- 69 cases containasoftline break. The library keepsit as \n inside the Text node, while the

comparison expects a space, whichishow HTML rendersiit.

- 5casesare bare URLs and email addresses that the library turns into links by the GFM extended

autolink rules, which the oracle configuration does not enable.
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- 2 cases (spec examples 28 and 354) are ones where the spec and cmark-gfm, which follows

anolderspec version, disagree.

The known-failures file does not yet give each entry its reason; the grouping above comes from
comparing the expected and actual trees.

Markdown has no syntaxerrors, so every input produces a document.

14.7. XNMIL

The parser checks well-formedness as defined by XML 1.0 (Fifth Edition) for documents without a

document type declaration. It does not validate.

scripts/review_xml.py compares verdicts and trees with expat and selects the W3C conformance

casesinside the supported subset: UTF-8 text, XML 1.0, no <!DOCTYPE>. The two known failures are:

- decl/version-2: expataccepts version="2.0", but the specificationrequires 1. followed by

digits, sorejectingitis correct.

- xmlconf/hst-1hs-007: the inputis already decoded text, so a declared encoding cannot

contradict the byte order mark, and the parser does notreportit.

The 11 oracle disagreements are cases where expat uses older name-character tables than the
Fifth Edition; the suite’s verdictis used.

Limitations: document type declarations and therefore all entities other than the five predefined
ones arerejected, namespaces are not processed, the input must be a Str (already decoded), and

comments and processing instructions are dropped from the tree.

14.8. YANML

The parserimplements a subset of YAML 1.2 for configuration files and frontmatter, and resolves
plain scalars with the core schema.

scripts/review_yaml.py runs every yaml-test-suite case and the hand-written cases, and

compares the value with ruamel.yaml’s pure-Python parser. Of the 803 cases:

595 produce the same value or the same rejection as the oracle.

206 are valid YAML that the parserrejects because it uses a feature outside the subset. The
largest groups are anchors, aliases and tags (47), multi-document streams (32), multi-line flow

collections (29), multi-line quoted scalars (30) and complex mapping keys (19).

2 differ by designbecause mapping keys are their source text: true: one hasthe key "true", not

aBoolean, so 1 and 01 are different keys rather than duplicates.
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Two of the 206 rejections, limits/flow-depth-100 and limits/flow-depth-512, come fromthe 100-
level nesting limit, which now also applies to flow collections; scripts/yaml/known-failures.json
records them with that reason. The 58 oracle disagreements are cases where ruamel.yaml differs

from the test suite’s expected result; the suite wins.

Limitations: besides the features above, integers must fitin 164, tabs may not be used for
indentation, and nesting deeper than 100 levelsis rejected. The Yaml module documentation

describes the subset.

14.9. Property testing

Conformance checks compare choseninputs with an oracle. Alongside them, every parserruns
under coverage-guided property tests built with roc-fuzz, which generate inputs, including
malformed and pathological ones, and check properties such as: the parser never crashes or
hangs, rendering a value and parsing it again gives the same value, and results agree with a simple
model. The review scripts can also compare a fuzzing corpus with the oracles. Clruns a short
campaign forevery target on each pullrequest and alonger one every night. Property testing

describes the targets and how to run them.
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Chapter 15. Compatibility

This chapteris forreaders choosing arelease, upgrading, or matching a Roc compilerto the
package. It states which compiler eachrelease is built for, what a version number promises, where

the package runs, and what changedin2.0.0.

15.1. Roc compiler

Roc hasno stable release yet, andits compiler changes the language and standard library often.

Eachroc-parserrelease is therefore built and tested with one Roc nightly:

- .roc-version at the repository root names the nightly for the package, its tests, the examples,
the property tests, the conformance reviews and the benchmarks, forexample nightly-2026-
09-29-7111a82.

- Anautomated workflow proposes an update to a newer nightly when one is published, and

merges it only when the tests pass withit.

Use the nightly named by the release you depend on. A newer nightly often works, but a compiler
change can break the build without any change to this package; the release notes say when a

migration changed the package’s API.

cat .roc-version

15.2. Version numbers
Releases follow semantic versioning:

- Apatchrelease (such as1.0.2) fixes bugs without changing the API.
- Aminorrelease (such as1.2.0) adds APl without removing or changingit.

- Amajorrelease (such as 2.0.0) may remove or change API, or change what an existing function

acceptsorreturns.

Foraparser, whichinputsit accepts and the values it produces matter as much asits type

signatures. Read the release notes forbehaviour changes even when the APlis unchanged.
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Roc packages are fetched by URL, so arelease is a bundle URL whose name is the hash of its
content. Copy it fromthe GitHub releases page; eachrelease also publishes an SBOM and signed

provenance.

15.3. Platforms

The package is plain Roc with no platform-specific code: it does no input or output, so it works
with any Roc platform, on any system where that platform and the pinned compiler run. Cl builds
and testsit on Linuxx86-64, and the conformance resultsin Conformance were measured on

macOS with Apple silicon.

15.4. Dependencies

The package depends on one other package:

Package Version Used for
roc- 4.2.0 Unicode case folding, general categories and scalar
lang/unicode handling in the Markdown module

package/main.roc namesitsrelease URL. Roc fetchesitwhenit fetchesroc-parser, so applications

neednot addit themselves.

15.5. Changes in 2.0.0 at a glance

Version 2.0.0 changes the APl of every module and reworks every format parser to follow its
specification, checked against areference implementation (see Conformance). Code written for
1.x does not compile without changes, and many inputs now parse differently. The 2.0.0 release

notes start with anupgrade guide that maps each old name to its replacement. In summary:

Module What changed

Parser, Utf8 The text parserslive in the Utf8 module. Runnersreport the furthest failure as
ParseError({ message, offset }),and partialrunnersreturn { value, rest }. maybe
returns Try(a, [Missing]).Severalfunctionswererenamed orremoved, and
many and sep_by stop when an element consumes no inputinstead of looping

forever.
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Module What changed

csv CSV.parse decodesrowsintorecords by headername. CSV.Record replaces the
opaquerecord types, and every failureis InvalidCsv({ record, field, line,
column, message }).Parses RFC 4180, with an optional final line break, lone CR

line breaks and any UTF-8in fields.

HTTP parse_request, parse_response and parse_requests take bytes and fail with
InvalidHttp({ offset, message }).Headersare { name, value } recordswitha
case-insensitive HTTP.header lookup, Version isnow { major, minor },and Method
gains Extension(name) . Parses HTTP/1.1per RFC 9112 and rejects messages with

ambiguous framing.

Markdown Markdown.parse_str and parse_inlines returnthe tree directly, and the legacy
single-construct parsers, the placeholder variant and the debug printers are
gone. Rebuilt onthe CommonMark 0.31.2 parsing strategy, with GFM tables,
task lists, strikethrough and extended autolinks. Adds the roc-lang/unicode

dependency.

Xml Xml.parse_str reports InvalidXml({ line, column, message }), Xml.parser embeds
the parser, elements are records, and optional parts of the declaration are
Try(_, [Missing]).Checks XML 1.0 well-formedness andrejects documents

with a document type declaration.

Yaml Yaml.decode reads a documentinto arecord. Text scalars are Text, errors are
InvalidYaml, and helperssuchas get_path and as_str walk the tree. Resolves
plain scalars with the YAML 1.2 core schema and rejects unsupported features,

such as anchors, instead of misreading them.
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CHAPTER 16. PERFORMANCE

This chapteris forreaders deciding whetherroc-parseris fast enough for theirinput. It compares

each format parserwith popular Go, Rust and Python libraries, says where roc-parseris and is not

a good fit, states what is guaranteed about running time and memory, and gives tips for your own

combinator parsers. Benchmarks explains how the numbers are produced and how to reproduce

them.

16.1. Summary

The table shows how much faster each library parsed the same documents thanroc-parser did.

"6x" means the library took a sixth of the time; "0.3x" means roc-parser was about three times

fasterthanit. Each figureis the geometric mean over the sample, small (4 KiB), medium (64 KiB)

and large (1 MiB) documents of that format, with every program building anin-memory result. The

HTTP row covers the three documents without a body (two sample heads and one with 64 header

fields).

Measured on10ctober2026 onan Apple M2 (8 cores, macOS 26.3), roc-parser at commit 2138e04
for CSV, XML and HTTP (after the SIMD and slicing work described in How roc-parser uses SIMD
and slices) and 98ff21e for YAML and Markdown (after the tuning described in Why roc-parseris
slowerwhereitis), built with Roc night1y-2026-09-29-7f11a82 and --opt=speed, Rust1.94, G0 1.26.2
and Python 3.14 (the Pythonratios for CSV, XML and HTTP are scaled from the 9c¢7b2fd run). Another

process was using about three cores during the run, so read the ratios rather than the absolute

rates, and treat both asrough: they move by tens of percent between machines and runs.

Format

CSsv

YAML

XML

roc-parser

roc-

parser

145MB/s

60MB/s

120 MB/s

Rust

csv: 1.0x

yaml-rust2: 0.9x;
serde_yaml: 0.6x

roxmltree: 2.0x;

quick-xml: 1.4x

Go

encoding/csv: 2.3x

yaml.v3: 0.4x

encoding/xml: 0.45x

Python

csv©: 0.5x

PyYAML with libyaml:
0.14x; pure Python:
0.02x

ElementTree (expat):
0.3x
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Format roc- Rust Go Python
parser
Markdow = 30 MB/s pulldown-cmark:7.1x;  goldmark: 2.6x markdown-it-py: O.1x
n comrak: 2.7x
HTTP/1.1 200-30 httparse: 2.8x net/http: 0.9x h11: 0.05x

(messag OMB/s

e heads)

In short: roc-parser matches Rust’s csv crate on the generated CSV documents and yaml-rust2
onthe YAML documents, is within a factor of about two of the best Rust library for XML and three
forHTTP heads, matches or beats Go’s libraries for YAML, XML and HTTP, and is faster than every
Python parser measured. Itis about 2.7 times slower than comrak and goldmark for Markdown,
and 7 times slower than pulldown-cmark. Bodies are notin the HTTP row because roc-parser
returns a Content-Length body as a slice of the input without copying it, while the other programs

copy it, soroc-parser’s figures forlarge bodies are meaninglessly high.

The per-document tables, with peak memory and allocation counts, are inthe report the

benchmark workflow publishes (see Benchmarks).

16.2. When roc-parser is fast enough and when it isn’t
roc-parseris agood fit when:

- Documents are up to a few megabytes. Configurationfiles, front matter, READMEs, SVG
icons, CSV exports and APl messages parse in microseconds to a few milliseconds, and a TMiB
YAML, XML or Markdown documentin 20, 9 or 32 ms.

- You parse at start-up or perrequest. AnHTTP head parsesin1.5-2 us; a4 KiB YAML

configurationinunder O.1ms.

- Youwant apure-Roc package, typed errors with line and column, strict input checking, and

no native code or FFI.

- Your alternative is aninterpreted parser: roc-parseris 10-60 times faster than pure-Python
YAML, Markdown and HTTP parsers.

Look elsewhere, or measure carefully first, when:

- Parsingis your bottleneck at high volume (log pipelines, Markdown rendering for alarge site, a
proxy parsing every request). The best Rust parsers are about 2 times fasterfor XML, 3 times
forHTTP heads and 3-7 times for Markdown; for YAML, yaml-rust2 is about as fast.

- Input arrives as a stream or does not fitin memory. Every roc-parser parser needs the
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completeinput, andreturns a tree; there is no streaming or eventinterface.

16.3. Complexity guarantees

The parsers are designed torunin time linearin the input size, with bounded nesting, and the
fuzzing campaigns describedin Property tests and conformance reviews run with a per-input time
limit so that super-linear behaviour shows up as a failure. That work has found and fixed quadratic

cases:

- Markdown inline parsing on runs of unmatched emphasis and brackets (commit 57137ae, with a
dedicated markdown-inline-pathological fuzz target), Markdown block parsing (64bc67a) and
deeply nested Markdown block quotes and lists;

- XML duplicate-attribute detection (c8f84f2), whichis why roc-parser parses an element with

5,000 attributesin1.2 ms while quick-xml and roxmltree take 23 ms;
- YAML block scalars, whichused tore-scan the document’slines;

- YAML’s nesting limit, extended to flow collections (08cc39b).

Throughputis now flat from 4 KiB to 1MiB for every format: 51-55 MB/s for generated YAML,
120-135MB/s for generated XML and 30-34 MB/s for Markdown. (The summary table’srates are
geometric means that alsoinclude the small sample documents, so they differ slightly from these

generated-documentranges.)
Limits that bound the work on hostile input:

- YAMLrejects nesting deeperthan 100 levels, block and flow combined. Each level of a flow
collectionre-scansits contents, so cost grows with the square of the flow depth, but the limit

keeps it small: 99 nested flow sequences (200 bytes) take 39 us.

- XML parses elements with an explicit stack, so deep nesting (5,000 levelsin the benchmarks)

cannot overflow the call stack.

- CSV, HTTP and Markdown scan bytes with explicit state rather than recursion. HTTP rejects

ambiguous framing; see HTTP messages.

- Markdown finds the next non-space byte of aline by scanning, except forlines that start
inside more than eight open block quotes and listitems, which get a per-line index; so along

run of spacesis scanned at most eight times however deeply the containers nest.
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16.4. Memory behaviour

The whole inputis held in memory, and the resultis a tree of Roc values. Expect peak memory
of roughly 15-35 times the document size for TMiB YAML, XML and Markdown documents
(18-33 MiB measured), and about 12 times for CSV. Rust’s tree builders used 8-30 MiB
(pulldown-cmark’s collected owned events, 270 MiB, are an artefact of the comparison

program); Go’s and Python’s libraries were similar to roc-parser.

Textis shared with the input where it can be. XML text and attribute values with nothing to
unescape, YAML scalars and keys (quoted ones too, when they hold no escapes), and HTTP
field values become Str values that pointinto the input’s memory rather than copies, so the
input stays alive aslong as any of them does. Values that need rewriting (escapes, entities,
folded orchomped block scalars) are copied. A Content-Length body shares the input’s

memory, and a chunked body is assembled once.

Allocation counts are roughly proportional to the number of values: about one allocation per
CSVfield, 0.06 perinput byte for YAML, O.1for XML and 0.33 for Markdown. scripts/bench.py

--allocations reports them for every document.

Small programs stay small. ARoc driver parsing an HTTP message peaks at 1.5 MiB of resident

memory, against 17 MiB for the same Go program and 19 MiB for Python.

16.5. What the comparison does and does not show

Every program reads the document before startingits clock, parsesitinaloop, and folds over the

result so the work cannot be skipped. Read the ratios with these differences in mind:

100

Tree or stream. roc-parser always builds a tree. roxmltree, comrak, goldmark, yaml-rust2,
serde_yaml,yaml.v3, ElementTree and PyYAML do too. quick-xml and encoding/xml are
tokenizers, so their programs build an equivalent owned tree from the tokens; pulldown-
cmark and markdown-it-py produce flat event and tokenlists, which are collected but not

nested. A streaming consumer that does not keep a tree is faster still.

Strictness. roc-parser’s HTTP parser enforces RFC 9112’s framing and smuggling rules (see
HTTP messages), while httparse checks only the head’s syntax; roc-parser’s XML parser
checks well-formedness and character validity like expat does. Severallibraries accept YAML
and Markdown that roc-parserrejects orvice versa; the comparison counts only documents
that both accepted.

UTF-8. Every programreceives valid UTF-8 text. roc-parser validates UTF-8 when converting

theinput to Str (outside the timedloopin the drivers) and again for each value it returns.

What the result holds. roc-parser’'s YAML and Go’s yaml.v3 type scalars (integers, floats,
booleans); Rust’s csvand Go’s encoding/csv produce strings like roc-parser’s raw CSV driver,

which decodes every field with CSV.string. Typed CSV decoding with CSV.u64 and friends costs
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more.

- Allocation. Rust and Go reuse buffers within one parse; Roc and Python allocate each value.
Peak memoryincludes eachruntime (about 1.5 MiB for Roc and Rust, 12-20 MiB for Go and
Python).

- Python’s csv and ElementTree are C code, and PyYAML’s libyaml loader parsesin C but builds

Python objects.

16.6. Why roc-parser is slower where it is

The October2026 profiling (sampling --opt=speed --debug builds of the benchmark drivers, see
Benchmarks) found two kinds of cost. The first were bugs inroc-parser and have been fixed:
building text one byte at a time, rebuilding small lists for every keyword comparison, decoding
every YAML value twice with Str.from_utf8_lossy, a closure and alist slice perbytein YAML’s
mapping scanner, hashing every key into a set even for small mappings, and an HTTP field list that
was copied and lowercased three times per message. Those fixes made YAML three times faster,
XML half as fastagain and HTTP heads 30-40% faster. Asecond YAML pass (matching core-
schemawords directly instead of throughllist literals, rejecting words before slicing them as
floats, scanning for unprintable characters 16 bytes at a time, and keeping quoted scalars without
escapes asslices)madeit 2.5 times fasteragain, about as fast as yaml-rust2. What remains is

mostly design and compiler cost:

- Owned values and a tree. roc-parserreturns a tree of Roc values. pulldown-cmark, quick-xml
and httparse hand out borrowed slices or events, and roxmltree keepsits whole treeinone
arena. Every list, record and copied string is a separate allocation and later a separate free, and
reference counting adds anincrement and decrement whenever a value is shared. Allocation,

freeing and reference counting are 20-40% of the time in every profile.

- Markdown copies text more than once. A paragraph’slines are joined, turnedinto a
placeholder Str, turned backinto bytes, stripped of indentation and then cut into text nodes
that are validated again, and the block phase updates a large state record foreveryline. The
October2026 tuning removed the byte-at-a-time copies (trimming trailing spaces by
rebuilding the line, appending lists byte by byte, building cells and code spans byte by byte),
Str.from_utf8_lossy forevery text node, a per-line index of every byte’s column, List.take_first
and drop_first (see below) and byte loops that Utf8.find_any now does 16 bytes at atime,

which togethermadeit 2.3 times faster.

- Compiler and runtime. The Roc compileris young. Measured costs that a parser cannot avoid
today: a string literallonger than 23 bytesis copied to the heap every time it is evaluated, so an
error message built on the success path costs an allocation; List.drop_last followed by append
can copy the wholelistinstead of reusingit,and List.take_first, drop_first and drop_last copy

instead of slicing once they have several call sites (roc-lang/roc#11965); alist literal such as
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["null", "Null"].contains(text) isrebuiltoneverycall;and Str.from_utf8 validates text that
came froma Str andis known to be valid (XML now avoids this, see How roc-parseruses SIMD
and slices). The basic-cli platform used by the drivers also hashes every freed pointer, about

5-10% of the time in allocation-heavy parsers.

Getting closer to Rust would need either borrowed results (slices or eventsinstead of an owned

tree) orcompiler work onthose points; both are tracked as future work rather than promised.

16.7. How roc-parser uses SIMD and slices

Roc’s U8x16 builtin lowers to SSE/AVX onx86-64, NEON on Arm and simd128 on WebAssembly.
Utf8.ByteClass builds onit: aclassis any set of bytes, and Utf8.find_any, Utf8.skip_class,
Utf8.find_line_end and Utf8.span_class load 16 bytes at atime, testthem allat once and count the
trailing zeros of the resulting bit mask. Sets of one to three bytes are compared directly; larger
sets, such as RFC 9110 token characters or XML name characters, use the nibble-table technique
from simdjson (two calls to table_lookup, which are pshufb and tb1l). Abyte loop handles the last few
bytes. Measured onan Apple M2, scanning 1 MiB with no matchruns at 38-41GB/s against about 2
GB/s forabyteloop, but the gain falls with the distance between matches: 3.4 times for77-byte

lines, 1.3 times for markup every ten bytes, and none when every other byte matches.

The format parsers already track byte offsetsinto the input and hand out slices of it. Since Roc
lists and strings can be seamless slices, a List.sublist of the input, or Str.from_utf8 of such aslice,
shares the input’s memory instead of copyingit. Str.from_utf8 still validates the bytes each time,
so the XML parser validates the whole input once and cuts names, text and attribute values from
that Str with Str.drop_first_bytes and Str.drop_last_bytes, which check only the two boundary
bytes.

Measured effect, 1 MiB generated documents, Apple M2:

Format Before After Allocations

XML 10.9 ms (96 MB/s) 8.6 ms (122 MB/s) 98,072 > 64,677
CSsv 8.6 ms (121MB/s) 7.2ms (146 MB/s) 105,415 > 99,214
HTTP head 24.7 us N.9us 3131

(64 fields)

YAML 48.2ms 47.7 ms unchanged

The HTTP gainis mostly not SIMD: the old token check tested membershipin alist literal that was
rebuilt for every byte. YAML did not change because splitting linesis a small part of its time. A

faster scan matters only where runs betweeninteresting bytes are long; in every format the
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remaining costis building the result tree (allocation, freeing and reference counting).

Retained memory. Aslice keepsits whole input alive. A program that parses alarge document
and keeps one short string from it keeps the whole documentin memory; copy such values if that

matters.

Using a positioninto aborrowed inputinstead of returning the rest of the input as a slice was also
measured, with minimal combinator cores of both shapes on1MiBinputs:itwas 1.4 times fasteron
alist of numbers, 1.15 times slower on alternatives and 1.6 times faster on byte-by-byte spans.
Thatis not a consistent enough gainto change Parser(input, a).The same measurement found
that Parser itself was 5-20 times slower than the minimal core because Utf8.codeunit andits
relatives built an errormessage on every failure; building it once, when the parseris made, closed

that gap.

16.8. Tips for your own parsers

- Build with --opt=speed before measuring anything.

- Scanruns with Utf8.ByteClass . Build a class once, at the top level, and use Utf8.span_class,
Utf8.skip_class or Utf8.find_any forrunslongerthanafew bytes; Parser.span returnswhat a

parser consumed as a slice.

- Preferbyte-level primitives. Parser.chomp_while and Parser.chomp_until consume arun of
bytesin one step; Parser.many over a single-byte parser makes one closure call and one list

append perbyte.

- Keep backtracking shallow. Parser.one_of and Parser.alt re-runlateralternatives fromthe
same position. Order alternatives so the common case comes first, and make each one fail on
its first byte where possible, for example by dispatching on aleading keyword or punctuation
with Utf8.codeunit.

- Avoid failing on the hot path. A failed alternative still costs a Try and a re-run of the input.

Recognising the end of a list by failure once is fine; failing once per elementis not.

- Build error messages only when you fail. A string literal longer than 23 bytes is copied to the
heap eachtimeitis evaluated, so do not store a default errorin a variable that aloop overwrites

with 0k; returnthe error where it happens.

- Donotturnliteralsintolistsinaloop. "<!--".to_utf8() allocatesalist each time. Compare

bytes directly, orcheck one leading byte first.

- Stayin List(U8), and slice rather than copy. List.sublist and List.drop_first share the input;
List.append inaloop copiesit byte by byte. Convertto Str once pervalue you keep with
Str.from_utf8, which shares the bytes, ratherthan Str.from_utf8_lossy, which decodes them

twice and copies them.
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- Parse the outer structure with a scanner. Like the built-in formats, split the documentinto
records, lines or tokens with aloop over the bytes, then use combinators foreach small piece.

Choosing how toread yourinput discusses when that is worthiit.

- Recursion depth. Recursive combinators (via Parser.lazy) use the call stack; impose a nesting

limit foruntrustedinput, as the YAML parser does.

- Measure withreal documents. Copy a driver from bench/roc/, pointit at your parser, and
compare inputs of increasing size: time that grows faster than the input signals a quadratic

step.
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Chapter 17. Glossary

The words this manual uses with a specific meaning, in alphabetical order. Terms that belong to
one format name the format in parentheses.

Backtracking

Returning to an earlier positionin the input to try another alternative after one fails. Parser.alt

and one_of always backtrack: each alternative starts from the input the first one was given,
however much the failed one read.

Chomping (YAML)

How ablock scalar (| or >)treats the line breaks atits end. Clip (the default) keeps one, strip (-)
keepsnone, and keep (+) keeps them all. Unrelated to Parser.chomp_while and chomp_until,
which consume input while or until a condition holds.

Combinator
Afunction that builds a parser from other parsers, such as keep, skip, many or one_of. A parserfor
awhole format is built by combining small ones. See Modules.

Consumption

The part of the input a parser has read whenit succeeds. Therestis passed to the next parser.
A parser that succeeds without consuming anything makes no progress; many and sep_by stop

repeating when an element makes no progress, so they cannot loop forever.

Core schema (YAML)

The YAML 1.2 rules that decide what an unquoted (plain) scalar means: null and ~ are null, true

and false are Booleans, and numbers suchas 12, 8014, 0xC, 1.5 and .inf areintegers or floats
Anything elseis a string. Quoted scalars are always strings.

Flanking (CommonMark)
Therule that decides whetherarunof or

can open or close emphasis. A run is _left-
flanking when it is not followed by whitespace and, if it is followed by punctuation, is

preceded by whitespace or punctuation; right-flanking 1is the mirror image. So *foo is
emphasis but * foo *isnot.

Format
Intype-directed decoding, a type whose methods (parse_str, parse_record_field,
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parse_list_start and so on)read one value at atime from the input. CSV.Format and Yaml.Format
are formats; you use them through CSV.parse and Yaml.decode and never name them. See

parser_for.

Framing (HTTP)

How the receiver finds where a message body ends: by Transfer-Encoding: chunked, by Content-

Length, or, foraresponse with neither, by the end of the connection. See smuggling.

Furthest failure

Of all the failures seen while parsing, the one that read furthestinto the input, including failures
that an alternative or arepetitionrecovered from. The runnersreport it as ParseError({ message,

offset }),sotheerrorpointsatthe bad elementand not at the input left over afterit.

Input

The data a parserreads, given by the first type parameter of Parser(input, a).Fortextitis
Utf8.Bytes, alist of UTF-8 bytes; for CSVrecord decodingitisa CSV.Record, alist of fields.

Known failure

A conformance case where the library and the oracle disagree on purpose, listed withiits

reasonina known-failures.json file. See Conformance.

Method

Afunctionthatbelongsto atype, definedinthe .{ } block afterthe type declaration and
called withadot onavalue: parser.keep(field) calls Parser.keep(parser, field).Thismanual
writes callsin that method-call style. The compiler finds the method from the value’s type,

whichis static dispatch.

Opaque nominal type

Anominal type declared with ::, whose backing representationis hidden outside its module,
so values canonly be built and read through its methods. Parser(input, a) isone. Anominal

type declared with :=, such as Yaml or Markdown, shows its tags, so you can match onthem.

Oracle

Atrustedreferenceimplementation whose results a test compares with the library’s, such as
Python’s csv module for CSV orexpat for XML. When the oracle isitself wrong, the

specification decides. See Conformance.

Parseable

Awhere-clause alias, row.Parseable(errs), that CSV.parse and the other decoding functions use
to say "atype that this format can decode" without naming the format’s internal state type.

Yourarely write it yourself.
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Parser

Avalue of type Parser(input, a):adescriptionof howtoreadan a fromthe start of aninput.
Runningitreturns the value and the unconsumed input, or a ParseError witha message and an

offset.

parser_for

The method the compiler derives forrecords, tuples, lists and the builtin scalar types, which
reads avalue of that type with a given format. It is how CSV.parse and Yaml.decode decodeinto
the type yourannotation names. A field of type Try(a, [Missing]) is optional; arequired field

thatis absent fails with MissingRequiredField(name), which the compiler adds to the error type.

Parsingincomplete

The parser succeeded but did not consume the whole input. Functions such as Utf8.parse_str,
which expect toread everything, reportitas a ParseError at the furthest failure, or as unexpected
input at the leftover.

Progress

See consumption.

Property test

Atestthat generates many inputs and checks a rule that must hold for every one of them, such
as "the parser never crashes" or "parsing arendered value gives back the value". This package

runs its property tests with coverage guidance fromthe roc-fuzz library. See Property testing.

Request smuggling (HTTP)

An attackin which two programs that read the same bytes, such as a proxy and a server,
disagree onwhere one message ends. The attacker hides a second requestinside the first
one’s body. A parser prevents it by rejecting any message whose framing could be read two

ways.

Softline break (CommonMark)

Aline breakinside a paragraph thatis not a hard break. HTML renders it as a space; this library

keepsitas \ninthe Text node.

Static dispatch

Choosing which function a method call runs from the type of the value, at compile time. Itis
how value.to_inspect() finds the Yaml version fora Yaml value, and how CSV.parse finds the

parser_for of yourrow type.

Try

Roc’s builtin type for aresult that may fail: Try(ok, err) is Ok(value) or Err(problem). Every fallible

functionin this package returns one. An optional valueis Try(a, [Missing]).
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Type module
A module named after the one type it defines, with that type’s methodsinthe .{ } block ofits
declaration. Parser, Yaml, Xml and Markdown are type modules. Utf8, CSV and HTTP define their type
as [1,anempty tagunion, because they group functions and nested typesrather than values

of theirown.

Well-formed (XML)

Following the syntaxrules of XML 1.0: one root element, properly nested and matching tags,
quoted and unique attributes, and only declared entities. Well-formedness says nothing
about which elements are allowed; that is validity, which needs a schema or DTD and which

this package does not check.

Where clause

The part of a type annotation that lists the methods a type variable must have, such as where
[input.len : input -> U64] on Parser.many, which needs only the length of itsinput to detect

progress.
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Chapter 18. Contributing to roc-parser

This chapteris for people who want to change roc-parser: fixabug, improve a format parser, or
improve this manual. It assumes you canread Roc and use Git and Python 3. When you finish it you
will have a working checkout, know which checks Clruns, and know what a pull request needs

beforeit canbe merged.

Related chapters: Property tests and conformance reviews explains the fuzz targets and
conformancereviews, Add a format module walks through adding a new format module, and

Compilerupdates, releases and security reports covers compilerupdates andreleases.

18.1. Report a problem or propose a change

Report bugs and propose changesin the roc-parserissue tracker. For a parsing bug, include the
roc-parser release or commit, the output of roc version, and the smallest input that shows the
problem. Forachange to apublic APl orto the syntax aformat accepts, openanissue first so the

shape canbe agreed before you write the code.

Do notreport asuspected vulnerability in a public issue. Follow the private process in the security

policy instead.

18.2. Development setup
Install:

- the Roc nightly namedin .roc-version, forexample nightly-2026-09-29-7f11a82;
- Python 3, forthe test, review and release scripts;

- Docker, to build this manual locally (see Build the documentation).

The scripts find the compiler through the ROC environment variable and fallback to roc on PATH.

Point ROC at the nightly youinstalled:

export ROC=/path/to/roc_nightly/roc
$ROC version
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Output:

Roc compiler version nightly-2026-09-29-7f11a82
With Nix, blueprint shell provides this exact nightly togetherwith Go, Rust and Python, on Linux
and on Apple silicon Macs; see Reproducible environment with roc-blueprint.

.roc-version is the only compiler pin; Blueprint.roc mirrorsit, and a test keeps the two in step. The
package, its tests, its examples, its releases, the property tests, the conformance reviews and the
benchmarks alluseit, locally and in Cl.

18.3. Repository map

Path Purpose
package/ The library: Parser, Utf8, and one module per format
examples/ Smallapps that use the package source (. ./package/main.roc); releases

attach them pinned to the bundle URL

fuzz/ Property-test targets, seedinputs and dictionaries (Property tests and

conformance reviews)

scripts/ Test, review, fuzz, documentation and release automation, allin Python
scripts/<format>/ Conformance probe, cases and known-failures baseline for each format
scripts/tests/ Unit tests for the scripts, including the repository policy

docs/ This manual, in AsciiDoc

docs/releases/ Release notes, one Markdown file perrelease

18.4. Run the tests

Eachmodule carriesits tests as expect blocks next to the code. Runthem all through the package:

$ROC test package/main.roc

Output:

ATl (253) tests passed in 535.8 ms.
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The number grows as tests are added.

Run the unit tests for the Python scripts. These include the repository policy described below:

‘ python3 -m unittest discover -s scripts/tests -p "test_*.py

Run the same validation as the Tests workflow. scripts/all_tests.py checksandtests every
module, generates the APl documentation, builds a bundle, and then packages the examples
archive exactly as arelease does, pinned to that bundle served onlocalhost, and checks, runs and

builds every appinit. Its scratch files go under .roc-parser-tmp/:

python3 scripts/all_tests.py

A quick property-test pass over every fuzz target takes a few minutes (see Property tests and

conformance reviews):

‘ ROC=/path/to/quality_nightly/roc python3 scripts/run_fuzz.py smoke all

18.4.1. Repository policy

scripts/tests/test_repository_policy.py enforces threerules. A pullrequest that breaks one fails
Cl:

- Automationis Pythonunder scripts/. No shell scripts(.sh) are allowed anywhere, and no.py file

may live outside seripts/.

- Every uses: inaworkflow names an action by its full 40-character commit SHA, notatag or

branch. Local actions(./...)are exempt.

- Workflows do notuse the pull_request_target or workflow_run triggers, and do not contain

multi-line run: | or run: > blocks. Put thelogicinascriptunder scripts/ and callitononeline.

scripts/tests/test_run_fuzz.py alsorequires every fuzz/*.roc targetto beregisteredin

scripts/run_fuzz.py, and the Clmatrixin fuzz.yml to match thatregistry.

18.5. Build the documentation

The manualis AsciiDoc under docs/, rendered by Asciidoctorin Docker, so you need Docker

running but no Ruby toolchain. Build the HTML manual:

python3 scripts/build_manual.py

Add --pdf to also build the PDF, and --docs-version V to stamp aversion otherthan the
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development one.

The APIreference is generated from the doc commentsin package/ with roc docs. Buildit, or check

thatit builds without writing anything:

python3 scripts/build_docs.py
python3 scripts/build_docs.py --check

Code examplesinthe manual are compiled and run, so a changed APl breaks the build rather than

silently leaving a stale example:

python3 scripts/check_doc_examples.py

The Docs workflow (. github/workflows/docs.yml) runs these on pull requests.

Whenyou write a chapter, follow the shared documentation guide: give each page one purpose
(tutorial, how-to, reference or explanation), name the reader and the outcome at the top, label

commands and their output separately, and put any warning before the step it applies to.

18.6. Before you open a pull request

- Format changed Roc files with roc fmt path/to/file.roc, usingthe compilerpinnedin .roc-

version.

- Addorupdate expect tests forthe acceptedinput, the rejected input and the boundary cases

of the behaviouryou changed.

- Whenyou change parser behaviour, run that format’s conformance review and, if the change
touches a fuzzed path, a smoke run of its targets (Property tests and conformance reviews). If

afuzztargetorreview found the bug, add the input as aregression.

- Fixthe cause of afailure. Do not add a gate, a skip or a known-failures entry to make a check

passunless the inputis genuinely outside what the module supports, and say why in the entry.

- Update the doc comments, the manual and the release notesin docs/releases/ when a public

APl orthe accepted syntax changes.

- Keep the change focused: no unrelated formatting orrefactoring, and no generated files or

local build output (.roc-parser-tmp/, .roc-fuzz/).

- Signyourcommits. The main branchrequires verified signatures; see GitHub’s guide to signing

commits to setup an SSH or GPG key.

Pullrequests need passing Cl: Tests, Property quality tests (smokeruns of everytargetandevery
format’s conformance review) and Docs. Human review is encouraged; answer review comments

before asking foranotherreview after a substantial change.
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18.7. License

By contributing, you agree that your contributionis licensed under the Universal Permissive

Licensev1.0.
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Chapter 19. Property tests and conformance
reviews

This chapteris for contributors who change a parser and need to know whether the change is
correct. The first half explains how roc-parser checks its parsers beyond the expect tests: property
tests driven by a fuzzer, and reviews against a mature reference implementation. The second half
is aset of how-to sections: run the targets, reproduce and minimise a failure, turnitinto a

regression, and update a conformance baseline.
It assumes the setup in Contributing to roc-parser, including the Roc nightly pinnedin .roc-

version. Every command below uses that compiler:

export ROC=/path/to/quality_nightly/roc

19.1. Why property tests

An expect test checks oneinput that somebody thought of. Parsers fail on the inputs nobody
thought of: a carriage return onits own, a quote in the middle of a field, 100,000 nested brackets.
A property test states something that must hold for every input, and a fuzzer searches foraninput

where it does not.

The fuzzerisroc-fuzz, a Roc platform that embeds libFuzzer. It is coverage guided: it keeps inputs
that reach new code and mutates them further, so it finds deep paths far faster thanrandominput
would. The targets are library quality tests, not a security programme, and they run on every pull

requestand nightlyin ClI.

Afailing propertyis abugin the parser, oroccasionally in the property. Either way the outcomeis a

fix: see Fix the cause, do not gateit.

19.2. Three kinds of target

Eachfile fuzz/<target>.roc is oneroc-fuzzapp. They come in three kinds, which differin what the

fuzzer’'s bytes mean and therefore in what the target can check.
Raw targets (xml-raw, yaml-raw, csv-raw, http-raw, markdown-inline, markdown-document, string-
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primitives):: The bytes are the input document, ofteninvalid UTF-8. Nothing is known about the
expectedresult, so the target checks properties that hold forany document: the parser does not
crashorhang, an error pointsinside the input, LF/CRLF/CR line endings give the same result,
appending a final line break changes nothing, and the result survives re-serialisation. These are
called metamorphic relations: they relate two runs of the parserinstead of comparing one run with
aknown answer. Many raw targets also switch to a pathological generator (deep nesting,
thousands of attributes, long delimiterruns) when the input starts with a marker byte, so that the

per-input --timeout catches quadratic behaviour.

Structured targets (csv-roundtrip, csv-decode, xml-roundtrip, xml-malformed, yaml-roundtrip, yaml-
block, http-roundtrip, http-smuggling, markdown-inline-ast, markdown-blocks, markdown-refdefs, parser-
combinators):: The bytes are choices. A generatorreads them to build a value (a table, an XML tree,
anHTTP message, a Markdown syntax tree) and a way to write it down, and builds the expected
parse alongside the text from the specification, never by calling the parser. The target then

requires the parser to return exactly that value. Mutating generators such as xml-malformed and
http-smuggling instead inject one known violation into a valid document and require the parser to
rejectit. parser-combinators builds arandom combinator expression and compares the real parser

with a smallreference interpreter of the documented semantics.

Seededtargets (csv, xml, yaml, http-request, http-response)

The original targetsread a string throughroc-fuzz’'s Fuzz.str generator. They start from
reviewable seedsin fuzz/seeds/<name>.json, which the runnerencodes for Fuzz.str atruntime,
and use the tokenlistsin fuzz/dictionaries/ to mutate towards real syntax. Seed strings are
limited to 255 UTF-8 bytes by that encoding.

Raw targets also take seeds and a dictionary, written as plain text. Structured targets start froman

empty corpus, because theirbytes are not text.

19.3. Oracles

Aproperty test canonly be as good asits expected answer. Structured targets build that answer
from the specification, but a generator can share a misunderstanding with the parser. So each
formatis also compared with a mature, independent implementation, its oracle, pinned to an

exactversion:

Format Oracle Specification and suite

CsVv Python’s csv module in strict mode RFC 4180, plus the documented
dialect

XML expat (Python’s pyexpat) XML 1.0 5th edition, W3C XML

Conformance Test Suite 2013-09-23
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Format Oracle Specification and suite
YAML ruamel.yaml YAML1.2, the yaml-test-suite
HTTP h1 RFC 9112 and RFC 9110; cases pin

where RFC 9112 is stricter than h11

Markdown cmark-gfm 0.29.0.gfm.13 (via CommonMark 0.31.2 spec examples
cmarkgfm), with markdown-it-py to and GFM extensions
adjudicate

Oracles have bugs too. Whenroc-parser and the oracle disagree, the review reportsit,and a
person decides which one the specification supports. Known oracle quirks are namedin the

review scripts andin the baselines, with the section of the specification that settles them.

19.4. Run the property tests

Run every target for a short, iteration-bounded smoke test. This is what Clruns on a pull request:

‘ python3 scripts/run_fuzz.py smoke all

Run one ormore targets by name, and lower the iteration count for a quick check while you work:

‘ python3 scripts/run_fuzz.py smoke csv --runs 200

The lastlines of the output are libFuzzer’s statistics:

Done 200 runs in @ second(s)
stat::number_of_executed units: 200

stat::average_exec_per_sec: 0
stat::new_units_added: 39
stat::slowest unit_time_sec: 0
stat::peak_rss_mb: 25

Runalonger, time-bounded campaign on the target closest to your change. Clruns a 600-

second campaign for every target each night:

python3 scripts/run_fuzz.py campaign markdown-inline-ast --seconds 600

--max-input-size, --timeout and --memory-limit override a target’s registered bounds, and --no

-build reuses the binary fromthe last run.

The runner keeps everything under .roc-parser-tmp/fuzz/:

roc-parser M7



ROC-PARSER

- bin/<target>:the built target;
- corpus/<target>/:the working corpus, which grows across runs;

- runs/<target>/:runner metadata, and the inputs of any failure.

19.5. Reproduce and minimise a failure

Afailing run prints the path of its metadata and of the saved input. In Cl, the fuzz-failure-<target>

artifact holds the binary, the corpus and the run directory. Use the same target name for every

step.

1. Show the input as the target decodesiit. Fora structured target thisis the generated

document andits expected value:

‘ python3 scripts/run_fuzz.py show csv-roundtrip INPUT --no-build

2. Replay it to confirm that it still fails:

python3 scripts/run_fuzz.py replay csv-roundtrip INPUT --no-build

3. Minimiseitinto a smallerinput that fails the same way:

python3 scripts/run_fuzz.py minimize csv-roundtrip INPUT OUTPUT --no-build

INPUT can be any file, including one from the corpus. Showing a corpus entry of the seeded csv

target prints the string it decodes to:

python3 scripts/run_fuzz.py show csv .roc-parser-
tmp/fuzz/corpus/csv/13d7ab0a19cc0856931196f0e8bac548e045234b --no-build

Output (the lastline):

Replaying a savedinput creates a .roc-fuzz/ directory, which Gitignores.

19.6. Add a regression
Once you understand the minimised input:

1. Write the smallest expect inthe module that fails for the same reason, and fix the parser until it
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passes. The expect is the regression;itrunsinevery build.

2. Foraseeded orraw target, add the readable input to fuzz/seeds/<name>.json so the fuzzer

starts nearthe bugin future runs.

3. If the generator of a structured target avoided the input’s shape, remove that restriction so the

target coversit fromnow on.

4. Keep the raw minimised input and the target binary outside the repository when exact

reproduction of a historical failure matters.

19.7. Fix the cause, do not gate it

When a property fails, change the parser, not the test. Do not add a condition to a target that skips
the failing shape, a known-gaps flag, or a baseline entry, to make Cl green. A gate hides the bug

from every laterrun, and the fuzzer will not tell you when it comes back.
There are two legitimate exceptions, and both need a writtenreason:

- theinputis outside the subset the module documents as supported (forexample a DOCTYPE

in XML, or multi-line flow collectionsin YAML); and

- the oracleis wrong and the specification says so.

Several gates that once existed were removed by fixing the parser, which is how the targets found
the CSVfinal-record bug, the YAML block scalar chomping bugs and the quadratic Markdown

inline cases.

19.8. Run a conformance review

Each format has areview script that runs a small probe app, scripts/<format>/probe.roc, which
prints the parser’sresult as JSON, and compares it with the oracle. Install the pinned oracle into a

virtual environment first:

python3 -m venv .venv
.venv/bin/python -m pip install --no-deps -r scripts/yaml/requirements.txt

scripts/http/, scripts/markdown/ and scripts/yaml/ eachhave a requirements.txt with every
dependency pinned, so --no-deps installs exactly the reviewed versions; CSV and XML use the

Python standard library. Thenrun the same checks as the Conformance jobsin Cl:

.venv/bin/python scripts/review_yaml.py check --baseline scripts/yaml/known-failures.json
.venv/bin/python scripts/review_yaml.py campaign --smoke

python3 scripts/review_xml.py check --baseline scripts/xml/known-failures.json

python3 scripts/review_csv.py
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I .venv/bin/python scripts/review_http.py

The CSVreview runs the hand-written cases, 2000 seeded random inputs and, with --corpus DIR,

afuzzcorpus. Itslast line summarises the run:

‘ cases=2035 unexpected=0 known=0 fixed_known=0

The Markdown reviews compare against the CommonMark spec examples and cmark-gfm:

.venv/bin/python -m pip install --no-deps -r scripts/markdown/requirements.txt
.venv/bin/python scripts/review_markdown.py check

.venv/bin/python scripts/review_markdown_blocks.py check --baseline
scripts/markdown/blocks/known-failures.json

Several scripts can also check a structured target’s generator against the oracle, whichis how a
generator’'s own mistakes are caught: review_xml.py corpus <target> <corpus>, review_http.py
--corpus DIR --fuzz-show BINARY, review_markdown.py generated BINARY CORPUS and
review_markdown_blocks.py crosscheck BINARY CORPUS.

19.9. Known-failures baselines

Eachformatkeeps abaseline at scripts/<format>/known-failures.json (for Markdown blocks,
scripts/markdown/blocks/known-failures.json): the cases whereroc-parser and the oracle are

allowed to disagree. Every entry carries areason, of one of these kinds:

- theinputis valid but outside the documented subset;
- the oracleis wrong, citing the specification (for example, expat does not check VersionNum); or

- adocumented design decision (forexample, YAML mapping keys are their source text).

Areview fails when a case disagrees and is not in the baseline, and reports any baseline entry that
now passes as stale. When your change makes a known failure pass, remove the entry. When it
introduces a new disagreement, fix the parser; add an entry only for one of the reasons above.
review_yaml.py and review_markdown_blocks.py canrewrite the baseline with --record-known-failures

PATH; review the diff entry by entry before you commit it.

19.10. OpenSSF Scorecard

The OpenSSF Scorecard Fuzzing check detects OSS-Fuzz, ClusterFuzzLite and a few language-
specific frameworks, but not Roc targets. Alow Fuzzing score is a detection gap, not evidence

that these campaigns did not run.
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Chapter 20. Add a format module

This how-tois for contributors who want to add aready-made parser for a new text format,
alongside CSV, Xml, Yaml, Markdown and HTTP. It assumes Contributing to roc-parser and Property
tests and conformance reviews, and that you have opened anissue to agree that the format
belongsinthe package. Whenyou finish, the new module has the same evidence behindit as the
existing ones: tests, areview against a mature implementation, property testsin Cl, and a chapter

in this manual.

The steps use ahypothetical format called Toml as the example. Follow themin order: each step

relies onthe one before.

20.1. 1. Decide what you support

Write down, before any code, which specification and version the module follows, and which
parts of it the module supports. Every existing module supports adocumented subset andrejects
the rest with an error, rather than misreading it. Forexample Xml rejects a DOCTYPE, and Yaml
rejects multi-line flow collections. Arejectedinputis a clearlimit; a misread one is a bug that

nobody notices.

Pick the oracle now too: a widely used implementation that you can pinto an exact version and
callfrom Python, such as tomllib for TOML. The oracles of the existing formats are listed in

Property tests and conformance reviews.

20.2. 2. Create the module

1. Add package/Toml.roc. Startit with a ## doc comment that names the specification, listswhat is
supported and whatisrejected, and describes the error type. This comment becomes the

module’s pageinthe APIreference.

2. Give every exposed value a ## doc comment with its purpose and, where it helps, a short expect

example.

3. Expose the modulein package/main.roc. roc test package/main.roc,which scripts/all_tests.py

runs, thenrunsits tests with the rest.
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4. Make it atype module and follow the conventions of the existing ones:

Toml.parse_str : Str -> Try(Toml, [InvalidToml(Toml.Error)]), where Toml.Error isarecord
with a message and the most precise location the format has (1ine and column for a text

format);

Toml.parser : Parser(Utf8.Bytes, Toml) forcallers who compose parsers, failing with

ParseError({ message, offset });

Try(a, [Missing]) forevery optional value,and methodsinthe .{ } block, calledin method-

call styleinexamples;

no public function that can crash, on any input.

5. If records are a natural target, alsoimplement a format for type-directed decoding, as
CSV.Format and Yaml.Format do, and expose Toml.decode with a Parseable where-clause alias. The

parsers chapter of the Roc language reference lists the methods a format provides.

Prefer a scannerover the input bytes for document-level parsing, with an explicit stack for
nesting. The combinator style is convenient for small grammars, but every rewritten module (CSV,
XML, HTTP, Markdown) moved to scanners to stay linearin the input size and to avoid deep

recursion.

20.3. 3. Write the tests

Put expect tests next to the code they cover. Foreveryrule, testaninput thatisaccepted, one that
isrejected, and the boundary between them. Add a test foreach limityou choseinstep 1. Run

them:

$ROC test package/Toml.roc
$ROC test package/main.roc

20.4. 4. Add a probe and a review script

A conformance review runs the same inputs through your module and the oracle and compares
theresults. It needs three pieces under scripts/toml/, modelled on scripts/csv/, the smallest of

the existing reviews:

probe.roc

Abasic-cliapp that reads one document on standard input and prints one JSON line: the

parsed value oran error. Use the public APl only.

cases.json

Hand-written cases with a name and an input, one foreachrule and each known edge case. Add
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the specification’s own examples or test suite if there is one, pinned by URL and SHA-256 as

scripts/review_xml.py does forthe W3C suite.

known-failures.json

The baseline. It starts empty; every entry added later needs areason (see Property tests and

conformance reviews).

Thenadd scripts/review_toml.py. It builds the probe with $ROC (falling back to roc on PATH), runs
every case through the probe and the oracle, converts bothresults to the same shape, and exits
non-zero on any disagreement thatis not in the baseline. Report baseline entries that now pass as
stale. If the oracleis a third-party package, pinit, and all of its dependencies, in
scripts/toml/requirements.txt sothat pip install --no-deps -r installs exactly the reviewed

versions.

Runit, fix the parseruntil it passes, and add a unit test under scripts/tests/ foranylogicinthe

scriptthatisnot adirect callto the oracle.

20.5. 5. Add property-test targets
Add atleast two targetsunder fuzz/, as described in Property tests and conformance reviews:

toml-raw.roc

Raw bytes. Check that the parsernever crashes, that errors point inside the input, and the
metamorphic relations that hold for the format, such as line-ending equivalence. Bound

pathological shapes with the runner’s --timeout.

toml-roundtrip.roc

A structured generator. Build a value and a way of writing it from the bytes, build the expected
result from the specification without calling the parser, and require the parserto return exactly

that value.

Checkthe generatoragainst the oracle on a corpus before you trustit: add a corpus mode to the

review script, like review_xml.py corpus.

20.6. 6. Register the targets

1. Add eachtarget to TARGETS in scripts/run_fuzz.py, withits seed encoding (raw forraw bytes,

none fora structured target), seeds, dictionary, input size and timeout.

2. Addreviewable seedsin fuzz/seeds/toml.json and syntax tokensin fuzz/dictionaries/toml.dict

fortheraw target.

3. Add eachtarget to the target matrix of the fuzz jobin .github/workflows/fuzz.yml, and the review
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to the conformance matrix with its requirements file and command.

scripts/tests/test_run_fuzz.py failsif a fuzz/*.roc fileis notregistered, orif the workflow matrix

and theregistry disagree. Check that and run the new targets:

python3 -m unittest discover -s scripts/tests -p "test_*.py
python3 scripts/run_fuzz.py smoke toml-raw toml-roundtrip

20.7. 7. Document the module

1. Add achapter docs/toml.adoc that shows how to parse adocument, how to handle errors, and
whatis andis not supported. Include it from the manual’s index with leveloffset=+1, like the

otherformat chapters.

2. Make every code example inthe chaptera complete program that

scripts/check_doc_examples.py compiles andruns, so it cannot drift from the API.

3. Add the module to the release notes for the next versionin docs/releases/.

Build and check the documentation:

python3 scripts/build_docs.py --check
python3 scripts/check_doc_examples.py
python3 scripts/build_manual.py

20.8. Checklist

Supported subset and oracle written down in the module doc comment

Module exposed in package/main.roc and listedin scripts/all_tests.py

expect tests foraccepted, rejected and boundary inputs

Probe, cases, review script and empty baseline under scripts/

Raw and structured fuzz targets, registeredin run_fuzz.py and fuzz.yml

Chapterwith tested examples, and arelease notes entry
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Chapter 21. Benchmarks

This chapteris for contributors who want to measure a change, add abenchmark orreproduce the
figuresin Performance. It covers the harness, the corpora, the comparison programs, the

environments the benchmarks runin, and how to read areport.

21.1. Run the benchmarks

You need the Roc nightly namedin .roc-version. Go, Rust (cargo) and Python 3 are optional: a

missing toolchainis skipped and named in the report.

$ export ROC=~/roc_nightly-macos_apple_silicon-2026-09-29-7f11a82/roc
$ python3 scripts/bench.py --quick # about two minutes
$ python3 scripts/bench.py --allocations # the full comparison

--quick measures each format’s samples, its small generated document and one pathological
document, with three short batches. Use it to check that nothingis broken, not to compare

numbers. The full run takes about half an houron alaptop.
Narrow arun with these options:

--formats csv,xml

Only these formats.

--langs roc,go

Only these implementations (roc, rust, go, python).

--only large,sample-svg

Only documents with these names or kinds (sample, small, medium, large, pathological).

--label before

Write thereportto .roc-parser-tmp/bench/before/, so tworuns canbe compared side by side.

--repetitions, --target-ms, --timeout

Batch count, approximate batch duration and the time limit for one batch.

roc-parser 125



ROC-PARSER

--corpus-only

Write the corpus and its manifest, then stop.

To compare two revisions of the parser, check each one outin turn and run the harness with a

different --1abel; the report records the commit and whether the tree was dirty.

21.2. How a measurement works

Every implementation, in Roc orinanotherlanguage, is a small program that follows one protocol.
It reads adocument from standard input, starts a monotonic clock (Roc’sis the UTC clock, so
batches must be long), parses the document a given number of times, stops the clock, and prints
one JSON ine:

{"iterations":120,"elapsed_ns":20414000, "successes":120, "checksum":43811}

Process start-up, reading the input and printing are outside the timed region. Each parse builds
the implementation’s in-memory result and then folds overit into the checksum, so the work

cannot be optimised away and every implementation pays for the structure itreturns.
Foreach document andimplementation, scripts/bench.py:

1. runs one parse to estimate its cost, and picks the number of parses per batch so abatch takes

about --target-ms (200 ms, or 20 ms with --quick);
2. runs one warmup batch and discardsiit;
3. runs --repetitions batches (7, or 3 with --quick), eachinafresh process;

4. records the median time per parse, the minimum, maximum, standard deviation and spread
((max - min) / median), throughputin MB/s 10° bytes persecond, from the median), and the

peak resident set size of the batch processes;

5. with --allocations, replays the document once through bench/roc/alloc.roc, a diagnostic built
with roc build --fuzz,andrecords how many times the Roc parser called roc_alloc or
roc_realloc. The program crashes on purpose to report the count, soits exit code 77 is

expected.

Peak RSSis the whole process, soitincludes the language runtime: about 1.5 MiB for Roc and Rust,
12-20 MiB for Go and Python, before any documentisread. Compare it within alanguage or

across document sizes, not as an absolute cost of a parser.
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2.8. Corpora

The corpusis generated by build_corpus in scripts/bench.py everyrun. Each generated document
uses arandom number generator seeded fromits own name, so the bytes, and the SHA-256
recorded foreach oneinthereport, are identical on every machine and run. Changing a generator

changes the hashes, which marks results as not comparable with earlier ones.
Each format has five kinds of document:

sample

Smallreal-world-shapedfilesin bench/corpus/samples/: a CSV order export, thisrepository’s
fuzz workflow (YAML), a design-tool-style SVG, thisrepository’s README, and an HTTP
browserrequest and JSON APl response (keptin HTTP_SAMPLES so their CRLFs survive). They are
frozen copies; do not update them.

small, medium, large

Generated documents of about 4 KiB, 64 KiB and 1MiB in the shape of typical data: CSVrows
with quoted fields and embedded newlines, YAML service configuration with flow collections
and block scalars, an XML catalogue with attributes and entities, a Markdown document with
headings, lists, code, quotes and tables, and HTTP POST requests with a JSON body and
chunked HTML responses.

pathological

Inputs that stress one mechanism: very wide CSV rows and long runs of escaped quotes,
YAML nesting at the 100-level limit and long flow sequences, deeply nested XML and
thousands of attributes, unclosed Markdown emphasis and nested brackets, and HTTP
messages with many headers or thousands of one-byte chunks. Several of these were super-

linear before the fuzzing work described in Complexity guarantees.

The corpus and a manifest.json with every document’s size and hash are writtento .roc-parser-

tmp/bench/<1abel>/corpus/, so you canfeed a documentto adriver by hand:

$ .roc-parser-tmp/bench/full/bin/roc-yaml 100 < .roc-parser-
tmp/bench/full/corpus/yaml/generated-medium.yaml

21.4. Roc drivers

bench/roc/ holds one driver performat, each a few lines calling the format’s public entry point:
CSV.parse_with with Parser.many(CSV.field(CSV.string)), Yaml.parse_str, Xml.parse_str,
Markdown.parse_str,and HTTP.parse_request or HTTP.parse_response. The timingloop is sharedin
bench/roc/Bench.roc. The harness builds each driver with roc build --opt=speed;neverbenchmark

roc dev oranunoptimised build, whichis many times slower.
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When an entry pointisrenamed, only the callin that format’s driver (and the matching line in

alloc.roc)changes.

21.5. Comparison programs

Language Where

Rust bench/compare/rust/

Go bench/compare/go/

Python scripts/bench_python.py and

bench/compare/python/requireme
nts.txt

Libraries, pinned by

csv, yaml-rust2, serde_yaml, quick-xml,
roxmltree, pulldown-cmark, comrak and
httparse, pinned exactlyin Cargo.toml and
Cargo.lock; built with cargo build --release

--locked, thin LTO and one codegen unit.

encoding/csv, gopkg.in/yaml.v3,
encoding/xml, goldmark and net/http, pinned
by go.mod and go.sum.

csv, PyYAML (pure Python and libyaml),
xml.etree, markdown-it-py and h11. The
programisunder scripts/ because repository
policy keeps every Python file there. The
harness installs the pinsinto a virtual
environmentin ~/.cache/roc-parser/bench-venv
(outside the checkout, forthe same reason);

pass --python to use anotherinterpreter.

Each program builds the same kind of in-memory structure asroc-parser:

- CSV: every field copiedinto an owned string, rows into lists.

- YAML: thelibrary’s generic value tree, walked once.

- XML: atree of elements, attributes and text. roxmltree and ElementTree build one; for quick-

xml and encoding/xml, which are streaming tokenizers, the program builds an owned tree from

the events.

- Markdown: comrak and goldmark build an AST. pulldown-cmark and markdown-it-py

produce aflat event ortokenlist, whichis collected and, for pulldown-cmark, copied into

owned events.

- HTTP: therequestline or statusline, headers and the body, decoded from Content-Length or

chunked framing and copied. httparse only parses the head, so the program frames the body

itself with httparse’s chunk-size parser.

These choices, and where they still differ, are listed in What the comparison does and does not
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show. Read them before quoting aratio.

To add a comparator, add a function to the language’s program, register its name in COMPARATORS in
scripts/bench.py with a one-line description of what it measures, pin the library, and run --quick

--langs <lang> to checkthatit acceptsthe samples.

21.6. Add a benchmark

- Adocument: add a generatorbranch or apathological entryin scripts/bench.py, orafrozenfile
to bench/corpus/samples/ with alicence that allows it, notedin that folder's README. Keep

generated documents deterministic: draw randomness only from the rng passedin.

- Aformat: add bench/roc/<format>.roc calling the public entry point through Bench.run!, abranch

in alloc.roc, a generatorand samples, and atleast one comparator perlanguage.

scripts/tests/test_bench.py checks that the corpusis deterministic, that every format has every
kind of document, and that each format has a driverand comparators; runit with python3 -m

unittest discover -s scripts/tests.

21.7. Read a report
Eachrunwrites three things to .roc-parser-tmp/bench/<1label>/:

results.json

Metadata (date, machine and CPU, OS, Roc, Go, Rust and Python versions, every crate,
module and package version, the commit and whether the tree was dirty, the corpus manifest
with hashes, and what each implementation measures), one record perdocument and
implementation, and the comparison table.

report.md

The same as Markdown tables.

logs/

Build output and allocation diagnostics.
The comparison table gives, per format and library, the geometric mean over the non-
pathological documents that bothimplementations accepted of the ratio of median times. "roc-
parseris 3x slower" means the library parsed those documents three times as fast. Pathological

documents are left out of the mean because they measure worst cases, which differ by design

between parsers; read themindividually.

Inthe per-document table, check these before trusting a number:
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- Result: rejected means the implementation refused the document (forexample ElementTree’s
nesting limit, or a strictness difference). Arejectionis often much fasterthan a parse, so the

times are not comparable.

- Spread: above about 10%, the machine was busy or the batch too short; rerunon anidle

machine orraise --target-ms.

- Corpus hashes and versions: two reports can be compared only when their corpus hashes

match and only the variable under test changed.

21.8. Continuous integration

.github/workflows/bench.yml runs the fullcomparison with --allocations, through roc-blueprint
(Reproducible environment with roc-blueprint), on ubuntu-latest every Monday and on demand
(Actions » Benchmarks > Run workflow), then publishes report.md as the job summary and
uploads thereports as the bench-<run id> artifact for 90 days. GitHub’s shared runnersvary by a
few tens of percent betweenruns, so compare ratios within one runrather than absolute times

acrossruns.

Pullrequests that change package/, bench/ orthe harnessrun --quick --langs roc --fail-on-error. It
fails only when a Roc driver does not build, crashes, or exceedsits 60-second batch limit, which

catches a parserthat has turned quadratic without gating on noisy timings.

21.9. Reproducible environment with roc-blueprint

Blueprint.roc at the repository root describes the benchmark environment forroc-blueprint
0.3.0:Roc, Go, Rust, Python and Git from Nix, pinned by the committed Blueprint.lock. It declares
x86_64-1inux (Cl)and aarch64-darwin (Apple silicon Macs), and needs only Nix with flakes enabled.
Runthe CLI straight fromits flake, pinned to the commit of the 0.3.0 tag:

$ nix run github:lukewilliamboswell/roc-blueprint/db71ab518d04dc24c5falfela2423fffdc87aad5 --
run bench-quick

orput blueprint on PATH with nix shell github:lukewilliamboswell/roc-
blueprint/db71ab518d04dc24c5falfela2423fffdc87aad5 and run:

$ blueprint run bench-quick
$ blueprint run bench
$ blueprint run bench -- --only csv

small corpus

full comparison, with --allocations
extra arguments go to scripts/bench.py
$ blueprint run test scripts/all_tests.py
$ blueprint run fuzz-smoke

$ blueprint shell

scripts/run_fuzz.py smoke

=+ o= = = = =

every toolchain on PATH
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$ blueprint update #f refresh Blueprint.lock

The first run downloads the toolchains; later runs startin a few seconds. Generated files go to

.blueprint/, whichis not committed.

Pinning. Roc is pinned to exactly the nightly in .roc-version: roc-overlay publishes every nightly as
its own package, and Blueprint.roc namesit as the tool rocpkgs.<nightly tag>.
scripts/update_roc_nightly.py rewrites thattagalong with .roc-version, and a test fails if the two
disagree. After a nightly update, run blueprint update sothat Blueprint.lock records aroc-overlay
revision that has the new nightly; until then a blueprint run fails with a missing rocpkgs attribute
instead of using another compiler. The roc-overlay input is currently pinned to the commit of its
pending pull request that adds nightly-2026-09-29-7f11a82; switchitback to github:roc-1lang/roc-
overlay once thatis merged. The shell sets R0C=roc, so the scripts use the pinned compiler rather

than the older one the blueprint CLIruns on.

Go, Rust and Python follow the nixpkgs revisionin Blueprint.lock. Library versions are pinned by
Cargo.lock, go.sum and requirements.txt as above, so a blueprint run and a plain run measure the
same library code. The Python packages gointo one virtual environment perinterpreter, under

~/.cache/roc-parser/.

Provenance. The blueprint shell sets ROC_PARSER_BLUEPRINT=1. The report’s Environment line, and
metadata.environment in results.json, thenrecord the SHA-256 of Blueprint.lock and the nixpkgs
androc-overlay revisions it pins; outside blueprint they say outside blueprint.Bothrecordthe

path of each toolchain, so you can check thatit came from /nix/store.

Cl. The benchmark workflow described above installs Nix with cachix/install-nix-action, caches
the store with magic-nix-cache-action, andruns blueprint run bench-quick forpullrequestsand

blueprint run bench weekly on ubuntu-latest, so Cland aMac use the same pins.

Without Nix, install the toolchains yourself and run scripts/bench.py as shownin Benchmarks; the

reportrecords every version either way.

21.10. Profile one workload

Foracloserlook at one parser, build its driver with debug information and sample it. OnmacQOS,

samply works on the optimised binaries:

$ "$ROC" build --opt=speed --debug bench/roc/yaml.roc --output=.roc-parser-tmp/yaml-prof
$ samply record .roc-parser-tmp/yaml-prof 1000 < .roc-parser-
tmp/bench/full/corpus/yaml/generated-medium.yaml

Some Roc functions keep hashed linker names even with --debug; nm -n mapsrecorded offsets

backto symbols.
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scripts/bench_yaml.py is an older, YAML-only harness kept for comparing two revisions of the YAML
parserwith --replace-dep (--parser-root <checkout>/package)onthe YAML microbenchmark fixtures,
and forits allocation counter, fuzz/yaml-alloc.roc.|tsreports goto .roc-parser-tmp/yaml-

bench/<1abel>/.
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Chapter 22. Compiler updates, releases and
security reports

This chapteris for maintainers with write access to the repository. It covers how the Roc compiler
pinis kept current, how arelease is cut and whatit publishes, and how security reports are

handled. It assumes Contributing to roc-parser.

22.1. Roc nightly updates

Roc has no stable release yet, soroc-parser pins one nightly buildin .roc-version and moves it

forward as the compiler changes. This is automated.

The Update Roc nightly workflow (update-roc-nightly.yml)runsonce adayat13:16 UTC, about four
hours after the upstream nightly build. It calls the shared controllerin roc-automation, which:

1. writes the newest nightly tag to .roc-version onthereserved branch automation/roc-nightly and

opens a pullrequest;

2. dispatches the validation workflows listed in .github/roc-nightly.json (Tests, Published example
compatibility, Release, Property quality tests and CodeQL)onthe candidate, with the
nightly_validation input set, so that the release path runs without publishing anything; and

3. merges the pull request automatically once every check passes and the controller has

rechecked the signed commit and branch protection.

Afailed candidate stays open forinvestigation. Diagnose it: a new compiler error, a changed
standard library function, or areal regression. Put the compatibility fix on a separate branch, not

on automation/roc-nightly, whichisreserved forthe bot’s pin-only commits.
Do notweaken a test, gate afuzztarget orre-record a conformance baseline to

WARNING make a compiler candidate pass. A changed result aftera compilerupdateis a

buginthe compilerorin the package, and needs a fix oran upstreamissue.

.github/ROC_NIGHTLY.md records the integration details: required checks, token permissions and the

pinned controller commit.
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22.1.1. One compiler pin

Every workflow, including the property tests, conformance reviews, docs and benchmarks, reads
.roc-version through scripts/workflow_helpers.py roc-version.Anightly candidate istherefore
checked by the fuzz targets and conformance reviews as well as the tests. Do not add a second
pin to a workflow; if one part of the repository needs a newer compiler, move .roc-version forward

foreverything.

22.2. Release a new version

Releases follow semantic versioning: a release that changes the result of a public function on any

input, orremoves or changes a public signature, is a majorrelease.

22.2.1. Before you start
1. Confirmthat main is green: Tests, Property quality tests and Docs.

2. Write therelease notes as docs/releases/<version>.md, forexample docs/releases/2.0.0.md, and
link them from docs/releases/index.adoc. Put the upgrade impact first: every change a user’s

code ordatamight notice. Merge them through a normal pull request.

3. Optionally runthe Release workflow from the Actions tab with nightly_validation checked. It

runs the whole release path, including the documentation build, without publishing.

22.2.2. Run the release

Apublishedreleaseis permanent: the bundle URL is content-addressed and
WARNING users pinitin their app headers. Check the version number before you start the

workflow; a mistake needs a new release, not an edit.

Run the Release workflow (release.yml)from the Actions tab on main, with release_version set to the

new version, forexample 2.0.0. It runs these jobs:

Build release bundle

Validates the version and that the runis on the default branch, runs the Python unit tests and
scripts/all_tests.py, checks that the versionincreases on the previous release, and bundles
the package with scripts/bundle.py. It also packages the examples archive from the bundle’s

metadata, as adry run of the asset the release attaches.

Testbundles

Packages the examples archive pinned to the new bundle, servedlocally, and checks, runs

and builds every appinit.
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Publish GitHub release

Creates the tag and the GitHub release, with the release notes from
docs/releases/<version>.md, the bundle, an SPDXSBOM (scripts/release_security_assets.py
sbom), and build-provenance and SBOM attestations, combined into one offline attestation
bundle. It also attaches roc-parser-examples-<version>.zip (scripts/release_helpers.py package-
examples): the examples, with their parser dependency pinned to the release bundle’s URL, and
a README saying how to run them.

Docs

Builds the manual and the APIreference for the version with scripts/build_manual.py --docs
-version <version>and scripts/build_docs.py, packagesthemwith scripts/release_helpers.py
package-docs, assembles the GitHub Pages site with scripts/release_helpers.py assemble-pages,
and deploysit.

Nothinginthe repository changes afterarelease. The examplesin examples/ always use the

package source (parser:
thematits URL.

'../package/main.roc"); only the archive attached to the release points

22.2.3. After the release

1. Checktherelease page: the notes, the .tar.zst bundle, the examples archive, the SBOM and

the attestation bundle.

2. Verify the provenance of the bundle you downloaded:

gh attestation verify <bundle>.tar.zst --repo lukewilliamboswell/roc-parser

3. Openthe published manual and APIreference and check that they show the new version.

22.3. Security reports

The policyisin SECURITY.md: security fixes are made for main and the latest release, and reports

arrive privately through GitHub private vulnerability reporting, neverin public issues.

When areport arrives:

1. Acknowledge it within 7 calendar days and give aninitial assessment within 14,

2. Reproduceit with the reporter’sinput. Ifitis a crash, hang or excessive resource use, add the
input to the matching fuzztarget’s seeds orthe module’s tests in the private fix branch, as

described in Property tests and conformance reviews.

3. Prepare the fixin the private security advisory’s temporary fork, and agree a disclosure date

with the reporter. The targetis coordinated disclosure within 90 days.
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4. Release the fixas anew version, then publish the advisory, crediting the reporterif they agree.
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Chapter 23. Where the design comes from

roc-parserisnotanew idea. Parser combinators have been studied and used for fifty years, and
almost every choiceinthe Parser and Utf8 modulesrepeats, adapts or deliberately declines
something from that history. This chapter traces those ideas to their sources, so you can see why
thelibrary behaves as it does and where it differs from the libraries you may already know. It

assumes you have read Your first parser; you do not needit to use the package.

The examples come from background-lineage.roc; every expect init passes.

23.1. A parser is a function

The foundingideais that a parseris an ordinary function: it takes the input, reads something from
the front of it, and returns what it read together with the input thatis left. Because parsers are
values, functions that take parsers and return new parsers (the combinators) can express

sequencing, choice and repetition directly, so the parser has the shape of the grammarit reads.

William Burge described such a set of combinatorsin his 1975 book Recursive Programming
Techniques. Philip Wadler's 1985 paper "How to replace failure by a list of successes" showed how
alazy functionallanguage canrepresent a parser’s possible outcomes as alist: anempty listis
failure, and several elements are the several ways the input could be read. Graham Hutton’s 1992
paper "Higher-order functions for parsing” turned these ideasinto a complete, teachable library

and became the standard reference.

roc-parser keeps the function and drops thelist. A Parser (input, a) wraps afunctionfrom input to
a Try holding either the value and the rest of the input, { value, rest },ora ParseError witha
message and an offset. Parser.custom takes such a function directly, so you can always step

outside the combinators, and Parser.run runs a parser and returns the same shape:

# A parser is a function from input to a result and the rest of the input.
# ‘custom' wraps such a function directly.
take : U64 -> Parser(Utf8.Bytes, Utf8.Bytes)
take = |n|
Parser.custom(
|input]|
if input.len() >= n {
Ok({ value: input.take_first(n), rest: input.drop_first(n) })
} else {
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Err(ParseError({ message: "expected ${n.to_str()} more bytes", offset: 0 }))
Fo

#f Monadic style: the next parser depends on a value already read. Here a
# length prefix says how many bytes follow.

length_prefix : Parser(Utf8.Bytes, U64)

length_prefix = Utf8.digits.skip(Utf8.codeunit(':"))

counted : Parser(Utf8.Bytes, Str)
counted = length_prefix.and_then(take).map(Str.from_utf8_lossy)

expect Utf8.parse_str(counted, "3:abc") == Ok("abc")
expect Utf8.parse_str(counted, "3:ab").is_err()

Aparserreturns oneresult, not alist. Wadler’s list of successes allows ambiguous grammars,
where one input has several readings, but the formats this package reads are designed to have

exactly onereading. Asingle resultis cheaper, and it gives one clear place to put an error.

23.2. Sequencing: monads and applicatives

Running one parser and then another needs a way to combine theirresults. Hutton and Erik
Meijer’s "Monadic parser combinators” (1996) and the shorter "Monadic parsing in Haskell" (1998)
observed that parsers form amonad: the sequencing operation, usually called bind or and_then,
passes the value from the first parserto a function that chooses the second. That is what counted

above doeswith and_then: the lengthit reads decides how many bytes the next parser takes.

Most of agrammar does not need that power. In "Applicative programming with effects" (2008),
Conor McBride and Ross Paterson named the weaker applicative interface: a pure value lifted into
the parser, and away to apply a parser of functions to a parser of arguments. Their paper points to
parsing as a case where monads are more than you need, citing S. Doaitse Swierstraand Luc
Duponcheel’s 1996 combinators, whose structure is known before any inputis read. Applicative
parsers cannot make the grammar depend on earlier values, and inreturnthey read as a

description of the input.

Parser.const with keep and skip is exactly that applicative interface, with the names Evan Czaplicki’s
elm/parser gaveits pipeline operators: |= keepsaresultand |. ignores one. Youlist the pieces of

theinputinorder, and the curried constructorreceives the ones you keep:

# Applicative style: a constructor function, then one ‘keep' per field and
# one ‘skip' per piece of punctuation. No step depends on an earlier value.
Point : { x : U64, y : U64 }

point : Parser(Utf8.Bytes, Point)
point =
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Parser.const(|x| |y| { x, y })
.skip(Utf8.codeunit('("))
.keep(Utf8.digits)
.skip(Utf8.codeunit(","))
.keep(Utf8.digits)
.skip(Utf8.codeunit(')"))

expect Utf8.parse_str(point, "(3,4)") == Ok({ x: 3, y: 4 })

roc-parser builds map and keep on this same application step, and also offers the monadic and_then
method for the cases that needit, such as counted. Prefer keep and skip whenthe grammar allows: a

parser that uses only them can be read top to bottom as a description of its input.

23.3. Choice and backtracking

A choice between alternatives must decide what happens when the first one fails afterreading

part of the input. The libraries in this lineage give three answers.

Full backtracking

The next alternative starts again from the originalinput. Wadler’s lists and Hutton’s
combinators work this way, and so does Bryan O’Sullivan’s attoparsec, which keeps the whole

input so thatit can backtrack arbitrarily.

Committed choice

Daan Leijen and Erik Meijer's Parsec (2001) tries the second alternative only if the first failed
without consuming input. Their paper gives two reasons: naive backtracking holds onto the
input and leaks space, and when the first alternative has already read part of the input, its
failure is usually the error worth reporting. When you do want to backtrack, you wrap the first
alternativein try. Elm’s parser takes the same default for the same reason, with backtrackable in
place of try;its READMEusestheinput [ 1, 23zm5, 3 ], wheretheuseful errorisatthe z,notat
the [.

Ordered choice

Bryan Ford’s parsing expression grammars (PEGs, 2004) define choice as prioritized: A / B
tries A, and tries B from the same position only if A fails. Once A succeeds, B is never considered,

evenif therest of the parse thenfails.

roc-parser’s Parser.alt and Parser.one_of are PEG ordered choice. A failed alternative is always

retried from the originalinput, so thereis no try, and the first success wins:

# Ordered choice, as in a PEG: the first alternative that succeeds wins, and
#f a failed alternative is retried from the same input.

sign : Parser(Utf8.Bytes, [Plus, Minus, PlusPlus])

sign =
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Parser.one_of([
Parser.const(PlusPlus).skip(Utf8.string("++")),
Parser.const(Plus).skip(Utf8.string("+")),
Parser.const(Minus).skip(Utf8.string("-")),

D

expect Utf8.parse_str(sign, "++") == Ok(PlusPlus)
expect Utf8.parse_str(sign, "-") == Ok(Minus)

The trade-offs follow from the history. Without a commit point, you never have to decide where to
put try, and agrammarreads the same asits PEG. The costs are the ones Parsec was designed to
avoid: agrammar whose alternatives share long prefixes re-reads them, and without help a failure
deepinside an early alternative would be replaced by the failures of the later ones. The furthest-
failure rule described below provides that help, and Combinators by task shows how to order

alternatives so that re-reading rarely matters.

23.4. Repetition that always ends

PEG repetitionis greedy: e* matches as many e asit can and never gives any back. Parser.many,
one_or_more and sep_by behave the same way, whichis why a failed element ends the repetition

ratherthan the parse.

Repeating a parserthat can succeed without reading anything, such as chomp_while or maybe(p),
wouldloop forever. Parsec refuses at run time, with the error "combinator 'many'is appliedto a
parser that accepts anempty string". roc-parserinstead stops the repetition at the first element
that makes no progress, and returns what it has collected. The check compares inputlengths, so it
costs O(1) perelement and needs only the 1len method from the input type, which the where clause
on many states. ARoc program should not crash onitsinput, so a well-defined result is better than

an error that only appears for some inputs.

23.5. Error reporting

The early papers say little about errors. Parsec made them a design goal: on failure it reports the
position and the set of things that would have been accepted there. Mark Karpov’'s megaparsec, a
fork of Parsec, keeps that and, when it merges the errors of two branches, prefers the one that
got furtherinto the input. Elm’s parseradds context: a parser can say "lamreading alist”, so the
error can name what was being read and not just the row and column, which the ElIm compileruses

forits errormessages.

roc-parseradopts megaparsec’srule. Parsers track the furthest failure, the failure that read
furthestinto the input, and every runnerreportsit as ParseError({ message, offset }),where offset

is a byte offset. Arepetition that stops at abad element remembers that element’s failure, so if
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the parse then fails, the error points at the bad element rather than at the input left over after the

repetition:

# Furthest failure: ‘many' stops at the bad second point, but the error the
# runner reports is that point's own failure, at the byte where it happened.
points : Parser(Utf8.Bytes, List(Point))

points = Parser.many(point)

expect Utf8.parse_str(points, "(1,2)(3,x)") == Err(ParseError({ message: "Not a digit",
offset: 8 }))

The alternative that got furthestis almost always the one the author of the input meant, so this
recovers most of the precision of committed choice while keeping ordered choice. ParseError is

anopentagunion, so ? passes it through a function that returns other errors too.

The format modules go further on theirown: Yaml and Xml report line and column, CSV the record and
field, and HTTP the byte offset, eachin an errortag named after the format. Report parse errors

shows how to present them.

23.6. Bytes, not characters

Haskell’s early combinator libraries read lists of characters. The libraries built for speed read

bytes: attoparsec has a ByteString interface, and Geoffroy Couprie’s nom for Rust describes itself
as "byte-oriented" and "zero-copy". The Roc language reference gives the same advice for Roc:
inthe strings chapter of the language reference, it recommends working in UTF-8 bytes when

implementing a parser.

Sotheinput type of the text parsers, Utf8.Bytes,is List(U8),and 'a' isabyte. Every formatin this
package is defined over ASCIl delimiters, whichin UTF-8 are single bytes that never appearinside
amulti-byte character, soreading bytesis both correct and fast. Textis turned backinto Str only

once awhole field has beenread.

23.7. Recursion and laziness

A grammar fornested datarefers toitself: alist contains values, and a value can be alist. In Haskell
this costs nothing, because laziness delays building a parser until it is used. Roc evaluates eagerly,
so aparser thatrefers toitself would be built forever. Parser.lazy takes a function that builds the
parser and calls it only when the parserruns, exactly as elm/parser’s lazy : (() -> Parser a) ->

Parser a doesforeagerElm. Combinators by task showsitinuse.

Leftrecursion, where arule starts withitself (expr = expr "-" term),is a different problem. Atop-

down parser calls the rule again before reading anything and never stops. Ford’s PEG papernotes
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that leftrecursionis not available in PEGs. Research has since shown how to supportitin
combinators, forexample Richard Frost, Rahmatullah Hafizand Paul Callaghan’s 2008 "Parser
combinators forambiguous left-recursive grammars", and Joshua Barretto’s chumsky for Rust
offersleft recursion and memoization as opt-in features. roc-parser supports neither. Write the

repetition explicitly instead: a term followed by many of "-" term.

23.8. Packrat parsing and performance

Backtracking canre-run the same parser at the same position many times, and in the worst case
the time grows exponentially with the input. Ford’s packrat parsing (2002) fixes this by memoizing
every rule’sresult at every position, which guarantees linear time at the cost of memory

proportional to the input times the number of rules.

roc-parserdoes not memoize. For the formats it targets, careful ordering of alternatives keeps
backtracking shallow, and memoization would cost memory on every input to protect against
grammars that arerare in practice. Where speed matters most, the package goes further: Add a
format module explains that the CSV, XML, HTTP and Markdown modules moved their document-
level parsing from combinators to byte scanners with an explicit stack, to stay linearin the input
size and avoid deep recursion. Combinators remain the interface forcomposing them and for

writing your own parsers.

23.9. Combinators and parser generators

The other traditionis the parser generator. Stephen C. Johnson’s yacc (1975) reads a grammar file
and generates an LALR(1) parser; Terence Parr’s ANTLR (described by Parrand Russell Quongin
1995) generates LL(k) parsers, withits later versions using more powerful strategies. A generator
analyses the whole grammar before any inputis read, so it can report ambiguities and conflicts at

build time, it accepts left-recursive rules, and the parsers it generates are fast.

Combinators trade that analysis for being ordinary code. The grammaris written in the host
language, can be tested piece by piece with expect, uses the host’s types, and needs no build
step. You can add a combinator of your own whenever the grammar needs one, such as a parser
whose next step depends on avalue already read. Choosing how to read yourinput covers when
that trade is worth making.

23.10. Testing against the specification

The newest layerin thislineage is testing. Koen Claessen and John Hughes’s QuickCheck (2000)
introduced property-based testing: state a property that should hold forevery input, and let the

tool generateinputs to try to breakit. roc-parser’s quality process follows that approach. Fuzz
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targets check properties such as "parsing never crashes", and review scripts compare every

format with a mature independent implementation, its oracle, on generated and conformance-

suite inputs. Property tests and conformance reviews describes the process.

23.1. How roc-parser compares

Idea

Parseras afunction
returning the rest of the

input

Applicative sequencing

Monadic sequencing

Choice

Repetition of empty-

matching parsers

Errorreporting

Input type

Memoization, left

recursion

Quality
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Source

Burge 1975, Wadler1985,
Hutton 1992

Swierstra and
Duponcheel 1996,
McBride and Paterson

2008, elm/parser

Hutton and Meijer 1996
and 1998

Parsec 20071 (committed,
with try); Ford 2004
(ordered)

Parsecraises anerror

Parsec, megaparsec
(longest match),

elm/parser (context)

attoparsec, nom (bytes)

Ford 2002; Frost, Hafiz
and Callaghan 2008;

chumsky

Claessenand Hughes
2000

roc-parser

Yes, with oneresultinstead of alist of

successes

const, keep and skip

and_then, and custom for anything else

Ordered choice that always backtracks;

no try

Stops at the first element that makes no

progress

Furthest failure with a byte offset; line

and columnin the formats

UTF-8 bytes, as the Roc language

reference recommends

Not supported; write repetition

explicitly

Fuzzing, property tests and oracle

comparisons
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23.12. Further reading

Burge, W. H. (1975). Recursive Programming Techniques. Addison-Wesley. Open Library
record
The first published set of parsing combinators, in a book about programming with recursion

and higher-order functions. Out of print.

Wadler, P. (1985). How to replace failure by a list of successes. Functional Programming
Languages and Computer Architecture, LNCS 201, 113-128. doi:10.1007/3-540-15975-4_33

Represents failure and backtracking with lazy lists of results; the technique behind the first

functional parser libraries.

Hutton, G. (1992). Higher-order functions for parsing. Journal of Functional Programming, 2(3),
323-343.doi:10.1017/S0956796800000411
The classic introduction to combinator parsing, building sequencing, choice and repetition

from a handful of primitives.

Hutton, G., and Meijer, E. (1996). Monadic parser combinators. Technical report NOTTCS-TR-
96-4, University of Nottingham. PDF on Graham Hutton’s site
Along tutorial that recasts combinator parsing in monadic style; itsintroduction surveys the

earlier work.

Hutton, G., and Meijer, E. (1998). Monadic parsing in Haskell. Journal of Functional
Programming, 8(4), 437-444. doi:10.1017/S0956796898003050

The short, widely taught version of the same ideas.

Swierstra, S. D., and Duponcheel, L. (1996). Deterministic, error-correcting combinator
parsers. Advanced Functional Programming, LNCS 1129, 184-207. doi:10.1007/3-540-61628-
4_7

Non-monadic combinators whose fixed structure allows analysis and error correction; the

early example of applicative parsing.

Leijen, D., and Meijer, E. (2001). Parsec: Direct style monadic parser combinators for the real
world. Technical report UU-CS-2001-27, Utrecht University. Microsoft Research publication
page

Committed choice, try, and errormessages that name the position and the expected input.

The library is on Hackage as parsec.

McBride, C., and Paterson, R. (2008). Applicative programming with effects. Journal of
Functional Programming, 18(1), 1-13. d0i:10.1017/S0956796807006326

Defines applicative functors and names parsing as a case that needs less than a monad; the

theory behind keep and skip.
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Ford, B. (2002). Packrat parsing: simple, powerful, lazy, linear time. Proceedings of the
Seventh ACM SIGPLAN International Conference on Functional Programming (ICFP), 36-47.
doi:10.1145/581478.581483

Memoizes a backtracking parser to guarantee linear time.

Ford, B. (2004). Parsing expression grammars: arecognition-based syntactic foundation.
Proceedings of the 31st ACM SIGPLAN-SIGACT Symposium on Principles of Programming
Languages (POPL), 111-122. d0i:10.1145/964001.964 011

Prioritized choice and greedy repetition as a grammar formalism; the closest formal model of

roc-parser’s one_of and many.

Frost, R. A., Hafiz, R., and Callaghan, P. (2008). Parser combinators for ambiguous left-
recursive grammars. Practical Aspects of Declarative Languages (PADL), LNCS 4902, 167-181.
doi:10.1007/978-3-540-77442-6_12

One way to support left recursionin combinators, the feature roc-parser leaves out.
Claessen, K., and Hughes, J. (2000). QuickCheck: a lightweight tool for random testing of

Haskell programs. Proceedings of the Fifth ACM SIGPLAN International Conference on
Functional Programming (ICFP), 268-279. doi:10.1145/351240.351266

Property-based testing, the basis of this package’s fuzzand property tests.

Johnson, S. C. (1975). Yacc: Yet Another Compiler-Compiler. Bell Laboratories. Online copy

The parser generator that set the pattern for grammar files compiled to LALR(]) tables.
Parr,T.J., and Quong, R. W. (1995). ANTLR: A predicated-LL(k) parser generator. Software:
Practice and Experience, 25(7),789-810. doi:10.1002/spe.4380250705

The firstjournal description of ANTLR, a widely used LL parser generator.

Libraries

- elm/parser by Evan Czaplicki: parser pipelines (|= and |.), no backtracking by default, and

contextinerrormessages. Rocis, inthe words of its FAQ, "a direct descendant of EIm".
- megaparsec: Parsec’s successor, with typed errors and longest-match error merging.

- attoparsec: fast parsing of bytes and text with arbitrary backtracking and incremental

input.

- nom, winnow (a fork of nom) and chumsky: Rust combinator libraries. nomis byte-oriented
and zero-copy, winnow is a fork of nom that keeps the fundamentals in one crate, and

chumsky focuses on errorrecovery.
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https://doi.org/10.1145/351240.351266
https://www.cs.utexas.edu/~novak/yaccpaper.htm
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https://package.elm-lang.org/packages/elm/parser/latest/
https://www.roc-lang.org/faq
https://hackage.haskell.org/package/megaparsec
https://hackage.haskell.org/package/attoparsec
https://docs.rs/nom
https://docs.rs/winnow
https://docs.rs/chumsky
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Chapter 24. Release notes

Eachrelease has anotesfilein docs/releases/, writtenin Markdown so the release workflow can
publishitunchanged as the GitHub release description. The notes start with the upgrade impact:

every change your code or data might notice.

- roc-parser 2.0.0release notes: aredesigned APl with anupgrade guide, type-directed
decoding of CSV and YAML into records, CommonMark and GFM Markdown, strict RFC 9112
HTTP, XML 1.0 well-formedness, the YAML 1.2 core schema, RFC 4180 CSV, and property tests

and conformance reviews for every format.

Earlierreleases are described onthe roc-parser GitHub releases page.
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