Scala for Generic Programmers

Bruno C. d. S. Oliveira and Jeremy Gibbons

Oxford University Computing Laboratory
Wolfson Building, Parks Road, Oxford OX1 3QD, UK

{bruno,jg} @comlab.ox.ac.uk

Abstract

Datatype-generic programming involves parametrizatignthe
shape of data, in the form of type constructors such as ‘fist o
Most approaches to datatype-generic programming are ajese|
in the lazy functional programming language Haskell. Weuarg
that the functional object-oriented language Scala is inymeays
a better setting. Not only does Scala provide equivalentdl the
necessary functional programming features (such paranpethy-
morphism, higher-order functions, higher-kinded typerafiens,
and type- and constructor-classes), but it also providesntbst
useful features of object-oriented languages (such ag/snlt
overriding, traditional single inheritance, and multiphberitance
in the form of traits). We show how this combination of feasir
benefits datatype-generic programming, using three difteap-
proaches as illustrations.

Categories and Subject Descriptors D.3.3 [Programming Lan-
guage§ Language Constructs and Features

General Terms Languages

Keywords Datatype-Generic Programming, Polytypic Program-
ming, Scala

1. Introduction

Datatype-generic programming is about writing progranas #re
parametrized by a datatype, such as lists or trees. Thiffésetit
from parametric polymorphism, or ‘generics’ as the termssdi
by most object-oriented programmers: parametric polyimism
abstracts from the ‘integers’ in ‘list of integers’, whesedatatype-
generic programming abstracts from the ‘list of’.

There is a large and growing collection of techniques fot-wri
ing datatype-generic programs. These range from domaicifsp
languages such as Generic Haskell [Hinze and Jeuring, 20QP]
Charity [Cockett and Fukushima, 1992], through languagerex
sions such as Scrap Your Boilerplate [Lammel and Peytoes]on
2003] and Template Haskell [Sheard and Peyton Jones, 2002],
braries for existing general purpose languages such asiGefer
the Masses [Hinze, 2006] and Adaptive Object-Oriented Rirng
ming [Lieberherr, 1996]. Evidently datatype-generic peosgming
is quite a hot topic.
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Despite the rather wide variety of host languages involved i
the techniques listed above, the casual observer mightrhén
for thinking that ‘Haskell is the programming language obicle
for discriminating datatype-generic programmers’ (togmpurase
the first prize of the ICFP Programming Contest). Our purpose
in this paper is to argue to the contrary; we believe thatoaign
Haskell is ‘a fine tool for many datatype-generic applicagioit is
not necessarily the best choice for them.

Specifically, we argue that the discriminating datatypeegie
programmer ought seriously to consider using Scala, avebate-
cent language providing a smooth integration of the fumeti@and
object-oriented paradigms. Scala offers equivalents! ¢i@ffamil-
iar features cherished by datatype-generic Haskell progrers,
such parametric polymorphism, higher-order functionghhi-
kinded type operations, and type- and constructor-clag3ée
most significant missing feature is lazy evaluation.) Buaddi-
tion, it offers some of the most useful features of objedtred
programming languages, such as subtyping, overriding,bartial
single and a form of multiple inheritance. We show that ndt/on
can Haskell techniques for generic programming be conundgie
replicated in Scala, but that the extra expressivity presidome
important additional benefits in extensibility and reuse.

We are not the first to associate datatype-generic progragimi
with Scala. Indeed, at the previous Workshop on Genericrémg
ming, Moors et al. [2006] presented a translation into Scéla
Haskell library of ‘origami operators’ [Gibbons, 2006]; wiscuss
this translation in depth in Section 4. And of course, it it really
surprising that Scala should turn out to subsume Haskaltesits
principal designer is a well-known functional programmer.

We feel that our main contribution is as a position paper: a
call to datatype-generic programmers to look beyond Haskedl
particularly to look at Scala; not only is Scala good enougepme
ways it is better than Haskell for datatype-generic programg.
Some of those advantages derive from Scala’s mixed-paradig
nature, and do not translate back into Haskell; but othersh(as
case classes and anonymous case analyses, as we shall giek) wo
fit perfectly well into Haskell. So we are not just trying tdkea
programmers from the Haskell camp; we are also trying to add
features to the Haskell language.

As a secondary contribution, we show that Scala is more of
a functional programming language than is typically apiated.
We believe that Scala tends to be seen only as an objectaxdien
language that happens to have some functional featuress@nd
potential users feel that they have to use it in an objearoed
way. (For example, Moors et al. [2006] claimed to be ‘stayésg
close to the original work as possible’ in their translatibat as
we show in Section 4 they still ended up less functional thway t
might have done.) Scala is also a functional programmingdage
that happens to have object-oriented features. Indeeffeisahe
best of both worlds, and this paper is also a tutorial in ggtthe
best out of Scala as a multi-paradigm language.



The rest of this paper is structured as follows. Sectionsd®23an
introduce the basics of Scala, and those more advanceddeatfi
its type and class system on which we depend. Our contribbutio
starts in Section 4, in which we present an alternative td,(ame
argue, improvement of) Moors et al.’s encoding of the origap
erators. Section 5 discusses the extensibility benefitsiofuopen
datatypes for type representations, which can serve asisfoas
generic programming libraries [Cheney and Hinze, 2002 ridfei
2006]. Section 6 discusses generic programming approactses]
on type classes, such &enerics for the Massdslinze, 2006],
and explains how the reuse benefits from object-orientettifes,
namely inheritance and overriding, can be helpful. (In thaper
we shall not present the full code required to run the exasnfae
reasons of space, but Oliveira [2008] presents the comfSiedta
code for all three approaches.) Section 7 concludes.

2. The Basics of Scala

Scala is a strongly typed programming language that corabine
object-oriented and functional programming featureshédigh in-
spired by recent research, Scala is not just a researchdgagit

is also aimed at industrial usage: a key design goal of Ssdleat

it should be easy to interoperate with mainstream langubkes
Java and C#, making their many libraries readily availabl8dala
programmers. The user base of Scala is already quite sigmific
with the compiler being actively developed and maintairfeat. a
more complete introduction to and description of Scala,Géer-
sky [2006a, 2007a,b], Schinz [2007].

2.1 Definitions and values

Functions are defined using tllef keyword. For example, the
squaring function omoubles could be written:

defsquare(x: Double) : Double= x* x

Scala distinguishes between definitions and values. In aitiefi
def x = e, the expressiorm will not be evaluated untik is used.
Scala also offers a value definitiatal x = €, in which the right-
hand sidee is evaluated at the point of definition. However, only
definitions can take parameters; values must be constants.

2.2 First-class functions

Functions in Scala are first-class valueshggher-order functions
are supported. For example, to define the fundiaoethat applies
given a functiorf twice to its argumenk, we could write:

deftwice(f : Int = Int,x:Int) : Int =f (f (X))

Scala supportanonymous functiongor instance, to define a func-
tion that raises an integer to the fourth power, we could hse t
functiontwicetogether with an anonymous function:

def power(x: Int) : Int = twice ((y: Int) = yxy,X)

The first argument of the functidmiceis an anonymous function
that takes an integgrand returns another integes y.

Scala also supportsurrying. To declare a curried version of
twice we can write:

defcurryTwice(f : Int = Int) (x:Int): Int =f (f (x))

2.3 Parametric polymorphism

Like Haskell and ML (and more recently Java and C#), Scala sup
ports parametric polymorphisntknown asgenericsin the object-
oriented world). For example, function composition can bfireéd

as follows:

defcompla,b,c] (f:b=-c) (g:a=b) (x:a):c=f (g (x))

2.4 Call-by-name arguments

Function arguments are, by default, pasbgd/alue being evalu-
ated at the point of function application. This gives Scaktrict
functional programming flavour. However, we can also pags-ar
mentsby name by prefixing the type of the argument with>”;
the argument is then evaluated at each use within the fundgé
inition. This can be used to emulate lazy functional prograng;
although multiple uses do not share evaluation, it is ssdiful, for
example, for defining new control structures. Scala’s pacsen-
binators are a good example of the use of laziness: the canabin
Thentries to apply a parse, and if that parser succeeds, applies
another parseg to the remainder of the input:

def Then(p: Parser (q: = Parsen : Parser=...

Here, the second parseris lazy: only if g is needed will it be
evaluated.

2.5 Type inference

The design goal of interoperability with languages likealag-
quires Scala’s type system compatibility. In particulais tmeans
that Scala needs to support subtyping and (name-) ovedadefe
initions such as:

defadd (x:Int):Unit=...
defadd (x: String) : Unit = ...

This makes type inference difficult. Nevertheless, Scaksduip-
port some type inference. In particular, it is possible nafsthe
time to infer the return type of a definition and the type ofraltaa
variable. For example, an alternative definitiorptawerwould be:

def power(x: Int) = twice(y = yx*Y,X)

in which both the return type and the type of the lambda vigigb
are inferred.

3. Scala’s Object System

Scala has a rich object system, including object-orientetsituc-
tions familiar from mainstream languages like Java or Cthag
classes, abstract classes, subtyping and inheritancka &sa in-
corporates some less common concepts. In particular, theae
concrete notion obbject and interfaces are replaced by the more
general notion ofraits [Scharli et al., 2003], which can be com-
posed using a form of mixin composition. Furthermore, Saala
troduces the notion afase classesvhose instances can be decom-
posed using case analysis and pattern matching.

In this section, we introduce a subset of the full Scala dbjec
system. We believe, however, that this subset is partigudapres-
sive, and mostly subsumes the other features. In our opitien
object system is one of the rough edges of Scala, having m&ny d
ferent (and largely overlapping) constructs that entajhiicant
complexity in the language; we believe that there is poadritir
simplification in this area. Having said that, the fact isttBaala’s
object system is very powerful, precluding the need for assp
module system and enjoying of a form of multiple inheritanize
the use of traits and mixin composition.

3.1 Traits and mixin composition

Instead of interfaces, Scala has the more general concept of
traits [Scharli et al., 2003]. Like interfaces, traits can be used
defineabstract methodghat is, method signatures). However, un-
like interfaces, traits can also define concrete methodstsizan be
combined usingnixin compositionmaking a safe form ahultiple
inheritancepossible, as the following example demonstrates:

trait Hello {
val hello

}

="Hel |l o!'"



trait List[A]
case clasdil [A] extendsList[A]
case clas€ongA] (x: A, xs: List[A]) extendsList[A]
deflen[a] (I:List[a]): Int =1 match {
caseNil () =0
caseCons(x,xs) = 1+ len(xs)

}
defins[a<:Ordereda]] (x:a,l:List[a]): List[a] =
I match {
caseNil () = Cons(x,Nil [a])
caseCons(y,ys) = if (x<y) Cons(x,Cons(y,ys))
elseCons(y,ins (x,ys))
}

Figure 1. Algebraic datatypes and case analysis in Scala.

trait HowAreU {
val howAreU =
}
trait WhatlsUrName{
val whatlsUrName= " \Wat
}
trait Shout{
def shout(str: String) : String

}

"How are you?"

i s your nane?"

In this example, we use traits in much the same way as we would

have used classes, allowing the declaration of both albstrath-
ods like shout and concrete methods likeello, howAreU and
whatlsUrNameln a single-inheritance language like Java or C#, it
would not be possible to define a subclass that combined ttee fu
tionality of the four code blocks above. However, mixin casip
tion allows any number of traits to be combined:

trait BasicsextendsHello with HowAreU
with WhatlsUrNamevith Shout{
val greet = hello+" " +howAreU
defshout(str: String) = str.toUpperCase)

}

The trait Basics inherits methods fromHello, HowAreU and
WhatlsUrNamgimplements the methaghoutfrom Shout and de-
fines a valugreetusing the inherited methodtello andhowAreU

3.2 Objects and case classes

New object instances can be created as in conventional tebjec
oriented languages by using thew construct. For example, we
could have defined a neBasicsobject by:

defbasicg = newBasics() {}
Alternatively, Scala supports a distinct notionadfject:
object basics extendsBasics

While the self-type obasicg is Basics the self-type obasics is
a new anonymous subtype Bhsics this small difference means
that there are situations where the two are not interchdngea
Scala also supports the notion adse classeswvhich simplify
the definition of functions by case analysis. In particulbey al-
low the emulation of algebraic datatypes from conventidoat-
tional languages. Figure 1 gives definitions for the eqeivito the
algebraic datatype of lists and the length and (orderedriias
functions. The traitist[A] declares the type of lists parametrized
by some element typA; the case classddil andConsact as the
two constructors of lists. The functidenis defined using standard

case analysis on the list valueThe functionins shows another
definition by case analysis on lists, and also demonstrhtesige
of type-parameter boundghe list elements must be ordered.

Case classes do not require the use of ibes keyword for
instantiation, as they provide a more compact syntax iadpiy
functional programming languages:

val alist = Cons(3,Cons(2,Cons(1,Nil ())))

3.3 Higher-kinded types

Type-constructor polymorphism and constructor (type)ssits
have proved themselves very useful in Haskell allowing, @ano
other things, the definition of concepts such as monads [@¥adl
1993], applicative functors [McBride and Paterson, 20G#d
container-like abstractions. This motivated the recemlitamh of
type-constructor polymorphism to Scala [Moors et al., 3068r
example, a very simple interface for thierable class could be
defined in Scala as:

trait Iterable[A, Container_]] {
defmap[B] (f : A= B): Container|B]
deffilter (p: A= Boolear) : Container/A]

Note thatiterableis parametrized bZontainer_], which is a type
that is itself parametrized by another type — in other woadtype
constructor. By parametrizing over the type constru@ontainer
rather than a particular typ@ontainerfA], we can use the param-
eter in method definitions with different types. In partawlin the
definition ofmap the return type i€ontainefB], whereB is a type
parameter of the methadap with parametrization by types only,
we would have to content ourselves with a homogeneaais

3.4 Abstract types

Scala has a notion @fbstract typeswhich provide a flexible way
to abstract over concrete types used inside a class or &elirme-
tion. Abstract types are used to hide information aboutiats of
a component, in a way similar to their use in SML [Harper arld Li
libridge, 1994] and OCaml [Leroy, 1994]. As with any othendi
of class member, abstract types in a class must be givenatencr
definitions before the class can be instantiated. Oderskyanger
[2005] argue that abstract types are essential for the iwanismn of
reusable components: they allow information hiding overesd
objects, which is a key part of component-oriented programgm
Figure 2 shows a typical example of an ML-style abstract
datatype for sets. The abstract tr@#tinterfacedeclares the types
and the operations required by sets. The abstract tpasd Set
(which is a type constructor) are, respectively, abstoastover the
element type and the shape of the set. The operations sadpmyt
the set interface arempty insertandextract The traitSetOrdered
presents a concrete refinementS#tinterfacein which sets are
implemented with lists and the elements of the set are oddere

3.5 Implicit parameters and type classes

Scala’'simplicit parametersallow some parameters to be inferred
implicitly by the compiler on the basis of type informatioas
noted by Odersky [2006b], they can be used to emulate Haskell
type classes [Hall et al., 1996]. Consider this approxioratod the
concept of a monoid, omitting any formalization of the mahoi
laws [Odersky, 2006a]:
trait Monoid[a] {
defunit :a [l unit ofadd
defadd(x:a,y:a):a // associative

}
This is clearly analogous to a type class. An example objectidv
be a monoid on strings, with the unit being the empty string an
addition being the concatenation of strings.



trait SetInterface
type Set_]
type A
def empty. SetA]
def insert(x: A, q: SetA]): SefA]
def extract(q: SefA]): Option[(A, SefA])]
}
trait SetOrderedxtendsSetInterface
type SetX] = List[X]
type A<: Ordered/A]
def empty= Nil ()
def insert(x:A,q: SefA]) =ins(x,q)
def extract(q: SefA]) = qmatch {
caseNil () = None
caseCons(x,xs) = Somegx, xs)

Figure 2. An abstract datatype for sets.

implicit object strMonoidextendsMonoid[String] {
defunit =""
defadd (x: String, y: String) = x.concat(y)

}

Again, there is a clear correspondence with an instanceudgizin
in Haskell. Ignoring thémplicit keyword for a moment, we can
now define operations that are generic in the monoid:
defsum[a] (xs: List[a]) (implicit m: Monoid[a]):a=

if (xsisEmpty m.unit

elsem.add (xshead sum(xstail) (m))
We can now ussumin the following way (as we would have done
normally):

deftest = sum(List("a"," bc"," def ")) (strMonoid)

However, we can omit the second argumenstion since the
compiler has enough information to infer it automatically:

deftesp: String= sum(List ("a"," bc"," def "))
This works because (a) thmplicit keyword in the object states
that strMonoid is the default value for the typklonoid[String],
and (b), theimplicit keyword in the definition obumstates that
the argumentm may be omitted if there exists an implicit object
in scope with the type oMonoid[a]. (If there are multiple such
objects, the most specific one is chosen.) The second usenpf
with the implicit parameter inferred by the compiler, is 8anto
Haskell usage; however, it is more flexible, because it alsoiges
the option to provide an explicit value overriding the onelired
by the type.

4. Scalaas aDGP Language

In order to support truly datatype-generic programminggleages
should support three forms of parametrization: “by #hapeof
the computation, which is determined by the shape of theminde
lying data, and represented by a type constructor (an dperan
types); by theelement typéa type); and by théodyof the compu-
tation, which is a higher-order argument (a value, typicalfunc-
tion).” [Gibbons, 2006]. As we have seen, Scala readily susgll
of these parametrization forms: parametrization by typedsided
by generics; parametrization by computation comes frorhdrig
order functions; and parametrization by shape can be aatigith
higher-kinded types (and can also be encoded with absyaes).

newtypeFix f a= In{out::f a (Fixf a) }
classBiFunctor f where

bimap::(a—b)— (c—d)—-fac—fbd

fmap2:(c—d)—-fac—fad

fmap2= bimap id
map:: BiFunctor f=- (a— b) — Fixf a— Fixf b
map f= Inobimap f (map f) - out
cata::BiFunctorf=- (far—r) — Fixfa—r
cata f = f -fmap2(cata f) o out
ana::BiFunctor f= (r - far) —-r — Fixfa
anaf=Inofmap2(anaf)of
hylo:: BiFunctorf= (a—fca) — (fcb—b)—a—b
hylo f g=gefmap2(hylo f g)of
build:: (forall b. (f ab— b) — b) — Fixf a
buildf =f In

Figure 3. Origami in Haskell

4.1 Alittle DGP library

Moors et al. [2006] were the first to point out that Scala is ex-
pressive enough to be a DGP language; they showed how to en-
code the origami patterns (analogues of theMPOSITE ITERA-
TOR, VISITOR and BUILDER design patterns) [Gibbons, 2006] in
Scala. However, their encoding was in an object-orientgle #hat
was somewhat heavyweight and had limitations that the ralgi
Haskell version did not have. We feel that this object-dedrstyle,
while perhaps more familiar to an object-oriented programas
Moors et al. intended, does not show the full potential of&fram
a generic programmer’s perspective. We present an aliegrext-
coding of the origami patterns that is essentially a dineztglation
of the Haskell solution and has the same extensibility ptoge

Figure 3 shows the Haskell implementation of the origami pat
terns. Figure 4 shows the translation of this Haskell cote$tala.
The key idea is to encode type classes through implicit petrars
(see Section 3.5) rather than using the object-orientdd giyp-
posed by Moors et al.. The newtypé is mapped into a trait, and
its constructoiin into a case class; the type cld$-unctor maps
into a trait; and the origami operations map into Scala dims
with essentially the same signatures. (In Scala, impl@igmeters
can only occur in the last parameter position.)

There are three things to note in the Scala version. Fitsély,
cause evaluation in Scala is strict, we cannot just writeahew-
ing in the definition ofcata

f oft.fmap2(catala,r,F] (f)) o (_.out)

(the syntax(_.m) is syntactic sugar fofx =- x.m); in other words,
‘_’ denotes an ‘anonymous’ lambda variable). Under strict-eva
uation, this would expand indefinitely; we have to write itn@o
awkwardly using application rather than composition.

Secondly, in Scala there are no higher-ranked types. Haweve
we can encode them by wrapping methods in objects. Furthretmo
because Scala supports structural subtyping, we can defomy-a
mous classes. The first arguméndf build is typed with an anony-
mous class with a (type-parametrizeghply method, which encap-
sulates the rank-2 type.

Thirdly, we introduced both the trdfix and the case class, to
make the correspondence with the Haskell code clearer. towe
it would be more within the Scala idiom to combine these two in
one (dropping one of the two names):

case clas§ix[F[—,_],a] (out: F [a,Fix[F,a]])



trait Fix[F [, _],a]

case clas$n [F [, _],a] (out: F [a,Fix[F,a]]) extendsFix [F [, _],a]

trait BiFunctor[F [_,_]] {
defbimap[a,b,c,d]: (a=b) = (c=d) = F[a,c] = F [b,d]
deffmap2a,c,d] :(c=d)= F[ac]= F[ad] =bimap(id)
}

defmapla,b,F[_,_]] (f :ta=b) (t: Fix[F,a]) (implicit ft: BiFunctor[F]):Fix[F,b] =

]

In[F,b] (ft.bimap(f) (map[a,b,F] (f)) (t.out))
defcatala,r,F[_,_]

f (ft.fmap2(cataja,r,F] (f)) (t.out))
defanala,r,F[_,_]] (f:r=F[ar]) (x:

In[F,a] (ft.fmap2(anala,r,F] (f)) (f (
defhylo[a,b,c,F[_,_]] (f:a=-F|c,a]) (g:

g (ft-fmap2(hylo[a,b,c,F] (f) (9)) (f (X))

]
a7

X))

(f:Flar]=r) (t:Fix[F,a]) (implicit ft: BiFunctor[F]):r

F[c,b] = b) (x:a) (implicit ft:BiFunctor[F]):b
)

r) (implicit ft: BiFunctor[F]):Fix[F,a] =

defbuild[a,F[_,_]] (f : {defapply[b]: (F[a,b] = b) = b}) =f.apply(In[F,a])

Figure 4. Origami in Scala

trait ListF[a,r]
case clasdNil [a,r] extendsListF[a,r]
case clas€onga,r| (x:a,xs:r) extendsListF [a,r]
implicit object biList extendsBiFunctor[ListF] {
defbimap[a,b,c,d] =f = g= {
caseNil () = Nil ()
caseCons(x,xs) = Cons(f (x),g (xs))
}
}
type List[a] = Fix|[ListF,a]
defnil [a] : List[a] = In[ListF,a] (Nil ())
defconga] = (x:a) = (xs:List[a]) = In|[ListF,a] (Cons(x,xs))

Figure 5. Lists as a fixpoint

4.2 Using the library

Figure 5 captures the shape of lists in a type construgstF; the
two possible shapes for lists are defined with the case d&$ike
and Cons The BiFunctor object defines théimap operation for
the list shape. Lists are obtained simply by applyifig to ListF.
The figure also shows functiomsl and consthat play the role of
the two constructors for lists.

We can now define operations on lists using the origami opera-
tors. A simple example is the function that sums all the elgmef
a list of integers:

defsumList= cata[Int, Int, ListF] {
caseNil () =0
caseCons(x,n) = X+n

}

4.3 Evaluation of the approach

Figure 6 presents Moors et al.’s object-oriented encodinthe
origami operators (slightly adapted due to interveningnges in
Scala syntax), and Figure 7 shows the specialization & xm-
pared to this object-oriented (OO) encoding, our more fonet
(FP) style has some advantages. The most significant differe
between the two is that the OO encoding favours represenpng
erations as methods attached to objects, and provided wlittia-

trait ListF extendsBiFunctor[ListF]

case clasilF [a,b] extendsListF {
typeA=a;typeB=>b
defbimapic,d] (f :a=-c,g:b=-d):NilF [c,d] = NilF ()

case clas€onsFa, b] (x:a,xs: b) extendsListF {
type A=a;typeB=Db
defbimapic,d] (f :a=-c,g:b=d):ConsFc,d] =
ConsF(f (x),g (x9))
}

type List[A] = Fix[ListF,A]

Figure 7. Lists as a fixpoint, after Moors et al. [2006]

guished ‘self’ parameter, whereas the FP encoding favamer
senting operations as global functions, independent ofodsct.
In particular, in the OO encoding of the type cl&i§unctor, the
methodbimaptakes just two functions, whereas in the FP encoding
it takes a data structure too; the OO encoding ofcidia operation
is as a method of the class, with a recursive data structure as
a ‘self’ parameter, whereas the FP encoding is as a globat fun
tion, with the recursive data structure passed explicitlye OO
approach requires more advanced language features, atglttea
problems with extensibility, as we shall discuss.

The dependence on the self parameter in the OO encoding
requires some sophisticated type machinery: Scalgsicit self
types This is seen in the definition of the tr&tFunctor.

trait BiFunctor[S<:BiFunctor[S]] ... {self:S= ...}
trait ListF extendsBiFunctor]ListF]

Note thatListF is given a recursive type bound, and that e
parameter ofBiFunctor is given both an upper bound (namely
BiFunctor[S]) and a lower bound (through tselfclause, explicitly
specifying the self type: an ‘instance of the type class’hsas
ListF cannot instantiate th® parameter to anything more specific
thanListF itself). Moors et al. [2006] explain the necessity of this
construction for guaranteeing type safety; it is not regghiat all in
the FP encoding.

A second characteristic of the OO encoding is the attachofent
operations to objects as methods; for exampéda is a method



trait TC {type A;type B}
trait BiFunctor[S<: BiFunctor[S]] extendsTC {
self: S=
defbimap[c,d] (f:A=-c,g:B=-d):S{typeA=c;typeB=d}
}
trait Fix[S<:TC,a] {
defmaplb] (f :a=-b):Fix[Sb]
defcatalb] (f: S{type A=a;typeB=b} =Db):b

case clas$n [S<:BiFunctor[S],a] (out: S {type A= a;type B = Fix[S a] }) extendsFix [S a] {
defmaplb] (f :a=-b):Fix[S b] = In (outbimap(f,_.map(f)))
defcatalb] (f : S{type A=a;typeB=b} = b):b =1 (outbimap(id,_.cata(f)))

defana[s<:BiFunctor[s],a,b] (f :b= s {type A= a;type B=b}) (x:b):Fix[s,a] =
In (f (x).bimap(id,ana(f)))
defhylo[s<:BiFunctor[s],a,b,c] (f :b=s{type A=a;typeB=Db}.g:s{typeA=a;typeB=c} =) (x:b):c=
g (f (x).bimap(id, hylo[s,ab,c] (f,g)))
trait Builder[S<:BiFunctor[S],a] {
final defbuild () : Fix[S a] = bf (In[S a])
defbf [b] (f :S{type A=a;typeB=b} =b):b
}

Figure 6. Origami in Scala, after Moors et al. [2006]

of the case clas#, rather than a global function. This works sis’, as used in the definitions biList andsumList would be nice
smoothly for operations consuming a single distinguisimstiince syntactic sugar for the Haskell idiomx — casex of ...".
of the recursive datatype, suchaaa However, it doesn’t work for To summarize, one sometimes gets the impression from the lit
operations that produce rather than consume, and take tamaas erature that one has to accept Haskell before one can staenco
such asang these appear outside the case class instead. (And of plating datatype-generic programming. We believe that tided
course, it is well-known [Bruce et al., 1995] that it doesntirk not be the case, and indeed that Scala is also a reasonaditigpéat
well for binary methods such as ‘zip’ either.) generic programming language.

In addition to the awkward asymmetry introduced betwesta
and ana, the association of consumer methods with a class in- . . .
troduces an extensibility problem: adding new consumeich ss 5. Generic Programming with Open Datatypes
monadic map [Meijer and Jeuring, 1995], paramorphism [Néees; As we discussed in Section 3.2, Scala readily supports a érm
1992], or idiomatic traversal [Gibbons and Oliveira, 2Q08}uires algebraic datatypes via case classes. It turns out thae thigs-

modifications to existing code. Moors et al. [2006] addragsdec- braic datatypes are quite expressive, being effectivalyvatpnt to
ond problem through an ‘extensible encoding’, expressedrmns Haskell'sgeneralized algebraic datatypé&ADTSs) [Peyton Jones

of virtual classes— that is, nested classes in a superclass that are et al., 2006]. However, unlike the algebraic datatypes danmost
overridable in a subclass. Since Scala does not provideasaoh- functional programming languages, Scala allows the eadijiad
struct, this virtual class encoding has itself to be encadedrms of new variants to a datatype. In this section, we see how to ex
of type members of the enclosing class (which are overrgjablo ploit this as a basis for a generic programming library wigeio

such sophistication is needed in the FP approach: a newnoriga representations and hence supportafdhoccases.
operator is a completely separate function.

Restricting attention now to the FP approach we describ®, ho 5.1 Type representations and generic functions
does the Scala implementation compare with the Haskell one?
Scala is rather more noisy than Haskell, for a variety of saas
the use of parentheses rather than simple juxtapositiciufiction
application; additional type annotations, for examplenidi¢ating
thatbimapis parametrized by the four typesb, c,d; the lack of
eta reduction because of strictness, as discussed aboweveip
the extra noise is not too distracting — and indeed, the extra
explicitness in precedence might make this kind of highreleo
datatype-generic programming more accessible to thostusmit

The traitRep[A] in Figure 8 is a datatype of type representations.
The three objectRUnit, Rint, RCharare used to represent the basic
typesUnit, Int and Char; these objects can be implicitly passed
to functions that accept implicit values of typep/A]. The case
classefRPlusandRProdhandle sums and products, and Ridew
case class can be used to map datatypes into sums of produdts (
vice versa). The first argument BViewshould correspond to an
isomorphism, which is defined as:

in Haskell conventions. trait Iso[A,B] { // fromandto are inverses
On the positive side, the translation is quite direct, ardeh- deffrom:A=B
coding rather transparent; the code in Figure 4 is not thathmu defto :B= A

more intimidating than that in Figure 3. Scala even has some 1

lessons to teach Haskell; for example, the ‘anonymous gasig-a For example, the isomorphism between lists and their sumoaf-p

ucts representation is given bgtlso:



trait RepA]
implicit object RUnit extendsRepUnit]
implicit object RInt extendsRepInt]
implicit object RCharextendsRep/Char]
case clas®ProdA, B] (ra: RepA],rb: RepB])
extendsRep/(A,B)]
case clas®PIlugA,B] (ra: RepA],rb:RepB|)
extendsRepEither[A, B]]
case clas®RViewA, B] (iso:1so[B,A],r : () = RepA])
extendsRepB]
implicit def RepProda, b]
(implicit ra: Repal,rb:Repb]) = RProd(ra,rb)
implicit def RepPlusa, b]
(implicit ra:Repa],rb:Repb]) = RPIus(ra,rb)

Figure 8. Type representations in Scala.

deffromList[a] = (I:List[a]) = | match {
caseNil = Left({})
case(x::xs) = Right(x,xs)
}
deftoList[a] = (s: Either[Unit, (a, List[a])]) = smatch {
caseleft(_) = Nil
caseRight((x,xs)) = x::xs

deflistlso[a] =
Iso[List[a], Either[Unit, (a, List[a])]] (fromList) (toList)

Note that the second argument Biiew should be lazily con-
structed. Unfortunately, Scala forbids the declaratiomyyhame
arguments in case classes, so we have to encode call-bymame
ually using the conventional ‘thunk’ technique.

As a simple example of a generic function, we present a seri-
alizer. The idea is that, given somepresentableype t, we can
define a generic binary serializer by case analysis on thetste
of the representation of

defser[t] (x:t) (implicit r:Rep[t]): String=

r match {
caseRUnit =""
caseRInt = encodeln{x)
caseRChar = encodeCharx)

caseRPlus(a,b) = x.fold (" 0" +ser(_) (a),
"1" +ser(-) (b))

caseRProd(a,b) = ser(x._1) (a) + ser(x._2) (b)

caseRView(i,a) = ser(i.from(x)) (a())

}

For the purposes of presentation we encode the binary myees
tion as a string of 0’s and 1’s rather than a true binary stréidm
arguments ofer are the valuex of typet to encode and a repre-
sentation of (that may be passed implicitly). For thinit case, we
just return an empty string; fdnt and Char we assume the exis-
tence of primitive encodersncodelntand encodeCharThe case
for sums applies thiold method (defined in thEither trait) to the
valuex; in casex is an instance oEeftwe encode the rest of the
value and prepend 0O; in casés an instance dRightwe encode the
rest of the value and prepend 1. The case for products coratate
the results of encoding the two components of the pair. Firfar
the view case, we convert the valyénto a sum of products type
and apply the serialization function to that.

5.2 Open type representations and ad-hoc cases

In Scala, datatypes need not necessarily be closed to extefibis
means that it is possible to introduce new variants; in thee af
type representations, it means that we can add new cormsot
type representations. This is useful for ad-hoc cases iergefunc-
tions — that is, to provide a behaviour different from the ggn
one for a particular datatype in a particular generic fuorcti

For example, suppose that we want to use a different encoding
of lists than the one derived generically: it suffices to elecds
length, followed by the encodings of each of the list element
For long lists, this encoding is likely to be more efficienaththe
generic behaviour obtained from the sum of products viewckvh
essentially encodes the length in unary rather than bir@mpdt.
In order to be able to define an ad-hoc case, we first need todexte
our type representations with a new case for lists.

case clas®List[A] (a: RepgA]) extends
RView(Either[Unit, (A, List[A])], List[A]]
(listlso, () = RPIlus(RUnit, RProd(a, RList(a))))
implicit def RepLis{a] (implicit a:Repa]) =
RList(a)
This is achieved by creating a subtypeRi¥fiew using the isomor-
phism between lists and their sum of products representatio-
tice thatRList depends on itself; had we not made this represen-
tation parameter lazy, the representation would unfolchiieiy,
causing a stack overflow. The functi®epListyields a default im-
plicit representation for lists, given a representatiothefelements.
With the extra case for lists we could have an alternativiakser
ization function with a special case for lists:
defser [t] (x:t) (implicit r:Rept]): String=
r match {
Il just like ser
caseRList(a) = sen (x.length +
x.map(sen (-) (a)).foldRight(" ") ((x,y) = X+Y)
caseRView(i,a) = sen (i.from(x)) (a())

The definition ofsery is essentially the same asrexcept that there
is an extra case for lists. As we explained before, this speeise
for lists encodes the length of the list followed by the eriegd of
its elements.

5.3 Evaluation of the approach

The Scala approach that we have proposed in this sectionares\p
favourably with the Haskell approach using GADTSs to encoge t
representations. While it is true that the code to defineghessen-
tation type is somewhat more verbose than the Haskell dgaiva
we no longer need to create a separate type class to alloicitmpl
construction of representations. Implicit representetimay not be
necessary for a generic programming library, but they ang wen-
venient, and nearly all approaches provide them. The defindf
generic functions using type representations is basieallgasy in
Scala as in Haskell; no significant additional verbosityeiguired.

In Haskell, it is very hard to extend a datatype with new vasa
In contrast, in Scala, adding a new variant is essentiallysdime
as adding a new subclass. From a generic programming point of
view, the lack of extensible representations is awkwardabse
it prevents the design of modular generic programming fibsa
This has been realised by many researchers in the past [Hinze
and Peyton Jones, 2000, Lammel and Peyton Jones, 200%,Hinz
2006, Oliveira et al., 2006]. More recently, a number of elev
approaches using Haskell type classes has been used tomeerc
the problem of allowing extensible representations. Harehose
approaches are hard to grasp, and not as direct as one calild wi
for. A different approach, extending Haskell with open tatas



trait GeneridG[_]] {

defunit G[Unit]
defint G[Int]
defchar :G[Char]
defplus[a,b] : G[a] = G[b] = G[Either[a,b]]
defprod[a,b]:G[a] = G[b] = G[(a,b)]
defview[a,b] :Iso[b,a] = (= G[a]) = G[b]

}

Figure 9. The traitGeneric

and open functions, has been proposed by Léh and Hinze 2006
but so far that extension is not supported by any compilethWi
Scala, new cases for type representations can be moduladly a
easily added, and we can define generic functions with ad-hoc
cases.

There is an extra advantage of Scala’s case classes when com

pared to Loh and Hinze’s open datatypes. In Scala, we cak anar
trait assealed which prohibits direct subclassing of that trait out-
side the module defining it. Still, we can extend subclasges & a
different module. Therefore, we could have marked the ReffA|

as sealed; modular extension®Y¥iewwould still be allowed. The
nice thing about this solution is that we can be sure that a et
of patterns is exhaustive, so itis easier to avoid pattetichnitzg er-
rors. Scala even has coverage checking of patterns wheg cesie
analysis on values of sealed types, warning of any missisga

6. Generic Programming with Type Classes

In Section 3.5 we saw how to encode type classes with implicit
parameters. This section builds on that encoding, showow h

trait MySizeextendsGeneridSizd {

def unit = Size(x=0)
defint = Size(x=-0)
defchar = Size(x=-0)

defplus[a,b] =a= b= Size(_.fold (a.sizeb.size)
defprod[a,b] =a= b= Size(x=
asize(x._1) + b.size(x._2))
defview|a,b] = iso=a= Size(x=
a.size(iso.from (x)))

Figure 10. A generic function for counting values.

(Note that we have combined the trait and the case class im&o o
definition here, as discussed in Section 4.1.)

Now the definition of counting has to specify the approprizte
haviour for units, sum, products, and so on. This is done Epideg
a concrete subtype of the tréteneric[Sizg, giving concrete im-
plementations of each of the methods, as in Figure 10. Easshisa
a value of typeSizdA] for someA, which is obtained by applying
the constructoBizeto a function of typeA = Int. For flexibility, we
count zero for each of the three base cases; this will be iddem
later. For sums, products and user-defined datatypes, weedibt
vious thing: choosing the appropriate branch of a sum, ayttia
counts of the two components of a product, and unpackingva vie
and recursively counting its contents.

6.2 Constructing type representations

generic programming techniques based on type classes can bd\ generic function is encoded as a value of typeneric[G] for

defined in Scala. In particular, we will look at the “Geneffiosthe

Masses” (GM) technique by Hinze [2006] (Moors [2007] prasd
an alternative Scala tutorial on this technique), and disdwo

distinct mechanisms in Scala for reusing generic functiogisse

by inheritanceandlocal redefinition

6.1 Generics for the masses, in Scala

Hinze's GM technique allows the definition of generic funos
within Haskell 98. A generic function can be encoded as aainte

of a type classGeneric Another type class (thRepclass) defines

a functionrep that can be used to construct type representations
automatically.

Figure 9 presents a translation of one of the variants of étinz
Genericclass. Note that we use Scala’s support for higher kinds to
parametrize the trafBenericwith a type-constructo®. The idea is
that instances of the tra@enericrepresent generic functions over
sums of products (much like the approach presented in $eg}io
A generic function is defined by giving cases for sums, prtgjuc
the unit type and also a few built-in types suchlasand Char.

For sums and products, which have type parameters, we n&ed ex
arguments that define the generic functions for values afetho
type parameters. Theewcase uses isomorphisms to adapt generic
functions to existing datatypes; once again, the before the type
G|a] signals that that parameter is passed by name.

For example, suppose that we want a generic function to count

the number of values contained in data structures. Sucthtifunsc

have typeA = Int for various type#\ of data structure; we therefore

introduce a parametrized signature of this type, as a cass:cl
case clasSizdA| (size A= Int)

Thus, a value of typ&izdA| is basically a function of typé =
Int — that is, it is a record with a single fielsize of that type.

someG (such asG = Size above); in order to decode this value,
we make use of another type representation. Figure 11 fgesen
a representatiofRep[T] of typesT. This is a trait with a single
methodaccept which takes an encoded generic function of type
Generic[g]; it decodes the generic function to extract the specific
case at typel, which will be of typeg[T]. Again, the Scala
implementation is almost a transliteration of the Haskgiktclass
version, except that it uses implicit parameters insteadypé
classes.

We will now show how to define representations of user-defined
datatypes, using Scala’s lists as an illustration. Esakntior each
datatypeTl we want to represent, we need to create a value of type
RepT]. In the case of lists, such a value can be defined as follows:

deflistRepa,g[-]] (a:g[a])
(implicit gen: Generidg]): g[List[a]] = {
import gen_
view (listlso[a]) (plus(unit) (prod (a)
(listRepia,g] (a) (gen))))

implicit def RList[a] (implicit a: Refa]) =
new ReplList[a]] {
defaccepig[_]] (implicit gen: Generidg])
listRepa,g] (a.accepig] (gen) (gen
}

(The import declaration allows unqualified use of the methods
view, plus and so on of the objecfen) Here, we use the auxiliary
listRep definition to construct the righGenericvalue following
the sum-of-product structure. Note thistlso is the isomorphism
presented in Section 5.2. UsiligtRep we can then easily define
the representatioRListfor our lists.



trait RepT] {
defaccepig[_]] (implicit gen: Generidg]):g[T]

implicit def RUnit= newRepUnit] {
defaccepig[_]] (implicit gen: Generidg]) =
genunit
}

implicit def RInt=newRepInt] {
defaccepig[_]] (implicit gen: Generidg]) =
genint
}

implicit def RChar= newRep/Char] {
defacceptig[-]] (implicit gen: Generidg]) =
genchar
}

implicit def RPluga,b] (implicit a: Repa],b: Repb]) =
newRepEither[a,b]] {
defaccepig[_]] (implicit gen: Generidg]) =
} genplus(a.accepfg] (gen)) (b.accepig] (gen)
implicit def RProd[a, b] (implicit a: Repla],b: Regb]) =
newRep(a,b)] {
defaccepig[_]] (implicit gen: Generidg]) =
genprod (a.acceptg] (gen) (b.accepfg] (gen))

Figure 11. Representations for generic functions.

6.3 Applying generic functions

We can now define a methagize that provides an easy-to-use
interface for the generic function encoded Bjze this takes a
value of a representable typeand returns the number of elements
counted.

defsizea] (x:a) (implicit rep: Rega)) =

rep.accep{Sizg.size(x)

We definedMlySizeas a trait instead of an object so that it can be
extended, as we discuss in more detail in Sections 6.4 anih@5
may, however, be interested in having an object that sinmfigrits
the basic functionality defined ilySize Furthermore, this object
can be made implicit, so that methods likegp can automatically
infer this instance oseneric

implicit object mySizeextendsMySize

Of course, this will return a count of zero for any data stioetwe
show next how to override it with interesting behaviour.

6.4 Reuse viainheritance

The traitMySizedefines a template for functions that counts values
in a data structure; however, if no functionality is oveded, the
resulting generic function always returns zero. The th&tSize
becomes more useful when some of its functionality is odden.
In object-oriented languages like Scala we can use inimegtéor
defining new generic functions, by overriding functionabf other
generic functions. In languages without inheritance (Haskell),
this kind of reuse is more difficult to achieve. For examplmmose
that we wanted to define a generic function that counts tlegars
in some structure. Using inheritance, all we have to do isterel

trait CountintextendsMySize{
override defint = Size(x = 1)
}
defcountint/a] (x: a) (implicit rep: Repa]) =
rep.accep{Sizg (newCountInt{ }).size(x)
With the help of Countint we can define a methodountint to
count the integers in some structure of representable ffpe.
ability to explicitly pass an alternative ‘dictionary’ issential to
the definition of the methodount since we need to parametrize
theacceptmethod with an instance &izeother than the implicitly
inferred one.
Using such generic functions is straightforward. The follg
shippet defines a list of integaiesstand appliegountintto this list.

val test= List (3,4,5)
def countTest= countint(tesd

Note that theimplicit parameter for the type representations is
not needed, because it can be inferred by the compiler (siece
provided animplicit object RLis{).

6.5 Local redefinition

Suppose that we want to count the instances of the type pteame
in an instance of a parametric datatype such as lists. Itipogsi-
ble to specializ&enericto define such a function directly, because
there is no way of distinguishing values of the type paranfeten
other values that happen to be stored in the structure. Rongbe,
we could have a parametric binary tree that has an auxilideger

at each node that is used to store the depth of the tree atdtat n
(this could be useful to keep the tree balanced). If the ehesnef
the tree are themselves integers, we cannot count themwidhen
counting the balance information.

val testTree= Fork (2, Fork (1, Value(6), Value(1)), Value(5))
val five= countint(testTre¢ //returns 5

To solve this problem we need to account for the representati
of the type parameters of a parametric type. The melistiRlep for
example, needs to receive as an argument a representatigmeof
g[a] for its type parameter. A similar thing happens with our bjna
trees. Assuming that the equivalent method is catiedeRepwe
can provide a special-purpose counter for our trees thattsanly
the values of the type parameter.

defcountOnéda] = Size((x:a) = 1)
defcountTreéda] (x: Tree[a]) =
btreeRefa, Sizg (countOnédal).size(x)

val three= countTreg(testTreg¢ // returns 3

The idea here is to replace the default behaviour that woeilesed
for the type parameter (as inferred from the type) by usénee
behaviour specified byountOne

6.6 Evaluation of the approach

Like the two previous generic programming approaches, thie G
technique can be more verbose in Scala than in Haskell. For ex
ample, in the definitions of instances of the tiaip(like RUnit,
RCharor RProd), we need to state the implicit argument of the
acceptmethod and the type constructor argumgrfor each in-
stance; this is not necessary in the Haskell version.

In terms of functionality, the Scala solution can providettad
functionality present in the Haskell solution, includirgetability
to handle local redefinitions, and more. We can easily renge o
generic function to define another through inheritance,essah-
strated in Section 6.4; with the Haskell approaches, thisl kif
reuse is harder to achieve. The only mechanism that we know of

MySizeand override the case for integers so that it counts 1 for each that comes close, in terms of simplicity, to this form of reus

integer value.

Generic Haskell'slefault case$Loh, 2004].



Another nice aspect that the Scala approach reveals is ilitg ab
to override an implicit parameter. Tleceptmethod ofReptakes
an implicit argument of typeSeneric[g]. When we defined the
genericcountIntfunction (see Section 6.4), we needed to override
that argument. This was easily achieved in Scala just byi@tpl
passing an argument; it would be non-trivial to achieve taes
effect in Haskell using type classes, since dictionariesabways
implicitly passed. Note that we also explicitly overrideiaplicit
parameter in the definition abuntTregsince the first argument of
btreeReps implicit by default).

Finally, it is interesting to observe that, when interpdeite an
object-oriented language, the GM approach essentialhgsponds
to the VisITOR pattern. While this fact is not entirely surprising
— the inspiration for GM comes from encodings of datatypes;
and encodings of datatypes are known to be related to \gsitor
[Buchlovsky and Thielecke, 2005, Oliveira, 2007] — it hag no
been observed in the literature before. As a consequenagy ma
of the variations observed by Hinze have direct correspuatsde
variations of visitors and we may hope that ideas developéehe
past in the context of visitors may reveal themselves to b&ulis
the context of generic programming. Oliveira [2007] explbthis
and has shown, for example, both how solutions to the express
problem [Wadler, 1998] using visitors can be adapted to Gl an
how solutions to the problem of extensible generic funcionthe
GM approach can be used as solutions to the expression proble

7. Discussion
7.1 Haskell versus Scala
Scala differs significantly from Haskell, and we were cusida

tionaries is a desirable feature for generic programmieg,(s
for example, [Ldh, 2004, Chapter 8]).

Inheritance: Another advantage of Scala is that we can easily
reuse generic functions using inheritance. In Haskehoalth
we can simulate this form of reuse in several ways, we can not
do it naturally.

Expressive type systemThe combination of subtyping, higher-
kinded types, abstract types, implicit parameters, teaitbmix-
ins (among other features) provides Scala with an imprelysiv
powerful type system. Although in this paper we do not fully
exploit the expressivity, Oliveira [2007, Chapter 5] shdwvesv
Scala’s type system can shine when implementing modularly
extensible generic functions.

Minor conveniences: We found the support for anonymous case
analysis (discussed in Section 4.3) quite neat and useful. A
though it is quite rare that we need to provide type annatatio
in Haskell expressions, when they are needed they can ke quit
tricky to get right; we believe that providing type annobas in
Scala is easier and more intuitive. Finally, Scala’s imfdican
avoid the need for some of the type classes and instances that
would be needed in Haskell (see the discussion in Sectign 6.6

7.2

Throughout this paper, we have been using a functional progr
ming style heavily influenced by Haskell and somewhat difier
from conventional Scala. What are the key techniques inpfos
gramming style?

Idiomatic Scala

Making the most of type inference. Scala does not support type
inference in the same way that Haskell does. As explained in

know what were the advantages and disadvantages of using aSection 2.5, in a definition like

language like Scala instead of Haskell for the implemeniadf
generic programming libraries. Generally speaking, Hia$lkees a
few (mostly minor) advantages over Scala:

defpower(x:Int): Int = twice ((y: Int) = yxy,X)
the return type ofpower and type of the lambda-boung can
be inferred, but the type of the paramekecannot. Although in

Laziness: Some approaches to generic programming rely, one this particular case the type annotations are not too dagintor
way or another, on laziness. While laziness comes for free in some definitions taking several arguments while possibingoe
Haskell, it does not in Scala, and we need to be more consciousimplemented or redefined in subclasses, this can becomelarbur
of evaluation order. For example, we had to adapt the origami However, a simple trick can help the compiler to (at leastidjy

definitions in Section 4, and introduce call-by-name argusie
in theRViewconstructor in Figure 8.

Syntactic clarity: While Scala’s syntax is more elegant than that
of Java or C#, itis still more verbose than Haskell. In paittic

we have to declare more types in Scala, and need to have

extra type annotations. Also, case classes can be sligluttg m
cumbersome than Haskelata declarations.

Purity: Some generic programming approaches have strong theo-

retical foundations that provide a good framework for reaso

infer argument types: use lambda expressions rather thesinga
parameters. That is, transform a parametrized method:

deff (Xg:t1,..., Xn:th) ithr1 =€
into a parameterless method with a higher-order value:
deffriti=...=h=>thi1=X1=...= X =€

Then the return typé = ... = ty = ty1 can (possibly) be in-
ferred, allowing a definition without type annotations:

deffr=x1=>...=xn=>€

ing. However, in a language that does not guarantee the ab-We have used this transformation a few times to make the nfiost o

sence of side effects, the properties that one would expagt m
not hold. Haskell is a purely functional programming langgia
which means that functions will not hawlent side-effects;
Scala provides no such guarantees.

On the other hand, Scala has its own advantages:

Open datatypes with case classe#\s noted in Section 5, case
classes support the easy addition of new variants to a gataty

type inference, avoiding cluttering definitions with redant type
annotations; see for examganapin Figure 4, and the methods of
Genericin Figure 9.

Type class programming. As we have seen, type classes can be
encoded with implicit parameters. However, object-oeéntlasses
are more general than type classes, because they can cdatain

It is possible to mix ideas from traditional OO programminighw
ideas inspired by type classes. For example, Moors et ab8J]20

As a consequence, we can have an extensible datatype of typejefine the trait

representations, which allows the definition of genericfioms
with ad-hoc cases.

Generalized type-classes with implicit parametersin Haskell,
type class “dictionaries” are always implicitly passed tod-
tions. However, it is sometimes convenient to explicitlyneo
struct and pass a dictionary [Kahl and Scheffczyk, 2001k-Dij
stra and Swierstra, 2005]. The ability to override impldiit-

trait Ord[T] {
def < (other: T) : Boolean
}
in order to encode th@rd Haskell type class
classOrd t where
():t—t— Bool



There is a significant difference between the two approacies
instance of the traiDrd [T ] will contain data, since theelfvariable
plays the role of the first argument; whereas an instanceedf/ie
classOrd is essentially a dictionary containing a binary operation,
with no value of typet. In this paper, we use the classic Haskell

use these features into Scala should be possible (althoaghay
have to specify a few more details explicitly).

Something that Scala does not have is a meta-programming fa-
cility. Some of the generic programming libraries uBeEmplate
Haskell [Sheard and Peyton Jones, 2002] to automatically gen-

type class approach instead of the more OO approach. As we sawerate the code necessary for type representations. In Suzda

in Section 4, sometimes merging the “type class” with the dan
lead to extensibility problems that can be avoided by kegpie
two concepts separate.

Encoding higher-ranked types. Some more advanced Haskell
libraries exploit higher-ranked types [Odersky and Laui®96].
Scala does not support higher-ranked types directly, lasetltan
be easily encoded using a class with a single method that has
some local type arguments. However, this encoding reqairesv
(named) class, which can significantly obscure the interthef
code. In this paper, we make use of Scala’s structural typasgdid
most of the clutter of the encoding. The idea is simple: thekdh
definition

func::forall a.(forallb.o — b) —a—a
would be encoded in Scala as:

deffuncfa]: {defapplylb]:b=b} =a=a

Note that the type{defapply[b]:b=- b} stands fosomeclass with
amethodapply[b]: b= b. Structural types allow a definition that is
nearly as short and clear as the Haskell one. The main dr&vabac
the encoding is that we have to call thpply method explicitly
when we want to use the higher-ranked argument; in Haskell,
standard function application is used instead. As a finahr&nwe
note that this encoding makes it very easy to use parametedso
For example, to enforde<: a it suffices to write

deffuncfa]: {defapplylb<:a]:b=b} =a=a

would need to be generated manually, or a code generatidén too
would need to be developed. Therap your boilerplateapproach
[Lammel and Peyton Jones, 2003] relies on the ability toraat-
ically derive instances dbata and Typeable in Scala there is no
deriving mechanism, so this would entail defining some instances
manually.

7.4 Where to go from here

The goal of this paper was not to promote a particular appréac
generic programming. Instead, we were more generallyésted
in investigating how Haskell's language mechanisms usedin
ious generic programming techniques could be adapted tla.Sca
The hope is that this work serves as a foundation for futurgkwo
on generic programming libraries in Scala. We believe th#eee
approaches discussed in this paper could serve as gooohgtart
points for more complete libraries. Moreover, other apphes can
still greatly benefit from the discussions and insights @nésd in
this paper.

The approach discussed in Section 5 supports open datatypes
and consequently supports ad-hoc cases for generic fasctill,
open datatypes alone can be insufficient, and sometipes func-
tionsare also required (see for example Lammel and Peyton Jones
[2005]; this would also allow the removal of the duplicateutle
in the functionser; in Section 5.2). Extending this approach with
open functions is an avenue for future work. One possible way
achieve this is to usepen recursiorfCook, 1989], which has been

If we had used a separate named class, we would have had toused, in a similar context, by Garrigue [2000].

parametrize that class with the extra type bound argumegvast-
burn, 2008].

To our knowledge, this is the first time such an encoding for
higher-ranked types as been observed in the literature.alievb
that building primitive support for higher-ranked types Scala
using this encoding as a basis should be fairly simple.

7.3 Porting generic programming libraries to Scala

In Haskell there has been a recent flurry of proposals for riene
programming libraries [Cheney and Hinze, 2002, Hinze, 2006
Lammel and Peyton Jones, 2005, Oliveira et al., 2006, Hitzé,
2006, Weirich, 2006, Hinze and Ldh, 2007], all having ietting
aspects but none emerging as clearly the best option. Amante
tional committee has been set up to develop a standard gemeri
gramming library in Haskell. Their first effort [Rodriguez al.,
2008] is a detailed comparison of most of the current libang-
posals, identifying the implementation mechanisms andcte-
piler extensions needed.

The majority of the features required by those librariesgtate
well into Scala; the three approaches investigated in thpepare
quite representative of the mechanisms required by mostrigen
programming libraries. There are however some questionstab
some of the Haskell features. For example, certain appesagbe
type class extensions such asdecidable instancesverlapping
instancesand abstraction over type classewhich rely on so-
phisticated instance selection algorithms implementethénlat-
est Haskell compilers. The details of Scala’s instancectiele al-
gorithm have not been published, but we believe that it isasot
powerful as those in the Haskell compilers. However, as weco
before, Scala’s implicit parameters allow us to explicjtgss dic-
tionaries, which can be used whenever automatic selecfiam o
stances fails. Therefore, in principle, translating apptes that

We have not discussed the possibility of adding ad-hoc cases
or open (generic) functions to the approach in Section 6. évew
[Oliveira, 2007, Chapter 5] (inspired by previous work [@lira
et al., 2006]) shows how to do so.

As we have been arguing, we found that Scala has some fea-
tures that are very useful in a datatype-generic programiain-
guage. We believe that other programming languages (incpart
lar, Haskell) can learn some lessons from Scala by borrothiege
features. For example, Oliveira and Sulzmann [2008] hasentty
proposed a generalized class system for Haskell that ity past
spired by Scala and allows both implicit and explicit pagsuf
dictionaries.
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