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* ldea : use type classes in the Scal a | anguage to nodel
al gebraic structures[1] as an alternative to F-bounded
pol ynor phi sm used in the Java Al gebra Systeni 2]

* Benefits: allows post-facto extensions[3] and makes it
possible to reuse existing classes wthout wappers

* Also allows generic nuneric-synbolic i nplenentations,
W th unboxed primtive types for inproved efficiency

* There was however a problemw th coercions and their
I nteraction wth type cl asses

[1] Jolly, R Categories as type classes in the Scal a
Algebra System CASC 2013

2] Kredel, H Paranmetric solvable polynomal rings and
appllcatlons CASC 2015

[ 3] Watt, S. Post facto type extensions for mathemati cal
progrann1ng DSAL 2006
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| n consequence, | had to devise a hybrid schene: as type
cl asses can operate wth values of any type, why not
exerci se themon f-bounded cl asses, which are coercion-

friendly.

The downside of this approach is that | could not use it to
| npl ement a Scala DSL to existing libraries (JAS) like is
currently possible wth Jython or JRuby. For this, | had to
wait for inprovenents in the Scala | anguage itself, which
are now begining to energe in Scala 3 ("Dotty").

In Dotty, type classes are now enhanced to support
ext ensi on net hods, which allow to define infix operators,
wth their paraneters on each side.

But let us first ook at a Scala 2 type class decl arati on.
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trait Rng[T] {

def plus(x: T, y: T): T

def zero: T
}
obj ect R ng {

trait Extralnplicits {

inmplicit def IinfixRngOps[T: Ring](lhs: T): OQus[T] =
new Qpsl npl (| hs)

}
trait OQos[T] {

def lhs: T

def factory: Ring[T]

def +(rhs: T) = factory.plus(lhs, rhs)
}

class Qoslmpl [T: Ring](val Ihs: T) extends OQus[T] {
val factory = inplicitly[R ng[T]]
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trait Ring[T]:
def (x: T) + (y: T): T
def zero: T

https://dotty. epfl.ch/docs/referencel/ contextual /extension-
nmet hods. ht ni
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trait Rng[T]:
def (x: T) + (y: T): T
def zero: T
* exanpl e definition
type Bi gl nteger = java. mat h. Bi gl nt eger
gi ven Bi gl nteger as Ri ng[ Bi gl nteger]:

def (x: Biglnteger) + (y: Biglnteger) = x.add(y)
def zero = java. math. Bi gl nt eger. val uet (0)



| mplicit conversions (coercions)

scala> 11 + 1
scala> 1 + 1l
/[l resl: Long = 2

scala> Bigint(1l) + 1
scala> 1 + Biglnt(1)
/[l res3:. scala.math.Bigint = 2

* Polynom als : ZZ[ x]
X + 1
1 + X
* Nested polynomals : ZZ[x][VY]
X + Yy
y + 1
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* This was not working in Scala 2 because type classes and
coercions use the sane underlying nechanism (inplicits)
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class Ring[T <. R ngElen{T] : R ngFactory]
ext ends scas.structure.ordered. RRng[T] {
def (x: T) + (y: T) X.sunmy)
def (x: T) - (y: T) X.subtract(y)
def (x: T) * (y: T) X.multiply(y)
def conpare(x: T, y: T) = x.conpareTo(y)
def (x: T).isUnit = x.isUnit
def characteristic = RingFactory[T].characteristic
def zero = RingFactory[T].get ZER(Q()
def one = RingFactory[ T].get ONE()
def (x: T).toCode(level: Level) = x.toString
def (x: T).toMathM.: String = 7?7?77
def toMathM. = ?7?7?

obj ect Ri ngFactory:
def apply[T <t RingElen]T] : R ngFactory] =
sumon[ Ri ngFactory[ T] ]
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| nport jas.{ZZ, Biglnteger, poly2scas, coef2poly,
| nt 2bi gl nt, bi gl nt 2scas}

given r as GenPol ynom al Ri ng[ Bi gl nt eger] ( ZZ,
Array("x", "y", "z"), TernO der ByNane. | NVLEX)

val Array(one, X, Yy, Z) = r.gens

val s = poly2scas(r)

| mport s.{+, *}

val p=1+Xx +vy + z
val g =p \ 20

val gl =g + 1

val g2 = g * ql
g2. | ength

[ 12341
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fromjas inport PolyR ng, ZZ
# sparse pol ynom al powers

r = PolyRing( ZZ(), "(x,y,z)", PolyRi ng.lex );

# [one, X,y,z] = r.gens()
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The Rings project[4] has opted for a simlar, typecl ass-
based design with its Scala DSL interface. To address
t he coercion problem as far as | can tell the retained
solution | ooks as follows in the new typecl ass synt ax.

trait R ng[E]:
def (x: E) + (y: Int): E
def (x: E) + (y: E): E
def (x: Int) + (y: E): E

trait | Polynom al RRng[Poly <: IPolynom al[Poly], E
ext ends Ri ng[ Pol y]:
def (x: Poly) + (y: E): Poly
def (x: E) + (poly: Poly): Poly

[ 4] Posl avsky, S. Rings: An efficient JVMIlibrary for
commut ati ve algebra (Invited Tal k). CASC 2019
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| nport cc.redberry.rings

| nport rings. poly. Pol ynom al Met hods. _

| nport rings.scaladsl.

| nport syntax. _

inmplicit val ring = UnivariateRi ng(UnivariateR ng(Z, "x"),

"y")
val x = ring("x")
val y = ring("y")

ri ng. show x+y)
[l X+y
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Uni vari at eR ng( Z,

inplicit val r X")
Uni vari ateRi ng(r, "y")

Inplicit val s
val X r("x")
val vy s("y")

r. show( x+asBi gl nteger (1))
[l 1+X

s. show y+asBi gl nteger (1))
[l javax.script.ScriptException: value + is not a nenber of

Uni vari at ePol ynom al [ Uni vari at ePol ynom al [ Biglnteger]] in
s. show( y+asBi gl nteger (1))



ScAS adapter for R ngs

abstract class Ring[T] extends

scas. structure.ordered. R ng[ T]:
def ring: cc.redberry.rings. R ng[T]
def coder = Coder. nkCoder(ring)
def (x: T) + (y: T) ring. add(x, vy)
def (x: T) - (y: T) ring.subtract(x, vy)
def (x: T) * (y: T) ring. multiply(x, vy)
def conpare(x: T, y: T) = ring.conpare(x, VY)
def (x: T).isUnit =ring.isUnit(x)
def characteristic = ring.characteristic
def zero = ring.getZero()
def one = ring. get One()

def (x: T).toCode(level: Level) = coder.stringify(x)

def (x: T).toMathM. = ?7??
def toMat hM. = 2?77
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Scal a offers sone nechani sns for automati c code
specialization. In the forner versions, there was a
@peci alized annotation, but it is abandonned in Dotty.
Fortunately, there is a replacenent nechani sm

abstract class MathLi b[ N : Numeric]:
def dot Product(xs: Array[N], ys: Array[N): N
obj ect Mat hLi b:
I nline def apply[N : Nuneric] = new MathLi b[ N]:
def dotProduct(xs: Array[N], ys: Array[N]) =
require(xs.length == ys. | ength)
var I =0
var s: N = Nuneric[N].zero
while (i < xs.!|ength)
S =s + xs(i) * ys(i)
| += 1
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val mib = MathLi b[ Doubl e]

val xs = Array(1.0, 1.0)
val ys = Array(2.0, -3.0)
m i b. dot Product ( xs, ys)
/[l -1.0

https://github. com | anpepfl/dotty/ bl ob/ naster/docs/ docs/
t ypel evel . nd

Functional Typel evel Progranmm ng in Scal a

Code Speci alization
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val mib = MathLi b[ Doubl e]

val xs = Array(1.0, 1.0)
val ys = Array(2.0, -3.0)
m i b. dot Product ( xs, ys)
/[l -1.0

| have used this principle to specialize a generic

| npl enment ati on of power product exponents in the Scal a

Al gebra System To assess the inproved efficiency of inline
speci ali zed code, | have used the Pol ypower benchmark that
we have seen previously.
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Thi s graphic shows the execution tines versus degree

of polynomal in multiplication wth non-specialized

and speci alized generic exponent vectors, respectively,
together with originally specialized JAS code for
conparison. As we can see, there Is considerable cost for
boxi ng, which is renoved by specialization.



Concl usi on 19/ 20

*

The redesign of type classes and inplicits in Scala 3
offers a solution to the coercion problem

It makes it possible to use Scala as DSL for existing
|1 braries

There are proof of concept 1nplenentations for JAS, R ngs

There is a small 1 nprovenent over how coefficients are
lifted to the target ring in Rings' own Scal a DSL

The construct is reasonably efficient and m ght be used
to inplenment the whole library as well as the interface
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Thank you !

http://github.conmrjolly/scas



