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● Why is declarative programming and embedded DSLs, in particular, 
so important? A case study with jq and Scala

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

● Which new features of Scala 3 can we exploit for implementing 
embedded DSLs? 
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Goals
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> curl https://api.github.com/repos/hablapps/doric/commits?page=0
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def allPages[F[_]: Async](repo: String): Stream[F, Json] =

  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+1, tl ++ newPage(i))
       case None => Pull.done

  go(1, newPage(0)).stream
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def extractInfo[F[_]]: Stream[F, Json] => Stream[F, Json] = 
???
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def extractInfo[F[_]]: Stream[F, Json] => Stream[F, Json] = 
???

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

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(_, _))*
         )



11

def extractInfo: 
  .[] | [.commit.author.date, .author.login]Iterate over 

the commits 
of the array …

and for each commit …
(pipe)

And collect that into an 
array 

Get the name of the author 
of the commit (index) and the login of the author

(a JSON query language)
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Simplicity
Conciseness

Understandability
…

General purpose
Interoperability

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



Oleg Kiselyov et al.
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Fixed
Domain

Domain
Abstraction

Dynamic
typing

Static
typing

1 2

3 4
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class Fs2_Jq[F[_]]: 

    type Filter = Pipe[F, Json, Json]

    def iterator: Filter = ???

    extension (f1: Filter)
        def |(f2: Filter): Filter = ???

    def arr(filters: Filter*): Filter = ???

    extension (sc: StringContext)
        def i(args: Filter*): Filter = ???

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

Syntax
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class Fs2_Jq[F[_]]: 

    type Filter = fs2.Pipe[F, Json, Json]

    def iterator: Filter =
        _.flatMap:
            case IsArray(v) => Stream(v*)
            case _ => ??? // TBD

    ...

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

.author | .login

.[“author”] | .[“login”] 

Try it! 

Identity filter
String constant filter

https://jqplay.org/s/LCFm90lfvib
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[.author.login, .commit.author.date]

Try it! 

concatenation filter

https://jqplay.org/s/j7mAU5HU8I8
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class Fs2_Jq[F[_]]: 

    /* Primitives */
     
     def concat(f1: Filter, f2: Filter): Filter = ??? 
     def array(f: Filter): Filter = ???
     …

/* Syntactic sugar */
     
     def arr(f: Filter*): Filter = 
        array(f.reduce(_ concat _))

     …

Deep syntax

Surface syntax
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def map(f): [.[] | f] 

Try it! 

Built-in functions

https://jqplay.org/s/BCj7iAQEATo
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class Fs2_Jq[F[_]]: 

    /* Primitives */
     …

/* Built-in functions */
 
 def map(f: Filter): Filter =
     array(iterator | f)

     …

/* Syntactic sugar */
     …

Deep syntax

Surface syntax

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

    /* Primitive filters */
    def id: Filter = ???
    def str(s: String): Filter = ???
    def iterator: Filter = ???
    …

    /* derived functions */
    def map(f: Filter): Filter = …
    
    /* Syntactic sugar */
    def arr(f: Filter*): Filter = …
    extension (sc: StringContext)
        def i(args: Filter*): Filter = …

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

Domain
abstraction

Dynamic
typing

Static
typing

1 2

3 4
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trait Jq[R]: 

    /* primitive filters */

     def id: R
     def str(s: String): R
     def iterator: R
     def array(f: R): R

     extension (f1: 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)

Class of 
Jq Representations

Deep 
syntax

Semantic domain
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object syntax: 

   def iterator[R: Jq]: R = Jq[R].iterator 

   ...

   def arr[R](f: R*)(using J: Jq[R]): R = …

   extension [R](sc: StringContext)(using J: Jq[R])
       def i(args: R*): R = …

Boilerplate :(

Surface
syntax
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object Fs2:

    type Filter[F[_]] = Pipe[F, Json, Json] 

    given [F[_]]: Jq[Filter[F]] with 
    def id: Filter[F] = …
    def str(s: String): Filter[F] = …
    …

Semantics as 
given instances

import Fs2.given, Jq.syntax._

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

Programs for 
particular 
domains
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val extractInfo: [R] => Jq[R] ?=> R = 
    [R] => (_ : Jq[R]) ?=> 
        iterator | arr(i"author.login", i"commit.author.date")

Polymorphic & context 
function types

Generic programs 
as values

import Jq.syntax._

def extractInfo[R: Jq]: R = 
    iterator | arr(i"author.login", i"commit.author.date")

Generic programs 
as ad-hoc 
polymorphic 
functions
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Semantic 
functions

Full 
tagless-final

Dynamic
typing

Static
typing

1 2

3 4
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> jq ‘.[]’

Try it! 

Will encounter errors when fed 
with non-arrays (or non-objects)

https://jqplay.org/s/F9KGdwIlaTD
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try error(“halt”) catch .

Try it! 

We can throw custom errors

And we can catch errors

https://jqplay.org/s/SSE8icqHXOO
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trait Jq[R]: 

    def error(msg: String): R
...

    
    extension (f1: R)
        def `catch`(f2: R): R

object Jq: 

    enum Error: 
        case CannotIterateOver(j: Json)
        case CannotIndexObjectWith(j: Json)
        case CannotIndex(j: Json)
        case Custom(msg: String = "")

Possible errors
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object Fs2:

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

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

        def iterator: Filter[F] = 
            _.flatMap:
                case IsArray(v) => Stream(v*)
                case j => Stream(Jq.Error.CannotIterateOver(j))

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

...
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“hi” | .[]

Try it! 

We will always run into errors: 
malformed programs

.[]

We may run into errors

https://jqplay.org/s/BCj7iAQEATo
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Semantic 
functions

Full 
tagless-final

Dynamic
typing

Static
typing

1 2

3 4
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“hi” | .[]

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

A filter that is applied to input 
arrays

A filter that outputs strings
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“hi” | .[]

JString does not conform to JArray!

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

f1: Filter[A, B]  f2: Filter[B, C]

     f1 | f2 : Filter[A, C]

      s : String

s : Filter[A, JString]
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f1 | f2

f1 : Filter[Json, JString]

JString does conform to JSon!

 f2 : Filter[Json, B]

f1: Filter[A, B]  f2: Filter[B, C]

     f1 | f2 : Filter[A, C]
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sealed trait Filter[-I <: JsonT, +O <: JsonT]

enum JsonT:
    case JNullT()
    case JBoolT()
    case JNumberT()
    case JStringT()
    case JArrayT[+t <: JsonT]()
    case JObjectT()

Phantom type
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trait Jq[R[+_]]: 

    def str[A <: JsonT](s: String): R[Filter[A, JStringT]]

    def iterator[A <: JsonT]: R[Filter[JArrayT[A], A]]
    
    extension [A <: JsonT, B <: JsonT](f1: R[Filter[A, B]])
        def |[C <: JsonT](f2: R[Filter[B, C]]): R[Filter[A, C]]

...

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

f1: Filter[A, B]  f2: Filter[B, C]

     f1 | f2 : Filter[A, C]

      s : String

s : Filter[A, JString]
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“hi” | .[]

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

-- [E007] Type Mismatch Error: ----------------------------
  |    str("1") | iterator
  |               ^^^^^^^^
  |  Found:    R[Filter[JArrayT[JsonT], Nothing]]
  |  Required: R[Filter[JStringT, JsonT]]
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object Fs2:

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

    given [F[_]]: Jq[[_] =>> Filter[F]] with 
    
        def id[A <: JsonT]: Filter[F] = …
        def str[A <: JsonT](s: String): Filter[F] = …
        def iterator[A <: JsonT]: Filter[F] = …
        ...

Constant type constructor, 
as a type lambda

Type erasure
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.[1]

Try it! 

We can index arrays with integers

.[“key”]

We can index objects with strings

.[true]

Ill-typed program!

https://jqplay.org/s/uqHtxAIahId
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trait Jq[R[+_]]: 

    extension [A <: JsonT](
        f1: R[Filter[A, JObjectT]]
    )
        def index(f2: R[Filter[A, JStringT]]): R[Filter[A, JsonT]]

...

We should be able to index 
over arrays as well

In case that we are indexing 
arrays, the key should be an 
integer

If indexing arrays, the 
output type should match the 
type of its elements
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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 IndexType[T <: JsonT] <: JsonT =   
  T match 
    case JObjectT => JStringT
    case JArrayT[_] => JNumberT  

type OutputType[T1 <: JsonT] <: JsonT =   
  T1 match 
     case JArrayT[t] => t
     case JObjectT => JsonT



● Why is declarative programming so important?
○ Because they allow us to use higher-level abstractions

● Why are embedded DSLs so important?
○ Because they allow us to exploit higher-level abstractions in the context of a 

general purpose environment
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Conclusion



● 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
○ Ultimate goal: functional architectures built on DSLs

47

Conclusion



● Which new features of Scala 3 can we exploit?
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Conclusion

Fixed
Domain

Domain
Abstraction

Dynamic
typing

Static
typing

1 2

3 4

Extension methods
Conversion type class

Type classes, 
polymorphic function types, 
context function types, … 

Match types,
Type lambdas

Union types,
enums



● Which new features of Scala 3 can we exploit?
○ Going further: Scala 3 macros & structural types
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Conclusion

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

def extractInfo[R: Jq]: R = 
    iterator | arr(i"author.login", i"commit.author.date")
def extractInfo[R: Jq]: R = 
    iterator | arr(id.author.login, id.commit.author.date)
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References Contributions 
welcomed!



http://okmij.org/ftp/

References

http://okmij.org/ftp/
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References

Throughout example of 
tagless-final vs. MTL

Tagless-final utilities

A fixed-domain, typed extension of 
Spark column DataFrames
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Thanks for your attention!
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