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| nt roducti on 02/ 20

* SCAS (Scala Algebra System : conputer al gebra system
witten in Scal a
* Scal a:
- allows to define algebraic categories wth type cl asses
and extensi on net hods
- provides inplicit conversions -> difficult to operate
Il n conjunction wth the above
- di scussions are on-goi ng about restricting inplicit
conversions [1]
-> conplicates the subject even further
-> mght bring new opportunities

They m ght hide type errors
They make type inference | ess precise and | ess efficient

[1] https://contributors.scal a-1ang.org/t/proposed-changes-
and-restrictions-for-inplicit-conversions/ 4923



Static types 03/ 20

val a: Apple
val b: Orange

atb // conpile error

P In z[x]
1 also in z[x]

p+l // fails

* too strict
-> we need a nmechanismto restore flexibility
- nunmeric pronotion
-> already exists for build-in types (e.g. int/long)
-> customtypes . inplicit conversion



Enrichnent and pronotion 04/ 20

* custom types

exanple : nmultiprecision arithnetic

(bj ect oriented | anguages are well suited (Java)

-> java. mat h. Bi gl nt eger

syntax I1s verbose, nethod nanes are literal "add"

two nore features have to be found el sewhere

- Enrichenent : to endow a nuneric type wwth arithnetic

operators

- nuneric pronotion : to |lift an operand value froma

Subset type to the type of the other operand

two approaches to enri chnent
- oObjet-oriented (wapper)
- functional (type cl asses)



Enrichnent : the object-oriented approach 05/ 20

Bigint

Biginteger
| _add(that) ___ |  +(that)




Enrichnment : the functional approach 06/ 20

Ring[Biginteger]

(X)+(y) = x.add(y)

Biginteger

___add(that)
+(that)




Nuneric pronotion : the wapper case 07/ 20
val a = Bigint(1)

[/ actual type is Int

/| expected type i s Biglnt

/[l conversion | ooked up in inplicit scope of Int => Biglnt
/[l 1ncludes Biglnt's conpani on obj ect

val b =a + 1

[/ inplicit scope of Int => { def +(arg: Bigint): U}
[/ again Biglnt's conpanion
val ¢ =1 + a

obj ect Biglnt:
Inplicit def int2bigint(i: Int): Biglnt = apply(i)

https://docs. scal a-|1 ang. or g/ scal a3/ r ef erence/ changed-
features/inplicit-conversions-spec. htm



Nuneric pronotion : the typeclass case 08/ 20

| nport java. mat h. Bi gl nt eger
| nport scal a. | anguage. i nplicitConversions

trait Rng[T]:
extension (x: T) def + (y: T): T

given r: Ring[Biglnteger] wth
gi ven Conversion[Int, Biglnteger] = Biglnteger.valueO ()
extension (x: Biglnteger) def + (y: Biglnteger) =

X. add(y)

| nport r.given
Bi gl nteger("1")

a+ 1 // works
1 +al/l fails

val a
val b
val ¢



Nuneric pronotion : the typeclass case 08/ 20

| nport java. mat h. Bi gl nt eger
| nport scal a. | anguage. i nplicitConversions

trait Rng[T]:
extension (x: T) def + (y: T): T

given r: Ring[Biglnteger] wth
gi ven Conversion[Int, Biglnteger] = Biglnteger.valueO ()
extension (x: Biglnteger) def + (y: Biglnteger) =

X. add(y)

| nport r.{given, *}

Bi gl nteger("1")
a+ 1 // works
1 + a// works

val a
val b
val ¢



Defining several instances in the sane scope 09/ 20

case class MyIntl1l(n: Int)
case class MyInt2(n: Int)

given r: Ring[MyIntl] wth
gi ven Conversion[Int, Myintl] = MyInt1( )
extension (x: MyIntl) def + (y: MyIntl) = My Intl(x.n +

y.n)

given s: Ring[M/Int2] wth
gi ven Conversion[Int, M/Int2] = M/nt2( )
extension (x: MyInt2) def + (y: MyInt2) = Mint2(x.n +

y.n)

| nport r.{given, *}
| nport s.{given, *}



Defining several instances in the sane scope (cont.) 10/20

MInt1(1) + 1 // ok
MiInt2(1) + 1 // ok

1 + MyInt1l(1l) // None of the overl oaded alternatives

of nmethod + in class Int with types ... match argunents
(Myl nt 1)

1 + MyInt2(1l) // None of the overl oaded alternatives

of nmethod + in class Int with types ... match argunents

( Myl nt 2)



Defining several instances in the sane scope (cont2) 11/20

1 ++ Mylnt1(1)

NNNN

value ++ i s not a nenber of Int.
An extension nethod was tried, but could not be fully

construct ed:

s. ++(s.given_Conversion_Int _M/Int2. apply(1l))

failed wth:

Anmbi guous ext ensi on net hods:

both s. ++(s.given _Conversion_Int_MiInt2. apply(1))
and r.++(r.given_Conversion_Int _Mintl. apply(1))
are possi bl e expansi ons of 1. ++



The hi erarchi cal case 12/ 20

given r: Ring[Biglnteger] wth
gi ven Conversion[Int, Biglnteger] = Biglnteger.valueO ()
extension(x: Biglnteger) def + (y: Biglnteger) = x.add(y)

case class Poly[C](n: O

trait PolyRi ng[C](using ring: R ng[C]) extends
Ri ng[ Pol y[ C] ] :
given [ D] (using Conversion[D, C): Conversion[D, Poly[(]
= X => Pol y(x)
extension (x: Poly[C]) def + (y: Poly[C]) =
| nport ring.*
Poly(x.n + y.n)

given s: PolyRi ng[Biglnteger] with {}



The hierarchical case (cont.) 13/ 20

| nport r.{given} // do not inport this operator
| nport s.{given, *} // inport this one

val a
val X

Bi gl nt eger ("1")
Pol y(Bi gl nteger("1"))

/[l everything is lifted to the top ring

val b = a + 1
val ¢ =1 + a
val d = x + a
val e = a + X
val f = x + 1
val g =1 + x



| nproving on inplicit conversions 14/ 20

trait Rng[T]:

extension (x: T)
def + (y: T): T



| nproving on inplicit conversions 14/ 20

trait Rng[T]:
extension (x: T) def add(y: T): T
extension (x: T)
def + (y: T) = x.add(y)



| nproving on inplicit conversions 14/ 20

trait Rng[T]:
extension (x: T) def add(y: T): T
extension (x: into T)
def + (y: into T) = x.add(y)



| nproving on inplicit conversions 14/ 20

type Conversion[T] =[X =>> X =T
extension [U (x: U
def unary ~[T](using c: U=>T) = c(Xx)

trait Rng[T]:
extension (x: T) def add(y: T): T
extension[ U Conversion[T]](x: U
def + [V. Conversion[T]](y: V) = (~x).add(~y)



Cont ext bounds : inplicit conversion 15/ 20
given r: Ring[Biglnteger] wth
gi ven Conversion[Int, Biglnteger] = Biglnteger.val ueO ()

extension (x: Biglnteger) def + (y: Biglnteger) =
X. add(y)

| nport r.{given, *}

val ¢ =1 + a // works



Cont ext bounds 15/ 20
given r: Ring[Biglnteger] wth
given (Int => Biglnteger) = Biglnteger.val ueO( )
extension (x: Biglnteger) def add(y: Biglnteger) =
X. add(y)

| nport r.given

val ¢ =1 + a // works



Cont ext bounds 15/ 20

obj ect r extends R ng[Bi gl nteger]:
gi ven instance: r.type = this
given (Int => Biglnteger) = Biglnteger.val ueO( )
extension (x: Biglnteger) def add(y: Biglnteger) =
X. add(y)

| nport r.given

val ¢ =1 + a // works



Nest ed scope 16/ 20

extension (x: Poly[C]) def + (y: Poly[C]) =
| nport ring.*
Poly(x.n + y.n)

trait Ring[T]:
extension[ U Conversion[T]](x: U
def + [V. Conversion[T]](y: V) = (~x).add(~y)



Nest ed scope 16/ 20
extension (x: Poly[C]) def + (y: Poly[C]) =

Poly(x.n + y.n)

trait Ring[T]:
extension(x: T)
def + [V: Conversion[T]](y: V) = x.add(~y)



Nest ed scope
extension (x: Poly[C]) def + (y: Poly[C]) =

Poly(x.n + y.n)

trait Ring[T]:
extension(x: T)
def + [V: Conversion[T]](y: V) = x.add(~y)

trait conversion.Ring[T] extends Ring[T]:
extension[ U Conversion[T]](x: U
def + [V. Conversion[T]](y: V) = (~x).add(~y)

16/ 20



Splitting the typeclass hierarchy

conversion

Semiaroun elianGroun
= Semigroup AbelianGroup
“al \ \
/\ \
Monoid
= Monoid
“ A
/\
Rina
. Ring

SN
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Exanpl e 18/ 20

obj ect Conpl ex extends Complex.lnpl wth
conver si on. Fi el d[ Conpl ex] :
gi ven i nstance: Conplex.type = this
cl ass | npl extends Al gebrai cNunmber (Rati onal)
(Variable.sgrt(Biglnteger("-1"))) wth Star UFD Conpl ex]:
def real (x: Conplex) = x.coefficient(one)
def 1 mag(x: Conplex) = x.coefficient(generator(0))
override def conjugate(x: Conplex) = real (x) - sqrt(-1)
* 1 mag(x)
override def toString
overri de def toMat hM
update(1l + sqgrt(-1)\2)

" Conpl ex"
"<conpl exes/ >"



Sunmmary 19/ 20

* we want static types (no run-tine type cast)
* functional (typeclass based) rather than object oriented
-> nore flexible, efficient
-> used to mandat e operator inport
* Introduce context bounds approach to inplicit conversion
-> allows to omt the operator | nport
* given instance as nenber field of its own typecl ass
-> I nstances are supersedi ng one anot her
-> allows to omt operator inports even in case there are
sever al
* In case of nested al gebraic structures:
-> split the typeclass hierarchy to isolate | eft-handed

pronoti on
* alot of contortions
-> still the price to pay for a nice mat henmati cal

not ati on
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Thank you !

https://github.conirjolly/scas



