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Abstract

When t yp e classes w ere �rst in tro duced in Hask ell they

w ere regarded as a fairly exp erimen tal language feature, and

therefore w arran ted a fairly conserv ativ e design. Since that

time, practical exp erience has con vinced man y programmers

of the b ene�ts and con v enience of t yp e classes. Ho w ev er, on

o ccasion, these same programmers ha v e disco v ered examples

where seemingly natural applicatio ns for t yp e class o v erload-

ing are prev en ted b y the restrictions imp osed b y the Hask ell

design.

It is p ossible to extend the t yp e class mec hanism of Hask ell

in v arious w a ys to o v ercome these limitations, but suc h pro-

p osals m ust b e designed with great care. F or example, sev-

eral di�eren t extensions ha v e b een implemen ted in Gofer.

Some of these, particularly the supp ort for m ulti-parameter

classes, ha v e pro v ed to b e v ery useful, but in teractions b e-

t w een other asp ects of the design ha v e resulted in a t yp e

system that is b oth unsound and undecidable. Another illus-

tration is the in tro duction of constructor classes in Hask ell

1.3, whic h came without the prop er generalizatio n of the no-

tion of a con text. As a consequence, certain quite reasonable

programs are not t ypable.

In this pap er w e review the rationale b ehind the design of

Hask ell's class system, w e iden tify some of the w eaknesses

in the curren t situation, and w e explain the c hoices that w e

face in attempting to remo v e them.

1 In tro duction

T yp e classes are one of the most distinctiv e features of

Hask ell (Hudak et al. [1992]). They ha v e b een used for an

impressiv e v ariet y of application s, and Hask ell 1.3
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signif-

ican tly extended their expressiv eness b y in tro ducing c on-

structor classes (Jones [1995a]).

All programmers w an t more than they are giv en, and man y

p eople ha v e bump ed up against the limitation s of Hask ell's

class system. Another language, Gofer (Jones [1994]), that

has dev elop ed in parallel with Hask ell, enjo ys a m uc h more

lib eral and expressiv e class system. This expressiv eness is

de�nitely b oth useful and used, and transferring from Gofer
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The curren t iteration of the Hask ell language is Hask ell 1.4, but

it is iden tical to Hask ell 1.3 in all resp ects relev an t to this pap er.

to Hask ell can b e a painful exp erience. One feature that is

particularly often missed is multi-p ar ameter t yp e classes |

Section 2 explains wh y .

The ob vious question is whether there is an up w ard-

compatible w a y to extend Hask ell's class system to enjo y

some or all of the expressiv eness that Gofer pro vides, and

p erhaps some more b esides. The main b o dy of this pap er

explores this question in detail. It turns out that there are

a n um b er of in terlo c king design decisions to b e made. Gofer

and Hask ell eac h em b o dy a particular set, but it is v ery

useful to tease them out indep enden tl y , and see ho w they

in teract. Our goal is to explore the design space as clearly

as p ossible, la ying out the c hoices that m ust b e made, and

the factors that a�ect them, rather than prescribing a par-

ticular solution (Section 4). W e �nd that the design space

is rather large; w e iden tify nine separate design decisions,

eac h of whic h has t w o or more p ossible c hoices, though not

all com binations of c hoices mak e sense. In the end, ho w ev er,

w e do o�er our o wn opinion ab out a sensible set of c hoices

(Section 6).

A new language feature is only justi�able if it results in a

simpli�cati on or uni�cation of the original language design,

or if the extra expressiv eness is truly useful in practice. One

con tribution of this pap er is to collect together a fairly large

set of examples that motiv ate v arious extensions to Hask ell's

t yp e classes.

2 Wh y m ulti-parameter t yp e classes?

The most visible extension to Hask ell t yp e classes that w e

discuss is supp ort for m ulti-parameter t yp e classes. The p os-

sibilit y of m ulti-parameter t yp e classes has b een recognised

since the original pap ers on the sub ject (Kaes [1988]; W adler

& Blott [1989]), and Gofer has alw a ys supp orted them.

This section collects together examples of m ulti-parameter

t yp e classes that w e ha v e encoun tered. None of them are

new, none will b e surprising to the cognescen ti, and man y

ha v e app eared inter alia in other pap ers. Our purp ose in

collecting them is to pro vide a shared database of motiv ating

examples. W e w ould w elcome new con tributions.



2.1 Ov erloading with coupled parameters

Concurren t Hask ell (P eyton Jones, Gordon & Finne [1996])

in tro duces a n um b er of t yp es suc h as m utable v ariables

MutVar , \sync hronised" m utable v ariables MVar , c hannel

v ariables CVar , comm unication c hannels Channel , and skip

c hannels SkipChan , all of whic h come with similar op era-

tions that tak e the form:

newX :: a -> IO (X a)

getX :: X a -> IO a

putX :: X a -> a -> IO ()

where X ranges o v er MVar etc. Here are similar op erations

in the standard state monad:

newST :: a -> ST s (MutableVa r s a)

getST :: MutableVar s a -> ST s a

putST :: MutableVar s a -> a -> ST s ()

These are manifestly candidates for o v erloading; y et a single

parameter t yp e class can't do the tric k. The trouble is that

in eac h case the monad t yp e and the reference t yp e come as

a pair: ( IO , MutVar ) and ( ST s , MutableVa r s ). What w e

w an t is a m ultiple parameter class that abstracts o v er b oth:

class Monad m => VarMonad m v where

new :: a -> m (v a)

get :: v a -> m a

put :: v a -> a -> m ()

instance VarMonad IO MutVar where ....

instance VarMonad (ST s) (MutableV ar s) where ...

This is quite a common pattern, in whic h a t w o-parameter

t yp e class is needed b ecause the class signature is really o v er

a tuple of t yp es and where instance declarations capture di-

rect relationshi ps b et w een sp eci�c tuples of t yp e construc-

tors. W e call this overlo ading with c ouple d p ar ameters .

Here are a n um b er of other examples w e ha v e collected:

� The class StateMonad (Jones [1995]) carries the state

around nak ed, instead of inside a con tainer as in the

VarMonad example:

class Monad m => StateMona d m s where

getS :: m s

putS :: s -> m ()

Here the monad m carries along a state of t yp e s ; getS

extracts the state from the monad, and putS o v erwrites

the state with a new v alue. One can then de�ne in-

stances of StateMonad :

newtype State s a = State (s -> (a,s))

instance StateMona d (State s) s where ...

Notice the coupling b et w een the parameters arising

from the rep eated t yp e v ariable s . Jones [1995] also

de�nes a related class, ReaderMona d , that describ es

computations that read some �xed en vironmen t

class Monad m => ReaderMon ad m e where

env :: e -> m a -> m a

getenv :: m e

newtype Env e a = Env (e -> a)

instance ReaderMon ad (Env e) e where ...

� W ork in Glasgo w and the Oregon Graduate Institute

on hardw are description languages has led to class dec-

larations similar to this:

class Monad ct => Hard ct sg where

const :: a -> ct (sg a)

op1 :: (a -> b) -> sg a -> ct (sg b)

op2 :: (a -> b -> c) -> sg a -> sg b -> ct (s c)

instance Hard NetCircuit NetSignal where ...

instance Hard SimCircuit SimSignal where ...

Here, the circuit constructor, ct is a monad, while

the signal constructor, sg , serv es to distinguish v alues

a v ailable at circuit-construction time (of t yp e Int , sa y)

from those 
o wing along the wires at circuit-execution

time (of t yp e SimSignal Int , sa y). Eac h instance of

Hard giv es a di�eren t in terpretation of the circuit; for

example, one migh t pro duce a net list, while another

migh t sim ulate the circuit.

Lik e the VarMonad example, the instance t yp e come as

a pair; it w ould mak e no sense to giv e an instance for

Hard NetCircui t SimSignal .

�
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The Hask ell prelude de�nes de�nes the follo wing t w o

functions for reading and writing �les

readFile :: FilePath -> IO String

writeFile :: FilePath -> String -> IO ()

Similar functions can b e de�ned for man y more pairs

of device handles and comm unicatable t yp es, suc h as

mice, buttons, timers, windo ws, rob ots, etc.

readMouse :: Mouse -> IO MouseEven t

readButto n :: Button -> IO ()

readTimer :: Timer -> IO Float

sendWindo w :: Window -> Picture -> IO ()

sendRobot :: Robot -> Command -> IO ()

sendTimer :: Timer -> Float -> IO ()

These functions are quite similar to the metho ds

get :: VarMonad r m => r a -> m a and put ::

VarMonad r m => r a -> a -> m () of the VarMonad

family , except that here the monad m is �xed to IO and

the c hoice of the v alue t yp e a is coupled with the b o x

t yp e v a . So what w e need here is a m ulti-parameter

class that o v erloads on v a and a instead:

class IODevice handle a where

receive :: handle -> IO a

send :: handle -> a -> IO a

(P erhaps one could go one step further and unify class

IODevice r a and class Monad m => StateMona d m

r in to a three parameter class class Monad m =>

Device m r a .)

2

This example w as suggested b y Enno Sc holz.

2
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An app ealing application of t yp e classes is to de-

scrib e mathematical structures, suc h as groups, �elds,

monoids, and so on. But it is not long b efore the need

for coupled o v erloading arises. F or example:

class (Field k, AdditiveG ro up a)

=> VectorSpace k a where

@* :: k -> a -> a

...

Here the op erator @ * m ultiplies a v ector b y a scalar.

2.2 Ov erloading with constrained parame-

ters

Libraries that implemen t sets, bags, lists, �nite maps, and so

on, all use similar functions ( empty , insert , union , lookup ,

etc). There is no commonly-agreed signature for suc h li-

braries that usefully exploits the class system. One reason

for this is that m ulti-parameter t yp e classes are absolutely

required to do a go o d job. Wh y? Consider this �rst attempt:

class Collection c where

empty :: c a

insert :: a -> c a -> c a

union :: c a -> c a -> c a

...etc...

The trouble is that the typ e variable a is universal ly quan-

ti�e d in the signature for insert , union , and so on. This

means w e cannot use equalit y or greater-than on the ele-

men ts, so w e cannot mak e sets an instance of Collectio n ,

whic h rather defeats the ob ject of the exercise. By far the

b est solution is to use a t w o-parameter t yp e class, th us:

class Collection c a where

empty :: c a

insert :: a -> c a -> c a

union :: c a -> c a -> c a

...etc...

The use of a m ulti-parameter class allo ws us to mak e in-

stance declarations that constrain the elemen t t yp e on a

p er-instanc e b asis :

instance Eq a => Collection ListSet a where

empty = ...

insert a xs = ...

...etc..

instance Ord a => Collection TreeSet a where

empty = ...

insert x t = ...

...etc...

The p oin t is that di�eren t instance declarations can con-

strain the elemen t t yp e, a , in di�eren t w a ys. One can lo ok

at this as a v arian t of coupled-parameter o v erloading (dis-

cussed in the preceding section). Here, the second t yp e

in the pair is c onstr aine d b y the instance declaration (e.g.

\ Ord a =>... "), rather than c ompletely sp e ci�e d as in the

previous section. In general, in this form of o v erloading, one

or more of the parameters in an y instance is a v ariable that
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This example w as suggested b y Sergey Mec h v eliani.

serv es as a ho ok, either for one of the other argumen ts, or

for the instance con text and mem b er functions to use.

The p ar ametric typ e classes of Chen, Hudak & Odersky

[1992] also deal quite nicely with the bulk-t yp es example,

but their assymetry do es not suit the examples of the pre-

vious section so w ell. A full discussion of the design c hoices

for a bulk-t yp es library is con tained in P eyton Jones [1996].

2.3 T yp e relations

One can also construct applications for m ulti-parameter

classes where the relationshi ps b et w een di�eren t parame-

ters are m uc h lo oser than in the examples that w e ha v e

seen ab o v e. After all, in the most general setting, a m ulti-

parameter t yp e class C could b e used to represen t an arbi-

trary relation b et w een t yp es where, for example, ( a; b ) is in

the relation if, and only if, there is an instance for ( C a b ).

� One can imagine de�ning an isomorphism relationship

b et w een t yp es (Liang, Hudak & Jones [1995]):

class Iso a b where

iso :: a -> b

osi :: b -> a

instance Iso a a where iso = id

� One could imagine o v erloading Hask ell's �eld selectors

b y declaring a class

class Hasf a b where

f :: a -> b

for an y �eld lab el f . So if w e ha v e the data t yp e

Foo = Foo{foo :: Int} , w e w ould get a class decla-

ration class Hasfoo a b where foo :: a -> b and

an instance declaration

instance Hasfoo Foo Int where

foo (Foo foo) = foo

This is just a cut-do wn v ersion of the kind of extensible

records that w ere prop osed b y Jones (Jones [1994]).

These examples are \lo oser" than the earlier ones, b ecause

the result t yp es of the class op erations do not men tion all the

class t yp e v ariables. In practice, w e t ypically �nd that suc h

relations are to o general for the t yp e class mec hanisms, and

that it b ecomes remark ably easy to write programs whose

o v erloading is am biguous.

F or example, what is the t yp e of iso 'a' == iso 'b' ? The

iso function is used at t yp e Char -> b , and the resulting

v alues of iso 'a' and iso 'b' are compared with (==) used

at t yp e b -> b -> Bool . Ho w ev er this in termediate t yp e

is completely unconstrained and hence the resulting t yp e,

(Eq b, Iso Char b) => Bool , is am biguous. One runs in to

similar problems quic kly when trying to use o v erloading of

�eld selectors. W e discuss am biguit y further in Section 3.7.

3



2.4 Summary

In our view, the examples of this section mak e a v ery p er-

suasiv e case for m ulti-parameter t yp e classes, just as Monad

and Functor did for constructor classes. These examples

cry out for Hask ell-st yle o v erloading, but it simply cannot

b e done without m ulti-parameter classes.

3 Bac kground

In order to describ e the design c hoices related to t yp e classes

w e m ust brie
y review some of the concepts in v olv ed.

3.1 Inferred con texts

When p erforming t yp e inference on an expression, the t yp e

c hec k er will infer (a) a monot yp e, and (b) a c ontext , or set

of c onstr aints , that m ust b e satis�ed. F or example, consider

the expression:

\xs -> case xs of

[] -> False

(y:ys) -> y > z || (y==z && ys==[z])

Here, the t yp e c hec k er will infer that the expression has the

follo wing con text and t yp e:

Con text: f Ord a ; Eq a ; Eq [a] g

T yp e: [a] -> Bool

The constrain t Ord a arises from the use of > on an elemen t

of the list, y ; the constrain t sa ys that the elemen ts of the list

m ust lie in class Ord . Similarly , Eq a arises from the use of

== on a list elemen t. The constrain t Eq [a] arises from the

use of == on the tail of the list; it sa ys that lists of elemen ts

of t yp e a m ust also lie in Eq .

These t yping constrain ts ha v e an op erational in terpretation

that is often helpful, though it is not required that a Hask ell

implemen tation use this particular op erational mo del. F or

eac h constrain t there is a corresp onding dictionary | a col-

lection of functions that will b e passed to the o v erloaded op-

erator in v olv ed. In our example, the dictionary for Eq [a]

will b e a tuple of metho ds corresp onding to the class Eq . It

will b e passed to the second o v erloaded == op erator, whic h

will simply select the == metho d from the dictionary and

apply it to ys and [z] . Y ou can think of a dictionary as

concrete, run-time \evidence" that the constrain t is satis-

�ed.

3.2 Con text reduction

Con texts can b e simpli�ed, or r e duc e d , in three main w a ys:

1. Eliminating duplic ate c onstr aints. F or example, w e can

reduce the con text f Eq � ; Eq � g to just f Eq � g .

2. Using an instanc e de clar ation. F or example, the

Hask ell Prelude con tains the standard instance dec-

laration:

instance Eq a => Eq [a] where ...

T V ( P ) � dom ( � )

instance C => P where : : :

� ( C ) ` ` � ( P )

(inst )

T V ( P ) � dom ( � )

class C => P where : : :

� ( P ) ` ` � ( C )

(sup er )

Q � P

P ` ` Q

(mono)

P ` ` Q Q ` ` R

P ` ` R

(trans)

Figure 1: Rules for en tailmen t

This instance declaration sp eci�es ho w w e can use an

equalit y on v alues of t yp e a to de�ne an equalit y on

lists of t yp e [a] . In terms of the dictionary mo del, the

instance declaration sp eci�es ho w to construct a dic-

tionary for Eq [a] from a dictionary for Eq a . Hence

w e can p erform the follo wing con text reduction:

f Ord a ; Eq a ; Eq [a] g � ! f Ord a ; Eq a g

W e sa y that a constrain t matches an instance declara-

tion if there is a substitution of the t yp e v ariables in

the instance declaration head that mak es it equal to

the constrain t.

3. Using a class de clar ation. F or example, the class dec-

laration for Ord in the Hask ell Prelude sp eci�es that

Eq is a sup erclass of Ord :

class Eq a => Ord a where ...

What this means is that ev ery instance of Ord is also

an instance of Eq . In terms of the dictionary mo del,

w e can read this as sa ying that eac h Ord dictionary

con tains an Eq dictionary as a sub-comp onen t. So the

constrain t Eq a is implied b y Ord a , and it follo ws that

w e can p erform the follo wing con text reduction:

f Ord a ; Eq a g � ! f Ord a g

More precisely , w e sa y that Q entails P , written Q ` ` P , if

the constrain ts in P are implied b y those in Q . W e de�ne

the meaning of class constrain ts more formally using the def-

inition of the en tailmen t relation de�ned in Figure 1. The

�rst t w o rules corresp ond to (2) and (3) ab o v e

4

. The sub-

stitution � maps t yp e v ariables to t yp es; it allo ws class and

instance declarations to b e used at substitution-i nstan ces of

their t yp es. F or example, from the declaration

instance Eq a => Eq [a] where ...

4

Notice that in ( inst ), C and P app ear in the same order on

the top and b ottom lines of the rules, whereas they are rev ersed in

( super ). This suggest an infelicit y in Hask ell's syn tax, but one that

it is p erhaps to o late to correct!
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w e can deduce that f Eq � g ` ` f Eq [ � ] g , for an arbitrary

t yp e �

5

. The remaining rules explain that en tailmen t is

monotonic and transitiv e as one w ould exp ect.

The connection b et w een en tailmen t and con text reduction

is this: to reduce the con text P to P

0

it is necessary (but

p erhaps not su�cien t) that P

0

` ` P . The reason that en-

tailmen t is not su�cien t for reduction concerns o v erlapping

instances: there migh t b e more than one P

0

with the prop-

ert y that P

0

` ` P , so whic h should b e c hosen? Ov erlapping

instance declarations are discussed in Section 3.6 and 4.4.

3.3 F ailure

Con text reduction fails , and a t yp e error is rep orted, if there

is no instance declaration that can matc h the giv en con-

strain t. F or example, supp ose that w e are trying to reduce

the constrain t Eq ( Tree � ), and there is no instance decla-

ration of the form

instance ... => Eq (Tree ...) where ...

Then w e can immediately rep ort an error, ev en if � con tains

t yp e v ariables that will later b e further instan tiated, b ecause

no further re�nemen t of � can p ossibly mak e it matc h. This

strategy con
icts sligh tly with separate compilation, b ecause

one could imagine that a separately-compil ed library migh t

not b e able to \see" all the instance declarations for Tree .

Arguably , therefore, rather than rep orting an error message,

con text reduction should b e deferred (see Section 4.3), in the

hop e that an imp orting mo dule will ha v e the necessary in-

stance declaration. Ho w ev er, that w ould p ostp one the pro-

duction of ev en legitimate missing-insta nce error messages

un til the \main" mo dule is compiled (when no further in-

stance declarations can o ccur), whic h is quite a serious dis-

adv an tage. F urthermore, it is usually easy to arrange that

the mo dule that needs the instance declaration is able to

\see" it. If this is so, then failure can b e rep orted immedi-

ately , regardless of the con text reduction strategy .

3.4 T autological constrain ts

A tautolo gic al constrain t is one that is en tailed b y the empt y

con text. F or example, giv en the standard instance dec-

larations, Ord [Int] is a tautological constrain t, b ecause

the instance declaration for Ord [a] , together with that for

Ord Int allo w us to conclude that fg ` ` f Ord [Int] g .

A gr ound constrain t is one that men tions no t yp e v ariables.

It is clear that a ground constrain t is erroneous (that is,

cannot matc h an y instance declaration), or is tautological.

It is less ob vious that a tautological constrain t do es not ha v e

to b e ground. Consider

5

In Gofer, an instance declaration instanc e P => C where ...

brings ab out the axiom C ` ` P , b ecause the represen tation in Gofer

of a dictionary for C con tains sub-dictionaries for P . In retrosp ect,

this w as probably a p o or design decision b ecause it is not alw a ys v ery

in tuitiv e. Moreo v er, it w as later disco v ered that this is incompatible

with o v erlapping instances: while either one is acceptable on its o wn,

the com bination results in an unsound t yp e system. The Gofer t yp e

system still su�ers from this problem to da y b ecause of concerns that

remo ving supp ort for either feature w ould break a lot of existing co de.

instance Eq a => Foo (a,b) where ...

and let us assume for the momen t that o v erlapping instance

declarations are prohibited (Section 4.4). No w supp ose that

the con text f Foo (Int,t) g is sub ject to con text reduction.

R e gar d less of the typ e t , it can b e simpli�ed to f Eq Int g

(using the instance declaration ab o v e), and thence to fg

(using the Int instance for Eq ). Ev en if t con tains t yp e

v ariables, the constrain t Foo (Int,t) can still b e reduced

to fg , so it is a tautological constrain t.

Another example of one of these tautological constrain ts

that con tain t yp e v ariables is giv en b y this instance dec-

laration:

instance Monad (ST s) where ...

This declares the state transformer t yp e, ST s , to b e a

monad, regardless of the t yp e s .

If, on the other hand, o v erlapping instance declarations ar e

p ermitted, then reducing a tautological constrain t in this

w a y is not legitimate, as w e discuss in Section 4.4.

3.5 Generalisation

Supp ose that the example in Section 3.1 is em b edded in a

larger expression:

let

f = \xs -> case xs of

[] -> False

(y:ys) -> y > z ||

(y==z && ys==[z])

in

....

Ha ving inferred a t yp e for the righ t-hand side of f , the t yp e

c hec k er m ust gener alise this t yp e to obtain the p olymorphic

t yp e for f . Here are sev eral p ossible t yp es for f :

f :: (Ord a) => [a] -> Bool

f :: (Ord a, Eq a) => [a] -> Bool

f :: (Ord a, Eq a, Eq [a]) => [a] -> Bool

Whic h of these t yp es is inferred dep ends on ho w m uc h con-

text reduction is done b efore generalisation , a topic w e dis-

cuss later (Section 4.3). F or the presen t, w e only need note

(a) that there is a c hoice to b e made here, and (b) that the

time that c hoice is crystallised is at the momen t of general-

isation.

What w e mean b y (b) is that it mak es no di�erence whether

con text reduction is done just b efore generalising f , or just

after inferring the t yp e of the sub-expression (ys==[z]) , or

an ywhere in b et w een; all that matters is ho w m uc h is done

b efore generalisati on.

3.6 Ov erlapping instance declarations

Consider these declarations:

class MyShow a where

myShow :: a -> String

5



instance MyShow a => MyShow [a] where

myShow = myShow1

instance MyShow [Char] where

myShow = myShow2

Here, the programmer w an ts to use a di�eren t metho d for

myShow when used at [Char] than when used at other t yp es.

W e sa y that the t w o instance declarations overlap , b ecause

there exists a constrain t that matc hes b oth. F or example,

the constrain t MyShow [Char] matc hes b oth declarations. In

general, t w o instance declarations

instance P1 => Q1 where ...

instance P2 => Q2 where ...

are said to overlap if Q1 and Q2 are uni�able. This de�ni-

tion is equiv alen t to sa ying that there is a constrain t Q that

matc hes b oth Q1 and Q2 . Ov erlapping instance declarations

are illegal in Hask ell, but p ermitted in Gofer.

When, during con text reduction, a constrain t matc hes t w o

o v erlapping instance declarations, whic h should b e c hosen?

W e will discuss this question in Section 4.4, but for no w w e

address the question of whether or not o v erlapping instance

declarations are useful. W e giv e t w o further examples.

3.6.1 \Default metho ds"

One application of o v erlapping instance declarations is to

de�ne \default metho ds". Hask ell has the follo wing stan-

dard classes:

class Monad m where

(>>=) :: m a -> (a -> m b) -> m b

return :: a -> m a

class Functor f where

map :: (a -> b) -> f a -> f b

No w, in an y instance of Monad , there is a sensible de�nition

of map , an idea w e could express lik e this:

instance Monad m => Functor m where

map f m = [f x | x <- m]

These instance declarations o v erlap with all other instances

of Functor . (Whether this is the b est w a y to explain that

an instance of Monad has a natural de�nition of map is de-

batable.)

3.6.2 Monad transformers

A second applicati on of o v erlapping instance declarations

arises when w e try to de�ne monad tr ansformers . The idea

is giv en b y Jones [1995]:

\In fact, w e will tak e a more forw ard-thinking

approac h and use the constructor class mec ha-

nisms to de�ne di�eren t families of monads, eac h

of whic h supp orts a particular collection of sim-

ple primitiv es. The b ene�t of this is that, later,

w e will w an t to consider monads that are sim ulta-

neously instances of sev eral di�eren t classes, and

hence supp ort a com bination of di�eren t prim-

itiv e features. This same approac h has pro v ed

to b e v ery 
exible in other recen t w ork (Jones

[1995a]; Liang, Hudak & Jones [1995])."

T o com bine the features of monads w e in tro duce a notion

of a monad transformer; the idea is that a monad trans-

former t tak es a monad m as an argumen t and pro duces a

new monad (t m) as a result that pro vides all of the com-

putational features of m , plus some new ones added in b y the

transformer t .

class MonadT t where

lift :: Monad m => m a -> t m a

F or example, the state monad transformer that can add

state to an y monad:

newtype StateT s m a = StateT (s -> m (a,s))

instance MonadT (StateT s) where ...

instance Monad m

=> StateMonad (StateT s m) s where ...

Critically , w e also need to kno w that an y prop erties enjo y ed

b y the original monad, are also supp orted b y the trans-

formed monad. W e can capture this formally using:

instance (MonadT t, StateMon ad m s)

=> StateMona d (t m) s where

update f = lift (update f)

Note the o v erlap with the previous instance declaration,

whic h pla ys an essen tial role. De�ning monad transformers

in this w a y allo ws us to build up comp osite monads, with

automatically generated liftings of the imp ortan t op erators.

F or example:

f :: (StateMon ad m Int, StateMona d m Char)

=> Int -> Char -> m (Int,Char)

f x y = do x' <- update (const x)

y' <- update (const y)

return (x',y')

Later, w e migh t call this function with an in teger and a c har-

acter argumen t on a monad that w e'v e constructed using the

follo wing:

type M = StateT Int (ErrorT (State Char))

Notice that the argumen t of the StateT monad trans-

former is not State Char but rather the enric hed monad

(ErrorT (State Char)) , assuming that ErrorT is another

monad transformer. No w, the o v erloading mec hansims will

automatically mak e sure that the �rst call to update in f

tak es place in the outermost Int state monad, while the sec-

ond call will b e lifted up from the depths of the innermost

Char state monad.

3.7 The am biguit y problem

As w e observ ed earlier, some programs ha v e ambiguous t yp-

ings. The classic example is (show (read s)) , where di�er-

en t c hoices for the in termediate t yp e (the result of the read

migh t lead to di�eren t results). Programs with am biguous

t ypings are therefore rejected b y Hask ell.
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Preliminary exp erience, ho w ev er, is that m ulti-parameter

t yp e classes giv e new opp ortunities for am biguit y . Is there

an y w a y to ha v e m ulti-parameter t yp e classes without risk-

ing am biguit y? Our answ er here is \no". One approac h

that has b een suggested to the am biguit y problem in single-

parameter t yp e classes is to insist that all class op erations

tak e as their �rst argumen t a v alue of the class's t yp e (Oder-

sky , W adler & W ehr [1995]). Though it is theoretically at-

tractiv e, there are to o man y useful classes that disob ey this

constrain t ( Num , for example, and o v erloaded constan ts in

general), so it has not b een adopted in practice. It is also

not clear what the rule w ould b e when w e mo v e to con-

structor classes, so that the class's \t yp e" v ariable ranges

o v er t yp e constructors.

If no w ork able solution to the am biguit y problem has b een

found for single parameter classes, w e are not optimistic that

one will b e found for m ulti-parameter classes.

4 Design c hoices

W e are no w ready to discuss the design c hoices that m ust b e

em b o died in a t yp e-class system of the kind exempli�ed b y

Hask ell. Our goal is to describ e a design space that includes

Hask ell, Gofer, and a n um b er of other options b eside. While

w e express opinions ab out whic h design c hoices w e prefer,

our primary goal is to giv e a clear description of the design

space, rather than to prescrib e a particular solution.

4.1 The ground rules

T yp e systems are a h uge design space, and w e only ha v e

space to explore part of it in this pap er. In this section w e

brie
y record some design decisions curren tly em b o died in

Hask ell that w e do not prop ose to meddle with. Our �rst

set of ground rules concern the larger setting:

� W e w an t to retain Hask ell's t yp e-inference prop ert y .

� W e w an t t yp e inference to b e decidable; that is, the

compiler m ust not fail to terminate.

� W e w an t to retain the p ossibili t y of separate compila-

tion.

� W e w an t all existing Hask ell programs to remain legal,

and to ha v e the same meaning.

� W e seek a c oher ent t yp e system; that is, ev ery di�eren t

v alid t yping deriv ation for a program leads to a result-

ing program that has the same dynamic seman tics.

The last p oin t needs a little explanation. W e ha v e already

seen that the w a y in whic h con text reduction is p erformed

a�ects the dynamic seman tics of the program via the con-

struction and use of dictionarie s (other op erational mo dels

will exp erience similar e�ects). It is essen tial that the w a y in

whic h the t yping deriv ation is constructed (there is usually

more than one for a giv en program) should not a�ect the

meaning of the program.

Next, w e giv e some ground rules ab out the form of class

declarations. A class declaration tak es the form:

class P => C �

1

: : : �

n

where { op :: Q => � ; : : : }

(If m ulti-parameter t yp e classes are prohibited, then n =

1.) If S �

1

: : : �

m

is one of the constrain ts app earing in the

con text P , w e sa y that S is a sup er class of C . W e insist on

the follo wing:

� There can b e at most one class declaration for eac h

class C .

� Throughout the program, all uses of C are applied to

n argumen ts.

� �

1

: : : �

n

m ust b e distinct t yp e v ariables.

� T V ( P ) � f �

1

; : : : ; �

n

g . That is, P m ust not men tion

an y t yp e v ariables other than the �

i

.

� The sup erclass hierarc h y de�ned b y the set of class

declarations m ust b e acyclic. This restriction is not ab-

solutely necessary , but the application s for cyclic class

structures are limited, and it helps to k eep things sim-

ple.

Next, w e giv e rules go v erning instance declarations, whic h

ha v e the form:

instance P => C �

1

: : : �

n

where : : :

W e call P the instanc e c ontext , �

1

; : : : ; �

n

the instanc e typ es ,

and C �

1

: : : �

n

the he ad of the instance declaration. Lik e

Hask ell, w e insist that:

� T V ( P ) �

S

T V ( �

i

); that is, the instance con text m ust

not men tion an y t yp e v ariables that are not men tioned

in the instance t yp es.

W e discuss the design c hoices related to instance declara-

tions in Sections 4.5 and 4.7.

Thirdly , w e require the follo wing rule for t yp es:

� If P => � is a t yp e, then T V ( P ) � T V ( � ). If the

con text P men tions an y t yp e v ariables not used in �

then an y use of a v alue with this t yp e is certain to b e

am biguous.

F ourthly , w e will assume that, despite separate compilation ,

instance declarations are globally visible. The reason for this

is that w e w an t to b e able to rep ort an error if w e encoun ter

a constrain t that cannot matc h an y instance declaration.

F or example, consider

f x = 'c' + x

T yp e inference on f giv es rise to the constrain t (Num Char) .

If instance declarations are not globally visible, then w e

w ould b e forced to defer con text reduction, in case f is

called in another mo dule that has an instance declaration

for (Num Char) . Th us w e w ould ha v e to infer the follo wing

t yp e for f :

f :: Num Char => Char -> Char
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Instead, what w e really w an t to rep ort an immediate error

when t yp e-c hec king f .

So, if instance declarations are not globally visible, man y

missing-instan ce errors w ould only b e rep orted when the

main mo dule is compiled, an unacceptable outcome. (Ex-

plicit t yp e sigatures migh t force earlier error rep orts, ho w-

ev er.) Hence our ground rule. In practice, though, w e can

get a w a y with something a little w eak er than insisting that

ev ery instance declaration is visible in ev ery mo dule | for

example, when compiling a standard library one do es need

instance declarations for unrelated user-de�ned t yp es.

Lastly , w e ha v e found it useful to articulate the follo wing

principle:

� Adding an instance declaration to w ell-t yp ed program

should not alter either the static or dynamic seman-

tics of the program, except that it ma y giv e rise to

an o v erlapping-i nstanc e-decl arati on error (in systems

that prohibit o v erlap).

The reason for this principle is to supp ort separate compila-

tion. A separately compiled library mo dule cannot p ossibly

\see" all the instance declarations for all the p ossible clien t

mo dules. So it m ust b e the case that these extra instance

declarations should not in
uence the static or dynamic se-

man tics of the library , except if they con
ict with the in-

stance declarations used when the library w as compiled.

4.2 Decision 1: the form of t yp es

Decision 1: what limitations, if any, ar e ther e on the form

of the c ontext of a typ e? In Hask ell 1.4, t yp es (whether

inferred, or sp eci�ed in a t yp e signature) m ust b e of the

form P => � , where P is a simple c ontext . W e sa y that a

con text is simple if all its constrain ts are of the form C � ,

where C is a class and � is a t yp e v ariable.

This design decision w as defensible for Hask ell 1.2 (whic h

lac k ed constructor classes) but seems demonstrably wrong

for Hask ell 1.4. F or example, consider the de�nition:

g = \xs -> (map not xs) == xs

The righ t hand side of the de�nition has the t yp e

f Bool -> Bool , and con text f Functor f ; Eq (f Bool) g

6

.

Because of the second constrain t here, this cannot b e re-

duced to a simple con text b y the rules in Figure 1, and

Hask ell 1.4 rejects this de�nition as ill-t yp ed. In fact, if w e

insist that the con text in a t yp e m ust b e simple, the function

g has man y legal t yp es (suc h as [Bool] -> Bool ), but no

princip al , or most general, t yp e. If, instead, w e allo w non-

simple con texts in t yp es, then it has the p erfectly sensible

principal t yp e:

g :: (Functor f, Eq (f Bool)) => f Bool -> Bool

In short, Hask ell 1.4 lac ks the principal t yp e prop ert y ,

namely that an y t ypable expression has a principal t yp e;

but it can b e regained b y allo wing ric her con texts in t yp es.

This is not just a theoretical nicet y | it directly a�ects the

expressiv eness of the language.

6

The de�nition of the class Functor w as giv en in Section 3.6.1.

Similar problems o ccur with m ulti-parameter classes if w e

insist that the argumen ts of eac h constrain t in a con text

m ust b e v ariables | a natural generalization of the single-

parameter notion of a simple con text. F or example, one

can imagine inferring a con text suc h as f StateMona d IO � g ,

where � is a t yp e v ariable. If w e then w an t to generalise

o v er � , w e w ould obtain a function whose t yp e w as of the

form StateMonad IO � => � . If suc h a t yp e w as illegal then,

as with the previous example, w e w ould b e forced to reject

the program ev en though it has a sensible principal t yp e in

a sligh tly ric her system.

The c hoices for the allo w able con texts in t yp es seem to b e

these:

Choice 1a (Hask ell): the con text of a t yp e m ust b e sim-

ple (with some extended de�nition of \simple").

Choice 1b (Gofer): there are no restrictions on the con-

text of a t yp e.

Choice 1c: something in b et w een these t w o. F or example,

w e migh t insist that the con text in a t yp e is reduced

\as m uc h as p ossible". But then a legal t yp e signature

migh t b ecome illegal if w e in tro duced a new instance

declaration (b ecause then the t yp e signature migh t no

longer b e reduced as m uc h as p ossible).

4.3 Decision 2: Ho w m uc h con text reduc-

tion?

Decision 2: how much c ontext r e duction should b e done b e-

for e gener alisation ? Hask ell and Gofer mak e v ery di�eren t

c hoices here. Hask ell tak es an eager approac h to con text

reduction, doing as m uc h as p ossible b efore generalisation ,

while Gofer tak es a lazy approac h, only using con text reduc-

tion to eliminate tautological constrain ts.

It turns out that this c hoice has a whole raft of consequences,

as Jones [1994, Chapter 7] discusses in detail. These con-

sequences mainly concern pragmatic matters, suc h as the

complexit y of t yp es, or the e�ciency of the resulting pro-

gram. It is highly desir able that the choic e of how much

c ontext r e duction is done when should not a�e ct the me an-

ing of the pr o gr am. It is bad enough that the meaning of the

program inevitably dep ends on the resolution of o v erload-

ing (Odersky , W adler & W ehr [1995]). It w ould b e m uc h

w orse if the program's meaning dep ended on the exact way

in whic h the o v erloading w as resolv ed | that is, if the t yp e

system w ere incoheren t (Section 4.1).

Here, then, are the issues a�ecting con text reduction.

1. Context r e duction usual ly le ads to \simpler" c ontexts ,

whic h are p erhaps more readily understo o d (and writ-

ten) b y the programmer. In our earlier example, Ord a

is simpler than f Ord a ; Eq a ; Eq [a] g .

Occasionall y , ho w ev er, a \simpler" con text migh t b e

less \natural". Supp ose w e ha v e a data t yp e Set with

an op eration union , and an Ord instance (Jones [1994,

Section 7.1]):
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data Set a = ...

union :: Eq a => Set a -> Set a -> Set a

instance Eq a => Ord (Set a) where ...

No w, consider the follo wing function de�nition:

f x y = if (x<=y) then y else x `union` y

With con text reduction, f 's t yp e is inferred to b e

f :: Eq a => Set a -> Set a -> Set a

whereas without con text reduction w e w ould infer

f :: Ord (Set a) => Set a -> Set a -> Set a

One can argue that the latter is more \natural" since

it is clear where the Ord constrain t comes from, while

the former con tains a sligh tly surprising Eq constrain t

that results from the unrelated instance declaration.

2. Context r e duction often, but not always, r e duc es the

numb er of dictionaries p asse d to functions . In the run-

ning example of Section 3, doing con text reduction b e-

fore generalisation allo w ed us to pass one dictionary to

f instead of three.

Sometimes, though, a \simpler" con text migh t ha v e

more constrain ts (i.e. more dictionaries to pass in

a dictionary-passi ng implemen tation). F or example,

giv en the instance declaration:

instance (Eq a, Eq b) => Eq (a,b) where ...

the constrain t Eq (a,b) w ould reduce to f Eq a ; Eq b g ,

whic h ma y b e \simpler", but certainly is not shorter.

3. Context r e duction eliminates tautolo gic a l c onstr aints.

F or example, without con text reduction the function

double = \x -> x + (x::Int)

w ould get the t yp e

double :: Num Int => Int -> Int

This t yp e means that a dictionary for Num Int will b e

passed to double , whic h is quite redundan t. It it in-

v ariably b etter to reduce f Num Int g to fg , using the

Int instance of Num . The \evidence" that Int is an

instance of Num tak es the form of a global constan t

dictionary for Num Int . (This example uses a ground

constrain t, but the same reasoning applies to an y tau-

tological constrain t.)

4. Delaying c ontext r e duction incr e ases sharing of dictio-

naries. Consider this example:

let

f xs y = xs > [y]

in

f xs y && f xs z

Hask ell will infer the t yp e of f to b e:

f :: Ord a => [a] -> a -> Bool

A dictionary for Ord a will b e passed to f , whic h will

construct a dictionary for Ord [a] . In this example,

though, f is called t wice, at the same t yp e, and the t w o

calls will indep enden tly construct the same Ord [a]

dictionary . W e could obtain more sharing (i.e. e�-

ciency) b y p ostp oning the con text reduction, inferring

instead the follo wing t yp e for f :

f :: Ord [a] => [a] -> a -> Bool

No w f is passed a dictionary for Ord [a] , and this

dictionary can b e shared b et w een the t w o calls of f .

Because con text reduction is p ostp oned un til the top

lev el in Gofer, this sharing can encompass the whole

program, and only one dictionary for e ach class/typ e

c ombination is ever c onstructe d .

5. T yp e signatur es inter act with c ontext r e duction.

Hask ell allo ws us to sp ecify a t yp e signature for a func-

tion. Dep ending on ho w con text reduction is done, and

what con texts are allo w ed in t yp e signatures, this t yp e

migh t b e more or less reduced than the inferred t yp e.

F or example, if full con text reduction is normally done

b efore generalisation, then is this a v alid t yp e signa-

ture?

f :: Eq [a] => ...

That is, can a t yp e signature decrease the amoun t of

con text reduction that is p erformed? In the other di-

rection, if con text reduction is not usually done at gen-

eralisation , then is this a v alid t yp e signature?

f :: Eq a => ...

where f 's righ t-hand side generates a constrain t

Eq [a] ? That is, can a t yp e signature increase the

amoun t of con text reduction that is p erformed?

6. Context r e duction is ne c essary for p olymorphic r e cur-

sion. One of the new features in Hask ell 1.4 is the

abilit y to de�ne a recursiv e function in whic h the re-

cursiv e call is at a di�eren t t yp e than the original call,

a feature that has pro v ed itself useful in the e�cien t en-

co ding of functional data structures (Ok asaki [1996]).

F or example, consider the follo wing non-uniformly re-

cursiv e function:

f :: Eq a => a -> a -> Bool

f x y = if x == y then True

else f [x] [y]

It is not p ossible to a v oid all run time dictionary con-

struction in this example, b ecause eac h call to recur-

siv e f m ust use a dictionary of higher t yp e, and there

is no static b ound to the depth of recursion. It fol-

lo ws that the strategy of defering all con text reduc-

tion to the top lev el, thereb y ensuring a �nite n um b er

of dictionaries, cannot w ork. The t yp e signature is

necessary for the t yp e c hec k er to p ermit p olymorphic

recursion, and it in turn forces reduction of the con-

strain t Eq [a] that arises from the recursiv e call to

f .
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7. Context r e duction a�e cts typ ability. Consider the fol-

lo wing (con triv ed) program:

data Tree a = Nil | Fork (Tree a) (Tree a)

f x = let silly y = (y==Nil)

in x + 1

If there is no Eq instance of Tree , then the program is

arguably erroneous, since silly p erforms equalit y at

t yp e Tree . But if con text reduction is deferred, silly

will, without complain t, b e assigned the t yp e

silly :: Eq (Tree a) => a -> Bool

Then, since silly is nev er called, no other t yp e error

will result. In short, the de�nition of whic h programs

are t ypable and whic h are not dep ends on the rules for

con text reduction.

8. Context r e duction c on
icts with the use of overlapping

instanc es . This is a bigger topic, and w e defer it un til

Section 4.4.

Bearing in mind this (amazingly large) set of issues, there

seem to b e the follo wing p ossible c hoices:

Choice 2a (Hask ell, eager): reduce ev ery con text to a

simple con text b efore generalisation . Ho w ev er, as w e

ha v e seen, this ma y mean that some p erfectly reason-

able programs are rejected as b eing ill-t yp ed.

Choice 2b (lazy): do no con text reduction at all un til the

constrain ts for the whole program are gathered to-

gether; then reduce them. This is satisfyingly decisiv e,

but it giv es rise to prett y stupid t yp es, suc h as:

(Eq a, Eq a, Eq a) => a -> Bool

(Num Int, Show Int) => Int -> String

Choice 2c (Gofer, fairly lazy): do con text reduction b e-

fore generalisatio n, but refrain from using rule ( inst )

except for tautological constrain ts. If o v erlapping in-

stances are p ermitted, then c hange \tautological " to

\ground". A v arian t w ould b e to refrain from using

( super ) as w ell.

Choice 2d (Gofer + p olymorphic recursion): lik e 2c,

but with the added rule that if there is a t yp e sig-

nature, the inferred con text m ust b e en tailed b y the

con text in the t yp e signature, and the v ariable b eing

de�ned is assigned the t yp e in the signature through-

out its scop e. This is enough to mak e the c hoice com-

patible with p olymorphic recursion, whic h 2c is not.

Choice 2e (relaxed): lea v e it un-sp eci�ed ho w m uc h con-

text reduction is done b efore generalisation! That is,

if the actual con text of the term to b e generalised is

P , then the inferred con text for the generalised term

is P or an y con text that P reduces to. The same rule

for t yp e signatures m ust apply as in 2d, for the same

reason. T o a v oid the problem of item 7 w e can require

that an error is rep orted as so on as a generalisation

step encoun ters a constrain t that cannot p ossibly b e

satis�ed (ev en if that constrain t is not reduced).

W e should note that 2b-e rule out Choice 1a for t yp e signa-

tures. F urthermore (as w e shall see in Section 4.4), Choices

2a and 2e rule out o v erlapping instance declarations.

The in ten t in Choice 2e is to lea v e as m uc h 
exibili t y as p os-

sible to the compiler (so that it can mak e the most e�cien t

c hoice) while still giving a w ell-de�ned static and dynamic

seman tics for the language:

� So far as the static seman tics is concerned, when con-

text reduction is p erformed do es not c hange the set of

t ypable programs.

� Concerning the dynamic seman tics, in the absence of

o v erlapping instance declarations, a giv en constrain t

can only matc h a unique instance declaration.

4.4 Decision 3: o v erlapping instance dec-

larations

Decision 3: ar e instanc e de clar ations with overlapping (but

not identic al) instanc e typ es p ermitte d? (Se e Se ction 3.6.)

If o v erlapping instances are p ermitted, w e need a rule that

sp eci�es whic h instance declaration to c ho ose if more than

one matc hes a particular constrain t. Gofer's rule is that the

declaration that matc hes most closely is c hosen. In general,

there ma y not b e a unique suc h instance declaration, so

further rules are required to disam biguate the c hoice | for

example, Gofer requires that instance declarations ma y only

o v erlap if one is a substitution instance of the other.

Unfortunately , this is not enough. As w e men tioned ab o v e,

there is a fundamen tal con
ict b et w een eager (or unsp eci-

�ed) con text reduction and the use of o v erlapping instances.

T o see this, consider the de�nition:

let

f x = myShow (x++x)

in

(f "c", f [True,False ])

where myShow w as de�ned in Section 3.6. If w e do (full) con-

text reduction b efore generalisin g f , w e will b e faced with a

constrain t MyShow [a] , arising from the use of myShow . Un-

der eager con text reduction w e m ust simplify it, presumably

using the instance declaration for MyShow [a] , to obtain the

t yp e

f :: MyShow a => a -> String

If w e do so, then ev ery call to f will b e committed to the

myShow1 metho d. Ho w ev er, supp ose that w e �rst p erform

a simple program transformation, inlini ng f at b oth its call

sites, to obtain the expression:

(myShow "c", myShow [True,Fa lse ] [True,Fa lse ])

No w the t w o calls distinct calls to myShow will lead to the

constrain ts MyShow [Char] and MyShow [Bool] resp ectiv ely;

the �rst will lead to a call of myShow2 while second will lead

to a call of myShow1 . A simple program transformation has

c hanged the b eha viour of the program!
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No w consider the original program again. If instead w e de-

ferr e d con text reduction w e w ould infer the t yp e:

f :: MyShow [a] => a -> String

No w the t w o calls to f will lead to the constrain ts

MyShow [Char] and MyShow [Bool] as in the inlined case,

leading to calls to myShow2 and myShow1 resp ectiv ely . In

short, eager con text reduction in the presence of o v erlapping

instance declarations can lead to premature committmen t to

a particular instance declaration, and consequen tial loss of

simple source-language program transformations.

Ov erlapping instances are also incompatible with the reduc-

tion of non-ground tautological constrain ts. F or example,

supp ose w e ha v e the declaration

instance Monad (ST s) where ...

and w e are trying to simplify the con text f Monad ( ST � ) g . It

w ould b e wrong to reduce it to fg b ecause there migh t b e

an o v erlapping instance declaration

instance Monad (ST Int) where ...

This inabili t y to simplify non-ground tautological con-

strain ts has, in practice, caused Gofer some di�culties

when implemen ting lazy state threads (Launc h bury & P ey-

ton Jones [1995]). Brie
y , runST insists that its argumen t

has t yp e 8 �: ST � � , while the argumen t t yp e w ould b e in-

ferred to b e Monad ( ST � ) => ST � � .

T o summarise, if o v erlapping instances are p ermitted, then

the meaning of the program dep ends in detail on when con-

text reduction tak es place. T o a v oid loss of coherence, w e

m ust sp ecify when con text reduction tak es place as part of

the t yp e system itself.

One p ossibili t y is to defer reduction of an y constrain t that

can p ossibly matc h more than one instance declaration.

That restores the abilit y to p erform program transforma-

tions, but it in teracts p o orly with separate compilation. A

separately-compil ed library migh t not \see" all the instances

of a giv en class that a clien t mo dule uses, and so m ust con-

serv ativ ely assume that no con text reduction can b e done at

all on an y constrain t in v olving a t yp e v ariable.

So the only reasonable c hoices are these:

Choice 3a: prohibit o v erlapping instance declarations.

Choice 3b: p ermit instance declarations with o v erlapping,

but not iden tical, instance t yp es, pro vided one is a

substitution instance of the other; but restrict all uses

of the ( inst ) rule (Figure 1) to ground con texts C ; P .

This condition iden ti�es constrain ts that can matc h

at most one instance declaration, regardless of what

further instance declarations are added.

4.5 Decision 4: instance t yp es

Decision 4: in the instanc e de clar ation

instance P => C �

1

: : : �

n

where : : :

what limitations, if any, ar e ther e on the form of the instanc e

typ es, �

1

: : : �

n

?

Hask ell 1.4 has only single-parameter t yp e classes, hence

n = 1. F urthermore, Hask ell insists that the single t yp e

� is a simple typ e ; that is, a t yp e of the form T �

1

: : : �

m

,

where T is a t yp e constructor and �

1

: : : �

n

are distinct t yp e

v ariables. This decision is closely b ound up with Hask ell's

restriction to simple con texts in t yp es (Section 4.2). Wh y?

Because, faced with a constrain t of the form ( C ( T � )) there

is either a unique instance declaration that matc hes it (in

whic h case the constrain t can b e reduced), or there is not (in

whic h case an error can b e signaled). If � w ere allo w ed to

b e other than a t yp e v ariable then more than one instance

declaration migh t b e a p oten tial matc h for the constrain t.

F or example, supp ose w e had:

instance Foo (Tree Int) where ...

instance Foo (Tree Bool) where ...

(Note that these t w o do not o v erlap.) Giv en the constrain t

( Foo ( Tree � )), for some t yp e v ariable � , w e cannot decide

whic h instance declaration to use un til w e kno w more ab out

� . If w e are generalisin g o v er � , w e will therefore end up

with a function whose t yp e is of the form

Foo ( Tree � ) => �

Since Hask ell do es not allo w suc h t yp es (b ecause the con-

text is not simple), it mak es sense for Hask ell also to restrict

instance t yp es to b e simple t yp es. If t yp es can ha v e more

general con texts, ho w ev er, it is not clear that suc h a restric-

tion mak es sense.

W e ha v e come across examples where it mak es sense for

the instance t yp es not to b e simple t yp es. Section 3.6.1

ga v e examples in whic h the instance t yp e w as just a t yp e

v ariable, although this w as in the con text of o v erlapping

instance declarations. Here is another example

7

:

class Liftable f where

lift0 :: a -> f a

lift1 :: (a->b) -> f a -> f b

lift2 :: (a->b->c) -> f a -> f b -> f c

instance (Liftable f, Num a) => Num (f a) where

fromInte ger = lift0 . fromIntege r

negate = lift1 negate

(+) = lift2 (+)

The instance declaration is en tirely reasonable: it sa ys

that an y \liftable" t yp e constructor f can b e used to con-

struct a new n umeric t yp e (f a) from an existing n umeric

t yp e a . Indeed, these declarations precisely generalises the

Behaviour class of Elliott & Hudak [1997], and w e ha v e en-

coun tered other examples of the same pattern. (Y ou will

probably ha v e noticed that lift1 is just the map from the

class Functor ; p erhaps Functor should b e a sup erclass of

Liftable .) A disadv an tage of Liftable is that no w the

Hask ell t yp es for Complex and Ratio m ust b e made instances

of Num indirectly , b y making them instances of Liftable .

This seems to w ork �ne for Complex , but not for Ratio . In-

ciden tally , w e could o v ercome this problem if w e had o v er-

lapping instances, th us:

instance (Liftable f, Num a) => Num (f a) where ...

instance Num a => Num (Ratio a) where ...

Another reason for w an ting non-simple instance t yp es is

7

Suggested b y John Matthews.
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when using old t yp es for new purp oses. F or example

8

, sup-

p ose w e w an t to de�ne the class of mo v eable things:

class Moveable t where

move :: Vector -> t -> t

No w let us mak e p oin ts mo v eable. What is a p oin t? P erhaps

just a pair of Float s. So w e migh t w an t to write

instance Moveable (Float, Float) where ...

or ev en

type Point = (Float, Float)

instance Moveable Point where ...

Unlik e the Liftable example, it is p ossible to manage with

simple instance t yp es, b y making Point a new t yp e:

newtype Point = MkPoint Float Float

instance Moveable Point where ...

but that migh t b e tiresome (for example, unzip split a list

of p oin ts in to their x-co ordinates and y-co ordinates).

Choice 4a (Hask ell): the instance t yp e(s) �

i

m ust all b e

simple t yp es.

Choice 4b: eac h of the instance t yp es �

i

is a simple t yp e

or a t yp e v ariable, and at least one is not a t yp e v ari-

able. (The latter restriction is necessary to ensure that

con text reduction terminates.)

Choice 4c: at least one of the instance t yp es �

i

m ust not

b e a t yp e v ariable.

Choice 4c w ould p ermit the Liftable example ab o v e. It

w ould also p ermit the follo wing instance declarations

instance D (T Int a) where ...

instance D (T Bool a) where ...

ev en if o v erlapping instances are prohibited (pro vided, of

course, there w as no instance for D (T a b) ). It w ould also

allo w strange-lo oking instance declarations suc h as

instance C [[a -> Int]] where ...

whic h in turn mak e the matc hing of a candidate instance

declaration against a constrain t a little more complicated

(although not m uc h).

If o v erlapping instances are p ermitted, then it is not clear

whether c hoices 4b and 4c lead to a decideable t yp e system.

If o v erlapping instances are not p ermitted then, seem to b e

no tec hnical ob jections to them, and the examples giv en

ab o v e suggest that the extra expressiv eness is useful.

4.6 Decision 5: rep eated t yp e v ariables in

instance heads

Decision 5: in the instanc e de clar ation

instance P => C �

1

: : : �

n

where : : :

8

Suggested b y Simon Thompson.

c an the instanc e he ad �

i

c ontain r ep e ate d typ e variables?

This decision is really part of Decision 4 but it deserv es

separate treatmen t.

Consider this instance declaration, whic h has a rep eated

t yp e v ariable in the instance t yp e:

instance ... => Foo (a,a) where ...

In Hask ell this is illegal, but there seems no tec hnical rea-

son to exclude it. F urthermore, it is useful: the VarMonad

instance for ST in Section 2.1 used rep eated t yp e v ariables,

as did the Iso example in Section 2.3.

P ermitting rep eated t yp e v ariables in the instance t yp e of

an instance declaration sligh tly complicates the pro cess of

matc hing a candidate instance declaration against a con-

strain t, requiring full matc hing (i.e. one-w a y uni�cation,

a w ell-understo o d algorithm). F or example, when matc hing

the instance head Foo ( �; � ) against a constrain t Foo ( �

1

; �

2

)

one m ust �rst bind � to �

1

, and then c hec k for equalit y b e-

t w een the no w-b ound � and �

2

.

Choice 5a: p ermit rep eated t yp e v ariables in an instance

head.

Choice 5b: prohibit rep eated t yp e v ariables in an instance

head.

4.7 Decision 6: instance con texts

Decision 6: in the instanc e de clar ation

instance P => C �

1

: : : �

n

where : : :

what limitations, if any, ar e ther e on the form of the instanc e

c ontext, P ?

As men tioned in Section 4.1, w e require that T V ( P ) �

S

T V ( �

i

). Ho w ev er, Hask ell has a more drastic restriction:

it requires that eac h constrain t in P b e of the form C �

where � is a t yp e v ariable. An imp ortan t motiv ation for

a restriction of this sort is the need to ensure termination

of con text reduction. F or example, supp ose the follo wing

declaration w as allo w ed:

instance C [[a]] => C [a] where ...

The trouble here is that for con text reduction to terminate

it m ust reduce a con text to a simpler con text. This instance

declaration will \reduce" the constrain t ( C [ � ] ) to ( C [[ � ]] ),

whic h is more complicated, and con text reduction will di-

v erge. Although they do not seem to o ccur in practical

application s, instance declarations lik e this are p ermitted in

Gofer|with the consequence that its t yp e system is in fact

undecidable.

In short, it is essen tial to place enough constrain ts on the

instance con text to ensure that con text reduction con v erges.

T o do this, w e need to ensure that something \gets smaller"

in the passage from C �

1

: : : �

n

to P . Hask ell's restriction to

simple con texts certainly ensures termination, b ecause the

argumen t t yp es are guaran teed to get smaller. In princi-

ple, instance declarations with irreducibl e but non-simple

con texts migh t mak e sense:

12



instance Monad (t m) => Foo t m where ...

W e ha v e y et to �nd an y con vincing examples of this. Ho w-

ev er, if con text reduction is deferred (Choices 2b,c) then w e

must p ermit non-simple instance con texts. F or example:

data Tree a = Node a [Tree a]

instance (Eq a, Eq [Tree a]) => Eq (Tree a) where

(==) (Node v1 ts1) (Node v2 ts2)

= (v1 == v2) && (ts1 == ts2)

Here, if w e are not p ermitted to reduce the constrain t

Eq [Tree a] , it m ust app ear in the instance con text.

Lastly , if the constrain ts in P in v olv e only t yp e v ariables,

when m ulti-parameter t yp e classes are in v olv ed w e m ust also

ask whether a single constrain t ma y con tain a rep eated t yp e

v ariable, th us:

instance Foo a a => Baz a where ...

There seems to b e no tec hnical reason to prohibit this.

Choice 6a: constrain ts in the con text of an instance dec-

laration m ust b e of the form C �

1

: : : �

n

, with the �

i

distinct.

Choice 6b: as for Choice 6a, except without the require-

men t for the �

i

to b e distinct.

Choice 6c: something less restrictiv e, but with some w a y

of ensuring decidabil it y of con text reduction.

4.8 Decision 7: what sup erclasses are p er-

mitted

Decision 7: in a class de clar ation,

class P => C �

1

: : : �

n

where { op :: Q => � ; : : : }

what limitations, b eyond those in Se ction 4.1, ar e ther e on

the form of the sup er class c ontext, P ? Hask ell restricts P

to consist of constrain ts of the form D �

1

: : : �

m

, where �

i

m ust b e a mem b er of f �

1

; : : : ; �

n

g , and all the �

i

m ust b e

distinct. But what is wrong with this?

class Foo (t m) => Baz t m where ...

Also in this case, there seems to b e no tec hnical reason to

prohibit this.

Choice 7a: constrain ts in the sup erclass con text m ust b e

as in Hask ell, i.e. the constrain ts are of the form

D �

1

: : : �

n

, with the �

i

distinct, and a subset of the

t yp e v ariables that o ccur in the class head.

Choice 7b: no limitations on sup erclass con texts, except

those p ostulated in Section 4.1.

4.9 Decision 8: impro v emen t

Supp ose that w e ha v e a constrain t with the follo wing prop-

erties:

� it con tains free t yp e v ariables;

� it do es not matc h an y instance declaration

9

� it can b e made to matc h an instance declaration b y in-

stan tiating some of the constrain t's free t yp e v ariables;

� no matter what other (legal) instance declarations are

added, there is only one instance declaration that the

constrain t can b e made to matc h in this w a y .

If all these things are true, an attractiv e idea is to impr ove

the constrain t b y instan tiating the t yp e v ariables in the con-

strain t so that it do es matc h the instance declaration. This

mak es some programs t ypable that w ould not otherwise b e

so. It do es not compromise an y of our principles, b ecause

the last condition ensures that ev en adding new instance

declarations will not c hange the w a y in whic h impro v emen t

is carried out.

Impro v emen t w as in tro duced b y Jones [1995b]. A full dis-

cussion is b ey ond the scop e of this pap er. The conditions

are quite restrictiv e, so it is not y et clear whether it w ould

impro v e enough useful programs to b e w orth the extra e�ort.

Choice 8a: no impro v emen t.

Choice 8b: allo w impro v emen t in some form.

Choice 8b w ould ob viously need further elab oration b efore

this design decision is crisply form ulated.

4.10 Decision 9: Class declarations

Decision 9: what limitations, if any, ar e ther e on the c on-

texts in class-memb er typ e signatur es? Presumably class-

mem b er t yp e signatures should ob ey the same rules as an y

other t yp e signature, but Hask ell adds an additional restric-

tion. Consider:

class C a where

op1 :: a -> a

op2 :: Eq a => a -> a

In Hask ell, the t yp e signature for op2 w ould b e illegal , b e-

cause it further constrains the class t yp e v ariable a . There

seems to b e no tec hnical reason for this restriction. It is sim-

ply a n uisance to the Hask ell sp eci�cation, implemen tation ,

and (o ccasionally) programmer.

Choice 9a (Hask ell): the con text in a class-mem b er t yp e

signature cannot men tion the class t yp e v ariable; in

addition, it is sub ject to the same rules as an y other

t yp e signature.

Choice 9b: the t yp e signature for a class-mem b er is sub-

ject to the same rules as an y other t yp e signature.

9

Recall that matc hing a constrain t against an instance declaration

is a one-w a y uni�cation: w e ma y instan tiate t yp e v ariables from the

instance head, but not those from the constrain t.
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5 Other a v en ues

While writing this pap er, a n um b er of other extensions to

Hask ell's t yp e-class system w ere suggested to us that seem

to raise considerable tec hnical di�culties. W e en umerate

them in this section, iden tifying their di�culties.

5.1 Anon ymous t yp e synon yms

When exp osed to m ulti-parameter t yp e classes and in par-

ticular higher order t yp e v ariables, programmers often seek

a more expressiv e t yp e language. F or example, supp ose w e

ha v e the follo wing t w o classes Foo and Bar :

class Foo k1 where f :: k1 a -> a

class Bar k2 where g :: k2 b -> b

and a concrete binary t yp e constructor

data Baz a b = ...

Then w e can easily write an instance declaration that de-

clares (Bar a) to b e a functor, th us:

instance Functor (Baz a) where

map = ...

But supp ose Baz is really a functor in its �rst argumen t.

Then w e really w an t to sa y is:

type Zab b a = Baz a b

instance Functor (Zab b) where

map = ...

Ho w ev er, Hask ell prohibits partially-app li ed t yp e synon-

m yms, and for a v ery go o d reason: a partially-appl ie d t yp e

synon ym is, in e�ect, a lam b da abstraction at the t yp e lev el,

and that tak es us immediately in to the realm of higher-order

uni�cation, and minimises the lik elih o o d of a decidable t yp e

system (Jones [1995a, Section 4.2]). It migh t b e p ossible to

incorp orate some form of higher-order uni�cation (e.g. along

the lines of Miller [1991]) but it w ould b e a substan tial new

complication to an already sophisticated t yp e system.

5.2 Relaxed sup erclass con texts

One of our ground rules in this pap er is that the t yp e v ari-

ables in the con text of a class declaration m ust b e a subset

of the t yp e v ariables in the class head. This rules out dec-

larations lik e:

class Monad (m s) => StateMonad m where

get :: m s s

set :: s -> m s ()

The idea here is that the con text indicates that m s should

b e a monad for an y t yp e s . Rewriting this de�nition b y

o v erloading on the state as w ell

class Monad (m s) => StateMonad m s where

get :: m s s

set :: s -> m s ()

is not satisfactory as it forces us to pass sev eral dictionarie s,

sa y (StateMon ad State Int, StateMona d State Bool)

where they are really the same. What w e really w an t is

to use univ ersal quan ti�cation:

class (forall s. Monad (m s))

=> StateMona d m where

get :: m s s

set :: s -> m s ()

but that means that the t yp e system w ould ha v e to han-

dle constrain ts with univ ersal quan ti�cation | a substan tial

complication.

Another ground rule in this pap er is the restriction to acyclic

sup erclass hierarc hies. Gofer puts no restriction on the form

of predicates that ma y app ear in sup erclass con texts, in par-

ticular it allo ws m utually recursiv e class hierarc hies. F or ex-

ample, the Iso class example of Section 2.3 can b e written

in a more elegan t w a y if w e allo w recursiv e classes:

class Iso b a => Iso a b where iso :: a -> b

The sup erclass constrain t ensures that when a t yp e a is iso-

morphic to b , then t yp e b is isomorphic to a . Needless to

sa y that suc h class declarations easily giv e lead to an unde-

cidable t yp e system.

5.3 Con troling the scop e of instances

One sometimes wishes that it w as p ossible to ha v e more

than one instance declaration for the same instance t yp e,

an extreme case of o v erlap. F or example, in one part of the

program one migh t lik e to ha v e an instance declaration

instance Ord T where { (<) = lessThanT }

and elsewhere one migh t lik e

instance Ord T where { (<) = greaterTha nT }

As evidence for this, notice that sev eral Hask ell standard

library functions (suc h as sortBy ) tak e an explicit compar-

ison op erator as an argumen t, re
ecting the fact that the

Ord instance for the data t yp e in v olv ed migh t not b e the

ordering y ou w an t for the sort. Ha ving m ultiple instance

declarations for the same t yp e is, ho w ev er, fraugh t with the

risk of losing coherence; at the v ery least it in v olv es strict

con trol o v er whic h instance declarations are visible where.

It is far from ob vious that con trolling the scop e of instances

is the righ t w a y to tac kle this problem | functors, as in ML,

lo ok more appropriate.

5.4 Relaxed t yp e signature con texts

In programming with t yp e classes it is often the case

that w e end up with an am biguous t yp e while w e

kno w that in fact it is harmless. F or example, kno w-

ing all instance declarations in the program, w e migh t

b e sure that the am biguous example of Section 2.3

iso 2 == iso 3 :: (Eq b, Iso Int b) => Bool has the

same v alue, irresp ectiv e of the c hoice for b . Is it p ossible

to mo dify the t yp e system to deal with suc h cases?
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6 Conclusion

Sometimes a t yp e system is so �nely balanced that virtually

an y extension destro ys some of its more desirable prop er-

ties. Hask ell's t yp e class system turns out not to ha v e the

prop ert y { there seems to b e sensible extensions that gain

expressiv eness without in v olving ma jor new complications.

W e ha v e tried to summarise the design c hoices in a fairly

un-biased manner, but it is time to nail our colours to the

mast. The follo wing set of design c hoices seems to de�ne

an up w ard-compatible extension of Hask ell without losing

an ything imp ortan t:

� P ermit m ulti-parameter t yp e classes.

� P ermit arbitrary constrain ts in t yp es and t yp e signa-

tures (Choice 1b).

� Use the ( inst ) con text-reduction rule only when forced

b y a t yp e signature, or when the constrain t is tauto-

logical (Choice 2d). Choice 2e is also viable.

� Prohibit o v erlapping instance declarations

(Choice 3a).

� P ermit arbitrary instance t yp es in the head of an in-

stance declaration, except that at least one m ust not

b e a t yp e v ariable (Choice 4c).

� P ermit rep eated t yp e v ariables in the head of an in-

stance declaration (Choice 5a).

� Restrict the con text of an instance declaration to men-

tion t yp e v ariables only (Choice 6b).

� No limitation s on sup erclass con texts (Choice 7b).

� Prohibit impro v emen t (Choice 8a).

� P ermit the class v ariable(s) to b e constrained in class-

mem b er t yp e signatures (Choice 9b).

Our hop e is that this pap er will pro v ok e some w ell-informed

debate ab out p ossible extensions to Hask ell's t yp e classes.

W e particularl y seek a wider range of examples to illustrate

and motiv ate the v arious extensions discussed here.
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