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This talk

I Bringing back monad comprehensions [Haskell 2011]

I Extending Database Supported Haskell (DSH) [IFL 2010 +
ongoing work]
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I SQL-like comprehensions (Wadler and Peyton Jones 2007)
I Parallel/zip comprehensions (GHC and Hugs)

I Future



Inception - Comprehending Monads (Wadler 1992)

[x | x ← ys, x < y ]

concat (map (λx → map (λ()→ x )
(if (x < y) then [()] else [ ]))

ys)

join (liftM (λx → liftM (λ()→ x )
(guard (x < y)))

ys)



Rise - Haskell 1.4 Report (1997)

“generators of the form p ← e, where p is a pattern of type t
and e is an expression of type Monad m ⇒ m t”



Fall - John Hughes’ summary (1997 Aug 27)

“The problem is that if list operations,
and especially list comprehensions, are overloaded, then
in some programs the overloading will be ambiguous.”

“ ... the compiler rejects the program, with an error message
along the lines of ambiguous type variable in class Monad”

“Imagine the first year student, taking the first programming
course, who is struggling to understand list programming and
recursion, and is suddenly faced with the error message above! ”

“ . . . we took a show of hands on it at the Haskell workshop.
90% voted to restrict comprehensions to lists.”
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ACM SIGPLAN Workshop Program

Haskell Workshop
Held in conjunction with ICFP97

Amsterdam, The Netherlands

Saturday, June 7, 1997

Workshop Description

The definition of Haskell 1.4 has recently been released,
but it is clear that there are many exciting opportunities
ahead for developing and enhancing the language. Some of
these will be in direct response to needs demonstrated by
large-scale applications written in Haskell, or by Haskell
being used in novel and interesting ways. Other
developments will be driven by more theoretical



Motivation

I The comprehension notation is concise and expressive.

I But it only works for lists in Haskell.

I List is not always the best choice.
I Performance
I Memory
I Strictness
I Parallelism

I Monad comprehensions would be useful for libraries and
EDSLs (especially for collection-based ones).



Database Supported Haskell (DSH)

I Database-executable combinators:

map :: (QA a,QA b)⇒ (Q a → Q b)→ Q [a ]→ Q [b ]
filter :: (QA a) ⇒ (Q a → Q Bool)→ Q [a ]→ Q [a ]

concat :: (QA a) ⇒ Q [[a ]]→ Q [a ]
zip :: (QA a,QA b)⇒ Q [a ]→ Q [b ]→ Q [(a, b)]
...

I Run an existing Haskell program on large-scale data (e.g.,
larger than the available memory).

I Query existing data in a high-level functional language
with nested and ordered collections instead of a low-level
relational language with flat collections.

I Haskell Boards the Ferry (IFL 2010)

I cabal install DSH



Database Supported Haskell (DSH)

I Database-executable combinators:

map :: (Q a → Q b)→ Q [a ]→ Q [b ]
filter :: (Q a → Q Bool)→ Q [a ]→ Q [a ]

concat :: Q [[a ]]→ Q [a ]
zip :: Q [a ]→ Q [b ]→ Q [(a, b)]
...

I Reinventing the wheel as a quasiquoter:

[qc | x | x ← ys, x < y | ]



Accident

[qc | x | x ← ys, x < y | ]
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Accident

[qc | x | x ← ys, x < y | ]
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Examples

quickSort :: Ord a ⇒ [a ]→ [a ]
quickSort ys
| null ys = mzero
| otherwise = quickSort [x | x ← ys, x < y ] ‘mplus‘

[x | x ← ys, x ≡ y ] ‘mplus‘
quickSort [x | x ← ys, x > y ]

where
y = head ys

{-# LANGUAGE MonadComprehensions #-}

quickSort :: Ord a ⇒ Seq a → Seq a
quickSort :: Ord a ⇒ DList a → DList a
quickSort :: Ord a ⇒ AList a → AList a

quickSort :: (Ord a,ListLike m a,MonadPlus m)⇒ m a → m a
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Data Parallel Haskell (DPH)

I Parallel Array Comprehensions:

sparseMul :: [:(Int ,Float):]→ [:Float :]→ Float
sparseMul sv v = sumP [:f ∗ (v !: i) | (i , f )← sv :]

I Monad Comprehensions:

sparseMul :: [:(Int ,Float):]→ [:Float :]→ Float
sparseMul sv v = sumP [f ∗ (v !: i) | (i , f )← sv ]



Parallel List Comprehensions

denseMult :: [Float ]→ [Float ]→ [Float ]
denseMult xs ys = sum [x ∗ y | x ← xs | y ← ys ]

denseMult :: [Float ]→ [Float ]→ [Float ]
denseMult xs ys = sum [x ∗ y | (x , y)← zip xs ys ]



MonadZip

class Monad m ⇒ MonadZip m where
mzip :: m a → m b → m (a, b)
mzipWith :: (a → b → c)→ m a → m b → m c
munzip :: m (a, b)→ (m a,m b)

instance MonadZip [ ] where
mzip = zip
munzip = unzip

instance MonadZip [:: ] where
mzip = zipP
munzip = unzipP



Parallel Monad Comprehensions

{-# LANGUAGE MonadComprehensions, ParallelListComp #-}

denseMultP :: [:Float :]→ [:Float :]→ [:Float :]
denseMultP xs ys = sumP [x ∗ y | x ← xs | y ← ys ]

I Parallel monad comprehension examples in Tomas
Petricek’s latest Monad.Reader article, including parallel
parsing and parallel evaluation monads.



MonadZip

class Monad m ⇒ MonadZip m where
mzip :: m a → m b → m (a, b)
mzip = mzipWith (, )

mzipWith :: (a → b → c)→ m a → m b → m c
mzipWith f ma mb = liftM (uncurry f ) (mzip ma mb)

munzip :: m (a, b)→ (m a,m b)
munzip mab = (liftM fst mab, liftM snd mab)



MonadZip Laws

I Naturality

liftM (f ∗∗∗ g) (mzip ma mb)
≡ mzip (liftM f ma) (liftM g mb)

I Associativity

liftM (λ(a, (b, c))→ ((a, b), c)) (mzip ma (mzip mb mc))
≡ mzip (mzip ma mb) mc

I Information Preservation

liftM (const ()) ma = liftM (const ()) mb
⇒ munzip (mzip ma mb) ≡ (ma,mb)



SQL-like List Comprehensions

{-# LANGUAGE TransformListComp #-}

employees :: [(String ,String , Integer)]
employees = [("Simon", "MS", 80), ("Erik", "MS", 90)

, ("Phil", "Ed", 40), ("Gordon", "Ed", 45)
, ("Paul", "Yale", 60)
]

query :: [(String , Integer)]
query = [ (the dept , sum salary)

| (name, dept , salary)← employees
, then group by dept
, then sortWith by (sum salary)
]

[("Yale", 60), ("Ed", 85), ("MS", 170)]



query :: [(String , Integer)]
query = [ (the dept , sum salary)

| (name, dept , salary)← employees
, then group by dept
, then sortWith by (sum salary)
]

map
(λ( , dept , salary)→ (the dept , sum salary))
sortWith

(λ( , , salary)→ sum salary)
(map (λl → (map (λ(name, , ) → name) l

,map (λ( , dept , ) → dept) l
,map (λ( , , salary)→ salary) l))

(groupWith (λ( , dept , )→ dept) employees))



SQL-like Monad Comprehensions

I Lists

[a ]→ [a ]
[a ]→ [[a ]]

I Monads

Monad m ⇒ m a → m a
Monad m ⇒ m a → m (m a)



Tree Scans



Would do do?

[x | x ← xs, x > 0]

do x ← xs
guard (x > 0)
return x



Would do do?

query :: [(String , Integer)]
query = [ (the dept , sum salary)

| (name, dept , salary)← employees
, then group by dept
, then sortWith by (sum salary)
]

do let g = do l ← mgroupWith (λ( , dept , )→ dept)
employees

return (liftM (λ(name, , ) → name) l
, liftM (λ( , dept , ) → dept) l
, liftM (λ( , , salary)→ salary) l)

( , dept , salary)← sortWith (λ( , , s)→ sum s) g
return (the dept , sum salary)
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A Relational Model of Data for 
Large Shared Data Banks 

E. F. CODD 
IBM Research Laboratory, San Jose, California 

Future users of large data banks must be protected from 

having to know how the data is organized in the machine (the 

internal representation). A prompting service which supplies 

such information is not a satisfactory solution. Activities of users 

at terminals and most application programs should remain 

unaffected when the internal representation of data is changed 

and even when some aspects of the external representation 

are changed. Changes in data representation will often be 

needed as a result of changes in query, update, and report 

traffic and natural growth in the types of stored information. 

Existing noninferential, formatted data systems provide users 

with tree-structured files or slightly more general network 

models of the data. In Section 1, inadequacies of these models 

are discussed. A model based on n-ary relations, a normal 

form for data base relations, and the concept of a universal 

data sublanguage are introduced. In Section 2, certain opera- 

tions on relations (other than logical inference) are discussed 

and applied to the problems of redundancy and consistency 

in the user’s model. 

KEY WORDS AND PHRASES: data bank, data base, data structure, data 

organization, hierarchies of data, networks of data, relations, derivability, 

redundancy, consistency, composition, join, retrieval language, predicate 

calculus, security, data integrity 

CR CATEGORIES: 3.70, 3.73, 3.75, 4.20, 4.22, 4.29 

1. Relational Model and Normal Form 

1 .I. INTR~xJ~TI~N 
This paper is concerned with the application of ele- 

mentary relation theory to systems which provide shared 
access to large banks of formatted data. Except for a paper 
by Childs [l], the principal application of relations to data 
systems has been to deductive question-answering systems. 
Levein and Maron [2] provide numerous references to work 
in this area. 

In contrast, the problems treated here are those of data 
independence-the independence of application programs 
and terminal activities from growth in data types and 
changes in data representation-and certain kinds of data 
inconsistency which are expected to become troublesome 
even in nondeductive systems. 
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The relational view (or model) of data described in 
Section 1 appears to be superior in several respects to the 
graph or network model [3,4] presently in vogue for non- 
inferential systems. It provides a means of describing data 
with its natural structure only-that is, without superim- 
posing any additional structure for machine representation 
purposes. Accordingly, it provides a basis for a high level 
data language which will yield maximal independence be- 
tween programs on the one hand and machine representa- 
tion and organization of data on the other. 

A further advantage of the relational view is that it 
forms a sound basis for treating derivability, redundancy, 
and consistency of relations-these are discussed in Section 
2. The network model, on the other hand, has spawned a 
number of confusions, not the least of which is mistaking 
the derivation of connections for the derivation of rela- 
tions (see remarks in Section 2 on the “connection trap”). 

Finally, the relational view permits a clearer evaluation 
of the scope and logical limitations of present formatted 
data systems, and also the relative merits (from a logical 
standpoint) of competing representations of data within a 
single system. Examples of this clearer perspective are 
cited in various parts of this paper. Implementations of 
systems to support the relational model are not discussed. 

1.2. DATA DEPENDENCIES IN PRESENT SYSTEMS 
The provision of data description tables in recently de- 

veloped information systems represents a major advance 
toward the goal of data independence [5,6,7]. Such tables 
facilitate changing certain characteristics of the data repre- 
sentation stored in a data bank. However, the variety of 
data representation characteristics which can be changed 
without logically impairing some application programs is 
still quite limited. Further, the model of data with which 
users interact is still cluttered with representational prop- 
erties, particularly in regard to the representation of col- 
lections of data (as opposed to individual items). Three of 
the principal kinds of data dependencies which still need 
to be removed are: ordering dependence, indexing depend- 
ence, and access path dependence. In some systems these 
dependencies are not clearly separable from one another. 

1.2.1. Ordering Dependence. Elements of data in a 
data bank may be stored in a variety of ways, some involv- 
ing no concern for ordering, some permitting each element 
to participate in one ordering only, others permitting each 
element to participate in several orderings. Let us consider 
those existing systems which either require or permit data 
elements to be stored in at least one total ordering which is 
closely associated with the hardware-determined ordering 
of addresses. For example, the records of a file concerning 
parts might be stored in ascending order by part serial 
number. Such systems normally permit application pro- 
grams to assume that the order of presentation of records 
from such a file is identical to (or is a subordering of) the 
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2. Redundancy and Consistency 

2.1. OPERATIONS ON RELATIONS 
Since relations are sets, all of the usual set operations are 

applicable to them. Nevertheless, the result may not be a 
relation; for example, the union of a binary relation and a 
ternary relation is not a relation. 

The operations discussed below are specifically for rela- 
tions. These operations are introduced because of their key 
role in deriving relations from other relations. Their 
principal application is in noninferential information sys- 
tems-systems which do not provide logical inference 
services-although their applicability is not necessarily 
destroyed when such services are added. 

Most users would not be directly concerned with these 
operations. Information systems designers and people con- 
cerned with data bank control should, however, be thor- 
oughly familiar with them. 

2.1.1. Permutation. A binary relation has an array 
representation with two columns. Interchanging these col- 
umns yields the converse relation. More generally, if a 
permutation is applied to the columns of an n-ary relation, 
the resulting relation is said to be a permutation of the 
given relation. There are, for example, 4! = 24 permuta- 
tions of the relation supply in Figure 1, if we include the 
identity permutation which leaves the ordering of columns 
unchanged. 

Since the user’s relational model consists of a collection 
of relationships (domain-unordered relations), permuta- 
tion is not relevant to such a model considered in isolation. 
It is, however, relevant to the consideration of stored 
representations of the model. In a system which provides 
symmetric exploitation of relations, the set of queries 
answerable by a stored relation is identical to the set 
answerable by any permutation of that relation. Although 
it is logically unnecessary to store both a relation and some 
permutation of it, performance considerations could make 
it advisable. 

2.1.2. Projection. Suppose now we select certain col- 
umns of a relation (striking out the others) and then re- 
move from the resulting array any duplication in the rows. 
The final array represents a relation which is said to be a 
projection of the given relation. 

A selection operator ?r is used to obtain any desired 
permutation, projection, or combination of the two opera- 
tions. Thus, if L is a list of lc indices7 L = i1, ii, - . - , ik 
and R is an n-ary relation (n 2 k ), then rrL (R ) is the k-ary 
relation whose jth column is column ii of R (j = 1,2, * * . ,k) 
except that duplication in resulting rows is removed. Con- 
sider the relation supply of Figure 1. A permuted projection 
of this relation is exhibited in Figure 4. Note that, in this 
particular case, the projection has fewer n-tuples than the 
relation from which it is derived. 

2.1.3. Join. Suppose we are given two binary rela- 
tions, which have some domain in common. Under what 
circumstances can we combine these relations to form a 

7 When dealing with relationships, we use domain names (role- 
qualified whenever necessary) instead of domain positions. 

ternary relation which preserves all of the information in 
the given relations? 

The example in Figure 5 shows two relations R, S, which 
are joinable without loss of information, while Figure 6 
shows a join of R with S. A binary relation R is joinable 
with a binary relation S if there exists a ternary relation U 
such that 7r12 (U) = R and ‘1~23 (U) = S. Any such ternary 
relation is called a join of R with S. If R, S are binary rela- 
tions such that ~2 (R) = ~1 (S), then R is joinable with S. 
One join that always exists in such a case is the natural 
join of R with S defined by 

R*S = {(a, b, c):R(a, b) A S(b, c)) 
where R (a, b) has the value true if (a, b) is a member of R 
and similarly for S(b, c). It is immediate that 

and 

TB(R*S) = R 

T33(R*S) = S. 

Note that the join shown in Figure 6 is the natural join 
of R with S from Figure 5. Another join is shown in Figure 
7. 

II31 hPPb/) (project supplier) 
5 1 
5 2 
1 4 
7 2 

FIG. 4. A permuted projection of the relation in Figure 1 

R (supplier Part) S (part project) 
1 1 1 1 
2 1 1 2 
2 2 2 1 

FIG. 5. Two joinable relations 

R*S (supplier part project) 
1 1 1 
1 1 2 
2 1 1 
2 1 2 
2 2 1 

FIG. 6. The natural join of R with S (from Figure 5) 

U (supplier part project) 
1 1 2 
2 1 1 
2 2 1 

FIG. 7. Another join of R with S (from Figure 5) 

Inspection of these relations reveals an element (ele- 
ment 1) of the domain part (the domain on which the join 
is to be made) with the property that it possesses more 
than one relative under R and also under S. It is this ele- 
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I Comprehensions in programming languages
I SETL
I LINQ
I F#
I Erlang
I Python
I Perl 6
I Links
I . . .



Syntax

p, q ::= w ← e generator
| let w = e let binding
| g guard
| p,q Cartesian product
| p|q zipping
| q,then f transformation
| q,then f by e and projection
| q,then group by e grouping
| q,then group using f user-defined
| q,then group by e using f grouping



Typing Rules

List comprehensions P ,Γ ` e : τ

P ,Γ ` q ⇒ (m,∆) Γ,∆ ` e : τ

{Monad m } ∪ P ,Γ ` [e | q ] : m τ
[Comp]

Variables ` w ⇒ ∆

` x : τ ⇒ {x : τ } [Var]
` w1 : τ1 ⇒ ∆1 . . . ` wn : τn ⇒ ∆n

` (w1, . . . , wn) : (τ1, . . . , τn)⇒ ∆1 ∪ . . . ∪ ∆n
[Tup]

Basic list comprehension body P ,Γ ` e ⇒ ∆

Γ ` e : Bool

{MonadPlus m },Γ ` e ⇒ (m, ∅) [Guard] ∅,Γ ` ()⇒ (m, ∅) [Unit]
Γ ` e : m τ ` w : τ ⇒ ∆

∅,Γ ` w ← e ⇒ (m,∆)
[Gen]

Γ ` e : τ ` x : τ ⇒ ∆

∅,Γ ` let x = e ⇒ (m,∆)
[Let]

P ,Γ ` p ⇒ (m,∆) P ′,Γ ∪ ∆ ` q ⇒ (m,∆′)

P ∪ P ′,Γ ` p, q ⇒ (m,∆ ∪ ∆′)
[Comma]

Parallel list comprehension body P ,Γ ` e ⇒ ∆

P ,Γ ` p ⇒ (m,∆) P ′,Γ ∪ ∆ ` q (m,∆′)

{MonadZip m } ∪ P ∪ P ′,Γ ` p | q ⇒ (m,∆ ∪ ∆′)
[Bar]

Comprehensive list comprehension body P ,Γ ` e ⇒ ∆

P ,Γ ` q ⇒ (m,∆) Γ ` f : ∀α.m α→ m α

P ,Γ ` q , then f ⇒ (m,∆)
[then]

P ,Γ ` q ⇒ (m,∆) Γ ∪ ∆ ` e : τ
Γ ` f : ∀α. (α→ τ)→ m α→ m α

P ,Γ ` q , then f by e ⇒ (m,∆)
[thenBy]

P ,Γ ` q ⇒ (m,∆) Γ ∪ ∆ ` e : τ

P ∪ {MonadGroup m },Γ ` q , then group by e ⇒ m ∆
[groupBy]

P ,Γ ` q ⇒ (m,∆) Γ ` f : ∀α.m α→ m (m α)

P ,Γ ` q , then group using f ⇒ m ∆
[groupUsing]

P ,Γ ` q ⇒ (m,∆) Γ ∪ ∆ ` e : τ
Γ ` f : ∀α. (α→ τ)→ m α→ m (m α)

P ,Γ ` q , then group by e using f ⇒ m ∆
[groupByUsing]

Figure 9. Typing monad comprehensions.

For parts of the implementation, existing rules in both the type
checker and desugarer have been reused (e.g., binding statements
and pattern matches from do-notation). Other parts required more
technical changes to existing rules (e.g., grouping and parallel
statements).

Small changes have also been made to GHC’s representation
of syntax trees. More specifically, we changed the data type that
represents the body of do blocks, list comprehensions, and monad
comprehensions. This change was necessary so that the different
types of qualifiers as well as rebindable syntax could be supported.

As stated in Section 3.1, the MonadZip laws require the mzip
function to be associative. For law abiding MonadZip instances
the implementation can desugar parallel monad comprehensions in
a left or right associative manner without changing the program’s
semantics. The implementation in GHC is right associative.

The exact details of these changes to GHC, their motivation,
and the alternatives considered are documented in a discussion on
GHC Trac4.

4.2 Error Messages
As discussed in the previous section, monad comprehensions are
type checked before being desugared. Late desugaring enables the
generation of warning and error messages that may refer to the ac-
tual code the programmer wrote. Error messages relating to monad

4 http://hackage.haskell.org/trac/ghc/ticket/4370

comprehension thus should be as readable as their list comprehen-
sion counterparts.

Consider for example the following monad comprehension ex-
pression: [(x , y) | x ← [1], y ← Just 5]. In this expression, the
generators draw elements out of different monadic structures. For
endo-monadic comprehensions, this is forbidden, as it is not pos-
sible to determine a unique monadic type for the final result. GHC
will emit the error message presented in Figure 11 when given an
input file containing the above expression. The monad used in the
first generator is the expected monadic type for any following gen-
erator. We believe that this error message accurately explains that
the Maybe type is not compatible with the expected list type.

5. Proposals
The monad comprehension extension for Haskell described in this
paper will be available in GHC 7.2. In this section we propose two
additional extensions that are closely related to monad comprehen-
sions, both of which we have not implemented yet. In Section 5.1
we discuss a proposal to extend the defaulting mechanism to rem-
edy potential ambiguity errors. In Section 5.2 we propose a way for
overloading list literals.

5.1 Defaulting Proposal
The question whether the monad comprehension extension will be
incorporated into the Haskell language standard or not depends
on several factors. Perhaps the two most important factors are the



Desugaring

List comprehensions P ,Γ ` e : τ

P ,Γ ` q ⇒ (m,∆) Γ,∆ ` e : τ

{Monad m } ∪ P ,Γ ` [e | q ] : m τ
[Comp]

Variables ` w ⇒ ∆

` x : τ ⇒ {x : τ } [Var]
` w1 : τ1 ⇒ ∆1 . . . ` wn : τn ⇒ ∆n

` (w1, . . . , wn) : (τ1, . . . , τn)⇒ ∆1 ∪ . . . ∪ ∆n
[Tup]

Basic list comprehension body P ,Γ ` e ⇒ ∆

Γ ` e : Bool

{MonadPlus m },Γ ` e ⇒ (m, ∅) [Guard] ∅,Γ ` ()⇒ (m, ∅) [Unit]
Γ ` e : m τ ` w : τ ⇒ ∆

∅,Γ ` w ← e ⇒ (m,∆)
[Gen]

Γ ` e : τ ` x : τ ⇒ ∆

∅,Γ ` let x = e ⇒ (m,∆)
[Let]

P ,Γ ` p ⇒ (m,∆) P ′,Γ ∪ ∆ ` q ⇒ (m,∆′)

P ∪ P ′,Γ ` p, q ⇒ (m,∆ ∪ ∆′)
[Comma]

Parallel list comprehension body P ,Γ ` e ⇒ ∆

P ,Γ ` p ⇒ (m,∆) P ′,Γ ∪ ∆ ` q (m,∆′)

{MonadZip m } ∪ P ∪ P ′,Γ ` p | q ⇒ (m,∆ ∪ ∆′)
[Bar]

Comprehensive list comprehension body P ,Γ ` e ⇒ ∆

P ,Γ ` q ⇒ (m,∆) Γ ` f : ∀α.m α→ m α

P ,Γ ` q , then f ⇒ (m,∆)
[then]

P ,Γ ` q ⇒ (m,∆) Γ ∪ ∆ ` e : τ
Γ ` f : ∀α. (α→ τ)→ m α→ m α

P ,Γ ` q , then f by e ⇒ (m,∆)
[thenBy]

P ,Γ ` q ⇒ (m,∆) Γ ∪ ∆ ` e : τ

P ∪ {MonadGroup m },Γ ` q , then group by e ⇒ m ∆
[groupBy]

P ,Γ ` q ⇒ (m,∆) Γ ` f : ∀α.m α→ m (m α)

P ,Γ ` q , then group using f ⇒ m ∆
[groupUsing]

P ,Γ ` q ⇒ (m,∆) Γ ∪ ∆ ` e : τ
Γ ` f : ∀α. (α→ τ)→ m α→ m (m α)

P ,Γ ` q , then group by e using f ⇒ m ∆
[groupByUsing]

Figure 9. Typing monad comprehensions.

[e | q ] = liftM (λqv → e)JqK

Jw ← eK = e
Jlet w = dK = return d

JgK = guard g
Jp, qK = join (liftM

(λpv → liftM
(λqv → (pv, qv))JqK)

JpK)
Jp | qK = mzipJpKJqK

Jq , then f K = f JqK
Jq , then f by eK = f (λqv → e) JqK

Jq , then group by eK = liftM unzipqv
(mgroupWith

(λqv → e)JqK)
Jq , then group by e using f K = liftM unzipqv

(f (λqv → e)JqK)
Jq , then group using f K = (liftM unzipqv (f JqK)

unzip() = id
unzipx = id

unzip(w1,w2) = λe → (unzipw1 (liftM (λ(x , y)→ x ) e)
, unzipw2 (liftM (λ(x , y)→ y) e))

Figure 10. Desugaring monad comprehensions

For parts of the implementation, existing rules in both the type
checker and desugarer have been reused (e.g., binding statements
and pattern matches from do-notation). Other parts required more
technical changes to existing rules (e.g., grouping and parallel
statements).

Small changes have also been made to GHC’s representation
of syntax trees. More specifically, we changed the data type that
represents the body of do blocks, list comprehensions, and monad
comprehensions. This change was necessary so that the different
types of qualifiers as well as rebindable syntax could be supported.

As stated in Section 3.1, the MonadZip laws require the mzip
function to be associative. For law abiding MonadZip instances
the implementation can desugar parallel monad comprehensions in
a left or right associative manner without changing the program’s
semantics. The implementation in GHC is right associative.

The exact details of these changes to GHC, their motivation,
and the alternatives considered are documented in a discussion on
GHC Trac4.

4.2 Error Messages
As discussed in the previous section, monad comprehensions are
type checked before being desugared. Late desugaring enables the
generation of warning and error messages that may refer to the ac-
tual code the programmer wrote. Error messages relating to monad

4 http://hackage.haskell.org/trac/ghc/ticket/4370



Error Messages

[(x , y) | x ← [1], y ← Just 5]

Code/Error.hs:45:30:

Couldn’t match expected type ‘[t0]’

with actual type ‘Maybe a0’

In the return type of a call of ‘Just’

In a stmt of a monad comprehension: y <- Just 5

In the expression:

[(x, y) | x <- [1], y <- Just 5]



List notation overloading and defaulting

I Concrete proposal on list notation overloading for
collections.

I Not so concrete proposal on extending Haskell’s existing
defaulting mechanism (e.g., for backwards compatibility
and for resolving type ambiguities).



List notation overloading

class FromList l where
type Item l
fromList :: [Item l ]→ l

instance FromList [a ] where
type Item [a ] = a
fromList = id

instance (Ord a)⇒ FromList (Set a) where
type Item (Set a) = a
fromList = Set .fromList

instance (Ord k)⇒ FromList (Map k v) where
type Item (Map k v) = (k , v)
fromList = Map.fromList

instance FromList (IntMap v) where
type Item (IntMap v) = (Int , v)
fromList = IntMap.fromList

instance FromList Text where
type Item Text = Char
fromList = Text .pack



Conclusions

I The monad comprehension notation with generators and
filters has been brought back to GHC Haskell.

I SQL-like and parallel/zip comprehensions have been
generalised to monads and implemented in GHC.

I We welcome feedback from the Haskell community on
usability, syntax, typing, implemented generalisation and
library additions, and suggested laws.

I GHC is a great platform for development and
experimentation with language features.

I We thank Simon for enhancing and integrating the monad
comprehensions patch in GHC.



Available in GHC-7.2



Database Supported Haskell (DSH)

I Database-executable combinators:

map :: (QA a,QA b)⇒ (Q a → Q b)→ Q [a ]→ Q [b ]
filter :: (QA a) ⇒ (Q a → Q Bool)→ Q [a ]→ Q [a ]

concat :: (QA a) ⇒ Q [[a ]]→ Q [a ]
zip :: (QA a,QA b)⇒ Q [a ]→ Q [b ]→ Q [(a, b)]
...

I Run an existing Haskell program on large-scale data (e.g.,
larger than the available memory).

I Query existing data in a high-level functional language
with nested and ordered collections instead of a low-level
relational language with flat collections.

I Haskell Boards the Ferry (IFL 2010)

I cabal install DSH



Related work

I Language integration:
I LINQ (Meijer et al.)
I Links (Wadler et al.)

I Implementation:
I Flattening transformation in NESL and Data Parallel

Haskell (DPH)



DSH features

I Order and nesting

I Types determine the number of generated queries

Supported types:

t ::= ()
| Bool
| Char
| Integer
| Double
| Text
| (t , ..., t)
| [t ]



Ongoing work

I Algebraic data types through generic deriving of QA
instances

I Number of generated queries in the extended DSH

I Optimising queries in the extended DSH



Questions/Comments/Suggestions


