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This talk is oriented to beginners in scala functional programming.

¥ advanced topics , not easy

¥ a lot of code, not so much time 

¥ stay focussed on semantics



Monad Stacks : Or How I learned to stop 
worrying and love the bomb free monad



Hard-core functional 
programmer



Anti-fp manager



Enthusiastic fp beginner



Principle of Least Power

Given a choice of solutions, pick the least 
powerful solution capable of solving your problem 1

Ñ Li Haoyi

1 Strategic Scala Style: Principle of Least Power

http://www.lihaoyi.com/post/StrategicScalaStylePrincipleofLeastPower.html


The Problem
Embedded maps, flatmaps and pattern matching



Typical play framework code

  def saveUser = Action.async { implicit request =>
    val jsonOpt: Option[JsValue] = request.body.asJson
    jsonOpt match {
      case None =>
        logger.error(s" cannot parse json for ${request.body}")
        Future.successful(Results.UnprocessableEntity(" cannot parse json"))
      case Some(jsValue) =>
        val userXor = Json.fromJson(jsValue).asEither
        userXor match {
          case Right(user) =>
            save(user).map { (uOpt: Option[User]) =>
              uOpt match {
                case None =>
                  logger.error(s"couldn't write in db user:$user")
                  InternalServerError(s"couldn't write in db user:$user")
                case Some(u) =>
                  logger.debug(s"User $user updated")
                  Ok(Json.toJson(u))
              }
            }
          case Left(errorData) =>
            logger.error(s"$errorData")
            Future.successful(UnprocessableEntity(s"$errorData"))
        }
    }
  }



What does this code?



Only 4 things

¥ parse request as json

¥ create user from json

¥ save user in db

¥ returns user as json



Let's see it again

  def  saveUser = Action .async { implicit  request =>

    val  jsonOpt: Option [ JsValue ] = request.body.asJson

    jsonOpt match  {

      case  None =>

        logger.error( s" cannot parse json for ${request.body}" )

        Future .successful( Results . UnprocessableEntity ( " cannot parse json" ))

      case  Some(jsValue) =>

        val  userXor = Json .fromJson(jsValue).asEither

        userXor match  {

          case  Right (user) =>

            save(user).map { (uOpt: Option [ User ]) =>

              uOpt match  {

                case  None =>

                  logger.error( s"couldn't write in db user:$user" )

                  InternalServerError ( s"couldn't write in db user:$user" )

                case  Some(u) =>

                  logger.debug( s"User $user updated" )

                  Ok( Json .toJson(u))

              }

            }

          case  Left (errorData) =>

            logger.error( s"$errorData" )

            Future .successful( UnprocessableEntity ( s"$errorData" ))

        }

    }

  }



Why is the code that long ?



Penalty for

¥ Asynchronisity 

 Future

¥ Elimination of nullpointer exceptions 

 Option



Can we reduce this penalty ?



for expressions

¥ can be translated into applications of the 

higher-order functions map, flatMap , and 

withFilter .

¥ could equally well go the other way: every 

application of a map, flatMap , or filter  can be 

represented as a for expression . 2

2 Programming in scala

https://www.scala-lang.org/documentation/books.html


From : Demystifying the Monad in Scala  by Sinica 
Louc

val  loadItem: Order  => Future [ Item ] = ???

val  purchaseItem: Item  => Future [ PurchaseResult ] = ???

val  logPurchase: PurchaseResult  => Future [ LogResult ] = ???

https://medium.com/@sinisalouc/demystifying-the-monad-in-scala-cc716bb6f534


So instead of

val  result =

  OrderService .loadOrder( "customerUsername" )

  .flatMap(loadItem)

  .flatMap(purchaseItem)

  .flatMap(logPurchase)



we can write

val  result =

  for  {

    loadedOrder    <- orderService.loadOrder(ÒcustomerUsernameÓ)

    loadedItem     <- itemService.loadItem(loadedOrder)

    purchaseResult <- purchasingService.purchaseItem(loadedItem)

    logResult      <- purchasingService.logPurchase(purchaseResult)

  } yield  logResult



We cannot use for expressions  on

Future[Option[?]]



Either[Error,A]
is a better

Option[A]



Too many errors



Let's create our own

Erratum



Erratum

case class Erratum(status: Results.Status, message: String) {
  def toResult: Result =
    status(message)
}



Erratum

object Erratum {

  def notFound(msg: String)         = Erratum(Results.NotFound, msg)
  def methodNotAllowed(msg: String) = Erratum(Results.MethodNotAllowed, msg)
  def withMessage(msg: String)      = Erratum(Results.InternalServerError, msg)
  def from(th: Throwable)           = Erratum(Results.InternalServerError, th.getMessage)
  //def from(we: Whatever)          = Erratum(Results.XXX, we.yyy)

}



basic type

Future[Either[Erratum, Base*]]

* Base can be String, Int, Unit , a case class or anything else



Possible Solutions
¥ Emm Monad

¥ Monad Transformers

¥ Free Monads

¥ Effects Library



Emm Monad

https://github.com/djspiewak/emm

Generalized Effect Composition

Warning : 

¥ The monad produced by Emm is not guaranteed to 
be a lawful monad!

¥ not recommended for real work

https://github.com/djspiewak/emm


type MonadStack = Future |: Either[Erratum, ?] |: Base



How to put values into the effect stack:

¥ pointM 

¥ liftM 

¥ wrapM 



What are all the possible types that we could have ?

¥ Base *

¥ Either[Erratum, Base * ]

¥ Future[Base * ]

¥ Future[Either[Erratum,Base * ]]

*  Base can be String, Int, Unit , a case class or anything else



when

Base *

use

pointM

*  Base can be String, Int, Unit , a case class or anything else



when

Either[Erratum, Base * ]

or

Future[Base * ]

use

liftM

* Base can be String, Int, Unit , a case class or anything else



when

Future[Either[Erratum,Base*]]

use

wrapM

* Base can be String, Int, Unit , a case class or anything else



So this

  def  saveUser = Action .async { implicit  request =>

    val  jsonOpt: Option [ JsValue ] = request.body.asJson

    jsonOpt match  {

      case  None =>

        logger.error( s" cannot parse json for ${request.body}" )

        Future .successful( Results . UnprocessableEntity ( " cannot parse json" ))

      case  Some(jsValue) =>

        val  userXor = Json .fromJson(jsValue).asEither

        userXor match  {

          case  Right (user) =>

            save(user).map { (uOpt: Option [ User ]) =>

              uOpt match  {

                case  None =>

                  logger.error( s"couldn't write in db user:$user" )

                  InternalServerError ( s"couldn't write in db user:$user" )

                case  Some(u) =>

                  logger.debug( s"User $user updated" )

                  Ok( Json .toJson(u))

              }

            }

          case  Left (errorData) =>

            logger.error( s"$errorData" )

            Future .successful( UnprocessableEntity ( s"$errorData" ))

        }

    }

  }



can become

 def  user = Action .async { implicit  request =>

    val  savedUserE: Emm[ MonadStack , User ] = for  {

      jsValue   <-  parseRequest(request).liftM

      user      <- fromJson(jsValue).liftM

      savedUser <- saveE(user).wrapM

      _         <- logger.debug( s"User $user updated" ).pointM

    } yield  savedUser

    stackToResult[ User ](savedUserE.run)

  }



parseRequest

def  parseRequest (request: Request [ AnyContent ])

    : Either [ Erratum , JsValue ] = {

    val  jsonOpt: Option [ JsValue ] = request.body.asJson

    jsonOpt.toRight(

      Erratum (status = Results . UnprocessableEntity ,

              message = s"cannot parse json for ${request.body}" ))

  }



fromJson

 def  fromJson [ A](jsValue: JsValue )( implicit  reads: Reads[ A])

    : Either [ Erratum , A] =

    Json

      .fromJson[ A](jsValue)(reads)

      .asEither

      .leftMap(e => 

      Erratum (status = Results . UnprocessableEntity , 

              message = e.toString()))



save 

   /**

    * Could be slick or reactive-mongo

    */

    def  save (u: User )( implicit  ec: ExecutionContext )

        : Future [ Option [ User ]] =

        Future .successful( Some( User ( "harrylaou@gmail.com" )))



saveE

def  saveE (u: User )( implicit  ec: ExecutionContext )

    : Future [ Either [ Erratum , User ]] =

    save(u).map(

      Either .fromOption(_, 

      Erratum (status = Results . UnprocessableEntity , 

      message = s"cannot save user :$u" )))



stackToResult

def  stackToResult [ A](fxo: Future [ Either [ Erratum , A]])

( implicit  jsWrites: Writes [ A], ec: ExecutionContext )

    : Future [ Result ] =

    fxo.map {

      case  Left (erratum) =>

        logger.error(erratum.toString)

        erratum.toResult

      case  Right (user) => Ok( Json .toJson(user))

    }



Let's look it better

 def  user = Action .async { implicit  request =>

    val  savedUserE: Emm[ MonadStack , User ] = for  {

      jsValue   <-  parseRequest(request).liftM

      user      <- fromJson(jsValue).liftM

      savedUser <- saveE(user).wrapM

      _         <- logger.debug( s"User $user updated" ).pointM

    } yield  savedUser

    toResult[ User ](savedUserE.run)

  }



it is like the pseudo-code

¥ parse request as json

¥ create user from json

¥ save user in db

¥ returns user as json



But



Emm is not recommended to use it in production



Monad Transfromers



tl;dr

EitherT[Future,Erratum,Base * ]
is equivalent to

Future[Either[Erratum,Base * ]]

*  Base can be String, Int, Unit , a case class or anything else



let's say

val fet : Future[Either[Erratum,Base * ]] = ???

then we can get a monad transformer

val tfe :EitherT[Future,Erratum,Base * ] = 
EitherT.fromEither(fet)

*  Base can be String, Int, Unit , a case class or anything else



and

val tfe :EitherT[Future,Erratum,Base * ] = ???

then we can get a Future[Either[Erratum,Base * ]]

val fet : Future[Either[Erratum,Base * ]] = 
tfe.value

*  Base can be String, Int, Unit , a case class or anything else



We can use for expressions  in a

monad transformer



But first



Extensions methods
http://docs.scala-lang.org/overviews/core/value-classes.html#extension-methods



let's say we have

def  func (a: A): B = ???



How can we do

a.func2     

in order to get the same result ?



with Implicit classes

implicit  class  RichA ( a: A) {

  def  func2 = func(a)

}



now we have

func(a) == a.func2



let's define extension methods for all the different types that we can have

¥ Base *

¥ Either[Erratum, Base * ]

¥ Future[Base * ]

¥ Future[Either[Erratum,Base * ]]

*  Base can be String, Int, Unit , a case class or anything else



when

Base *

use

pointsM  pureET

*  Base can be String, Int, Unit , a case class or anything else



Extension method for Base *

implicit  class  ETFromBase[ B]( b: B) {

   def  pureET ( implicit  ap: Applicative [ Future ])

        : EitherT [ Future , Erratum , B] =

      EitherT .pure[ Future , Erratum , B](b)

  }

 B =>  EitherT[Future, Erratum, B]

*  Base can be String, Int, Unit , a case class or anything else



when

Either[Erratum, Base * ]

or

Future[Base * ]

use

liftM  liftET

*  Base can be String, Int, Unit , a case class or anything else



Extension method for Either[Erratum, Base * ]

implicit  class  ETLift[ B]( eb: Either [ Erratum , B] ) {

    def  liftET ( implicit  ap: Applicative [ Future ])

        : EitherT [ Future , Erratum , B] =

      EitherT .fromEither[ Future ](eb)

  }

Either[Erratum, B] =>  EitherT[Future, Erratum, B]

*  Base can be String, Int, Unit , a case class or anything else



Extension method for Future[Base * ]

implicit  class  ETFromFuture[ B]( fb: Future [ B] ) {

    def  liftET ( implicit  ec: ExecutionContext )

        : EitherT [ Future , Erratum , B] =

      fb.map[ Either [ Erratum , B]]( Right (_))

        .recover { case  th: Throwable  => Left ( Erratum .from(th)) }

        .wrapET

  }

Future[B] =>  EitherT[Future, Erratum, B]

*  Base can be String, Int, Unit , a case class or anything else



when

Future[Either[Erratum,Base * ]]

use

wrapM wrapET

*  Base can be String, Int, Unit , a case class or anything else



Extension method for Future[Either[Erratum,Base * ]]

implicit  class  ETFApply[ B]( feb: Future [ Either [ Erratum , B]] ) {

    def  wrapET : EitherT [ Future , Erratum , B] = EitherT (feb)

  }

Future[Either[Erratum, B]] =>  EitherT[Future, Erratum, B]

*  Base can be String, Int, Unit , a case class or anything else



Our basic type is still

Future[Either[Erratum, B]]



By importing the previous implicit classes in scope

  def  saveUser = Action .async { implicit  request =>

    val  savedUserE = for  {

      jsValue   <- parseRequest(request).liftET

      user      <- fromJson(jsValue).liftET

      savedUser <- saveE(user).wrapET

      _         <- logger.debug( s"User $user updated" ).pureET

    } yield  savedUser

    stackToResult[ User ](savedUserE.value)

  }

Almost the same code as before



Again only 4 things

¥ parse request as json

¥ create user from json

¥ save user in db

¥ returns user as json



Let's look it again

  def  saveUser = Action .async { implicit  request =>

    val  savedUserE = for  {

      jsValue   <- parseRequest(request).liftET

      user      <- fromJson(jsValue).liftET

      savedUser <- saveE(user).wrapET

      _         <- logger.debug( s"User $user updated" ).pureET

    } yield  savedUser

    stackToResult[ User ](savedUserE.value)

  }



Why extensions methods ?

¥ cleaner code 

¥ a lot of plumbing  is done only once

¥ it is faster to write the code , then type .xxx  
( instead of wrapping it in other code)



How the code would look without extension methods.

  def  saveUser = Action .async { implicit  request =>

    val  savedUserE = for  {

      jsValue   <- EitherT .fromEither(parseRequest(request))

      user      <- EitherT .fromEither(fromJson(jsValue))

      savedUser <- EitherT (saveE(user))

      _         <- EitherT .pure(logger.debug( s"User $user updated" ))

    } yield  savedUser

    stackToResult[ User ](savedUserE.value)

  }



Bonus: with monad transformers and extension 
methods we can have all sort of helper methods 
like 

- Option[B]

 - Future[Option[B]]

 - Try[B]

 - Future[Try[B]]  
 - etc.



Extension method for Option[Base * ]

implicit  class  ETOption[ B]( ob: Option [ B] ) {

    def  liftET (ifNone: Erratum )( implicit  ec: Applicative [ Future ])

        : EitherT [ Future , Erratum , B] =

      EitherT .fromOption[ Future ](ob, ifNone)

  }

Option[B] =>  EitherT[Future, Erratum, B]

*  Base can be String, Int, Unit , a case class or anything else



Extension method for Either[Throwable,Base * ]

implicit  class  ETFromEitherThrowable[ B]( eb: Either [ Throwable , B] ) {

    def  liftET ( implicit  ec: Applicative [ Future ])

        : EitherT [ Future , Erratum , B] =

      eb.leftMap( Erratum .from).liftET

  }

Either[Throwable, B] =>  EitherT[Future, Erratum, B]

*  Base can be String, Int, Unit , a case class or anything else



PROTIP : Use type aliases to reduce the noise

type  FEE[ B] = Future [ Either [ Erratum , B]] 

type  FEET[ B] = EitherT [ Future , Erratum , B]



Free monads



Free monads
tl;dr

¥ Create an ADT representing your algebra 

¥ Free your ADT ( with extension methods )

¥ Build a program

¥ Write an interpreter for your program



Algebra

sealed  trait  Alg[ A]

case  class  FromBase[ A]( a: A)( implicit val  ap: Applicative [ Future ] ) 

    extends  Alg [ A]

case  class  FromEither[ A]( either: Either [ Erratum , A] )( implicit val ap: Applicative [ Future ] ) 

    extends  Alg [ A]

case  class  FromFut[ A]( fut: Future [ A] )( implicit val ec: ExecutionContext ) 

    extends  Alg [ A]

case  class  FromFutEither[ A]( fut: Future [ Either [ Erratum , A]] ) 

    extends  Alg [ A]



Interpreter

 def  interpreter : Alg  ~> EitherT [ Future , Erratum , ?] 

    = new ( Alg  ~> EitherT [ Future , Erratum , ?]) {

    override  def  apply [ A](alg: Alg [ A])

       : EitherT [ Future , Erratum , A] =

      alg match  {

        case  fb@FromBase(a)        => a.pureET(fb.ap)

        case  fe@FromEither(either) => either.liftET(fe.ap)

        case  ff@FromFut(fut)       => fut.liftET(ff.ec)

        case  FromFutEither (fet)    => fet.wrapET

      }

  }



Free your ADT ( with extension methods )



when

Base *

use

pureET  pureFM

*  Base can be String, Int, Unit , a case class or anything else



pureFM

implicit  class  FMFromA[ A]( a: A) {

    def  pureFM ( implicit  ap: Applicative [ Future ])

        : Free [ Alg , A] = 

            Free .liftF( FromBase (a))

}



when

Either[Erratum, Base * ]

or

Future[Base * ]

use

liftET  liftFM

*  Base can be String, Int, Unit , a case class or anything else



liftFM

implicit  class  FMFromEither[ A]( either: Either [ Erratum , A] ) {

    def  liftFM ( implicit  ap: Applicative [ Future ])

    : Free [ Alg , A] =

        Free .liftF( FromEither (either))

}



liftFM

implicit  class  FMFromFuture[ A]( fut: Future [ A] ) {

    def  liftFM ( implicit  ec: ExecutionContext )

    : Free [ Alg , A] = 

        Free .liftF( FromFut (fut))

}



when

Future[Either[Erratum,Base * ]]

use

wrapET  wrapFM

*  Base can be String, Int, Unit , a case class or anything else



Extension methods /Smart constructors

implicit  class  FMFromFE[ A]( fet: Future [ Either [ Erratum , A]] ) {

    def  wrapFM : Free [ Alg , A] =

      Free .liftF( FromFutEither (fet))

}



Program

 def   saveUser : Action [ AnyContent ] = 

    Action .async { implicit  request =>

   type  Prg[ A] = Free [ Alg , A]

   val  prg: Prg [ User ]  = for  {

      jsValue   <- parseRequest(request).liftFM

      user      <- fromJson(jsValue).liftFM

      savedUser <- saveE(user).wrapFM

      _         <- logger.debug( s"User $user updated" ).pureFM

    } yield  savedUser

    val  savedUser: EitherT [ Future , Erratum , User ] = prg.foldMap(interpreter)

    stackToResult[ User ](savedUser.value)

  }



Note : SI-2712-fix plugin

scalacOptions += "-Ypartial-unification"

¥ if not enabled, free monad code doesn't 
compile !

¥ if enabled emm code doesn't compile !



Eff
Extensible effects are an alternative to monad transformers for computing with 

effects in a functional way.



Won't show an example , but the idea is similar to free monad.



From https://atnos-org.github.io/eff/org.atnos.site.Tutorial.html

¥ Create an ADT representing your grammar

¥ Free your ADT

¥ Create smart constructors using Eff.send

¥ Build a program

¥ Write an interpreter for your program

https://atnos-org.github.io/eff/org.atnos.site.Tutorial.html


Be aware of the 
cognitive load



Functional programming
code is  can be more compact and more readable



pseudo-code

¥ parse request as json

¥ create user from json

¥ save user in db

¥ returns user as json



From the spaggetti code

def  saveUser = Action .async { implicit  request =>

    val  jsonOpt: Option [ JsValue ] = request.body.asJson

    jsonOpt match  {

      case  None =>

        logger.error( s" cannot parse json for ${request.body}" )

        Future .successful( Results . UnprocessableEntity ( " cannot parse json" ))

      case  Some(jsValue) =>

        val  userXor = Json .fromJson(jsValue).asEither

        userXor match  {

          case  Right (user) =>

            save(user).map { (uOpt: Option [ User ]) =>

              uOpt match  {

                case  None =>

                  logger.error( s"couldn't write in db user:$user" )

                  InternalServerError ( s"couldn't write in db user:$user" )

                case  Some(u) =>

                  logger.debug( s"User $user updated" )

                  Ok( Json .toJson(u))

              }

            }

          case  Left (errorData) =>

            logger.error( s"$errorData" )

            Future .successful( UnprocessableEntity ( s"$errorData" ))

        }

    }

  }



almost imperative code

  def  saveUser = Action .async { implicit  request =>

    val  savedUserE = for  {

      jsValue   <- parseRequest(request).liftET

      user      <- fromJson(jsValue).liftET

      savedUser <- saveE(user).wrapET

      _         <- logger.debug( s"User $user updated" ).pureET

    } yield  savedUser

    stackToResult[ User ](savedUserE.value)

  }



Current trends
IO Monad



Cats IO

IO Documentation

https://typelevel.org/cats-effect/datatypes/io.html


Cats IO

20 March  : Monix vs Cats-Effect

https://typelevel.org/cats-effect/datatypes/io.html
https://monix.io/blog/2018/03/20/monix-vs-cats-effect.html


Scalaz IO

10 April : Scalaz IO 8 is out

https://twitter.com/jdegoes/status/983773446562721792


Scalaz IO

11 April : Backported to Scalaz 7

https://twitter.com/jdegoes/status/983886871695708160


Scalaz IO

17 April : Monad Transformers are slow

https://twitter.com/jdegoes/status/986333639846907905
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