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If you've come for functional programming...



... or advanced mathematics ...



... you'll be disappointed.



I hope you came prepared:



A Formal Haskell Report

In this talk I am not going to talk about that project, but it motivates why 
I want to see a new report.



Past



How did we get where we are today?

• "A History of Haskell: Being Lazy with 
Class" tells the story from the early 
beginnings to Haskell 98


• The archives of the Haskell Prime 
mailing list take the story up from 
there.
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Abstract
This paper describes the history of Haskell, including its genesis
and principles, technical contributions, implementations and tools,
and applications and impact.

1. Introduction
In September of 1987 a meeting was held at the confer-
ence on Functional Programming Languages and Computer
Architecture in Portland, Oregon, to discuss an unfortunate
situation in the functional programming community: there
had come into being more than a dozen non-strict, purely
functional programming languages, all similar in expressive
power and semantic underpinnings. There was a strong con-
sensus at this meeting that more widespread use of this class
of functional languages was being hampered by the lack of
a common language. It was decided that a committee should
be formed to design such a language, providing faster com-
munication of new ideas, a stable foundation for real ap-
plications development, and a vehicle through which others
would be encouraged to use functional languages.

These opening words in the Preface of the first Haskell Report,
Version 1.0 dated 1 April 1990, say quite a bit about the history of
Haskell. They establish the motivation for designing Haskell (the
need for a common language), the nature of the language to be
designed (non-strict, purely functional), and the process by which
it was to be designed (by committee).
Part I of this paper describes genesis and principles: how Haskell
came to be. We describe the developments leading up to Haskell
and its early history (Section 2) and the processes and principles
that guided its evolution (Section 3).
Part II describes Haskell’s technical contributions: what Haskell is.
We pay particular attention to aspects of the language and its evo-
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lution that are distinctive in themselves, or that developed in un-
expected or surprising ways. We reflect on five areas: syntax (Sec-
tion 4); algebraic data types (Section 5); the type system, and type
classes in particular (Section 6); monads and input/output (Sec-
tion 7); and support for programming in the large, such as modules
and packages, and the foreign-function interface (Section 8).
Part III describes implementations and tools: what has been built
for the users of Haskell. We describe the various implementations
of Haskell, including GHC, hbc, hugs, nhc, and Yale Haskell (Sec-
tion 9), and tools for profiling and debugging (Section 10).
Part IV describes applications and impact: what has been built by
the users of Haskell. The language has been used for a bewildering
variety of applications, and in Section 11 we reflect on the distinc-
tive aspects of some of these applications, so far as we can dis-
cern them. We conclude with a section that assesses the impact of
Haskell on various communities of users, such as education, open-
source, companies, and other language designers (Section 12).

Our goal throughout is to tell the story, including who was involved
and what inspired them: the paper is supposed to be a history rather
than a technical description or a tutorial.
We have tried to describe the evolution of Haskell in an even-
handed way, but we have also sought to convey some of the ex-
citement and enthusiasm of the process by including anecdotes and
personal reflections. Inevitably, this desire for vividness means that
our account will be skewed towards the meetings and conversations
in which we personally participated. However, we are conscious
that many, many people have contributed to Haskell. The size and
quality of the Haskell community, its breadth and its depth, are both
the indicator of Haskell’s success and its cause.

One inevitable shortcoming is a lack of comprehensiveness. Haskell
is now more than 15 years old and has been a seedbed for an im-
mense amount of creative energy. We cannot hope to do justice to
all of it here, but we take this opportunity to salute all those who
have contributed to what has turned out to be a wild ride.



A Timeline of Previous Reports

• 1990: Haskell 1.0 (Eds: P. Hudak and P. Wadler, 125 pages)


• 1991: Haskell 1.1 (Eds: P. Hudak, S. Peyton-Jones, and P. Wadler, 153 pages)


• 1992: Haskell 1.2 (Eds: P. Hudak, S. Peyton-Jones, and P. Wadler, 164 pages)


• 1996: Haskell 1.3 (Eds: K. Hammond and J. Peterson, first library report)


• 1997: Haskell 1.4 (Eds: J. Peterson and K. Hammond, 139 + 73 pages)


• 1999: Haskell 98 (Eds: S. Peyton-Jones and J. Hughes,150 + 89 pages)


• 2002: Revised Haskell 98 (Ed: S. Peyton-Jones, 260 pages, published by CUP)


• 2009: Haskell 2010 (Ed: S. Marlow, 309 pages)



Haskell 1.3 (1996)

• Monadic IO replaces the stream-based IO that was used before.


• Type classes are generalised to higher-kinded types: Functor and Monad 
classes become possible.


• Newtypes, records and strictness annotations are introduced.


• Haskell looks recognisably like the language we are writing today.


• Removed one major feature which Haskell programmers won't recognise 
today!

The big one!



A History of Haskell: Being Lazy with Class [Section 8.2]

In versions 1.0–1.3 of the language, every module was specified by an interface as well as an 
implementation. A great deal of discussion took place about the syntax and semantics of 
interfaces; issues such as the duplication of information between interfaces and implementations, 
especially when a module re-exports entities defined in one of its imports; whether one can 
deduce from an interface which module ultimately defines an entity; a tension between what a 
compiler might want in an interface and what a programmer might want to write; and so on. In the 
end, Haskell 1.4 completely abandoned interfaces as a formal part of the language; 



Interface Files in Haskell 1.2
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Haskell 2010

• Hierarchical Modules


• Removal of n+k Patterns


• FFI specified in the report


• Syntax changes: Fixity resolution and Layout algorithm changed

GHC has a Haskell98 language extension, but supporting real Haskell 98 programs is likely 
impossible.



Haskell 2020
Announced in 2016

Were 4 years too long rather than too short?



Haskell 2020 Fizzled Out

reasonablypolymorphic.com/blog/haskell202x/



Sandy Maguire, reasonablypolymorphic.com/blog/haskell202x/

The good news: a lack of leadership is a very easy problem to solve. If you care about 
this problem, just take the reigns. That’s all there is to it. Anyone can do it. Yes, even 
you, gentle reader! Nobody needs to elevate you to a position of power. There’s no 
admissions process. You don’t need to be given any authority in order to take the 
lead here. This is a thing that everybody wants, but there’s a coordination problem, 
and the only reason it hasn’t been done yet is that nobody has done it.



Present



What is happening right now



Work on the Revised Report has Started
github.com/haskellfoundation/haskell-2010-revised-report

http://github.com/haskellfoundation/haskell-2010-revised-report


The Revised Haskell 2010 WG



Goals of the Revised Haskell 2010 Report

• Goal 1: Remove discrepancies between the official report and what GHC does 
in Haskell2010 mode.


• Goal 2: The library report should, if at all possible, specify a subset of the base 
library.


• Goal 3: Provide the API specification of the library report in machine readable 
form.


• Goal 4: Make it easier to work on the report, remove cruft, establish processes 
that can be used for the next report.


• Non-Goal: Adopt or incorporate new language extensions.



Example 1: 
MonadFail



Context of the MonadFail proposal

80 CHAPTER 6. PREDEFINED TYPES AND CLASSES

• The sequence enumFrom e1 is the list [e1,e1 + 1,e1 + 2, . . .].

• The sequence enumFromThen e1 e2 is the list [e1,e1 + i,e1 + 2i, . . .], where the increment, i ,
is e2 � e1 . The increment may be zero or negative. If the increment is zero, all the list elements are
the same.

• The sequence enumFromTo e1 e3 is the list [e1,e1 + 1,e1 + 2, . . . e3]. The list is empty if
e1 > e3 .

• The sequence enumFromThenTo e1 e2 e3 is the list [e1,e1 + i,e1 + 2i, . . . e3], where the in-
crement, i , is e2 � e1 . If the increment is positive or zero, the list terminates when the next element
would be greater than e3 ; the list is empty if e1 > e3 . If the increment is negative, the list terminates
when the next element would be less than e3 ; the list is empty if e1 < e3 .

For Float and Double, the semantics of the enumFrom family is given by the rules for Int above, except
that the list terminates when the elements become greater than e3 + i/2 for positive increment i , or when
they become less than e3 + i/2 for negative i .

For all four of these Prelude numeric types, all of the enumFrom family of functions are strict in all their
arguments.

6.3.5 The Functor Class

class Functor f where
fmap :: (a -> b) -> f a -> f b

The Functor class is used for types that can be mapped over. Lists, IO, and Maybe are in this class.

Instances of Functor should satisfy the following laws:

fmap id = id
fmap (f . g) = fmap f . fmap g

All instances of Functor defined in the Prelude satisfy these laws.

6.3.6 The Monad Class

class Monad m where
(>>=) :: m a -> (a -> m b) -> m b
(>>) :: m a -> m b -> m b
return :: a -> m a
fail :: String -> m a

m >> k = m >>= \_ -> k
fail s = error s

The Monad class defines the basic operations over a monad. See Chapter 7 for more information about
monads.

“do” expressions provide a convenient syntax for writing monadic expressions (see Section 3.14). The fail
method is invoked on pattern-match failure in a do expression.

3.14. DO EXPRESSIONS 25

3.14 Do Expressions

lexp ! do { stmts } (do expression)
stmts ! stmt1 . . . stmtn exp [;] (n � 0 )
stmt ! exp ;

| pat <- exp ;
| let decls ;
| ; (empty statement)

A do expression provides a more conventional syntax for monadic programming. It allows an expression
such as

putStr "x: " >>
getLine >>= \l ->
return (words l)

to be written in a more traditional way as:

do putStr "x: "
l <- getLine
return (words l)

Translation: Do expressions satisfy these identities, which may be used as a translation into the kernel,
after eliminating empty stmts :

do {e} = e
do {e;stmts} = e >> do {stmts}
do {p <- e; stmts} = let ok p = do {stmts}

ok _ = fail "..."
in e >>= ok

do {let decls; stmts} = let decls in do {stmts}

The ellipsis "..." stands for a compiler-generated error message, passed to fail, preferably giving
some indication of the location of the pattern-match failure; the functions >>, >>=, and fail are
operations in the class Monad, as defined in the Prelude; and ok is a fresh identifier.

As indicated by the translation of do, variables bound by let have fully polymorphic types while those
defined by <- are lambda bound and are thus monomorphic.

3.15 Datatypes with Field Labels

A datatype declaration may optionally define field labels (see Section 4.2.1). These field labels can be used
to construct, select from, and update fields in a manner that is independent of the overall structure of the
datatype.

Different datatypes cannot share common field labels in the same scope. A field label can be used at most
once in a constructor. Within a datatype, however, a field label can be used in more than one constructor
provided the field has the same typing in all constructors. To illustrate the last point, consider:



Finding Information about MonadFail



The MonadFail proposal
gitlab.haskell.org/haskell/prime/-/wikis/libraries/proposals/monad-fail



The MonadFail proposal
gitlab.haskell.org/haskell/prime/-/wikis/libraries/proposals/monad-fail



Failable Patterns



Failable/Failure-Free Pattern according to GHC



Failable/Failure-Free Pattern according to GHC



The new Report will provide a coherent 
definition of the MonadFail class, failable 

patterns, and do-notation desugaring.



Back to the Haskell 1.3 report?



Example 2: 
Whitespace Sensitive Parsing



What the User Guide Says

Looks like an innocent change!



GHC Proposal #229



GHC Proposal #229

Language report currently doesn't distinguish between lexemes and non-terminals.



GHC Proposal #229

We need to specify an additional preprocessing pass to classify operators before parsing.



The new report will properly define 
whitespace sensitive operator parsing 

that can be implemented by other tools.



What is the Timeline for the New Report?

• Working Group with 11 members has been established on August 21st


• Several changes to the report have been merged: "forall" is now a keyword, 
syntax of numeric literals, recursive modules, removal of data types that use 
datatype contexts from the library report.


• We are working in parallel on many of the changes to the report.


• We will hopefully announce a beta version of the new report before the new 
year.



Future



What next after the revised 
report?



What value can only the language report provide?

• Develop and document coherent language principles instead of individual 
features.


• Trickle-down documentation: Language Specification -> Books and Tutorials


• "Real World Haskell (Haskell 2026 edition)"


• We can develop against a specification instead of an implementation.



How to Guarantee Success of the Next Report

• Define a clear scope at the beginning instead of discovering it in the process.


• Set a clear timeline of 6 months to 1 year to keep the end in sight.


• Standardization committee is wrong place for novel features or research


• Work on the textual source of the report instead of independent proposal 
documents.


• Aim for delimited increments instead of monolithic integration.


• Many different well-scoped projects are possible: Not just the specification of 
GHC2021 or GHC2024.



Proposal 1: 
Specify Concurrent Haskell 

and the Memory Model



Concurrent Haskell and the Memory Model

• The papers which introduce Concurrent Haskell and STM are not up-to-date 
with what is implemented.


• The exception model of the language report is too naive: The report only 
knows .


• Haskell does not have a memory model which specifies the interaction of 
mutable references (IORefs) and concurrency (forkIO)


• "Relaxed memory models must be rigorous", Nardelli et al: C, Java, OCaml, ... 
all have formally verified and machine checked memory models.

⊥



Sequential Consistency?
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SC-Haskell: Sequential Consistency in
Languages That Minimize Mutable Shared Heap

Michael Vollmer1 Ryan G. Scott1 Madanlal Musuvathi2 Ryan R. Newton1

Indiana University (USA)1, Microsoft Research (USA)2

{vollmerm, rgscott, rrnewton}@indiana.edu madan@microsoft.com

Abstract
A core, but often neglected, aspect of a programming lan-
guage design is its memory (consistency) model. Sequen-
tial consistency (SC) is the most intuitive memory model for
programmers as it guarantees sequential composition of in-
structions and provides a simple abstraction of shared mem-
ory as a single global store with atomic read and writes. Un-
fortunately, SC is widely considered to be impractical due to
its associated performance overheads.

Perhaps contrary to popular opinion, this paper demon-
strates that SC is achievable with acceptable performance
overheads for mainstream languages that minimize mutable
shared heap. In particular, we modify the Glasgow Haskell
Compiler to insert fences on all writes to shared mutable
memory accessed in nonfunctional parts of the program. For
a benchmark suite containing 1,279 programs, SC adds a ge-
omean overhead of less than 0.4% on an x86 machine.

The efficiency of SC arises primarily due to the isolation
provided by the Haskell type system between purely func-
tional and thread-local imperative computations on the one
hand, and imperative computations on the global heap on the
other. We show how to use new programming idioms to fur-
ther reduce the SC overhead; these create a virtuous cycle of
less overhead and even stronger semantic guarantees (static
data-race freedom).

Keywords memory models, functional programming, se-
quential consistency
1. Introduction
The prospect of sequential consistency (SC) [21] as a con-
currency abstraction for programmers has been debated
against a backdrop of mainstream C++ and Java programs.
These languages have settled on memory models based on
DRF0 [26, 8] that guarantee SC for data-race-free programs.
However, as Adve and Boehm point out [3], this is far from a
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provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and
the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored.
Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers, or to redistribute to lists, contact
the Owner/Author(s). Request permissions from permissions@acm.org or Publications Dept., ACM, Inc., fax +1 (212)
869-0481.

PPoPP ’17 Feb. 4–8, 2017, Austin, Texas, USA.
Copyright © 2017 held by owner/author(s). Publication rights licensed to ACM.
ACM 978-1-4503-4493-7/17/02. . . $15.00
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satisfying solution due to the inherent difficulties in enforc-
ing data-race-freedom and in pinning down the semantics of
programs with data races.

This paper rests on the hypothesis that high-level lan-
guages should shield all programmers from the counter-
intuitive effects of compiler and hardware reorderings by
providing SC. The key challenge is that doing so requires the
language runtime to insert hardware fences to counter the
relaxed memory models of current hardware architectures.
Doing so for shared-memory imperative languages, such as
C++ and Java, either incurs unacceptable overheads or re-
quires sophisticated whole-program analyses [36, 38, 5] that
modern language runtimes are loath to implement.

This is not necessarily true for language paradigms that
deemphasize access to shared mutable heap when possible.
For instance, consider Haskell, Erlang, and Rust, which are
designed for functional programming, message passing, and
linear ownership, respectively. Programs in these languages
naturally use fewer shared heap locations. Moreover, the
language type system provides a clean separation between
pure or thread-local computation and shared-mutable state.
Thus, these languages provide an opportunity to make SC
mainstream with acceptable overheads. The goal of this pa-
per is to evaluate this hypothesis for the Haskell language.
As functional programming primitives are gradually intro-
duced into mainstream imperative languages, we believe that
lessons learned from our efforts here could influence future
efforts to tighten the memory models of Java and C++.

Despite its fundamental importance, memory model con-
siderations are usually an afterthought during language de-
sign. The current Haskell specification does not formally
specify a memory model, a sore spot in a language that oth-
erwise provides a mathematically grounded semantics. We
show that this oversight is more than a minor annoyance and
demonstrate how a weak memory model can break the fun-
damental abstractions of Haskell. In particular, in Section 3
we show that the current GHC implementation on ARM is
type-unsafe — a particular sharing pattern in the imperative
parts of a Haskell program can break the type safety of the
functional parts of the program, a core language guarantee.

To comprehensively resolve such issues, this paper pro-
poses SC-Haskell, a refinement of the existing Haskell lan-

Haskell could be the first mainstream language with a SC memory model.



Proposal 2: 
New Baseline for Syntax



Baseline for Syntax
• What is the difference between "NegativeLiterals" and "LexicalNegation"


• What are the rules for prefix and postfix operators, sections, commata in 
enumerations.


• What is the syntax and meaning of numeric and string literals? Currently 
governed by ~10 different extensions.



Proposal 3: 
Visible Modern Kinds



Visible Modern Kinds

• The Haskell 2010 report only knows kinds  and 


• Kinds are not part of the visible syntax in Haskell 2010: Kinds cannot be 
annotated


• Since there are no kind variables Haskell 2010 has to resort to kind defaulting 
instead of generalization (Cp. PolyKinds)


• The Haskell 2010 kind system doesn't know about unlifted or unboxed types.


• A specification of GHC's modern kind system is much simpler than the 
specification of GHC's type system.

* κ → κ



Proposal 4: 
Standardize Mutually-Recursive and 

Parameterized Modules



Module Interfaces
• Haskell 2010 requires conformant 

compilers to implement mutually 
recursive modules, but doesn't specify 
how to do so.


• GHC uses the .hs-boot files to allow for 
recursion in modules


• Backpack uses signature files to specify 
module signatures.


• The syntax of these files is very similar.
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Will specification become more 
important again?



Your Q's my A's 
 

Your ideas for a new report


