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Goals

Why is declarative programming and embedded DSLs, in particular,
so important? A case study with jg and Sca'la

e How to proceed? Leverage tagless-final and its step-by-step
methodology

e Which new features of Scala 3 can we exploit for implementing
embedded DSLs?
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def allPages[F[_]: Async](repo: String): Stream[F, Json] =

FS2

def newPage(i: Int): Stream[F, Json] =
stream(Uri.unsafeFromString(s"$repo/commits?page=$i"))

def go(i: Int, s: Stream[F,Json]): Pull[F, Json, Unit] =
s.pull.uncons.flatMap:
case Some((hd,tl)) =>
hd(0) match
case IsArray(Vector()) => Pull.done
case _ => Pull.output(hd) >> go(i+l, tl ++ newPage(i))
case None => Pull.done

go(l, newPage(0)).stream




q -

FS2

def extractInfo[F[_]]: Stream[F, Json] => Stream[F, Json]
27?27




-

FS2

def extractInfo[F[_]]: Pipe[F, Json, Json] =
?27?27?




ﬂj 7> Monocle

FS2

def extractInfo[F[_]]: Pipe[F, Json, Json] =
_.flatMap: page =>
Stream(
(root.each.author.login.json.getAll(page) zip
root.each.commit.author.date.json.getAll(page))
.map(Json.arr(_, _))*

10



® /J q (a JSON query language)

Get the name of the avthor

of the commit (index) and the login of the avthor
def extractInfO' g
Tterate over [.commit.author.date, .author.login]
the commite
of the array ..
and for each commit .. And collect that into an
(pive) array
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‘ ‘ 7> Monocle

CIRCE

General purpose
Interoperability

Simplicity
Conciseness
Understandability

HABLA 12



© 0 g

CIRCE

def extractInfo[F[_]]: Pipe[F, Json, Json] =

iterator | arr(i“commit.author.date”, i‘“author.login”)
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Finally tagless, partially evaluated: Tagless staged
interpreters for simpler typed languages

Oleg Kiselyov et al.




1 2]

Fixed Domain
Domain Abstraction
Dynamic Static
typing typing



def extractInfo[F[_]]: Pipe[F, Json, Json] =
iterator | arr(i"author.login", i"commit.author.date")

class Fs2_Jq[F[_1]:

type Filter = Pipel[F, Json, Json]

def dterator: Filter = 2?2?

extension (fl: Filter)
def |(f2: Filter): Filter = 227

Syntax
def arr(filters: Filterx): Filter = 22?2

extension (sc: StringContext)
] def i(args: Filterx): Filter = 22?2

16



def extractInfo[F[_]]: Pipe[F, Json, Json] =
iterator | arr(i"author.login", i"commit.author.date")

class Fs2_Jq[F[_1]:

type Filter = fs2.Pipe[F, Json, Json]
\\\\‘def iterator: Filter =
_.flatMap:
case IsArray(v) => Stream(vx)
case _ => 22?7 // TBD




Identity filter

String conctant filfer
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https://jqplay.org/s/LCFm90lfvib

ry it!

concatenation filter
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https://jqplay.org/s/j7mAU5HU8I8

class Fs2_Jq[F[_]1]:

Deep syntax ~__ /% Primitives %/

def concat(fl: Filter, f2:
def array(f: Filter): Filte

gbrfhce qyutax \\\//‘\» /* Syntactic sugar x/

def arr(f: Filterx): Filter
array(f.reduce(_ concat

Filter):
r= 222

=)

Filter = 22?2
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Built-in functione

21


https://jqplay.org/s/BCj7iAQEATo

class Fs2_Jq[F[_]1]:
Deep syntax —__ —— x Primitives /
gtam/aka/ (b \/—\ /* Built-in functions x/

def map(f: Filter): Filter =
array(iterator | f)

gbrfhce thtax ~/ /* Syntactic sugar */



def extractInfo: Flow[Json, Json, NotUsed] =
iterator | arr(i"author.login", i"commit.author.date")

object Akka_Jq:
type Filter = Flow[Json, Json, akka.NotUsed]

/* Primitive filters x/
def id: Filter = 22?2

def str(s: String): Filter
def diterator: Filter = 22?2

2272

/* derived functions */
def map(f: Filter): Filter

/* Syntactic sugar */
def arr(f: Filterx): Filter = ..
extension (sc: StringContext)

def i(args: Filterx): Filter = ..




0 2

Fixed Domain
domain abstraction
Dynamic Static
typing typing



Class of ~__/ T trait Jq[R]:/\/ Semantic domain

epresentafions
]?Ielb ! /* primitive filters */
— def id: R
def str(s: String): R
def diterator: R
ZDGQP def array(f: R): R
gyutax extension (fl: R)
def |(f2: R): R
def concat(f2: R): R
def index(f2: R): R

/* built-in functions */

. def map(f: R): R =
array(iterator | f)

S
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Boilerplate :(

object syntax: L4
— def iterator[R: Jq]: R = Jq[R].iterator -
Surface
gyutax def arr[R](f: R*)(using J: Jq[R]): R = ..
extension [R](sc: StringContext) (using J: Jq[R])
def +di(args: Rx): R = ..

HABLA 26



object Fs2:
type Filter[F[_]] = Pipe[F, Json, Json]

, . ~_ / T given [F[_]]: Jq[Filter[F]] with
given insfances def id: Filter[F] = ..

def str(s: String): Filter[F] = ..

Cemantics as

Programs for

partic viar

. import Fs2.given, Jgq.syntax.
domaing P & » 49-8Y -

~_/ T“def extractInfo[F[_]]: Pipe[F, Json, Json] =
iterator | arr(i"author.login", i"commit.author.date")

27



Geher/'c progroms

a¢ ad-hoc
olymeorphic

POy P import Jq.syntax._

Functions
\\\//“\*def extractInfo[R: Jq]: R =

iterator | arr(i"author.login", i"commit.author.date")

Polymorphic & context

Generic programs
Fros Function types

a¢ valvee

.

val extractInfo: [R] => Jq[R] ?=> R =

[R] => (_ : 3Jq[R]) ?=>
iterator | arr(i"author.login", i"commit.author.date")

28



Semantic Full

functions tagless—-final
Dynamic Static
typing typing



o -

> jq “.[]°

Will encounter errore when fed

with non-arroys [Ok nau—oéjectr]


https://jqplay.org/s/F9KGdwIlaTD

_ Tev it And we can catch errore

try error(“halt”) catch

Ue can throw custom errors

31


https://jqplay.org/s/SSE8icqHXOO

trait Jq[R]:

def error(msg: String): R

extension (fl: R)
def "catch (f2: R): R

Pocsible ervors object Jq:

4:::ﬂf—_—§‘§““‘$enum Error:

case CannotIterateOver(j: Json)
case CannotIndexObjectWith(j: Json)
case CannotIndex(j: Json)

case Custom(msg: String = "")



object Fs2:

type Filter[F[_]] =
Pipe[F, io.circe.Json, io.circe.Json | Jq.Error]

given [F[_]]: Jq[Filter[F]] with

def diterator: Filter[F] =
_.flatMap:

case IsArray(v) => Stream(vx)
case j => Stream(Jq.Error.CannotIterateOver(j))

def error(msg: String): Filter[F] =
_.map: _ =>

Jg.Error.Custom(msg)

33



>

malformed programs

/e may run into errors

wedo

We will always run into errors:

34


https://jqplay.org/s/BCj7iAQEATo

Semantic Full

functions tagless—-final
Dynamic Static
typing typing



A filter that outpute ctrings

1

“h-l 2

A combinator that takes the
output of the first filter and feeds
it info the input of the cecond one,
provided they match

A ﬂ/ter that ic A/a,b/fed fo ihpuz‘

ar rayS‘
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s : String

s ©

f1:

Filter[A, JString]

¢¢r1-|)’

JString does not cauf'orm to JArray!

Filter[A, B] f2: Filter[B, C]

fi | f2 :

uuuuuuuuu

Filter[A, C]

.[] : Filter[JArray[A], A]

37



f1:

fl1 : Filter[Json, JString]

f1 | f2

4 A

IString does conform to Ison!

Filter[A, B] f2: Filter[B, C]

fi | f2 :

uuuuuuuuu

Filter[A, C]

f2 : Filter[Json, B]

38



Phantom type

2

sealed trait Filter[-I <: JsonT, +0 <: JsonT]

enum JsonT:
case JINullT()
case JBoolT()
case JINumberT()
case JStringT()
case JArrayT[+t <: JsonT]()
case JObjectT()



s : String

s : Filter[A, JString] .[]1 : Filter[JArray[A], A]

trait Jq[R[+_]]:
def str[A <: JsonT](s: String): R[Filter[A, JStringT]]
def diterator[A <: JsonT]: R[Filter[JArrayT[A], A]l]

extension [A <: JsonT, B <: JsonT](fl: R[Filter[A, B]])
def |[C <: JsonT](f2: R[Filter[B, C]]): R[Filter[A, C]]

fi: Filter[A, B] f2: Filter[B, C]

HABLA fi | f2 : Filter[A, C] 40



C¢r1-1 2 . [:]

def program[R[+_]: Jq] =
str("1") | diterator

-- [E0O7] Type Mismatch Error: ---—-—-------------—-——————————
| str("1") | iterator
| ANANANANANANAN
| Found: R[Filter[JArrayT[JsonT], Nothing]]
| Required: R[Filter[JStringT, JsonT]]

41



Constant type constructor,
a¢ a type lambda

object Fs2:

type Filter[F[_]] =
Pipe[F, do.circe.Json, /io.circe.Json | Jq.Error]

given [F[_1]: J3q[[_] =>> Filter[F]] with
def id[A <: JsonT]: Filter[F] = ..

def str[A <: JsonT](s: String): Filter[F] = ..
def dterator[A <: JsonT]: Filter[F] = ..

lype eracure



Try it! We can index obfects with ctrings

i We can index arraye with integers

g I//—ty,bea/ Pkagram./

o

43


https://jqplay.org/s/uqHtxAIahId

We chould be able to index

over arrays ac well

trait Jq[R[+_]1]:

extension [A <: JsonT](
fl: R[Filter[A, JObjectT]]

)
def index(f2: R[Filter[A, JStringT]]): R[Filter[A, JsonT]]

o S

In case that we are indexing If indexing arrays, the
arrays, the key should be an output type chouvld match the
integer type of itc elements

HABLA 44



trait Jq[R[+_]]:

extension [A <: JsonT, t <: JsonT, B <: JArrayT[T] | JObjectT](
f1: R[Filter[A, B]]

)
def index(f2: R[Filter[A, IndexType[B]]]):
R[Filter[A, OutputType[B]]]
type OutputType[T1l <: JsonT] <: JsonT = type IndexTypel[T <: JsonT] <: JsonT =
Tl match T match
case JArrayT[t] => t case JObjectT => JStringT
case JObjectT => JsonT case JArrayT[_] => JNumberT

HABLA 45



Conclusion

e \Why is declarative programming so important?
o Because they allow us to use higher-level abstractions

o
/39
e Why are embedded DSLs so important?

o Because they allow us to exploit higher-level abstractions in the context of a
general purpose environment

¢ A akka
ria © E22
=12

circe

46



Conclusion

e How to proceed? Leverage tagless-final and its step-by-step
methodology

Proceed step-by-step, starting from fixed semantics, then to type-classes, and

finally to type systems

Apply the KISS principle
o Ultimate goal: functional architectures built on DSLs

(@)




Conclusion

e \Which new features of Scala 3 can we exploit?

R
Extencion methode E Type classes, =
Conversion type clace polymorphic function types,
@ @ context function types, ...
Fixed Domain
Domain Abstraction
Dynamic Static
typing typing
< st > -
Union types, = Match typec, =

48
enums Type lambdas



Conclusion

e \Which new features of Scala 3 can we exploit?
o Going further: Scala 3 macros & structural types

def extractInfo[R: Jgq]: R =
iterator | arr(id.author.login, id.commit.author.date)

def extractInfo[R: Jg]: R =
obj(“a” -> 1.int, “b” -> 2.int)xs

49



ComMPUTING

References

Contributions
welcomed!

- 0 — —\/\/\/

izi Templates

(A Overview [ Repositories 3 B Projects @ Packages Ax Teams 1 A People 3 83 Settings
Repositories All
All
l @ Q Search repositories
& Public
Eg Private 3 repositories
& Sources
jq-st Public
% Forks ) ) : :
Fs2 implementation of the jq Scala embedding
= Archived

®sScala - ¥ 1« w . @0 « §% 0 « updated on Apr 10

jgscala  Public
Tagless-final embedding of the jq language in Scala

®scala s Y1 .91+ ®o0 -+ 190+ Updated on Apr10

jg-examples  Public
Simple applications using the Scala embedding of the jq language and its implementations

®scla - FO - 0o . @0 . 190 Updated on Apr 4
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Recent changes
June, 12020
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Computation

Turing machines; 10 monad realized in 1965; ...

Types
type arithmetic's; lightweight static guarantees; Hindley-Milner type inference course; unusual
polymorphism; eliminating existentials; ...

Meta-programming
staging; typed compilation; language-integrated query; Staged Haskell; BER MetaOCaml; HPC;
generating Gaussian Eliminators; FFT; stencil; ...

Continuations
implementations; tutorials; shift/reset in CBV and CBN; control/prompt; delimited and

binding;

Logic

logical Frameworks; Twelf; impredicativity; strengthening in logical frameworks; eigen-
variables: variables or constants?; type soundness proofs for calculi with delimited control;
recursively enumerating binary arithmetic relations; ...

Algorithms and Data Structures

pretty-printing; arithmetic compression; scheduling; transforming cyclical structures; shuffling;
the Credit Card transform; secure counting; proving correctness of algorithms; tree annotation;
hevand Church encading: Roehm-Rerarducci isomarnhism

Programming Languag
Haskell; ML; Scheme; Prolog

Haskell
logical type programming; de
monads; regions; type-level e

Lambda-calculus
calculators; multiple predece

ML
music of streams; code gener. R
typeclasses; generators; ..

Scheme
XML; Web; macros; text and binary parsing; utilities; database interfaces; papers; ...

XML
SXML; Iteratee parsers; SSAX; parsing; SXSLT; SXPath; typed SXML; ...
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Description

This course takes advantage of functional programming techniques in the design of
domain-specific languages. In particular, it shows how to exploit GADTs and
tagless-final type classes in the of the syntax, type system and
semantics of embedded DSLs in Scala. Several examples of untyped and typed
DSLs will be described, but the course will focus on the design of one or two DSLs
identified beforehand. Some examples of languages that could be considered for
the course are the following ones:

N + An embedding in Scala of the Haskell Diagrams DSL.

ding in Scala of the Jg langu:
« ADSL for wi N expressions in Spark etc.

Although optimization techniques, higher-order DSLs, Quoted DSLs, and other
advanced techniques on DSL design are out of the scope of this course, it covers
enough material to be able to put into production well-founded, modular and most
efficient embedded DSLs.

At the end of the course you should be able to:

+ Understand how to approach the design of a Scala-embedded DSL in a
principled way

+ Understand tagless-final and GADT-based techniques for designing DSLs

+ Put into practice functional abstractions in the design of DSLs, the main goal of
functional programming!

Seattle  Madrid  Blog

Juan Manuel Serrano
University Rey Juan Carlos & Habla
Computing

By O

Are you interested in this
workshop?

Buy now for Madrid
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References

/\/ Throughout example of
O taglecs-final ve. MTL

hablapps / tagless-final-tutorial

Taglese-final utilities
O hablapps / Iambdas/\/

A fixed-domain, typed extencion of

/\/ g,baré colvmn Dataframes
O hablapps / doric
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References

Jq:

o https://jglang.github.io/jq/

Tomas Mikula’s libretto: illustrates an alternative to tagless-final
o https://qithub.com/TomasMikula/libretto

Optics as an alternative to jq:
o https://ichrispenner.ca/posts/traversal-systems

“Some Proposed Changes for Better Support of Type Classes”

o https://qithub.com/dotty-staging/dotty/blob/typeclass-experiments/docs/_docs/re

ference/experimental/typeclasses.md
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